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PREFACE

This publication presents a theoretical model for the relation-
ship between use of contraception, coital frequency and the attitude to
having another child. The model is estimated with data from the
Norwegian Fertility Survey 1977, which was planned and executed by the
Central Bureau of Statistics.

The present publication is a slightly revised and abridged
version of the author's Ph. D. dissertation at the University of
Michigan, Ann Arbor. Financial support in the early stage of the
project was given by the Norwegian Research Council for Science and
the Humanities. The dissertation was completed while the author was
a researcher at the Central Bureau of Statistics of Norway. In addi-
tion to these institutions, he also received financial and other sup-
port from the Population Studies Center of the University of Michigan,

Ann Arbor.

Central Bureau of Statistics of Norway, Oslo, 1 August 1984

Arne Qien



FORORD

Denne publikasjonen presenterer en teoretisk modell for
sammenhengen mellom prevensjonsbruk, seksuell aktivitet og holdningen
til & f4 flere barn. Modellen er estimert med data fra Fruktbarhets-
unders¢kelsen 1977, som ble planlagt og gjennomf¢rt av Statistisk
Sentralbyra.

Publikasjonen er en litt bearbeidet og forkortet utgave av for-
fatterens avhandling for graden Doctor of Philosophy (Ph.D.) ved University
of Michigan i Ann Arbor. Arbeidet med avhandlingen ble pdbegynt i USA med
stipend fra Norges Almenvitenskapelige Forskningsrdd og fullf¢rt ved
Sosiodemografisk forskningsgruppe i Statistisk Sentralbyrd. I tillegg til
disse institusjonene har arbeidet ogsd fitt ¢konomisk og annen st¢tte fra

Population Studies Center ved University of Michigan.

Statistisk Sentralbyrd, Oslo, 1. august 1984

Arne Qien
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ABSTRACT

In most micro~economic models of fertility total life-time
family size is the decision variable. The model presented in this
dissertation is of the sequential decision-making type, i.e. couples
are assumed to make decisions about child-bearing in the next period
conditional on achieved family size, previous experience, current
economic situation, and expectations for the near future.

When the desire for an additional child is given, a couple has
only two ways of influencing the probability of pregnancy: through
sexual activity and through use of contraception. Besides affecting
the probability of conception, sex yields pleasure in itself whereas
contraception usually yields some disutility. We postulate a utility
function over two periods (present and near future) with children,
consumption, sex and contraception as arguments. Since a childbirth
is an uncertain event, couples are assumed to maximize their expected
utility, where the probability of having another child depends on
coital frequency and effectiveness of contraception.

From this optimization model a number of testable propositions
can be derived about the effects of children, income, and prices on
the desire for an additional child soon; the effects of this desire for
the use of contraception and sexual activity; and the relationship be-

tween contraception and coital frequency.
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‘Assuming a specific form for the utility function, we derive
specific "demand" equations for the desire for an additional child soon,
coital frequency, and contraceptive effectiveness. These demand equa-
tions are estimated using ordinary least squares and a modified two-
stage method, with data on 3000 married women from the Norwegian
Fertility Survey 1977. The estimation is done in two steps to avoid
"pollution'" of the data, first on one random quarter sample to experi-
ment with functional forms, variables and estimation methods, and then
on the rest of the sample to test the results obtained in the first
step. Most of the hypotheses derived from the theoretical model are
confirmed by the empirical analysis, e.g. that the wage of the woman
has a negative effect on the desire to have a child soon, and that
there is a non-linear relationship between coital frequency and contra-

ception.
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CHAPTER 1

INTRODUCTION

The modern economic theory of fertility is usually assumed to
start with the well-known article of Gary Becker (1960), although
Harvey Leibenstein presented a more general framework for decisions
about children in 1957. [Leibenstein argues that children
yield three types of utility (through psychological satisfaction, as
labour, and as security during old age and illness), and two types of
costs (direct money costs and opportunity costs). These factors de-
velop differently as the income level of a society grows: The utility
of children from labour and security decreases and the costs increase,
thereby reducing the motivation for having many children.

Becker (1960) was the first, however, to apply neoclassical
economic microanalytical theory to fertility behaviour, treating child-
ren in much the same way as consumer durables. Perhaps the most
important contribution of -his 1960-article is his introductien of the
concept ''quality of children" in addition to the .quantity of children.
By child quality Becker means the average expenditure per child. As
family income rises, couples want te increéase both the quantity and
the quality of children, but the quality elasticity with regard to
income is much greater than the quantity elasticity. The frequently
found -observations of a negative -relation between income and family
size can be explained by differential ‘knowledge and use of contra-

ception, he argues.
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Becker's seminal article gave rise to great interest and re-
search activity in the field of fertility theory. Two "schools" of
economic fertility theories have developed. The first school is in-
spired by Becker and comprises micro—economic consumer—theory approac-
hes to the study of fertility behaviour, concentrating on cross sectio-
nal analyses, i.e. attempting to explain differences in fertility be-—
tween women or couples at a given point in time. This school is called
the New Home Economics or the Chicago-NBER school and may have culmi-
nated with the two volumes of the Journal of Political Economy edited
by T.W. Schultz (1973, 1974a).

The other school of economic fertility theories is associated
with Richard Easterlin (e.g. 1973), whose well-known hypothesis is an
attempt to explain the fertility waves observed in most industrialized
countries since the 1930's. The Easterlin hypothesis is best suited
to explain fertility variations over time, although he has introduced
ideas and concepts that are also useful in studies of cross-section
differences, especially his emphasis on relative income and consumer
aspirations, and his discussion of how preferences are formed.

The two schools are not as different as they may appear at first
glance, and a considerable narrowing of the gap between them has occur-
red (Sanderson 1976). There exist attempts at analysing time
trends of fertility using ideas from Becker, see e.g. Butz and Ward
(1979) which is one of the few studies outside the Easterlin tradition
capable of explaining both the baby boom and the baby bust during
the past World War II period.

Although the New Home Economics models of fertility have greatly
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improved our understanding of the relationship between fertility and
economic factors, e.g. the importance of the time costs of child
bearing and the price of time, there are problems with them and they
have been critized on several grounds, see e.g. Blake (1968),
Namboodiri (1972a, 1975), Perlman (1975), Bean (1975), Turchi (1975),
and Bagozzi and van Loo (1978).1)

The sociologist Judith Blake (1968) argues that couple cannot
freely choose the living standard of their children, i.e. the child
quality, because it is determined by norms and conventions. Parents
cannot, for example, give their children housing and clothing of a com~
pletely different standard than their own. In a later article,Becker and
Lewis (1973) admit that the shadow price of children with respect to
their quality is greater the higher their quality is, and that the
shadow price of children with respect to their quality is greater the
greater the number of children. They also show that the budget con-
straint of Becker's (1960) original maximization model is non-linear,
and that no specific testable hypotheses can be derived from this model
(see also Sanderson 1974, 1976).

Another criticism is that these models are static and refer
to total desired life-time fertility. The models assume that couples
decide on the number (and quality) of children they want at the
beginning of their marriage. Implicit is an assumption

of perfect knowledge about future prices and incomes and of

1) For a recent Norwegian critique of economic models of fertility,
see Kristiansen (1982), and the comment by Brunborg and Vislie
(1982). Other contributions in Norwegian to the economics of
fertility literature include Brunmborg (1973,1974) and Vislie
(1979).
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constant preferences over time, or alternatively, that there is un-
certainty but that couples maximize their utility on the basis
of certain expectations about prices, income etc (certainty equiva-
lence). Thus, there is no room for learning from experience, for
correction of mistakes, and for couples to change their minds. In
other words, these models do not recognize that family building is a
sequential process. Neither do they recognize that it is a stochastic
process. There is considerable uncertainty in reproduction, and the
outcome is not always as expected.

Ideally, a realistic model of fertility decision-making should
be dynamic. The problem with dynamic models of fertility is that
they easily become very complicated, making the derivation of analy-~
tical results and estimation extremely difficult if not impossible,
in addition to data problems. One way of overcoming such probleﬁs is
micro-simulation. For an example of this, see Cohen and Stafford
(1974) who simulated a dynamic life-time model of fertility and labour-
force participation, with interesting results.

Another way of solving the problems mentioned above is to take
a sequential approach, i.e. by only'studying the decisions to have an-
other child, and not the full life-time fertility. With this approach
the past history can be taken as given and a number of variables can
be treated as exogenous. Moreover, sequential models allow for modifi-
cations of the behaviour based on past experience.

In the 1970's economists as well as non-economists became in-
terested .in the sequential nature of child-bearing and important theore-

tical contributions appeared (Namboodiri 1972a, Leibenstein 1974,1975,
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Michael 1973, Hass 1974, Heckman and Willis 1976, Michael and Willis
1976). Some of these take the stochastic nature of reproduction into
account (the last two references mentioned above). There is also a
growing number of interesting but primarily empirical analyses based
on this framework (Namboodiri 1972b,1974,1975,1980,1981, Berndt and
Wales 1974, Simon 1975a,b, Snyder 1975, Rosenzweig and Seiver
1975, Hofferth and Udry 1976, Rosenzweig 1976, Khan and Sirageldin
1977, Lee and Khan 1978.) The problem with many of the empirical
studies of the sequential decision-making strain is that the theory
is usually of an ad hoc-nature and that the equations that are esti-
mated are not dervied from an analytic optimization model.
Nevertheless, empirical analyses have yielded several interesting
results. They show, e.g., that the effects of economic factors on pari-

ty progression ratiosvary strongly with the birth order (Simon

1975a, b, Snyder 1975). Namboodiri (1974) finds that social and
economic background variables have stronger effects at higher parities
than at lower ones while the opposite is true of demographic character-
istics. Namboodiri's analysis has been criticizied by Rosenzweig and
Seiver (1975) who do not find evidence of anythreshold parity level
for the effects of socioeconomic variables, as Namboodiri (1974) and
Lee and Khan (1978) do, but who nevertheless find that the effects on
the attitude towards having more children of variables like income and
education vary strongly with the birth order.

Apart from the short-comings of the Chicago-NBER models of ferti-

lity, a further reason for the growing interest of economists in sequen-
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tial decision-making is a feeling that the original models
have been developed about as far as possible. The most sophisti-
cated and elegant static analysis of life-time fertility so far is that
of Willis (1973), and indeed, he has also made important contributions
to the theory of sequential decision-making (with Heckman and Michael,
respectively).

The model presented in the next chapter is based on the assumption

that people make child-bearing decisions one child at a time,

based on their previous experiences with child-bearing, current circum-—
stances (income, prices, etc.), and expectations for the near future.

The couples may still have an ultimate family-size goal in the back of
their minds, but this model allows for the possibility of changes in

these goals. (The history of fertility surveys in the USA shows how wolatile
ideal family size and other such measures are; see Lee 1977.)

The model also recognizes that child-bearing is a stochastic pro-
cess and that the demand for children is related to the demand for sex
and contraception. There are two reasons why people have intercourse:
one reason is that they enjoy sex in itself, and the other reason is
that they may want to have a child. That is, we have what we call joint
products in production theory. However, quite often couples are only
interested in sex for pleasure and do not want to conceive a
child, i.e. pregnancy is an unwanted by-product. The way to separate
sex from reproduction is to use contraception, and this has been in-

troduced into the model. Thus, the model incorporates short-term
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1

decisions about both frequency of intercourse and contraception.
If the strength of the desire to have (or not to have) an additional
child soon is given, a couple has only two ways of influencing the pro-
bability of pregnancy: through their sexual activity and through their
use of contraception.

