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Alice Nakamura and Masao Nakamura
University of Alberta
Faculty of Business
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12.1. Introduction

The way in which economists try to learn about economic responses, such as the
effects of children on female labour supply, can be broken down into three

steps:

1. the consideration of information already available called a priori
information, including inferences based on what economists believe they
know about other aspects of economic behaviour, and the formulation of
qualitative, nonparametric behavioural concepts and hypotheses that are
usually stated in words;

2. the specification of mathematical models that are consistent with the a
priori information and which provide parametric representations of the
behavioural hypotheses of interest;

3. the use of available data and statistical methods to estimate, and then
to test and interpret, the parameters of the specified mathematical

models.

Steps 1 and 2 are sometimes viewed as the purview of mathematical economics,
while step 3 is seen as the domain of econometrics. Most textbooks on econo-
metrics deal with the problems of estimating, testing and interpreting the

parameters of given, mathematically specified models.

! The authors are grateful to the workshop participants, and to Harriet
Duleep, Martin Dooley, Greg J. Duncan, Paula England, John Ermisch, John
Pencavel, and James Walker for helpful comments on earlier versions of this
paper and on a related 1987 working paper titled "Theories and Evidence
Concerning the Impacts of Children on Female Labor Supply". This research was
supported in part by a grant from the Social Sciences and Humanities Research
Council of Canada.
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The formulation of mathematical models of female labour supply is the
topic of a companion paper (chapter 11). The present paper focusses on the
estimation of the parameters of models of female labour supply, and, in
particular, on the estimation of child-related effects on female labour supply.

The basic behavioural concepts underlying most economic models of female
labour supply are summarized in section 2. Also a distinction is drawn between
direct and indirect child-related effects on female labour supply. In section
3 the key equations of a static, one-period model of female labour supply are
summarized.

One of the insights which emerges from sections 2 and 3 is that the
nature of indirect child-related effects on female labour supply depends
critically on how the labour supply decisions of women are affected by the
wage offers they receive from employers. There is a large body of empirical
literature on measuring these wage effects. This literature and related econo-
metric issues are selectively discussed in section 4. Problems concerning the
estimation of direct child status effects are the subject of section 5. Conclu-

sions are summarized in section 6.

12.2. Basic behavioural concepts

In most economic models of female labour supply, each woman is viewed as ‘

having both an offered wage and a reservation wage. The offered wage is defined

as what an employer would be willing to pay for an (or another) hour of the
woman’s time. The reservation wage is defined as the amount of money the woman
would require to be willing to work one (or one more) hour. Usually it is
thought that the more hours a woman works, the more she will value her
remaining nonwork hours. Thus the reservation wage is assumed to be an
increasing function of hours of market work.

The decision rules implied by commonly used models of female labour
supply are: (1) a woman will choose to work if her offered wage exceeds her
reservation wage evaluated at zero hours of work, and (2) a woman who works
will choose her hours of work so as to equate her reservation wage (evaluated
at her actual hours of work) with her offered wage. The implication of the
second decision rule for actual behaviour is presumably that working women will
look for job situations that allow them to come as close as possible to

supplying the amounts of labour that would equate their offered and reservation
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wage rates. This analytical framework focusses attention on factors that are
expected to affect women's offered and reservation wage rates.

The direct effects of the time, effort and expense of having and caring
for children are usually viewed as affecting a woman's labour supply behaviour
via her reservation wage fuhction. The coefficients of child status variables
in the equations for the probability of work and for the hours of work are
hypothesized to reflect these direct effects. As stated in the Introduction,
the problems of estimating the direct effects of children on female labour
supply are examined in section 5.

The child bearing and rearing roles of women are also hypothesized to have
indirect effects on female labour supply via human capital investment effects
on women's offered wage rates. Women who have children and who work less during
their active child bearing and rearing years will accumulate less on-the-job
experience because of their reduced labour supply. Another way in which
children are thought to reduce the job-related human capital that women
accumulate involves anticipatory behaviour on the part of employers, women's
families, and women themselves. The returns to job-related training are
realized through working. If most women work less than most men over their
lifetimes (presumably because most women have children), then employers and
others (including women themselves) may be less willing to make training
investments in women because the expected returns are lower than for equally
capable men. Economic theory implies a positive relationship between the
offered wage rates of individuals and their stocks of job-related human
capital. ‘

Suppose that children have negative effects on women’'s offered wage rates
via the effects of children on job-related human capital accumulation. The sign
of the resulting offered wage effects on female labour supply will determine
whether the indirect child status effects on female labour supply are positive
or negative. This is the motivation for selectively reviewing in section 4
reported estimation results for the résponses of the hours of work of married

women to changes in their offered wage rates.

12.3. Basic econometric choices

All of the econometric issues to be considered in this section can be discussed

within the framework of the static, one-period model. Models of this sort have
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provided the analytical basis for a large body of applied research on female
labour supply. See, for example, Heckman (1974b, 1976a, 1980); Nakamura et al.
(1979); Nakamura and Nakamura (1981, 1983); and the long list of studies given
in Killingsworth (1983, table 4.3, PP. 193-199). This model also forms a
helpful point of departure for considering a number of the issues dealt with
in later sections of this paper.

The static, one-period model and various extensions of it are discussed
more fully in the previous chapter. For convenience, we restate the key equa-
tions of the model.

Let H denote a woman's hours of work in a given time period. Her offered
wage is denoted by w, and her reservation wage evaluated at her actual hours
of work is denoted by w'(H). Let Z be a vector of personal characteristics
affecting productivity in paid work, such as years of schooling, and of
variables which characterize labour market conditions, such as the unemploy-
ment rate; let Z" be a vector of predetermined variables affecting the value
a woman places on her off-the-job (or nonmarket) time, such as how many
children she has; and let Y stand for household income in the given time period
excluding the earnings of the woman herself.

Suppose that a woman's reservation wage obeys the relationship

Bo+ 2By + Blnw+ BH+u if H>O
1n w'(H) = (L
Bo + Z'By + B,Y + u* ifH=0,

and that her offered wage is given by
In w = ay + Za; + u. . (2)

Then the probability the woman will work in the specified time period is given

by
P(H > 0) = P[In w > 1n w"(0)] = F(4), (3)
where F denotes a cumulative density function for (u” - u),

$ = (1/0) [(ag-By) + Zay + Z°B; - B2Y1, (4)
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and o is the standard deviation of (u* - u). If a woman who works chooses her
hours of work so as to equate her reservation wage evaluated at her actual

hours of work with her offered wage, then her hours of work will be given by

H= (1/8)[(1-B3)In w - B, - Z*ﬂl - By - u'l, (5)

In equations (1)-(5), the a's and B’'s are parameters to be estimated.

12.3.1. Dealing with limited dependent variables

A probability, such as the probability of work in a year, must lie between O
and 1. Also hours of work must be nonnegative. Thus both the probability of
work and hours of work are limited dependent variables. The simplest estimation
approaches ignore this aspect of these variables. For example, relationships
(3) and (4) for the probability of work can be approximated by a linear prob-
ability model. A dummy variable set equal to 1 for each woman who works and
set equal to 0 otherwise can be regressed on the variables in Z, Z* and Y.
Linear probability models were estimated in many of the earlier micro data
studies of female labour supply.

One drawback of the linear probability model is that the predicted values
for the probability of work may not fall in the 0-1 interval within which
probabilities must lie. A second problem is that the ordinary least squares
(OLS) estimates of the standard errors of the coefficient estimates will not
be appropriate. Two estimation methods which overcome the first of these
problems, and which may yield more appropriate estimated standard errors, are
logit and probit analysis. If F in (3) is the standard normal cumulative
density function, then probit analysis is the estimation method to choose. If
F is thought to be the logistic cumulative density function, then lIogit

analysis is the proper estimation method.

12.3.2. Sample selection

Avajilable data sources contain no information on many factors believed to
affect individual probabilities of work. Moreover some of these factors may
also affect women’'s offered wage rates and hours of work, and may be correlated

with some of the included variables in the equations for hours of work and the

offered wage. If the hours of work and offered wage equations are estimated
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using data only for women who work, and without regard for the omitted factors
also affecting the selection of who works, the estimated coefficients may be
subject to selection biases.

There are two econometric approaches to selection bias problems that
have been widely used in studies of female labour supply. Both usually presume
that F in (3) is the standard normal cumulative density function. The first
approach, called Tobit estimation, usually involves treating the relationships
for the probability of work and the hours equation as an integrated model. This
treatment is consistent with the theoretical derivation of the model. In
practice, however, the Tobit assumption of an integrated model may be inappro-
priate because some of the included (or omitted) variables have different types
of effects on the decision to work versus the choice of hours of work.

An alternative approach is the two step estimation procedure sometimes
called Heckit analysis. In Heckit analysis, the parameters of (4) are first
estimated using probit analysis. These estimation results are used to compute

values for a selection bias term defined as

A= £(4)/F(4), (6)

where f is the standard normal density function, F is the standard normal
cumulative density function, and ¢ denotes the estimated probit index defined
in (4). Under certain assumptions, when the Heckit X is included as an
additional regressor in the offered wage and hours equations it will control
for selection bias effects, and these equations can be appropriately estimated
using only data for women who work. This is important because, in most data
sets, wage information is available only for women who work. (For fuller
discussion on this topic see Heckman, 1974b, 1976a, 1977, 1980, 1987; and
Gronau, 1974. See also Amemiya, 1984; Paarsch, 1984; Nakamura and Nakamura,
1989; and Wales and Woodland, 1980.)