One hypothesis we want to investigate is that there is
an association between contraceptive effectiveness and coital frequency.
Westoff (1974) and Trussell and Westoff (1980) found that higher fre-
quencies were associated with use of the most effective methods (hus-
band sterilized, pill, IUD), and also with use of coitus-independent

2) Jones et al. (1980) tested the

methods and female-oriented methods.
relationship between coital frequency and contraceptive failure, but with
inconclusive results. ‘This does not weaken the hypothesis mentioned
above, however, since it is only concerned with actual use of contra-
ception (ex ante), and does not say anything about the association be-
tween coital frequency and the outcome of contraceptive use (gz_
EEEE)' There will, over time, be some feedback from experience to
actual use, of course.

The analysis of sexual activity plays an important role in this

dissertation, both in the theoretical and in the empirical part. The

reason for this is not only because sexual behaviour is linked to re-

1) The only other economic model we are aware of which does this is
by David and Sanderson (1976), but theirs is a life-time model of
fertility and not a model of the decisions to have an additional
child. The treatment of contraception in our model is inspired by
the work of Michael (1973), and Michael and Willis (1976).

2) ‘Trussell and Westoff (1980:24a) found, using interview data of the
same women in 1970 and 1975, "that women who switched to a more
effective method experienced the least decline in coital frequency
(0.5) and those who switched to a less effective method experienced
the greatest decline (2.0). Women who did not change methods over
the five-year period experienced an intermediate decline (1.0)."
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production, but also because sexual life is of interest in itself,
being one of the most important dimensions of human behaviour. Like-
wise, contraception is of interest not only because it affects repro-
duction, but also because it is an important condition of sexual satis-—
faction.

Parts of our model appear to be quite similar to the model
of Luker (1977), who applies cost-benefit analysis and behavioural
decision theory to the contraceptive process.1) Her methodological
approach is different from ours, however, in that her model is based
on psychological decision theory. Moreover, she does not formulate
and analyze her model mathematically. Her empirical analysis is
based on abortion-seeking women in California, including 50 in-depth
interviews. Crosbie and Bitte (1982) have tested Luker's theory but
conclude that their research does not support it.Z)

The model presented in this dissertation is not a general model
of fertility decision-making. We only attempt to capture some aspects
of this, thereby hoping to provide an incremental improvement in the
tradition of fertility studies in general, and a greater understanding
of decision-making concerning children, contraception and sex in
particular. The model is perhaps most appropriate for couples who

have at least one child already. It may also apply most closely to

1) ... the theory of contraceptive risk taking assumes that indivi-

" dual women go through a decision making process involving assess-
ments of the utilities and probabilities described above'". These
assessments include "... assignment of utilities to contraceptive
use; assignment of utilities to pregnancy; assignment of probabili-
ties to becoming pregnant; and assignment of probabilities to re-
versibility of pregnancy." (p. 193.)

2) We became aware of these studies only near the completion of this
dissertation.
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couples who want at most one additional child.

The theoretical model of fertility, sex, and contraception is
developed in the next chapter, where section 2.10 reviews other factors
influencing the endogenous variables. The data which come from the
Norwegian Fertility Survey 1977 are discussed in chapter 3, and the
equations to be estimated and the estimation methods in chapter 4.
Chapter 5 contains the empirical analysis using one quarter of the
sample for experimental purposes, whereas the sixth chapter gives the
results from the analysis of the rest of the sample. We have only
looked at married women, except for some sections in chapter 3, since
we need data for couples, and cohabiting women are too few and special.
Concluding remarks and a brief summary of the results complete the

dissertation (chapter 7).
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CHAPTER 2

THEORY

2.1 Introduction

In this chapter we present an economic model of fertility that
incorporates sex and contraception. The model is of the sequential
decision-making type, i.e. it is concerned with a couple's attitudes
to have an additional child soon, and not the total number of children
the couple desires. We focus on how a couple can influence the pro-
bability of conception, i.e. by their sexual activity and use of con-
traception. The model recognizes the uncertainty in childbearing in
that the von Neumann - Morgenstern (1953) approach is used, i.e., the

expected utility is maximized.

2.2 Family Planning Under Uncertainty

We assume that in any given period, a couple receives satis-
faction from the number of children they have, their consumption of
goods and services, and their sexual activityj) (To simplify the model
we disregard other factors affecting the well-being, like leisure time
etc.) If the couple does not want to have another child in the near

future, they may use contraception to reduce the probability of concep—

1) The type of couples we have in mind are relatively stable marital
or non-marital unions. We also assume that extramarital affairs
are of no importance. For a theory of this see Fair-(1978), who
has developed a model that explains the allocation of an indivi-
dual's time among spouse, paramour, and work.
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tion. Use of contraception usually yields some disutility per se. 1If
people were totally unconcerned about therisk of pregnancy,they would
be better off by not using any contraception, with a few exceptions
(condom to avoid transmittance of sexual diseases, use of pill for
menstrual regulation, etc.) The direct and indirect utility effects
of contraception for couples who want to avoid pregnancy will be dis-
cussed later.

Since current sexual and contraceptive behaviour influences
the probability of having an additional child in the near future, the
present behaviour influences future saéisfaction from children and
goods. Thus there is a trade-off between (dis)utility from sex and
contraception now and (dis)utility from children and consumption in the
future.1)

A simple way of studying this problem is to use a two-period
model. At the beginning of period 1 (or the end of the previous
period), the couple has N children, and depending on how much they
would like (or not like) to have another child in the next period,
they decide on what kind of contraception (if any) they should use in
period 1, and how often they should have intercourse.z) At the be-
ginning of period 2 (or the end of period 1) they know the outcome of
their behaviour in the previous period, i.e., whether they have another

child or not in period 2. The couple may have another child whether

1) This conforms well with the finding of Luker (1982):

"The women in this study weighed the immediate costs and benifits
of contraception versus the anticipated costs and benefits of
pregnancy." (p.193)

2) There is considerable spontaneity in sexual behaviour, of course,
but we believe nevertheless that the average level of sexual ac-
tivity and perhaps also the degree of spontaneity are affected by
the feelings about having or not having an additional child soon,
particularly if these feelings are strong.
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or not they contracept in period 1, unless they do not
have intercourse at all, their method of contraception is 100% effec-
tive, or they are infecund.

There are some problems in defining the length of the time
period. Ideally, the first period should be approximately one month
long, since a couple in principle knows at the end of each menstrual
cycle whether conception occurred. (In practice, there is a "blind"
period of a couple of weeks where it is unclear whether the woman is
pregnant or not.) However, if the couple conceives in one month, they
do not have to use contraception in the next 8 months (if there is no
spontaneous or induced abortion), and there will be a birth after 9
months, followed by a period of postpartum amenorrhea which could last
from one month to a couple of years if the woman breastfeeds. For a
discussion of this, see Leridon (1977).

Taking all this into consideration, we would need a three-period
model (at least), with periods of different lengths. To simplify we
will assume that the first period is approximately one month, and the
second period approximately one year, or 8-9 months, defined so that
there cannot be more than onelive birth in the second period.

The assumption that the couple maximizes the utility over two
periods, which is only one year or less into the future, is based on
the belief that most people are fairly myopic in their decision-making.
Their decisions are mostly based on current circumstances and expecta-
tions for the near future. We believe that people usually have quite
unclear ideas about what the future will look like, and that if they
make any forecasts, these are mostly extrapolations of current circum—

stances like income, prices etc. (Demographers cannot boast of using
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much more refined techniques of forecasting.) Couples do realize,
however, that time and money costs of children change with the age of
the children, but they may not have any clear perceptions about these

before they have any experience themselves.

2.3 Probability of Conception

The probability of conception during a period, p, depends prim-
arily on sexual activity, contraceptive effectiveness, and fecundity.
Before we discuss this relationship we will define some concepts. By
fecundity we mean the physiological capacity to have children, which
depends on age, health, nutrition, time since previous delivery,
breast-feeding etc., but which is, in principle, independent of sexual
activity and use of contraception. By fecundability (also called natu-
ral fecundability) we mean the probability of conceiving in a menstrual
cycle when no contraception is used (Sheps and Menken 1973, Leridon
1977). This definition does not say anything about sexual activity,but
implicitly assumes that there is at least one intercourse per period.
Estimates of the mean fecundability range from 0.14 to 0.32 for diffe-
rent populations (Leridon 1977). Bongaarts and Tietze (1977) assume
that the natural fecundability increases from 0.14 for women in ages
15-19 to 0.2 for women aged 20-34 and then declines to 0.16 (ages 35-
39) and 0.09 (ages 40-44).

Finally, the intrinsic fecundability, r , is defined as the pro-

bability of conceiving in a single unprotected coitus when no contra-
ception is used. A common estimate of r is 0.03 (Tietze 1960).
If we assume that all intercourses S during a period have the

same probability of conception (r), we have a binominal distribution



33

with the probability of conceiving during one period equal to
2.1) p=1- (1—r)s.

This equation can be simplified by expanding the parentheses and

keeping the first two terms.

(2.2) p 2 Sr,

i.e. the probability of conception in one period is approximately pro-
portional to the number of intercourses and the intrinsic fecundability.
A common estimate of p is 0.2, which corresponds to a coital frequency
of 6-7 times per month.

Equation (2.2) is not always a good approximation, however.
First, since the probability p cannot be greater than one, the approx-
imation does mnot hold for very large (and unrealistic)
values of S. (If r 1is0.03,5S has to be less than 34.) Second, the
intrinsic fecundability r may depend on S: at high frequencies of
intercourse, the quality of the sperm may be somewhat reduced, although
there seems to be little evidence of this, see Barrett (1971).

The most important problem with approximation (2.2), however, is
that the probability of conception not only depends on the number of
intercourses but also on the timing of them relative to the ovulation.
Lachenbruch (1967) has estimated the probability of conception for
different frequencies and distributions of intercourse, using a micro-
simulation model. He found, e.g., that the monthly probability of
conception is 0.28 if a monthly coital frequency of 6 is concentrated
around the middle of the cycle, compared with 0.19-0.22 if the proba-
bility of coitus is equal for any day of the cycle, and 0.08-0.21 if
there is no intercourse during the middle of the cycle. The esti-

mates depend on the assumption about the length of the fertile period.
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Barrett and Marshall (1969) have estimated the probability of concep-
tion for different days of the fecund period using detailed data for

241 couples, and find that it increases from 0.13 if there is inter-

course five days before ovulation, to 0.3 two days before ovulation,

and decreases to 0.07 one day after ovulation.i)

Couples who want to become pregnant may concentrate their
sexual activity on susceptible days, and vice versa for couples wanting
to avoid conception. But couples who contracept probably space their
sexual activity more evenly over the menstrual cycle than couples who
do not contracept. David and Sanderson (1976) include intercourse on
both susceptible and nonsusceptible days explicity in their theoreti-
cal analysis.(There is no information in the data we intend to use about
when in the menstrual cycle the intercourses take place.) The timing
of the intercourses is mostly of importance if the frequency is low,
since a couple with high sexual activity is likely to have intercourse
on susceptible days anyway.

Figure 2.1 shows the relationship between monthly probability
of conception and coital frequency per month using different methods:
equations (2.1) and (2.2), data from Barrett and Marshall (1969), and
from Leridon (1977:42), with two different assumptions about the length
of the fertile period. We see that the linear approximation (2.2) is
quite good for frequencies below 11 or 12. We also notice the strong
effect of coital frequency on the probability of conception: Barrett
and Marshall's estimates range from 0.17 when there is intercourse once

every six days to 0.68 when it takes place every day.

1) There is evidence that even under exact timing of intercourse
the chance of conception is only about 0.5. (Glass and Grebenik
1954, quoted from Lachenbruch 1967)
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It would have been possible to use formula (2.1) instead of
approximation (2.2), or another approximation, e.g. a logarithmic
function. The approximation cannot be seriously wrong, however, and
besides, the analytical results of the model come out much simpler with
this approximation.

Formulae (2.1) and (2.2) also hold if r is the monthly pro-
bability of conception and p is the probability of conceiving within
S months. (The probability of no conception in S months is (1~r)S,
which implies that the probability of conception in S months is
1-(1-r)s.)