12.3.3. Bias problems associated with specific explanatory variables

The basic cause of coefficient bias problems are correlations between included
explanatory variables and omitted factors. Because of these correlations, the
coefficient estimates for the included explanatory variables pick up some of
the effects of the omitted factors in a proxy sense. Hence these estimated

coefficients will not appropriately reflect what the impacts on the dependent
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variable would be of specified changes in the associated explanatory variables.
The selection biases discussed in the previous subsection are due to correla-
tions between explanatory variables in the equation of interest and omitted
factors that also affect selection into the group for whom the equation is
being eétimated.

Another source of correlations that can cause coefficient bias problems
are omitted factors which are also determinants of an included explanatory
variable in the equation. For example, tastes for a job-oriented versus a home-
oriented life style may affect hours of work and may also be determinants of
the offered wage variable included in the hours equation via the effects of
these tastes on human capital accumulation. (For discussion and references
concerning tests for bias problems of this sort see Nakamura and Nakamura,
1981b, 1985c.) There are two approaches which have been commonly adopted for
coping with this problem. These approaches can be most easily understood in
a specific context.

For example, suppose the wage variable in the hours of work equation (5)
is correlated with the equation error term, but that the observable factors
in Z (from the offered wage equation) are uncorrelated with the error term for
the hours equation. In the one approach, the right-hand side of the offered
wage equation (2) is substituted for the wage variable in the hours equation,
yielding a reduced form hours equation. In the other approach, the parameters
of the wage equation are estimated in some appropriate way, and then predicted
values for the wage variable are substituted for the actual values in the hours
equation. This second approach is called instrumental variables (IV)

estimation.

12.4. Estimating offered wage effects on female labour supply

Suppose it is true that children tend to reduce the amounts of job-related
human capital that women accumulate, and that offered wage rates are an
increasing function of job-related human capital. (For discussion and empirical
evidence relevant to these assertions, see Corcoran et al., 1983; Cox, 1984;
England, 1982, 1984; Jones and Long, 1979; Mincer and Ofek, 1982; Mincer and
Polachek, 1974, 1978; Polachek, 1979, 1981; and Sandell and Shapiro, 1978,

1980.) Then the indirect, offered wage-related effects of children on female
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labour supply will be negative if there is a positive relationship between
women’s labour supply and their offered wage rates.

A woman's expected unconditional labour supply can be factored into the
probability of work in a given period (that is, the probability. of positive
hours of work) times the expected hours of work conditional on the decision
to work. This suggests that estimates of offered wage effects on the prob-
ability of work and on the hours of work for women who work can be obtained
from the estimated coefficients of a wage variable in equations for the prob-
ability of work and for the hours of work for those who do.

The hours equation (5) contains the offered wage variable 1ln w.

In the index for the probability of work (4), the right-hand side of the
offered wage equation (2) has been substituted for 1ln w. The reason for this
substitution is that offered wage values are not usually available for those
who did not work. The variables included in the index for the probability of
work need to be ones that can be observed for women who did not work as well
as for those who did.

In (4), Z* is a vector of variables believed to affect women's reservation
wage rates, while Z appears because the right-hand side of (2) has been
substituted for 1ln w. If there are variables in Z which are not included in
Z*, then the response of the probability of work to women's offered wage rates
might be inferred from the estimated coefficients of these variables. However,
it is difficult to think of variables which would affect what employers would
be willing to pay women and that would definitely not affect their reservation
wage rates. For this and other reasons, efforts to estimate offered wage

effects on female labour supply have focussed primarily on the hours equation.
12.4.1. Wage effects on the hours of work for working women

Many authors still seem convinced that the available empirical evidence shows
that working women (or, at least, working wives) tend to increase their hours

of work in response to increases in their wage rates. For instance, Blau and

Ferber write:

"With respect to the hours decision, empirical evidence indicates
that for men they do not decrease, or may even increase, the
amount of nonmarket time as their wage rate goes up. . The situa-
tion is quite different for women ... empirical studies for the most
part find that women'’s labor supply is strongly positively related
to the wage rate." (Blau and Ferber, 1986, p. 95).
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Nevertheless, estimates for married women of the impact of a wage change on
hours of work that are small and sometimes negative have been obtained in a
number of studies based on cross-sectional and panel micro data. Using micro
data from the 1971 Census of Canada, Nakamura et al. (1979, p. 800) obtain
estimates of the wage response of hours of work for married women in the prime
working age groups of 20-24, 25-49, and so on through 45-49 that are in the
same range as the responses reported by other researchers for prime age men.
0f course, Canadian and U.S. wives might differ in their work behaviour because
of a variety of country-specific factors. For instance, U.S. couples typically
file joint tax returns while Canadian wives who work are taxed as separate
individuals just 1like their husbands. These concerns are addressed and
dismissed in Nakamura and Nakamura (198la). The tax-corrected estimation
results reported in that paper are based on micro data from the 1970 U.S.
Census and from the 1971 Census of Canada.