If a couple uses contraception, the probability of conception
is reduced by the factor 1-e:

(2.3) p = Sr(1-e),

where e is the effectiveness of contraception.1) Note that this

definition of contraceptive effectiveness is different from the so-
called Pearl index, which is measured as the number of pregnancies per
100 women-years of use of a certain method (Leridon 1977: 123). The
two measures are only directly related for values of the Pearl index
limited to the first month.

The probability p of conceiving during a menstrual cycle,
which is of approximately the same length as our first period, is the
same as the probability of having an additional child in the second
period, if we disregard spontaneous and induced abortions. Abortions
can be counted as part of the cost of failure of contraception. Intro-
ducing induced abortions into the model would complicate it substanﬁi-

ally, however. One way of doing this would be to assume that the pro-

1) This formulation is borrowed from Michael and Willis (1976).
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bability of having an additional child in the next period is zero for
those who do not wish to and who are willing to have an induced abor-
tion. But the assumption about costless contraception becomes less
realistic when we include abortion as a method of birth control or as a
back-up method. Moreover, the probability of needing to have an induced
abortion is always less than unity and is influenced by the frequency of
intercourse and the contraceptive failure rate. Thus, contraceptive and
sexual behaviour depend both on the strength of the desire not to have

another child in the next period and on the attitude towards abortion.l)

2.4 Utility Function

2.4.1 General

2)

We assume that the representative couple has the following

utility function over periods 1 and 2:

(2.4) U =UWNy, Ny, Xp5 Xy, Sy5 M5 2)

where U is a well-behaved quasi-concave utility function,

Nl is the number of children in the first period,

N2 is the number of children in the second period; N2 = Nl or
N2 = Nl + 1;

Xi is the consumption of purchased goods by the parents in

period i; i=1,2,
S is the frequency of intercourse in period 1,
M is the method of contraception in period 1, and

Z is a vector of parameters of the utility function, i.e.,

1) See Luker (1977) for a study of contraceptive risk-taking and
abortion.

2) It falls outside the scope of this dissertation to incorporate
marital conflicts. We assume that the utility function in (2.4)
is a family "social welfare" function, and that it is the outcome
of interaction between the spouses including bargaining.
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factors that influence the shape of the function, e.g. the length of
the open bi?th interval and the ages of the partners.

We assume that the couple receives a stream of utility from the
number Ni of children they have in period i.l) Thus, there is no
explicit trade-off between quantity and the so-called quality of chil-
dren, as there is in the Chicago-NBER school of fertility theories
(Becker 1960, Willis 1973, Becker and Lewis 1973, and others). We
make this assumption to keep the model as simple as possible.

The quantity Xi is the amount of goods and services purchased
in the market in period i and which is consumed by the parents. Thus,
there is a trade-off between children and consumption: children yield
utility but they also demand resources which reduce the amount of
goods and services that the parents can consume themselves. (There
are problems in distinguishing between consumption by parents and their

children, see Blake 1968). The amount of goods and services which can

be purchased is limited by family income, which will be defined in
subsection 2.5.2. To simplify we will assume that there is no saving

or borrowing over time.

Sexual activity has two functions: it yields pleasure in itself
and it influences the probability of having children. We will some-
what crudely measure the satisfaction from sex by the frequency of
intercourse per period, S. We will assume that there are no money
costs of'.contraception and that all costs of contraception are in

terms of loss of utility. Use of contraception will always yield

1) Couples need not necessarily have children themselves to receive
utility from children, as discussed by Rottemberg (1975). Engage-
ment in childrelated activities like teaching, club-leadership etc.
may yield utility from children of others. Moreover, there exists
a market for children, although small, in that children can be
adopted.
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some disutility, when we abstract from the influence of contraception
on the probability of conception. There are several causes of the
disutility of contraception: interference with intercourse, side
effects, health consequences, inconvenience and embarassment when
buying contraception or visitinga doctor, etc. More about this later
(section 2.8).

There are serious problems in measuring the '"quantity'" of con-
traception. For the time being we will treat contraception as a dis-
crete variable. We will later in this chapter treat contraception as
a continuous variable and discuss the problems with this assumption.

The reason why sex and contraception for the second period, S2
and MZ’ are not included in the wutility function (2.4) is that the
couple does not have to make choices about these variables until they
know the outcome of their behaviour in the first period, i.e. whether
they are having another child or not. Their choices for the first
period may influence the probability distribution of the situations
in period 2, however. For example, if they have another child, they
do not need to use contraception in the second period since pregnan-—
cy is a perfect contraceptive. Thus, the couple's state of well-
being in period 2 depends both on the outcome of the first period and
their decisions about sexual and contraceptive behaviour in the second
second period. Another reason for not including 52 and M, in the
utility function is that we believe that people are even more myopic
with regard to sex and contraception than with regard to children
and consumption.

Even if the couple does not know what the optimal values for

S, and M2 are until the beginning of the second period, they could
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still make alternative plans for S2 and M2 at the beginning of period
1 conditional on whether they have another child or not. This is the

so-called strategy principle in planning (Johansen 1977-78).

We conclude that it is possible to include S2 and Mz in the utility
function, but it would complicate the model without adding much of
substantial interest. To simplify the notation we set S=S1 and M=M1

from now on.

To simplify the mathematics, we assume that the utility function

(2.4) is separable:
(2.5) U = U(N1, Ny, X5 X, 8, M Z) = f(N1, Ny X5 Xp3 Zf)

+ S, M; Z).
g( g)

This implies that the utility of sex and contraception does not
depend on the number of children or the level of consumption. This
seems to be a reasonable assumption, although it may be argued that
this is not always the case. It could, e.g., be hypothesized that the
more children a couple has, the less time and privacy do they have for
an undisturbed sexual life, and that part of this could be overcome by
living in a larger house, for example. The ages of the children may
also affect the sexual activity.

A non-separable utility function could be used, but the analysis
becomes simpler and the results are less ambiguous and easier to inter-

pret when we assume a separable utility function.
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2.4.2 Utility of sex and contraception

In this subsection we will look at possible forms of the utility
function of sex when contraception is used and when it is not used,
respectively. We assume that time and money are of negligible import-—
ance as constraints on sexual activity. There are, however, some
indirect resource costs of sex, in that sex influences the chance of
having an additional child.

We assume that for a given contraceptive method, ﬁ, the marginal
utility of intercourse is:

> 0 for S<§

0 for S=S
< 0 for S>S

_ dg (s,M)
8s = T35

and that the second partial derivate

2 -
8. T g (S,M) <0 for all S,
ss 852

i.e. g(S,M) is a concave function.

The frequency of intercourse where the marginal utility is zero,
g, can be called the satiation level of sex. It would be the optimal
frequency of sex if sex did not effect the probability of having an
additional child.

Thus, if no contraception is being used, for example, the

utility of sex g(S,0) as a function of the frequency of intercourse

may look something like this:
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g(5,0) -

w

\

Figure‘2.2 Utility of sex without contraception

As mentioned earlier, we assume that there are no money costs of
contraception and that all "costs" can be measured in terms of a
utility loss. The utility costs of contraception are of two kinds:
variable if the method is coitus-related, like withdrawal, condom and
the diaphragm; and fixed if the use of the method is un;elated to the
intercourse, like pill, IUD, and sterilizationm.

A simple linear formulation of the effect of contraception on

utility would be
g(S,Mj) = g(s,0) - a; = bjS,
where aj and bj are non-negative constant parameters for method Mj'

If there are only variable costs of contraception, i.e. ai=0,

g(S,Mj) and g(S,0) may look something like:
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Figure 2.3 Utility of sex with variable costs of contra-
ception

We notice that the the peak is moved to the left, i.e. the

satiation level of sex is reduced ' when contraception with variable
costs is used.

If all costs.of contraception are unreclated to intercourse, i.e.

bi=0, use of contraception should not affect S, and the two curves may
look like this:

g(s,M)
U 8(s,0)
, /"’ \\\
20 g(s,1 AN
/ N
// \
/ \
7l’ \\
/
L/

\\\ E
\

\

\

Figure 2.4

Utility of sex with fixed costs of contraception

This shows that a couple may be worse off using a method with high

fixed costs if the coital frequency is low,than not having inter-
course at all.
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If there are both fixed and variable costs we get a combination

of figures 2.3 and 2.4:

g(s,M)

Y\

/ \ \\ 5
4 \
\
]

Figure 2.5 Utility of sex with both variable and fixed costs
of contraception

If there is more than one method of contraception, we get a
whole set of curves, {g(S,Mi)}.

Some people, and particularly women, argue that if they have a
strong desire not to become pregnant, the use of contraception may
actually increase the pleasure from sex since they would not worry
about becoming pregnant during the coitus. If they do not contracept,
the fear of conception supposedly interferes with the sexual experience.
However, some or all of this hypothesized positive marginal utility of
contraception may be captured by the increase in expected utility due
to a lower probability of conception. It seems hard to disentangle the
probability effect from what we could call the "less-worry" or "relaxa-
tion" effect.

We will later allow for the possibility of a positive marginal

utility of contraception for couples who do not want another child.
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2.5 Utility Maximization

2.5.1 Expected Utility

Since two of the arguments in the utility function, N2 and XZ’
are uncertain we have an optimization problem under uncertainty. To
solve this we use the approach of von Neumann and Morgenstern (1953),
?nd maximize the expected utility, V=EU, subject to budget constraints.

Before we do this we may ask whether fertility decisions can be
studied within the expected utility framework. (For a recent survey
and critique of the expected utility model in general, see Schoemaker
1982.) Namboodiri (1972a) discusses this in an appendix, where he
examines the plausibility of the underlying axioms of the expected
utility theory. He concludes that fertility decisions cannot be
studied by the expected utility approach "if it is valid to assume
that there exists a family threshold below which nobody would want to
remain voluntarily . ... Beyond this level, however, each individual
addition can be studied within the framework under discussion" (p.206).
Although few people in a country like Norway want to have zero or
only one child (only around 1 and 2 per cent, respectively, among
women 18-24 years of age according to the Norwegian Fertility Survey
1977), there are some who choose this voluntarily, so Namboodiri's
objection does not seem to be totally valid for Norway. Nevertheless,
the assumptions of the expected utility model may be more realistic

for couples who have at least one child already.
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It can be proven that the expected utility function V exists
under certain assumptions (axioms), and that it is unique up to a
monotonic transformation,see Varian (1978). If the expected utility
function is concave the consumer is risk averse. The measure of risk
aversion is simple if there is only one argument X of the expected
utility function, namely the Arrow-Pratt measure -V''(X)/V'(X)
(Pratt 1964), but quite complicated when there are several arguments,
see Karni (1979), and Stiglitz (1969) for a discussion of the case
with many uncertain commodities. Our expected utility function is
somewhat special in this respect, however, in that there is a mixture
of certain and uncertain objective variables; that the two uncertain
variables, N2 and Xy, have the same probability distribution; and that
the probability p is a function of some of the arguments of the utility
function (S, and effectiveness e as a function of method M). These

features do not seem to cause any problems.

Now back to our maximization problem. There are only two
possible states in period 2: the couple has an additional child or it
does not have an additional child. 1I.e., N2 is equal to N1 with proba-
bility p and to N1+1 with probability 1-p, and the expected value of Né is

EN2 = p(N1+1)+(1-p)N1 = N1+p,

The expected utility function is:

*
(2.6) V = EU = pU(N1,N ,+"X1 ,X2,S,M;Z) + (1—p)U(N1 ,N1 ,x1,x2;s,M;z),

1
* . .
where X2 is the couple's consumption of goods in period 2 if the

couple has an additional child in that period, and X2 is their con-
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1)

sumption without another child.
When we introduce the separability assumption (2.5) and set

N1=N for simplicity, the expected utility becomes

@.nvs=

*
pL£(N,N+1 ,x1,x2) - f(N,N,x1 ,x2)]+f (W,N, X, X)) +g(S,M)

£7+ py + g(s,M),

where

(2.8) £° = f(N,N,X1,X2) is the utility of children and consumption
over the two periods when the couple does not have an additional

child in the second period,

]

* *
(2.9) £ f(N,N+1,X1,X2) is the utility when the couple has an
additional child, and

* o * . . .
(2.10) y = f -f = f(N,N+1,X1,X2)-f(N,N,X1,X2) is the difference in
child-consumption utility between having and not having an additiomnal
child. We have deleted the vector of other exogenous variables from
the f and g functions to simplify the notation, since they do not

affect the derivation that follows. The Z-variables will be included

later, however.