Other researchers have suggested that perhaps wives working full-time
might exhibit wage responses similar to those of men, but that wives working
part-time would exhiBit the large positive elasticities that some have argued
should be expected for working women. In Nakamura and Nakamura (1983, p. 246),
estimates of the wage response for hours of work are presented separately for
U.S. and Canadian wives in five different child status categories and in the
two hours-of-work categories of part-time (less than 1,400 in the year) and
full-time (1,400 hours or more). The estimated elasticities for women working
part-time are found to be similar to those for women working full-time.

Killingsworth (1983, pp. 200-201) has suggested still another reason why
the results presented in Nakamura et al. (1979) and in Nakamura and Nakamura
(1981) may be aberrant. He points out that years of work experience are not
directly controlled for in these studies, and also that a child status variable
is included as a proxy for experience in the log wage equations. These conjec-
tures are explored empirically in Nakamura and Nakamura (1985b, pp. 180-190
and pp. 278-293). The results are in line with those reported in Nakamura et
al. (1979) and in Nakamura and'Nakamura (1981a).

By now, a number of other researchers have also reported offered wage
effects on the hours of work of working women that are small in magnitude,

and sometimes negative, as for men. Studies reporting results of this sort

include Robinson and Tomes (1985), Stelcner and Breslaw (1985), Smith and
Stelcner (1988), and Mroz (1987).
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On the basis of these results, we conclude that probably the wage

responses of hours of work for married women are modest, as for men, and

possibly negative. This conclusion is further supported by similar estimates
from studies based on negative income tax experimental data for men and for
women (Killingsworth, 1983, pp. 398-399, table 6.2). This means that, except !

for impacts of women’s child bearing and rearing activities on their wage rates

that are relatively large, the indirect effects of children on the hours of
work of working women that are transmitted via impacts on their wage rates are

probably not of great importance.

This does not mean, however, that the indirect, offered wage effects of

children on the probability of work are small.

12.4.2. Wage effects on the probability of work

Economic theory implies that when a woman'’s offered wage rises this will
increase the opportunity cost of her nonmarket time and will provide an
incentive for her to substitute more hours of work for nonwork time. Also,
however, for a working woman a wage increase means (by definition) that she

will earn more even without changing her hours of work, and economic theory

implies that a higher income will lead her to increase her consumption of

desirable "goods" including time off the job. In other words, economic theory
implies that for those who work the positive substitution effects of a wage

change on the hours of work-will be counterbalanced to some (theoretically

undetermined) extent by negative income effects. Even a negative net relation-

ship between women’s offered wage rates and the hours of work for those who

work cannot be ruled out on theoretical grounds.

With regard to the decision to work (as opposed to the choice of hours

of work) there should only be positive substitution effects of a wage change
on the decision to work, since a change in the offered wage does not change
the earned income of a women who is not working. The lack of a strong positive
relationship between the offered wage rates and the hours of work of working
women cannot be interpreted as evidence against this theoretical implication.

(A fuller discussion of substitution and income effects is provided in

chapter 11).

== S e S R .
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12.5. Estimating the direct effects of children on female labour supply

Whether or not children have important indirect effects on female labour
supply, available empirical evidence suggests that some of the direct effects
of children are negative and possibly large. Consensus concerning the magni-
tudes of these direct effects of children await$ consensus concerning the

proper methodology for estimating them.
12.5.1. Alternative estimates presented by Schultz

Schultz (1978) compares estimates of the labour supply responses to the number
of children ever born for sé&eral of the estimation methods discussed in
section 3. In table 1 we present some of his results in elasticity form, as
Schultz presents these results. An elasticity gives the percentage change in
the dependent variable in response to a one percent change in the designated
explanatory variable. Schultz'’'s OLS results for all women (with hours of work
at zero for those who did not work) are shown in column 1 in the top panel of
table 1. Schultz's Tébit estimates of these same labour supply responses are
presented in column 2. The Tobit approach, which also uses data for all women,
allows for the limited nature of the dependent variable (hours of work cannot
be negative), for the fact that wages cannot be observed for those who do not
work, and for the possibility of selection bias problems. Compared in terms
of their magnitudes, the estimates in columns 1 and 2 are quite similar. Both
sets of estimates imply there is a strong negative relationship between the
expected labour supply of a woman and the number of children she has. These
estimates are consistent with the popular belief that a female employee who
has a baby is likely to quit or to drastically reduce her hours of work.
Schultz’s estimates shown in column 3 of table 1 are for the same linear
hours equation for which estimation results are shown in column 1, except that
now the OLS estimates of the response parameters are computed using data for
only those women who worked (that is, for women with positive hours of work).
No correction has been made for possible selection bias problems, but it has
been established elsewhere that, in this context, allowing for selection bias
may not greatly change the estimated child status responses (see Nakamura and
Nakamura 1985b, section 4.3.5). The estimated responses shown in column 3 are

small in magnitude compared to the results when data for all women are used

(columns 1 and 2).
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Table 1. Estimates of elasticity of annual labour supply of wives
with respect to children ever born