1) Note that the expression (2.6) for the expected utility is in
general not the same as the utility of the expected values of the
arguments, U(N ,EN X EX ,S,M). The two expre331ons are only
equal when the ut1%1ty functlon U is linear in the stochastic
arguments N, and X Thus, our approach differs from the approach
of David ana Sanderson (1976), who maximize a multiargument life-
time utility function where the total expected number of children
is one of the arguments.
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The variable y can be interpreted as the pure incremental
utility of having another child in period 2, when we abstract from the
(dis)utility of sex and contraception in period 1 that would be

associated with attempting or avoiding to have an additional child.
We can say that if y is positive, the couple "wants" an additional
child in period 2, and if y is negative they do not want another child

1)

in that period.

2.5.2 Budget Constraints

Before we can go ahead and do the mathematical derivation of
the equilibrium solution, we need to specify the budget comstraints.
To make the model as simple as possible we assume that sex and contra-
ception are free goods in terms of money (and time) as mentioned
already. The price of goods and services bought in the market is Hx’
and the '"price'" of children is LIS

The price of children is assumed to be constant over the two
periods, but may vary from couple to couple. By the price of children
we mean the full resource costs per child, i.e. the sum of direct
money costs for food, clothing, child-care etc., and the opportunity

costs in the form of time costs of child rearing, less child allo-

wance. (This definition of the price of children is borrowed from

1) Note that "mon-wanters", i.e. couples who do not want an additio-
nal child soon and for which y is negative, are not the same as
"terminators', in Lee's (1977) terminology. Terminators do not
want more children at all, whereas non-wanters do not want an ad-
ditional child soon. But "wanters" (y>0) are also 'non-terminators",
of course. On the other hand, non-terminators are only wanters if
they want to have their next child soon, i.e. in the next period.
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Vislie 1979.) The subjective costs of children are captured by the
utility function.

The income I in each period is the full potential income of the
couple, i.e. the total family income if both spouses were working full
time.

To simplify the model further we assume that there is no borrow-
ing or saving from one period to the next. This assumption is unrea-
listic, but we do not believe that it is of any great importance. We
could again appeal to the myopia mentioned earlier: most people may be
primarily concerned with the amount of income they have in the current
period. In addition, there may be institutional constraints against
borrowing. Implicitly, we assume that there is no pure time prefer-
ence.,

The budget constraint for the first period is

(2.11) IIXx1 +IIN=1I where N = N

N 1? 1°

This budget constraint together with the separable utility func-
tion (2.5) implies that there are no degrees of freedom for maximizing
expected utility with regard to X1, since the number of children,
family income and the prices are given. The '"price" of children, HN’
is not given in the market, but pre-determined (before the current
period and outside this model) by the couple's preferences for consump-
tion for themselves versus their children, and how they value market
work versus time for child-care.

Still, the values of X, and I1,the income and consumption in the

1
first period,affect the choice of consumption in the second period via

the substitution.elasticity between consumption in the two periods, and

the habit-forming effect of a certain standard of living.
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Another implication is that the total time devoted to child
care instead of market work is proportional to the number of children,
not allowing for any economies of scalet) Still, this implicit assump-
tion is not entirely unrealistic, particularly for couples with only
a few children, say three or less, which has become common in indu-
strial societies.

The problem with period 2 is that N2 is a stochastic variable,

which also makes X2 stochastic since X, is a function of N,. Thus,
there are two alternative budget constraints for period 2: One on
the condition that an additional child is born, and another one on

the condition that the total number of children stays the same:

* 3
(2.12) HXXZ-PHN(N+1) = I2 if N2-N+1,
(2.13) ]IxX2+]'[NN = 12 if N2=N.

If we let the price of goods be the numéraire, i.e. Hx==1, let

HN=IL and solve (2.11), (2.12), and (2.13) with respect to X., we get:

X, =1, - IN
x; =I,- T(N+1)
(2.14)
and

1) There may, of course, be compensating effects resulting in an approxi-
mately constant HN even if its components change.
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The last equation above implies that XZ—XZ* = H; i.e. the "price" of
a child is the same as the loss in consumption for the parents caused
by an additional child.

We see that all the X's are functions of the exogenous vari-
ables I1, L, and the predetermined variable N. Substituting these
expressions and expression (2.3) for p into the expression for expec-
ted utility (2.7) give us:

(2.15) Vv = EU = £2%+sr(1-e)y + g(S,M),
where

(2.16) £9 = £(N,N,I; - IN,I

i _HN)’

2
and

-1N,I, -1N).

(2.17) v = £(N,N+1,1, — 1IN, I )

,~IN-T) - £(N,N,I

1

Thus, we have reduced the constrained maximization problem to
an unconstrained problem, with the only decision variables being the
frequency of intercourse S- and the method of contraception M. We
also notice that the consumption in the two periods are not arguments
in the expected utility function - only the number of children in the
first period, income in the two periods, and coital frequency and
contraceptive use in the first period.

We will in the next sections present three different approaches
to maximizing (2.15) with respect to S and M, depending on the as-
sumption about the contraceptive use, M:

i) there is only one method of contraception,

ii) there are many but discrete methods of contraception,

iii) contraception is a continuous variable.



52

2.6 Only One Method of Contraception

We assume that there is only one method of contraception, with
given effectiveness e . The couple has only two choices besides
choosing the optimal level of sex: contraception with effectiveness e
or no contracpetion at all. Thus, we define M as a dichotomous
variable:

a) M = 0 if the couple does not contracept,

b) M = 1 if the couple contracepts.

This section is devoted to analysis of optimal behaviour in the
discrete case. We are going to prove three theorems about contracep—
tive use: Couples wanting to have an additional child soon are for
any frequency of intercourse better off not using contraception
(Theorem 2.1), which implies that they will never use contraception
(Theorem 2.2). On the other hand, couples who do not want to have an
additional child soon, may choose not to use contraception (Theorem
2.3), depending on their preferences for contraception and for child-
bearing. These theorems are trivial and are not of much interest in
themselves. They are included here as a test of the realism of the
model. 1Inability to prove the theorems would indicate that there
could be something seriously wrong with the model.

We think of the optimization process as being done in two stages:
First, the couple maximizes its expected utility with and without con-
traception, respectively. This results in two optimal levels of sex,
S,and S,. Second, the couple compares its expected utilities with and

1 0
without contraception,EU(S1,l)and EU(SO,O). If EU(S1,1) is greater
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than EU(SO,O)‘it will use contraception, otherwise not. We will go
through this analytically and derive some obvious but nevertheless
interesting results.

a) Let M=0, i.e. the couple does not contracept, i.e. the
effectiveness e=0. Differentiating (2.15) with respect to S yields

(2.18) dv/dS=ry *8 o0

where gso:=dg(s,0)/ds is the marginal utility of sex when the couple
does not contracept. Setting (2.18) equal to zero and solving yields
the following necessary equilibrium condition for a local maximum:

(2.19) 8go = LY+
b) Let M=1, i.e. the couple contracepts with effectiveness e .

Differentiating (2.15) with respect to S yields
(2.20) dv/ds = (1—e)ry+gs1’

where 8y = dg(S,1)/dS is the marginal utility of sex when the couple
uses contraception. This yields the following first-order condition:

(2.21) 81 = " (1-e)ry.

Note that the sufficient second-order condition for a local maxi-

mum is met in both case a and b:

dzv/d s2 = dzg(S ,M)/ds2 ,
which was assumed to be negative in subsection 2.4.2.

Thus, we see from the two alternative equilibrium conditions
(2.19) and (2.21) that the optimal value of S depends on the value of

the predetermined variable y , the incremental utility of an additional
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)

child in period 2.1 If y is positive, i.e. the couple wants an
additional child soon, the right-hand side of both equations becomes
negative, which implies that the marginal utility of sex is negative
and that the optimal value of sex is greater than the satiation value
for couples who want to have an additional child soon, see figure 2.6.
Thus, such couples lose some "sex'"-utility by having a higher frequency
of intercourse than they would consider ideal otherwise, but on the
other hand they gain in "child-consumption" utility because of the
higher probability of conception.

If, on the other hand, the couple wants to avoid a pregnancy
(y<0), the marginal utility of sex is positive and the optimal value
of sex is less than the satiation value, see fig. 2.7, because of the
negative effect of sex on the probability of conceiving. These
results are the same whether or not the couple uses contraception.

The third case is couples who are indifferent to having an
additional child soon, i.e. y=0. We see from (2.19) or (2.21) that
the marginal utility of sex is zero for them, and consequently their

optimal frequency of intercourse is equal to the satiation value S.

1) The sign and magnitude of y depend on the form of the utility
function f and the exogenous arguments N (parity), I, and I
(income) and T (prices). As mentioned earlier, the form of the
utility function also depends on the parameters Z . It seems
reasonable that the desire to have, or not have, an additional
child soon is influenced by factors like the duration of the mar-
riage/relationship or the age of the youngest child if there is no
child mortality, the sex composition of the children born already,
and more general taste variables that are relatively stable over
time, like education, and religious and cultural attitudes. Like-
wise, y may be greater if the couple wants several more children
than if they only want one more.

2) These results also seem to be consistent with Westoff's (1974)
finding that couples have more frequent sexual relations if they
intend to have additional children than if they wish . to have
no more children.
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Equations (2.19) and (2.21) imply

(2.22) g = (1~e)g, ,

which implies that
(2.23) |gs1|5[850[’

since e 1is betﬁeen 0 and 1.

Let us first study couples who want to have an additional child,
i.e. y is positive. If the wutility curves look like in figure 2.6,
it follows from (2.23) that SO>S1’ i.e. the optimalrfrequency of sex
is higher ifighe p;;tners use%;ontraception than if they do not.1)
We can prove that this is always the case if, e.g., g(S,1) is a
linear transformation of g(s,0), i.e.
(2.24) g(s,1) = g¢s,0) - a - bS,

where a and b are non-negative constants.

g(s,M)

<<=
-----
. -
. -~
~~
-

- ry ..‘.

Figure 2.6 Optimal frequency of intercourse with and ‘with-
out contraception, for couples wanting an
additional child soon

1) Figures 2.6 - 2.8 are drawn with approximately the same satiation
levels with and without contraception. The conclusions are not
essentially affected by introducing different satiation levels.
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With other assumptions about the relationship between g(S,1) and

g(S,0), we could in principle get the opposite result, S.>S_, but this

12%0°

is of little interest since we can prove that couples wanting to have
an additional child soon will never use contraception (Theorem 2.2).

Before we prove this, we will prove the following, also obvious,

theorem:

Theorem 2.1 A couple wanting to have an additional child soon is for

any frequency of intercourse better off not using contraception than

using contraception, or in symbols:

(2.25) v(S,0)-v(S,1) >0 for all S>0 if y>O0.

Proof: Setting M=e=0 and M=1, respectively, in (2.15) and
subtracting yields
(2.26) Vv(S,0) -v(S,1) = Srey+ [g(5,0) - g(S,1)].