Annual hours of work Probability of work
All wives Wives who
worked All wives
OLS ML Tobit OLS Logit
White, 18-24 -.55 -.76 -.10 -.60
White, 25-29 -1.04 -1.12 -.29 -.80
White, 30-34 -.51 -.62 .06 -.49
White, 35-39 -.47 -.51 -.18 -.33

Instrumental variable for children ever born

White, 18-24 -.24 -.39 .05 -.37
White, 25-49 -.95 -.90 -.14 -.74
White, 30-34 -.92 -1.13 .07 -.95
White, 35-39 -1.13 -1.41 -.27 -1.06

Source: Schultz (1978), p. 299, table 6.

In column 4 of table 1 we show Schultz’s logit analysis estimates of the
elasticity of female labour supply with respect to the children ever born. A
woman’s unconditional expected labour supply in a year can be represented as
the product of the probability she will work sometime during the year times
her expected hours of work if she does work. The elasticity estimates in column
4 only take account of child status effects on the first of these two
components into which unconditional expected labour supply can be factored,
while the elasticity estimates in column 3 can be thought of as measures of
the importance of the second of these components. The elasticity estimates in
column 4 for the probability of work are almost as large in magnitude as the
estimates in column 1 and in column 2 for the unconditional annual labour
supply responses to children born.

A first implication of the results in the top panel of table 1 is that
child-related variations in labour supply primarily manifest themselves in
alterations in the propensity to work. This is not a new observation. In 1969,
Bowen and Finegan wrote that "variations in hours worked [for working wives]

associated with the presence of children of various ages are so much smaller




ly of wives

-
?robability of work
-

All wives
Logit
M
-.60
-.80
-.49
-.33

-1.06

ils estimates of the
‘hildren ever born. A
:an be represented as
uring the year times
y estimates in column
first of these two
>ly can be factored,
1t of as measures of
sticity estimates in
in magnitude as the

‘ional annual labour

- of table 1 is that
ifest themselves in
dservation. In 1969,
[for working wives]

are so much smaller

A Survey of Econometric Approaches 225

than the variations in participation that the set of full-time-equivalent rates
[for the labour supply of all married women] is dominated by the relationships
between the children variables and the adjusted participation rates" (p. 100).

A second implicatibn is that it may not be appropriate to model the
decision to work and the choice of hours of work as aspects of a common under-
lying behavioural response process. Schultz (1978, pp. 297-298) observes, "it
might be argued that the two choices, first of entering the market labor force
and then of determining how many hours to work in the market, arise in
different ways, or at least that some variables would receive different weights
in the two decisions such as fixed costs of entering the labor force." On the
basis of a more recent analysis of alternative models and estimation methods,
Mroz (1987, p. 790) also concludes, "the hours of work decisions made when the
woman is in the 1abor,force appear quite distinct from her labor force partici-
pation decision." (This is not a new finding. See, for example, Lewis, 1967
and Ben Porath, 1973. Despite this, however, the Tobit specification of an
integrated model for the decision to work and for hours of work has enjoyed
considerable popularity in recent years.) As in the Schultz study, Mroz finds
that the Tobit estimates of child-related labour supply responses, obtained
using the data for all women, are much larger than the estimates obtained using

only data for women who worked.

12.5.2. More on instrumental child status variables

Schultz and others argue that the child bearing behaviour and the labour
supply of women are determined by some of the same variables. That is,
"fertility may be appropriately viewed in the long run as an endogenous choice
variable that is jointly and simultaneously determined by a couple in conjunc-
tion with the wife’s decision as to how much time she will allocate to the
market labor force over her married lifetime (Schultz, 1978, p. 283)".
Following Schultz’s lead, a number of other researchers have estimated models
of female labour supply in which fertility decisions are treated as
"endogenous". For instance, in describing his study based orl a complex model

of female labour supply and fertility, Moffitt (1984b, pp. 263-265) writes that

"... labour supply and fertility decisions are modelled as completely
joint in the same sense as the consumption of two goods is joint.
The implication of these considerations for econometric estimation
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is primarily that only exogenous variables should be included in the
fertility and female labour-supply equations."

If fertility decisions are endogenous in this sense, one implication is that
child-status variables contained in Z* may be correlated with the error term
u* in the hours equation (5). In this case it may be appropriate to deal with
the endogeneity of the child status variables by using an instrumental
variables (IV) estimation method.

An IV method involves replacing the original child status variables
appearing in the labour supply equations by estimated linear combinations of
"exogenous" variables. Thus the child status variables are split into
"explained" and "unexplained" portions, and the unexplained portions of the
original child status variables are relegated to the equation disturbance
terms. The hope is that the explained portions of the child status variables
(the linear combinations of exogenous variables) will be uncorrelated with the
omitted, persistent tastes and preconditions affecting both child status and
labour supply, and hence will not serve as proxies for these omitted factors.