The bracketed term represents the direct or pure costs of contra-
ception and is always positive, since we have argued previously that
people are always better off not using contraception than using contra-
ception, if we disregard the effects on the probability of conception
and the possibility of a direct positive '"relaxation" effect of contra-
ception. The other term on the right—hand side of (2.26), Srey, can
be interpreted as the gain in utility from consumption and children
by not using contraception, and is positive when y is positive. Thus,
(2.26) is positive for all S when y 1is positive,which concludes the
proof of Theorem 2.1.

We will now prove
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Theorem 2.2 A couple wanting to have another child soon will never

use contraception, or with our notation

(2.27)  V(8,,0) = V(§,,1)>0 for y>O0,
where S1 and S0 are the optimal values of sex with and without use of
contraception, respectively. Note that in theorem 2.1 we compare ex-

pected utility for the same level of S,while in theorem 2.2 we look

at different levels of S.

Proof: Adding and subtracting the term V (S1,0) to the left-
hand side of (2.27) yields
(2.28) V(5),0) =V(5;,1) = [V(5,,0) =V(5,,0)] +[V(5,,0) - V(s ,1)].

The first bracketed term on the right hand side is the difference
in total expected utility with a coital frequency of SO and S1, respec-—

tively, when the couple is not contracepting. This term must be posi-

tive, since S, is the value of S that maximizes expected utility when

0
the couple is not using contraception, i.e. the total expected utility
must be greater at A than at B in figure 2.6. The second bracketed
term in (2.28) is the difference in expected utility with and without
contraception, when the frequency of intercourse is equal to S1.

This term is also positive according to Theorem 2.1. 1In figure 2.6
this means that the total expected utility is greater at B than at C,
since a couple wanting another child soon loses utility by contracep-
ting both by a reduction in g, i.e. the utility of sex, and through
alower probability of conception. Thus, we have shown that both terms
on the right hand side of (2.28) are positive, which concludes our
proof of Theorem 2.2.

" Let us now look at couples not wanting to have an additional

child soon, i.e. y 1is negative. It follows from (2.23) that SO<S1<S
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if the utility curves look like in fig. 2.7.

g(s,M)

Figure 2.7 Optimal frequency of intercourse with and with-
out contraception, for couples not wanting an
additional child soon

This is a plausible result: Couples who do not want
another child soon have a lower frequency of intercourse if they do
not contracept than if they do. Indeed, if the method of contra-
ception is 1007 effective, it follows from (2.21) that the marginal
utility of sex is zero and S1 =§, since no matter how often the
couple has intercourse, the probability of conception is zero. This
is exactly the goal of contraception: Severing the link between repro—
duction and sex.

In special cases, however, as in figure 2.8, we may get the

opposite result: S.<S  when y<0. This could happen if contraception

1=70

has a strong non-linear negative effect on the utility of sex, e.g.
if b in (2.24) is a function of S or e. Coitus-related methods

that are felt to interfere strongly with intercourse could have this
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Figure 2.8 Optimal frequency of contraception for couples
not wanting an additional child soon, when con-
traception has a strong non-linear effect on
utility

L R Rt

effect, aswithdrawal or condom. It seems reasonable that couplés
feeling this have a lower optimal coital frequency using an uncomfort-
able method than if they do not use any, although we may wonder why
they would not be better off by not using contraception at all (or
using another method),

We proved above that couples wanting to have an additional child
soon will never use contraception (Theorem 2.2). We cannot prove the
opposite, however, that couples not wantiﬁg to have an additional child
soon will always use contraception. Instead we will prove the weaker

theorem:

Theorem 2.3 A couple not wanting to have an additional child soon may

or may not choose to use contraception, or in our notation:

(2.29)  V(5,,1) = V(55,0) 20 if y<o,
Proof: As previously, we add and subtract the same term, getting
(2.30) V(S1,1)-V(So,0) = [V(S1,1)-V(So,1)]+[V(SO,1)'V(SO,0)].
The first bracketed term on the right-hand side is the diffe-

rence: in total expected utility with a coital frequency of S1 and SO’
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respectively, when the couple is contracepting. This term must be
positive, since S1 is the value of § that maximizes V(S,1), i.e.
the expected utility at A is greater that at B in figure 2.7).
The second bracketed term in (2.30) is the difference in expected
utility with and without contraception, when the frequency 6f inter-
course is equal to So,compare points B and C in fig.2.7. This term is
the negative of the left-hand side of (2.26), whichis a sumof one nega-
tive and one positive term when y is negative. This implies that the
sign of (2.30) is ambiguous, which concludes the proof of Theorem 2.3.
The interpretation of this theorem is that a couple not wanting
to have an additional child soon would gain some utility by not using
contraception, but it would at the same time lose utility in that
intercourse without contraception increases the probability of an
"unwanted" birth in the next period. We cannot say anything in general
about the magnitudes of these terms, without specifying the form for
the utility function and the values of its parameters.1)
Our conclusion is that if the dislike for contraception is very
strong, a couple may choose not to contracept even if they would prefer
not to have an additional child soon, especially if this desire is
relatively weak. This seems to be a plausible conclusion. The

characteristic of modern methods of contraception, for example, is

1) If, as discussed earlier, use of contraception increases the plea-
sure of sex, i.e. g(S,1)>g(5,0) for all S>0, couples not wanting
to have an additional child soon would always use contraception.
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that the monetary, practical, and psychological costs of using them
are perceived to be so low by many people that they choose to contra-
cept if they want to avoid a pregnancy. Thic conclusion is gimilar to

the finding of Luker (1977).")

To conclude: this two-stage procedure of calculating the opti-
mal frequency of intercourse with and without using contraception, re-
spectively, and choosing that combination which yields the highest
expected utility, implicitly define the demand equations for sex and
contraception:

(2.31) s = S(N,H;I1,12;ZS)
(2.32) M= M(N,H;I1,12;ZM)
where M is a dichotomous variable.

Alternatively, the variable y, which may be interpreted as the
demand for having an additional child soon, may be treated as an inter-
mediate variable. This yields the following system of demand equa-

tions:

(2.33) y = y(N,H,I1,12;Zy)
(2.34) S = S(y;ZS),

(2.35) M = M(y;ZM).

1) '"More specifically, she held that if the utilities assigned to
contraceptive outcomes (e.g. procurement and planning efforts)
were high and the utilities assigned to pregnancy outcomes (e.g.,
role and lifestyle changes) were low,. then the motivation to maxi-
mize outcomes would lead one to favor contraceptive use. On the
other hand, if the utilities assigned to contraceptive outcomes
were low and the utilities assigned to pregnancy outcomes were high,
then the maximization of outcomes would lead one to favor contra-
ceptive non-use, or risk-taking'". (Quoted from Crosbie and Bitte
1982:67).
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This is a partly recursive system since y is a function of exogenous
variables only, and S and M are simultaneously determined by the

predetermined variable y and the exogenous Z, and ZM variables.

S

2.7 Many Methods of Contraception

The case with many different methods of contraception is a
straight-forward extension of the one-method case:

Assume that there are J different methods of contraception,
M1,M2,...,MJ, each with effectiveness ej. Let method no. 1 be '"no

contraception", i.e. e1=0.

The optimization strategy is the same as when there is only
one method of contraception:

1. Maximize expected utility Vj as given in (2.15) with respect
to S, for each contraceptive method Mj’ j=1,2,...J. This gives us
a set of optimal frequencies, {Sj}.

2. Calculate V(Sj,Mj) for each j.

3. Choose the method Mj that yields the highest expected utility
V(Sj,Mj).

This two-stage optimization procedure determines the optimal
method of contraception and the optimal frequency of intercourse,
as functions of iparity, prices, incomes and tastes. Or in other
words, this optimization procedure implicitly defines the derived
demand equations for sex and contraception:

(2.36) S = S(N,H,I1,12;Z)

(2.37) Mj = M(N,H,I1,12;Z),

where Mj is a polytomous variable. Alternatively, we may introduce
the y variable and define the demand function for y, S, and Mj’ as

in section 2.6.
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2.8 Characteristics of Contraceptive Methods

Before we do the analysis with the assumption that contraception
is a continuous variable, it may be useful to discuss some problems
that arise in connection with this: How is the variable M defined,
through what mechanisms does contraception yield disutility, and fin-
ally,what is the relationship between the variable for contraceptive.
use, M, and effectiveness, e ?

The most serious problem is that contraception is a multidimen-
sional good; there is more than effectiveness that characterizes each
method. In addition to money costs, there is interference or obtrusive-
ness with sex (0), side effects (W), health consequences (H), need to

1)

see a doctor (D), etc.

The utility of contraceptive method number j is a function of these
and other attributes:

W(Mj) = w(oj ,wj ,Hj ,Dj sees)

If we could measure these characteristics, the utility
W(Mj) could be substituted for Mj in the utility function g(S,Mj).

The effectiveness e does not really belong in this function if
we only consider those characteristics that yield direct (dis)utility,
except for those who may enjoy sex more as a result of high effective-
ness of contraception, as mentioned earlier. The money costs of
contraception does not belong there either, but in the budget con-

straint. We do not consider money costs to be an important determinant

1) Luker (1977:192) finds that "Four major categories of costs associa-
ted with contraception emerged from the interviews: (1) costs im~
posed by the larger social and cultural meanings of contraception;
(2) costs associated with maintaining contraception over time; (3)
costs of obtaining access to contraceptive; and (4) costs related
to the medical and biological aspects of contraception'". Crosbie
and Bitte (1982) list ten different characteristics of contraception
as a result of interviews with college students. Most of theseare of
little relevance for adult couples, however,as "Others discover your
sexual activity".
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)

of contraceptive choice, however.
People's perceptions of the use-effectiveness and money costs
of existing contraceptive methods (including combinations of methods)
may be estimated using survey methods. But it is much harder to
define and measure other costs of contraception, i.e. variables like
0, W and H. To our knowledge, few attempts have been made at this.z)
To indicate the variations of characteristics of the different
methods of fertility regulation, we have assigned values of zero, low,
medium, high, or very high to each method, as shown in table 2.1. The
use—effectiveness values are based on Michael (1973). In addition to

most of the methods mentioned by him, we have included sterilization,

abortion and abstinence.

1) In a Danish fertility survey in 1970, only 9-12 7 reported that
money cost was the most important consideration in the choice of
a contraceptive (Ussing and Bruun-Schmidt 1977). In a limited
Norwegian fertility survey in two counties in 1974, only 2-3 7
reported that they had stopped using a method because it was too
expensive (Grimsmo 1978).

2) In the Danish survey referred to above, the most important charac-
teristics of a good contraceptive method were the effectiveness of
the method (85-93 % of the women); no side-effect (45-55 %); that
the method cannot be "felt" (23-33 %); that there is no interference
with intercourse (12-16 7); and that it is not necessary to see a
physician to use the method (4-12 %) (Ussing and Bruun-Schmidt,
1972). 1In the Norwegian survey, the reasons for discontinuing a
method varied from method to method. The proportion reporting
"Method too unsafe' ranged from 4 % for the pill to 60 %Z for jelly/
spermicides; "Do not like the method" ranged from 6 % for IUD to
85 7% for jelly/spermicides. Side-effects and complications were
reported as important reasons for discontinuing only for IUD and
the pill (Grismo 1978). Questions more in line with our analysis
were asked in a survey carried out for the University of North
Carolina, where the respondents were asked to rank and indicate
on a scale how well they liked each contraceptive method, not
taking the money costs and effectiveness of each method into con-
sideration. The respondents were also asked to give their subjec—
tive estimate of the effectiveness of each method. We have not
seen the results from this survey yet, however. (The question-
naire was kindly provided to me by Boone Turchi.)
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Table 2.1 Characteristics of methods of fertility regulation.1)
Contraceptivez) Inter- Side effects Health con- Money costs
effectiveness ference sequences

e with sex

Sterilization 1.0 Very high zero ? low ? high/low

Abortion 1.0 " " zero high ? medium ? " "

Abstinence 1.0 " " very high(!) high? ? zero

Pill . 996 high zero medium medium ? medium

IUD .990 " zero low ? low low

Condom . 943 medium high zero zero medium

Diaphragm .940 " high " " low

Withdrawal .930 " very high zero zero zero

Jelly .922 " medium zero(?) " medium

Foam tablets <916 " " "(n " medium

Rhy thm . 840 low " " " zero

Douche .832 low " " " medium

No method 0.0 zero zero ") " zero

1) Christopher Tietze thinks that the estimates of the effectiveness
of withdrawal, foam tablets, and douche are too high, and that the
side-effects and health consequences of abortion are not so high,
although perhaps not the perception of these effects and conse-
quences by the uninformed. (Personal communication in letter of
June 8, 1978.)