The elasticity estimates presented in the bottom panel of table 1 corre-
spond, column by column, to those in the top panel, except that they are
computed from the coefficient estimates for an instrumental variable for the
number of children born. Compared with the elasticity estimates in the top
panel, these estimates are consistently less negative for wives younger than
30, but are almost always more negative for wives 30 and older. These differ-
ences are small in magnitude when only data for working wives are used (column
3) and tend to be quite large when data for all wives are used (columns 1, 2
and 4). The figures in columns 1, 2 and 4 of the bottom panel suggest, for
instance, that a married woman who has been working will be likely to quit

if she has a child when she is over 30.

The elasticity estimates in the bottom panel of table 1 might be
questioned, however. Even though the motivation for using an instrumental
child status variable is clear, it is not clear that the approach solves the
underlying correlation (or endogeneity) problem. The difficulty lies with the
near impossibility of finding suitable variables to use as instruments for the
child status variables. With respect to Schultz's own choice of instrumental

variables in his 1978 study, he writes:

"I will assume here that the wife’'s residential origins at age 16,
her age, and the schooling of both spouses are exogenous determinants
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of fertility, but that these variables exert no direct role in
determining the current labor market behavior of the wife. Rural,
farm, and Southern origins are frequently stressed in the demographic
literature as correlates of U.S. fertility. The wife’'s age is
strongly related to children-ever-born, at least through age 40, and
is hardly related to labor force behavior within the narrow age
subsamples examined here (18-24, and then 5-year age brackets from
ages 25-64). It should be repeated, however, that there is no strong
theoretical presumption ‘that these identifying restrictions are in
some sense 'correct’, but they are proposed only as a starting
point." (Schultz, 1978, p. 291)

Unfortunately, it seems conceivable that a woman’'s residential origins, and
her own and her spouse's schooling experiences, could shape her views about
both child bearing and the benefits and suitability of mothers working. Hence,
an instrumental child status variable based on these residential origins and
schooling variables may still pick up both direct effects of children on a
woman’'s labour supply behavior and the effects of taste factors affecting her
fertility and also her labour supply. Certainly these "exogenous" variables
will not reflect any of the truly chance variation in fertility due to factors
like contraceptive failure or multiple births. In fact, it could be that
variables like residential origins and years of schooling almost exclusively
reflect the variability over women in child status that is due to persistent
tastes for home-oriented versus job-oriented activities. Thus the taste-related
proxy effects associated with instrumental child status variables could be
stronger, rather than weaker as hoped, than the proxy effeéts associated with
child status variables that are directly entered into female labour supply
equations.

Moreover, even if suitable exogenous variables could be found to serve
as instruments for a single child status variable such as the number of
children born, the limited availability of suitable exogenous variables and
the limited understanding of the determinants of various aspects of fertility
behaviour must surely mean that very few dimensions of a woman’s child status
can be dealt with using an instrumental variables approach. (For an introduc-
tion to some of the aspects of a woman's child status that might be of
importance, see, for example, Heckman et al., 1985; Hill and Stafford, 1985b).
In Schultz’s 1978 study, the only child status variable is a linear term for

the number of children ever born. The following passage makes it clear that

Schultz recognizes this shortcoming of an instrumental variables approach:




228 Alice Nakamura and Masao Nakamura

"But unfortunately, the framework used by economists to interpret
differences in fertility (or surviving numbers of children) says
little about the factors affecting the timing and spacing of child-
bearing. It may not be the number of children a woman has borne, or
expects to bear, that directly affects her current labor supply, but
rather the current presence of preschool-aged children in the house-
hold or the age of the youngest child. ... There is also evidence
that the direct association between numbers of children and the
wife’s labor supply is nonlinear, with the first child having by far
the greatest effect." (Schultz, 1978, p. 286).

12.5.3. A fertility control-related instrumental variables approach

In the search for a better set of exogenous variables to use as instruments

for child status variables, Rosenzweig and Schultz (1985) take a closer look

at the production process for babies:

"Unlike the consumption by households of television sets or food,
the level of fertility is determined by the allocation of resources
to limit the biologically determined production of birth-fertility
supply. Given that such control is costly and imperfect, ‘and the
biological capacity to bear children (fecundity) is stochastic and
mostly unaffected by choice behavior, the number of children born to

a couple (society) may not exactly correspond to either the couple’s
(societal) expectations of or preferences for (given costless
control) its family (population) size. Moreover, an individual couple
may learn about its own specific supply constraints over time ..."
(Rosenzweig and Schultz, 1985, p. 992).