2) The estimates of contraceptive effectiveness are taken from Michael
(1973), except for the three methods at the top of the table.

The three methods at the top of the table have all been assigned

1)

perfect effectiveness. All of them may have relatively high utility
costs, however, at least as perceived by some couples. The major dis-
utility of sterilization is that it is usually not reversible, or in

other words, the cost of avoiding a pregnancy now with certainty is

that the couple cannot usually have another child in the future if they

1) Sterilization is not a 100 percent effective method. It is dif-
ficult to give an estimate of the contraceptive effectiveness of
sterilization, as this depends on the surgical procedure and
whether it is male or female sterilization. Estimates of the fail-
ure rate range from zero to a few per cent, see Population Reports
Series D, no. 1, and Series C, nos. 2-6. Vasectomy, for example,
is reported to have a failure rate of about 0.15 per 100 person-
years, which approximately corresponds to an effectiveness value
of 0.9993.
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change their mind. The major cost of having an abortion may be psy-
chological in addition to pain and discomfort. The money costs of an
abortion vary from country to country depending on whether the woman

has to pay for the abortion herself, whether it is legal or illegal,

and whether she loses income during convalescence. The major dis-
utility of abstinence is the difficulty in practicing the method consis-
tently, which may often make the method less than 100 per cent effective.

The other use-effectiveness values in table 2.1 are based on
interview surveys and are in some sense 'objective' although there are
considerable measurement problems and errors. One problem with such
estimates is that the effectiveness does not only depend on the con-
traceptive method, but also on the motivation of the couple. Couples
who are highly motivated to avoid a pregnancy may use a given method
with far less failures than other couples. This has been documented
in a number of studies, see e.g. -Vaughan et al. (1977), Jones et al.
(1980), Dryfoos (1982), and Schirm et al. (1982), who show that women
who intend no more children practice contraception with more success than
those who intend more but want to delay further child-bearing. These
studies show that contraceptive effectiveness also depends on age,
parity and certain socio-economic factors, 'like income.

Another problem for our analysis, however,is that the subjective
or perceived probability of the effectiveness of a contraceptive may
be more important for people's behaviour than the "objective'" probabi-
lities discussed above. It is hard to measure these, however.

Most people would probably agree to the ordinal values assigned

to each method in the table. There are two major problems with this
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way of characterizing contraceptive methods, however:

First, the side-effects and health consequences etc. are diffe-
rent for different people. Some women are for medical reasons not
able to use the IUD at all, for example, or only at infinitely high
costs, to use economic terminology. Older women who smoke should
not use the pill, whereas younger women are advised not to use the
IUD.1)

Second, and more seriously, people attach different weights to
the various characteristics. Some couples have a strong dislike for
methods that interfere with the sexual enjoyment and are less con-
cerned abouth the health consequences. Other couples may be so con-
cerned about the health consequences of a method, e.g. the pill, that
theychoose not to use it, even if they consider it superior in all
other respects.

Blake (1977) summarizes the health risks associated with the
use of the pill, and reports results on public attitudes towards the
pill. From the beginning of the 1970's an increasing proportion of US
women and men think that birth control pills are unsafe. (In 1977
62 per cent of women and 48 per cent of men claimed that the pill is
unsafe.) She concludes that "Until recently it seemed obvious that
oral contraception greatly reduced the costs of fertility control.

... It now appears that significant costs to health may

1) See Population Reports for surveys of effectiveness, health
consequences, side-effects, etc. of different contraceptives,
e.g. number A-6 (1982) on oral contraceptives, B-3 (1979) on
I0D's, H-4 (1976) on diaphragms, H-5 (1979) on spermicides, H-6

"(1982) on condoms, and I-3 (1981) on safe periods (rhythm).
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exist and that people are increasingly evincing concern about these
physiological consequences". (Note that she uses the same terminology
as ours, '"the costs of fertility control" etc., although she is a
sociologist who has been very critical of economic theories of
fertility, as in Blake 1968).

Recently there have also been reports of positive health con-
sequences of the pill, as in Ory (1982). Such reports may reduce the
anxiety many women have against using the pill.

Our conclusion from this section is that there are a number of
difficult problems related to methodology and data in analyzing con-
traceptive behaviour. It would be of great help to have more knowledge
about people's attitudes towards the different contraceptive methods.
Such data are relatively rare, and there are problems with the inter-

pretation of those that exist.

2.9 Continuous_Contraception

2.9.1 Contraceptive Effectiveness_and Disutility

The simplest approach to the problems mentioned in the pre-
vious section is to let the method of contraception be characterized

only by its effectiveness!), e, i.e. M = e, which implies

1) Heckman and Willis (1976) make the same assumption.
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(2.38) g(s,M) = g(s,e).

In this long and technical section we are going to analyse the
signs of the effects of changes in the exogenous variables on S, e, p
and V. To do this we use the method of comparative statistics. Most
of the results are reasonable and as expected, but a few results seem
to be counter-intuitive, namely dS/dy<0 and de/dy>0. This indicates
that there may be something seriously wrong with the model, but we are
fortunately able to show that these results probably never occur, due
to the constraints on S and e. The results are summarized in tables
2.2 and 2.4.

We will also assume that the "more' contraception a couple is
using, i.e. the higher the effectiveness, the greater is their dis-

utility:

(2.39) g, = ig%e—) < 0.

This relationship between effectiveness and dis-utility is as-
sumed to hold for each couple. If, e.g., a couple considers the pill
both the most effective and least costly of all methods, they would
not consider other contraceptive methods at all. For them the choice
would be between the pill or no method. The condom, for example,
would not be on the efficiency frontier for this couple. Other
couples may, e.g., consider the condom as the least costly at a given
level of effectiveness, but if it became very important for them to
improve their contraceptive efficacy, they would change to a method
like the pill. 1In spite of their advantages, modern methods like the
pill and the IUD are increasingly perceived by many couples as having

health hazards that are not found with more traditional methods.
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However, there is no guarantee that this monotonic relation-
ship between effectiveness and disutility holds in the aggregate.
Therefore, estimating the demand for sex and contraception using
cross—-section data for only one time point rests on shaky foundations.
It would be somewhat better to use the individual contraceptive
history of couples and look at changes in contraceptive use.

In the subsequent analysis we may think of e not only as
contraceptive effectiveness, but also more generally as the "amount"
of contraception being used. E.g., increasing e may be interpreted
as using "more" contraception, which may be done by using the existing
method mofe (more often or more carefully), or shifting to another
(and more effective) method.

It will be shown later (2.48) that the sign of the second par-
tial derivative, gee’ must be negative if the second-order condition
for maximum is going to be met, so we do not have to make any special
assumption about it. In other words, 8o is negative if an interior
maximum exists — but we cannot be sure that an interior maximum always
exists, or that there is only one interior maximum. This result (2.48)
means that the disutility of contraception increases faster the closer
e is to unity. Thus, for a given frequency of intercourse, S, the
(dis)utility of contraception may look like one of two downward sloping

curves in figure 2.9, depending on the level of S.
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Figure 2.9 Utility of contraception as a function of effec-
tiveness e.

The broken curve may be representative of couples with large fixed

costs of contraception, e.g. catholics.

This assumption (2.39) may appear to be somewhat counter-intui-
tive, however. It is not unthinkable that the marginal utility of
contraception may be positive for high values of e . The direct utili-
ty of contraception is, perhaps, the lowest for coitus-related methods,
and higher for methods unrelated to coitus. Thus, it is not entirely
impossible that the utility of contraception as a function of contra-
ceptive use may look like the dotted curve in figure 2.9.

We will also need to assume something about the second partial

cross-derivate, 8o = 8eos* It seems reasonable that

2
_ _ 9°g(s,e)
(2.40) gse = ges = S e’ .i 0,
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i.e. the marginal utility of sex is smaller the "more" contraception
is being used, or, the marginal disutility of contraception is greater
the higher the coital frequency. This means that the difference

between the two curves in figure 2.10 increases as S increases.

g(s,e)

g(S,el)
g(S,ez)

7 . \\ S

Figure 2.10 Utility of sex for different levels of contra-
ceptive effectiveness

For methods that are unrelated to coitus, the (dis)utility of
contraception does not depend on the coital frequency, and we have
= 8ge = 0
If a coitus-related method is being used, it seems reasonable
to assume that the closer e is to unity, the smaller is Bse = Bog”
For example, to use the condom with almost 100% efficacy might require
such a high degree of caution that it would seriously distract from

the pleasure of sex. Thus, we will assume that ges(=gse) approaches

a large negative number (or minus infinity) as e approaches unity.
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2,9.2 Maximization of Expected Utility

Having made assumptions (2.38)-(2.40) we are ready to set up
the maximization problem, which is to maximize the expected utility, V,
with respect to coital frequency, S, and contraceptive effectiveness, e .
Setting M=e in the expression (2.15) for expected utility, differen—
tiating it with respect to S and e, and setting the derivatives equal
to zero, yield the necessary first-order equilibrium conditions for a

(local) maximum:

(2.41) gg * ry(l-e) =0

(2.42) 8, ~ Sry = 0.

Equation (2.41) was discussed in section 2.6 (eq. 2.21).
Equation (2.42) says that the marginal utility of contraception is
negative if the couple does not want an additional child in the next
period. The equation also says that 8e is positive - which is un-
likely - if the couple wants another child soon. This is consistent
with Theorem 2.2 that "wanters' never contracept, which means that we
have a corner solution, e = 0, in this case. The optimum level of
contraception being such that the marginal utility is positive for
wanters, means that they would like to reduce the contraceptive effec-—
tiveness below zero, which is not possible, of course.

The effects of changes in the exogenous variables on the opti-
mal values of sex and contraception, S and e, can be studied by the

method of comparative statics. We will do this in three stages:



74

i) We first study the effects on S and e (and p and V)
of changes in the desire for an additional child, y , and the intrinsic
fecundability, r . This is done by total differentiation of equations
(2.41) and (2.42) and solving with respect to dS/dy, de/dy, dS/dr and
de/dr (subsections 2.9.3.1 to 2.9.3.5).
ii) Second, we study the effects on the endogenous variable y
of changes in parity, N, incomes, 11 and Iz, and price of children, I,
This is done by total differentiation of equation (2.17) (subsection
2.9.4).
1ii) Third, we combine (i) and (ii) to see the effects of

changes in N, I1, I2 and Il on S and e (subsection 2.9.5).

2.9.3 Effects of Changes in Pregnancy Attitude and Fecundity

Total differentiation of the equilibrium conditions (2.41) and

(2.42) yields

(2.43) gssds + (gse-ry)de + r(l-e)dy + (l-e)ydr =0

and
(2.44) (ges—ry)dS + g de - Srdy - sydr = 0,

or

. |ds -r(1-e) -(1-e)y
(2.45) D = dy + dr

where the matrix
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5 [Bss 8se™T|
BesTY Boe
The determinant D = |[D| is positive if the second-ordercondition

for maximum is met (Allen 1962:497), i.e.