The actual number of births to a couple in a given time period is modelled

as a sum of a time invariant, couple-specific fecundity factor; a random

|

!

component; an age factor; and fertility control measures. \
{

|

The fecundity factor is found to be associated with persistent differences

in labour supply. Rosenzweig and Schultz write:

"The estimates indicate that among couples whose fecundity is ome
standard deviation above the population mean, the proportion of
months between 1973 and 1975 in which the wife participated in the
labor market was reduced by 16 percent. As was evident for fertility
and contraception, moreover, the effects of fecundity variation
appear to increase over the life cycle-among the highly fecund
couples, the probability that the wife participated in the labor '
market was 12 percent lower in 1973 and was 17 percent lower in
1975." (Rosenzweig and Schultz, 1985, pp. 1009-1010).
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In contrast to these persistent fecundity effects, Rosenzweig and Schultz
find that unexpected births (that is, the random component of fertility)
affect the timing of a woman’s labour supply but have little or no effect on
the amount of labour a woman supplies over her lifetime. Rosenzweig and Schultz

report:

"With respect to quantitative effects, the associations between
actual fertility in the 1970-72 period and the wife’s participation
in 1973 and 1975 overstate both the immediate (1973) negative and
longer-term labor supply responses to an unanticipated birth. The
wife's probability of labor force participation is reduced at the
sample means by 40 percent in 1973, and by 28 percent in 1975, in
response to an actual birth between 1970-72. The arrival of an
unanticipated birth in the same 30-month period (less 9 months for
the pregnancy) ... would reduce the wife’s likelihood of participa-
tion by only 18 percent in the following year (1973), and increases
the participation probability by 14 percent in 1975." (Rosenzweig
and Schultz, 1985, p. 1011).

For a better understanding of the Rosenzweig-Schultz results, it is important
to take a closer look at their estimation methodology. They estimate a
reproduction technology function, with a measure of actual fertility as the
dependent variable. The explanatory variables are several variables for the

type and amount of birth control used, births before 1970, coital frequency,

- whether the woman smoked, and the woman's age and age squared. However, all

of these variables are treated as endogenous (and hence potentially correlated
with the equation error term) except age and age squared. Taking an 4 approach,
estimated linear combinations of variables that are asserted to be exogenous
are substituted for the explanatory variables other than age and age squared.
The so-called exogenous variables are personal characteristics including age,
education, religious background and the husband’s income, as well as a number
of area-specific characteristics such as city size and the per-capita number
of obstetrician-gynecologists. The difference between the actual birth rate
of couple j in period i (n;;) and the predicted birth rate based on the
estimated reproduction technology function (n®;) is assumed to be the sum of
the couple-specific fecundity factor and the random component. In particular,

the fecundity factor for each couple is computed as

By =
i

(nij - neij)/t

I ™Mt

1
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where t is the number of time periods, and the random component for each

couple in each time period is given by

= - e -
€15 = Dy n®;; By

Notice first of all that the predicted birth rate variable, n° obtained

i
from the reproduction technology function is similar (though more sophis-
ticated) in its makeup to the instrumental child status variable in Schultz'’s
1978 study (see the discussion of this study in the previous subsection). In
Schultz’s 1978 study the instrumental child status variable is a function of
variables such as the wife’s age, education, and place of origin. In the
Rosenzweig-Schultz study, the predicted birth rate is modelled as a function
of the wife’'s age and a number of other variables for factors such as contra-
ceptive choice and usage; but the factors other than age are in turn repre-
sented as functions of background factors for each woman, including her age
and education. In Schultz’s 1978 study he views the instrumental child status
variable as independent of tastes and preferences which might also affect work

behaviour, while in the Rosenzweig-Schultz study it is argued that n®;; captures

3
these same tastes and preferences. As should be clear from our concluding
remarks in the previous subsection, we find the line of argument in the
Rosenzweig-Schultz study more persuasive. _

A second point is that the couple-specific fecundity factor and the
random component are determined as the residual difference between the actual
and the predicted birth rate. Hence any persistent taste or learning effects
on the actual birth rate of a couple that are not captured by the predicted
birth rate will end up as part of the fecundity factor or the random component.
For example, previous work experience is not controlled for in the values of

ne

ij- Starting to work may reduce a woman's desired family size and lead to
greater use of birth control. But this will not necessarily be captured by the
instrumental fertility control variables which do not depend on past work
experience, and hence this effect may show up as a lower value for the

fecundity factor or for the random component.
12.5.4. An experimental approach

Rosenzweig and Wolpin (1980) suggest another innovative approach to the problem

of obtaining measures of child status impacts on female labour supply that are
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not confounded with the effects of general tastes and preconditions. Rosenzweig

and Wolpin claim:

"In particular, we show how a natural event, the occurrence of a
multiple birth or 'twins’, can be used as an instrument for exogenous
fertility movements. The variable we propose, a twins outcome in the
first birth, approximates the social experiment we wish to perform
not only in that some families receive an unanticipated child, while
others do not, but also in that the treatment and control groups are
randomly selected with respect to characteristics that may be related
to market participation. It is therefore unneceésary to utilize any
information on the determinants of labor supply behavior in order to
determine the ‘true’ exogenous fertility effect by this method."
(Rosenzweig and Wolpin, 1980, pp. 335-336).