(2.46) D * Bee T (gse—ry)2 >0,

8ss
which implies

(2.47 . -ry)?
(2.87) g v g, > (Bt

ee

We see that the two partial derivatives 8gs and oo MUSE have
the same sign, and since we have assumed that 8o is negative (subsec-—

tion 2.4.2), it follows that 8o MUSt also be negative to meet the

second-order condition for a (local). maximum:

(2.48) g__ < 0.

Setting dy = 0 and dr = 0, respectively, in (2.45), and solving
the linear equations systemby Cramér's rule, yield .the following

results:

"

(2.49) ds/dy r[—(l—e)gee-Sgse+Sry]/D,

[

(2.50) de/dy r[Sgss+(1—e)ges-(1-e)ry]/D,

(2.51) dS/dr

[}

y[-(l-e)gee—Sgse+Sry]/D,

(2.52) de/dr

]

y[Sgss+(1-e)ges-(1-e)ry]/D-
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The signs of these expressions depend, inter alia, on the sign
of y. However, as proven in section 2.6, couples will not use any
contraception at all (e=0) if they want an additional child in the next
period (y>0), or if they are indifferent (y=0). Thus, the results
(2.49)-(2.52) can only be used to study the effects of small changes in
y and r when y is negative, see subsection 2.9.3.3. When y is
positive or zero the optimization procedure has to be ;epeated with
e=0, see subsection 2.9.3.1 and 2.9.3.2. Effects on the probability
of conception, p , and the expected utility,V, are analyzed in sub-—

section 2.9.3.4,

2.9.3.1 Couples Wanting a Child Soon (y>0)

To account for the fact that couples who want to have a child
soon are not using any contraception, we set e=0 in expression (2.15)
for expected utility, and maximize with respect to. S only. This results

in the first—order maximum condition

(2.53) g, try = 0.
Total differentiation of this equation and some manipulation yield

as = - £ dy - L ar.
Bgs ss

We see that

(2.54) ds/dy —r/gSs >0
and

(2.55) ds/dr

'y/gss > 0, since y 2 0.
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The first of these results is reasonable: The more a couple
wants a child soon the higher is their coital frequency. But the second
result seems counter-intuitive: The higher a couple's fecundability the
higher their coital frequency! Intuitively we would expect that a
couple who thought that their fecundity went up would reduce their
coital frequency, since we believe that the marginal utility of sex is
negative for couples wanting a child soon.

Although this result (2.55) seems surprising at first glance,
it becomes more reasonable when we think about it. The reason for the
positive effect of fecundity on sexual activity (dS/dr>0) is that the
expected utility of an intercourse increases when r increases. (This
can be seen from equation(2.68): BZV/SSBr =y >0, fory >0 and e = 0.)
An increase in perceived fecundity leads to an addition in '"child
utility" through the increase in the probability of conception, Sr.
This addition is compensated for by the reduction in "sex utility"
caused by the increase in coital frequency. The increase in r results
both in a higher probability of conception and a higher total expected
utility, see table 2.2. This seems reasonable: Couples wanting an
additional child soon become happier if their probability of
conception increases.

This situation can be compared to a lottery: when the pro-
bability of winning a prize goes up (analogous to r going up) people
buy more tickets (analogous to increasing S). Just as lottery tickets

cost money, there is a cost to increasing the number of intercourses,
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1)

since the marginal utility for sex is negative.

The result (2.55) can also be seen graphically, see fig. 2.11,

v
S
0SS
N,
N,
~,
N,
~,
N
N
N,
.
r, >r <
2 1 \\\ —Sr1y
‘\—Srzy

Figure 2.11 Effect on coital frequency of an increase in fecundity
for couples wanting a child soon

1) This analogy was pointed out by Per Sevaldson. The following
comment on this result by Ronald Lee in a letter of December, 1979,
may also be clarifying: " ... am I right in thinking that it rests
particularly on the assumption that it is expected utility which is
being maximized, rather that the utility of the expected number of
kids? If the utility of the expected number of kids were being
maximized, then the increase in r would cause an increase in
expected kids, and presumeably a decrease in the marginal utility
of kids, so the marginal utility of intercourse might either go
down, due to diminishing marginal utility of kids, or up (the case
you discuss) due to each act of coitus having more likelihood of
leading to conception. With the approach you take (maximize expec—
ted utility), the expected utility must be a linear function of
the probability of conception; therefore increased fecundity does
not cause the marginal utility of expected kids to fall, so there
is no change to offset the increase in r, and you get your unam-
biguous result."
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Maximizing expected utility V in equation (2.15) with e=0,
is the same as maximizing the difference between the g-curve and the
straight line -sry. The optimal point is at A, where the tangent line
to the g-curve has the same slope as the straight line, When fecundity
increases from r, to r, the line -sry becomes steeper and this causes

the optimal coital frequency to increase from S, to S,.

1 2

Finally, let us for curiosity look at the effect on e of
changes in y and r , not assuming that e is constrained to zero. We
see from (2.50) and (2.52) that these effects are unambiguously nega-
tive when y>0. I.e., both higher fecundity and higher desire for an

additional child lead to lower contraceptive effectiveness, see column

2 in table 2.2.

2.9.3.2 Couples Indifferent to Pregnancy Soon (y=0)

Couples who are indifferent to becoming pregnant soon do not
have any reason for using contraception, as shown in section 2.6.

We expect such couples to react to changes in the desire to
become pregnant (an increase in y would make them 'wanters'), but not
to any change in the fecundability, as this would not affect their
desire to become pregnant, only their probability of conception and
‘consequently their expected utility would' change.

These expectations are confirmed by (2.54) and (2.55), see

column 3 in table 2.2, The results are the same as for '"wanters" (y>0),

except for variables that are not affected by a change in y.
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Table 2.2 Effects on S, e, p, and V of changes in y and rl)z)
y >0 y=0ll 0>y>y | ¥>y>y L>v
e =0 nterior solutions|Corner solutions

e=0 22222:; s>0, e=1| S=e=0

(D @) IO ® (5) (6) [€))
ds/dy + + + + - 0or - |0 or
de/dy 0 - - - + 0or - |0 or
ds/dr + + 0 - + 0 0 or
de/dr 0 - 0 + - 0 0 or

|

dp/dy + + " + + ? Oor + |0 or
dv/dy + + + + + 0 0
dp/dr + + + ? ? 0 0 or
dv/dr + + 0 - - 0 0

* * * *
1). The *-marked columns indicate the most realistic situations. The

other columns are included for reasons of comparison and completeness.
All non-zero results except those in columns (6) and (7) assume that
Otherwise most results will equal zero, see
equations (2.49)-(2.52) and (2.63)-(2.68).

S#0, r#0 and e#l.

S

e

dl M 9 <

a1

coital frequency

contraceptive effectiveness

Sr(l-e) = probability of conception
expected utility (equation (2.15))

desire to become pregnant in the next period

smallest value of y with interior solution,'see (2.61a-g)

smallest permissible value of y with no "abnormal" results

fecundity

2) Remarks to column 5: Note that the region y€(y,y) is probably very
small and may be empty. Note also that dS/dy and de/dy, and dS/dr

and de/dr, cannot have opposite sign similtaneously, see the second

footnote in subsection 2.9.3.3, part A.
de/dy is also negative.

1f, e.g. dS/dy is negative,
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2.9.3.3 Couples Not Wanting a Child Soon (y<0)

A Effects of an increase in y

Consider first equation (2.49): 8oe is negative because of
(2.48) and since we have assumed that 8se.1s negative (2.40). This
makes the two first terms positive and the last term negative (since
y<0). Thus, the effect of an increase in y on the coital frequency
is ambiguous. However, for small values of ly| the two positive terms
will dominate the negative term and dS/dy becomes positive.

The same reasoning applies to (2.50),where we see that de/dy is

negative for small values of |y|. These results seem reasonable. For
couples with a relatively weak or perhaps a normal desire to avoid a

pregnancy, a reduction in this desire makes them want to increase their

coital frequency and reduce their contraceptive effectiveness - which

would increase the probability of conception, of course, see column 4
in table 2.2. The reason for this is that the gain in utility from
more sex and less contraception is greater than the loss inutility from
a higher probability of pregnancy.

What about large negative values of y, i.e. |y|>> 0? It is
obvious that for large negative values of y the last term in the
-numerator of (2.49) may dominate the two positive terms and the whole
expression would become negative , as long as the denominator is
positive. The interpretation of this is that a reduction in a
strong desire to avoid a pregnancy would lead to a decline in the

optimal coital frequency.
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However, for large values of |y| the denominator D (eq. 2.46)
may become negative, and the second-order condition for an interior
solution of the maximum problem breaks down. Moreover, the two other

constraints

(2.56) e € [0,1] and S >0

may imply that there is no interior solution when y is large. This can
be illustrated graphically, see fig. 2.12. As explained previously,

the optimal coital frequency for a given contraceptive effectiveness is
at the point where the tangent line to the g-curve has the same slope

as the straight line, z = -Sr(l-e)y. When y is large negative this line

may be so steep that the optimal solution is at origo.

Figure 2.12 Utility maximization when y is large negative
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Normally, the optimal point would be at A, with S > 0 and
e <1, If e is increased to its maximum, we may get a solution with
e=1and S >0 as at B or C. But if the disutility of contraception
becomes very large as e approaches or becomes equal to one, the
g-curve might everywhere fall below the S-axis, and the couple would

be better off with the corner solution, S = e = 0. In this latter
case, we see that it might be optimal to use contraception with effec-
tiveness greater than unity, as at D. (At this point a small increase
in y would reduce the slope of the z-line, causing S to decline, i.e.
dS/dy < 0 when e > 1.)

The corner solution S = 0 and e = 1 will never be chosen, as use
of contraception when there is no intercourse would not affect the
probability of conception and would only result in a loss of utility.

Thus, there may be no interior solution when y is large negative.
We cannot prove in general that there is no region of y where we get
the "abnormal' results dS/dy < O or de/dy > 0, but it is likely that
this region is quite small, or empty.l)

Comparing our results with the effects of a price or income
_ change in consumer (or production) theory, it is not surprising that
we may get such seemingly counter-intuitive results as those discus-
sed above. Such results may occur when one of the goods is inferior
and the relative prices change.

From micro-economic theory we know that when the price of a good

increases and there are two (or more) goods, there is reduced demand for

1) This suspicion is confirmed by numerical experiments reported in
Appendix 2A in the original version of the dissertation.
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one of the goods, but not necessarily for both. Similarly, we exclude
the possibility of having dS/dy<0 and de/dy>0 simultaneously, but both
of them may have the same sign at the same time.l)

Figure 2.13 shows the effect on S when y changes. Point

A(S1,e1) is the optimal point for Y=Yq. The effect of a small increase

in y, i.e. a reduction in the absolute value |y|, can be divided into

—Sr(l—e1)y1

/—Sr(1—e2)y2

d
7’

—Sr(1-e1)y2

y1 < y2, e2 < e1

Sr(1-e1)y1

Figure 2.13 _ Effect on coital frequency of an increase in y whenyis
negative and e is fixed

two (or three) partial effects:

1) An increase in y from ¥, toy, reduces the slope of the
straight line —Sr(1—e1)y. If e is kept constant,the new optimal point
is at B. The effect AB is obviously positive. I.e. the coital frequency

S increases when y increases and e is fixed.

1) This can be proved from equation (2.60) and (2.62) below. We see
from (2.62) that dS/dy<0 implies de/dy<0, and from (2.60) that
de/dy>0 implies dS/dy>0 (which is logically equivalent), assuming
85 zero or small. Thus, both expressions cannot have the "wrong"
sign simultaneously.
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(2) Next, let us keep y constant and change e. The increase in y

will usually lead to a reduction in e, from e, to e,, see below. The

1
reduction in e has two effects:

a) The straight line becomes steeper and we arrive at a new optimal
point, C. This implies a reduction in S.

b) The g-curve is shifted up, and the final optimum is at D. The
partial effect of this on S is unclear. If the partial derivative

g =0, the slope of g is not affected by a change in e, and the value

se
of S is the same at C as at D.

Since it is difficult to distinguish between the (2a) and (2b)
effects we combine them into one effect, i.e. the effect of changing e
when y is kept constant. This effect may be positive or negative.

Thus, we have divided the effect of a change in y into two

effects, AB and BD:

+ &

ds _ /38
(2.57) == (2 de’y constant.

dy’e constant

This equation resembles the Slutsky equation in the theory of
consumer behaviour (see e.g. Henderson and Quandt 1958), although
there are major differences. There is, e.g., no 'compensation" here as
in the Slutsky equation. The first part of (2.57) may be called the pure
"desire" effect or 'value-of-an—additional-child" effect, which is ana-
lagous to the income effect in consumer theory, with y being analagous
to income (y can be interpreted as the '"value" of an additional child).

This effect is always positive.
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The second effect may be called the "substitution" effect (or
pure contraception effect), with contraceptive effectiveness e being
analogous to "price'" (i.e. the cost of intercourse). This is the effect
of substituting e for S when y is fixed. This substitution is done
to change both the probability of conception and the utility of sex and
contraception in an optimal direction.

The problem is: when is the substitution effect in (2.57) so
large that the total effect on dS is negative, i.e. D lies to the left
of A? We will derive the mathematical expressions for these effects.

The "income" effect AB can be found by setting de = 0 and

dr = 0 in (2.43):

3s - _r(l-e)
(2.58) Csy)e constant 8gs :

This is always positive (for e < 1), since B is assumed to be negative.
The substitution effect BD can be found by subtracting the

income effect AB (2.58) from the total effect AD (2.49):

38 =48 _ (38
(2.59) CEE)y constant  dy (By e constant
I L L I . S
855 D €ss dy

Thus, we have found that the effect on S can be written as
(2.60) ds/dy = —r(l—e)/gss - (gse-ry)/gSS « de/dy.

We notice that dS/dy is a function of de/dy.
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The sign of this expression is normally negative, i.e. when
de/dy is negative and 8o is small or zero. To study the sign more
carefully we have to take the second-order condition and the other
constraints into consideration. To simplify the notation we will define

a number of "critical" values of y:

i) The second-order condition, D > 0, implies

y > -g Jr + Ve g /T

Ss~ee

Since we are only concerned with y < O here, and 8o <0,
only the negative value above is binding and we define the value Yp

such that

(2.61a) y 2 ¥y =8, /r ~ Vg 8, /r=> D >0.

ii) The constraint on e, e€[0,1], defines the value Vo1 such that

(2.61b) ¥2y,q => ell.

iii) The constraint on S, $>0, defines the value Vg such that
(2.61¢c) ¥2y , => 820.

Thus, the smallest value of y with an interior solution is
(2.61d) y = max(yD,yso,yel).

We will also define two other critical values of y:

iv) The smallest value of y that results in dS/dy>0:

(2.61e) V2Y4e = gse/r+-(1—e)gee/Sr => ds/dy>0.
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v) The smallest value of y that results in de/dy < O:

(2.61£) ¥ 2 ¥4, = geS/r + Sgss/r(l-e) = de/dy < 0.

Now, we do not know which of these critical values of y is the
greatest. This depends on the properties of the utility function g and
on the value of the exogenous variable r. If, e.g., Y4s f_yD, we will
always have dS/dy > 0. On the other hand, if Y < Y4g We get the "ab-
normal" result dS/dy < 0 for ye€ [yD,ys).

We define the smallest permissible value of y with only '"nor-

mal" results (dS/dy > O and de/dy < 0)

(2.61g) y = max(y,y,.,v4,)-

Notice that we may have y = Y.
To simplify the analysis let us assume that

Yde < yso~i ) S-yel 5-yds S-gse/r L0
which is the case in the base run and most other examples in the simu-
lations reported in Appendix 2A in the original version of the disser-—
tation.l)

With these notations and assumptions the sign of (2.59) can

be seen from table 2.3.

1) We did not find any value for y that made de/dy negative. The
value of gse/r depends on y but is always a little greater than y,

i.e. the region [gse/r, 0] is empty.
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Table 2.3 Signs of effects of an increase in y when y is negative

*
yde Yso Yp Yel Yas gse/r ™ 0
y-line
"B >0
“Beeo >0
Bse ~ 1Y >0
de/dy > 0
ds/dy > 0
& B e
Ge’y const. -g__ ~dy L - I T [———
ss Interior solution does Subst. Subst. Subst.
not exist effect |effect [effect
megative megative |posi-
and so [but too [tivex)
large small to
that make
dS/dy be-dS/dy
comes Ipositive
(35) } Bge TY 485, megative
3s’y const. -g ., dy B - — —
Interior solution does [Subst. Subst. Subst.
not exist effect |effect [|effect
megative |positive nega-
jbut too [tive*)
small to
make
de/dy
positive

1) The symbols are explained in the footnotes to table 2.2.
*) This region is likely to be empty.
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Thus, we see that for large permissible values of y the sub-
stitution effect may become negative and so large that it dominates
the "income" effect.

The interpretation of this is that a decrease in the desire
to avoid an additional child will always lead to a higher frequency
of intercourse - if the contreceptive effectiveness remains fixed.
(Likewise, it will be shown below that the effectiveness will always
be reduced if the coital frequency does not change.) These partial
effects work through the probability of conception, p = Sr(l-e).

Now, holding y constant and reducing e (from B) necessitates
that S is reduced somewhat to avoid a too large increase in the pro-
bability of conception. It is as if there were an overreaction
in this reduction when the desire to avoid a pregnancy is strong — but
not so strong that we do not get any interior solution to the maxi-
mization problem.

To stretch the analogy mentioned above: Just as increasing
income may have a negative effect on the demand for a good (e.g.
potatoes) for low-income consumers, i.e. the good 1is inferior,
decreasing desire to awid an additional child may have a negative
effect on the demand for sex for couples with a very strong desire
to avoid a pregnancy, i.e. sex may be an inferior good! (Remember,
though, that inferiority here only pertains to this special econo-
mic effect - it does not have any quality connotations.)

We will now look at what happens to contraceptive effectiveness

when the desire to avoid a pregnancy is reduced. We expect the effec-
tiveness to be reduced. This is confirmed by expression (2.50), but we

notice that there may exist an interval [y, yde) where there is a
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‘s . . 1 .
positive effect on contraceptive effectiveness. ) As for coital

frequency, a diagram may help us:

—S1r(1—e)y1
—Szr(i—e)yz &
-Sqr(1-e)y,

Sr(1-e)y

Figure 2.14 Effect on contraceptive effectiveness of an increase in y
when y is negative and S is fixed

The point where expected utility V is maximized is at E. An in-

1) In the numerial examples reported in the dissertation we did not
find any permissible value of y (y>y) such that de/dy > 0. 1In
. fact, in most examples we did not find any value of y at all
that resulted in a positive de/dy.
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crease in y, i.e. a decrease in |y|, when S is kept constant,
reduces the slope of the straight line and we get a new optimal point
at F. As above, the effect of an increase in y can be divided into

two (or three) separate effects:

1) S is kept constant. A reduction in |y| reduces the slope
of the straight line and we get a new optimal point on the g-curve

at F. The effect of this is a reduction in e.

2) y is kept constant (at its new value) and S increases (usually).
This causes

a) a movement to the right on the g-curve to G, i.e. an
increase in e,

b) anupward shift of the g-curve § the final optimal point
is at H.

Thus, we have

de _ (Be) + (Be)

E§'_ 3; S constant 5§'y constant

As above the first expression on the left-hand side may be
called the "desire" or '"value-of-an-additional-child" or
"income" effect,and the second the '"substitution" or "price" effect.
The "income" effect is always negative, whereas the substitution
effect is usually positive but it may become negative in extreme
cases. The "income" effect is caused by the reduced need for contra-

ception when the desire to avoid a pregnancy goes up. It can be

calculated by setting dS = dr = 0 in (2.44):

(3e/3y) = Sr/gee.

S constant

The "substitution" effect FH can be found by subtracting the

"income" effect EF from the total effect EH (2.50):
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QEE) de ae)

39S’y constant = dy - 3; S constant

g -ry —r(l-e)gee—rs(gse-ry)

= - se

Bee D
_ B as

8ee dy

This effect is usually positive, see table 2.3.
Thus, we have found that the effect on e of a change in y

can be written as

(2.62) de/dy = Sr/gee - (gse_ry)/gee + ds/dy.

Finally a few comments on the results when we have a corner
solution, see fig. 2.12 and table 2.2. There are two kinds of corner
solution, one where there is perfect contraception (e=l, S>0) and one
where there is no intercourse and consequently no need for contracep-
tion (S=e=0). The choice between these two corner solutions depends,
of course, on the specific utility function, i.e. on the relative
strength of the utility of intercourse, contraception, children and
other consumption. However, modern methods of contraception are
characterized by almost perfect effectiveness and relatively little
disutility - in the view of many, but far from all. Thus, even couples
with a very strong desire to avoid a pregnancy may have intercourse
with little risk of conception.

When we have the first kind of corner solution, i.e. e =1,
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the optimal frequency of intercourse is equal to the satiation level
and does not depend on y at all as long as it is negative, which we
see by setting M = e in (2.15) and maximizing with respect to S. Thus,
a small change in y would have no effect on S unless it caused a jump
to an interior solution, in which case the use of contraception would
drop and consequently the coital frequency would have to go down i.e.
dS/dy < 0 and de/dy < 0, see col. 6 in table 2.2,

Similarly when we have a corner solution with S = e = O:
A small increase in y would either have no effect on S and e at all,
or it would cause a jump to an interior solution, in which case we

would have dS/dy > 0 and de/dy > O.

B. Effects of an increase in r

We will now look at the effects of changes in the perceived
fecundity, r. We notice from (2.49)-(2.52) that the only difference be-
tween the effects of changes in y and r is that the first r is re-
placed by y. Thus, most of the results for dS/dr and de/dr have
opposite signs of the results for dS/dy and de/dy, see table 2.2.

First, we see that dS/dr is negative and that de/dr is

positive when y € [;, 0). This is as expected: When the perceived
fecundity increases the couples will reduce their coital frequency and
increase their contraceptive effectiveness. This is done to compen-
sate for the increase in the probability of conception, p = Sr(l-e),
from higher r, with an ambiguous net effect on p. On the other hand,
the net effect on expected utility is negative,see subsection 2.9.3.4.
This seems intuitively correct: Couples who do not want an additional

child soon are happier the smaller their fecundity is.
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What about permissible values of y less than Y4s (or yde)?
We see that we get the counter-intuitive results dS/dr > 0 or
de/dr < 0 for this region, which is likely to be empty or rather small.
For even smaller y, we will get corner solutions, as dis-
cussed before.
If we have the first kind of corner solution, e =1 and S > O,
a small increase in r will either have no effect at all on S and e,
or it will cause a jump to an interior solution, in which case both
S and e go down, i.e. dS/dr < 0 and de/dr < 0, see col. 6 in table 2.2.
Also at the other corner solution where S = e = 0 a change in r will
have no effect on S and e, but if we get a jump to an interior solution
both S and e will go up, i.e. dS/dr > 0 and de/dr > 0, see col. 7 in
table 2.2.
2.9.3.4 Effects on Probability of Conception and Expected
Utility
We are also interested in seeing how changes in the attitude
towards pregnancy,y , and the fecundability, r, affect the probabili-
ty of conception, p, and the total expected utility, V. Since the
probability of conception is
= Sr(l-e),
it follows that

1)
= S(l-e)dr + r(l-e)ds - Srde.

Dividing by dy and dr, respectively, and setting dr/dy = 0

since r is exogenous, yields

1) As proven previously and discussed nnsubsectlonZ 9.3.1, couples
wishing to become pregnant are not u31ng any contraception, i.e.
e = 0. However, all equations in th