They go on to explain:

"To see why the occurrence of twins in the first pregnancy, 'twins
first', leads to the appropriate experiment, consider, instead, a
comparison of women who have had twins in any birth and women who
have not. ... It is obvious that women with more births - and thus
women with, on average, greater desired fertility - will be over-
represented in the sample of twins families. The labor supply of
women with twins will therefore reflect in part any relationship
between unobserved tastes for children and/or tastes for home time.

. Moreover, the per pregnancy probability of twins appears to rise
with parity. ... The first birth has the desirable feature that the
population of women who experience twins in that birth would prefer
the same completed family size as women who do not experience twins
in the first birth ..." (Rosenzweig and Wolpin, 1980, p. 336).

Rosenzweig and Wolpin find that an "extra" child on the first birth (before
age 35) reduces the mother'’s current probability of labour force participation
by 35 percentage points for women 15-24 years of age, and by about 10
percentage points for women 25-34 years of age.

In the Rosenzweig-Wolpin study, data are pooled from two national random
surveys of women: a 1965 survey conducted by the Office of Population Research
and a 1973 survey carried out by the U.S. Department of Health, Education and
Welfare. Of 15,000 available observations for women 15-44 years of age, 12,605
are used. The main reason for excluding observations is childlessness. The
twins-first methodology requires a data sample for women who have had at least
one birth. The necessity of excluding childless women is a drawback of the

methodology. There may be a fairly strong association between having even one
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child and a preference for a home-oriented rather than a career-orientated life
style.

Of the 12,605 observations, 87 were for women whose first children were
twins. The rarity of multiple births is another drawback of the twins-first
methodology.

A third difficulty from the perspective of this paper is the Rosenzweig-
Wolpin focus on "exogenous fertility movements". The labour supply responses
of women to planned children - which is what most children are - may be quite
different from their responses to accidental extra children - which is what
an "extra" twin is. There may also be scale or threshold effects associated
with the care of babies.

We have reluctantly come to the conclusion that, despite its experimental
appeal, the Rosenzweig-Wolpin twins-first approach is not a practical metho-
dology for estimating child-related effects on female labour supply. However,
a careful consideration of this study has greatly enhanced our own under-

standing of the basic purposes of and problems with estimating these effects.
12.5.5. Unobservable fixed effects

Bias problems in estimating the coefficients of child status variables in
labour supply equations result from correlations between unmeasured tastes and
preconditions affecting both labour supply and child status. As already
noted, the IV solution to bias problems involves partitioning the child status
variables into "explained" and "unexplained" portions, and moving the
unexplained portions to the error terms of the reformulated labour supply
equations. An alternative approach is to attempt instead to remove the
offending unobservables from the error terms of the original labour supply
equations.

Heckman and MaCufdy (1980, 1982) present a life cycle model of female
labour supply in which intertemporal factors affect current labour supply only
through an individual-specific term which is the Lagrange multiplier associated
with the lifetime budget constraint. Under certain assumptions, this indivi-
dual-specific term can be treated as fixed over time for each individual. If
an estimation method is used which effectively accounts for or eliminates this
individual fixed effects term, two important implications follow for the
coefficient estimates of the child status variables in a model of current

labour supply. First, the coefficients of the child status variables can be
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interpreted as reflecting only the current direct impacts of children on a
woman's labour supply. Second, one might hope that persistent, individual-
specific factors, that may be correlated with child status, like tastes for
a home-oriented life style, will be accounted for, and hence will not result
in biased estimates of the current period, direct child status effects due to

spurious correlations.
12.5.6. Unobservable effects which are persistent but not fixed over time

Unobservable factors which persist over time, but are not fixed, cannot be
eliminated by first differencing or by using other fixed effects estimation
methods. However, in some cases it may be possible to deliberately introduce
proxy variables to account for these effects. Unobservable factors which are
not left in the disturbance terms of the labour supply equations cannot be
picked up (unintentionally) in a proxy sense by the child status variables.

Nakamura and Nakamura argue that if there are important unobservable
factors which affect the labour supply of a woman year after year, then the
effects of these unobservable factors will be embedded in the observable past
work behaviour of the woman. In this case, it should be possible to at least
partially remove these taste factors from the disturbance terms of the labour
supply relationships by introducing some measure of past labour supply into
the relationships to be estimated. This is the motivation for the Inertia
Model of female labour supply developed in Nakamura and Nakamura (1985b). In
the empirical implementation of this model, the variables used as proxies for
unobservable preconditions and tastes for work are the observed employment
status (worked or did not work) in the previous year, and the hours of work
and wage rate in the previous year for those who worked then. In the Inertia
Model, labour supply behaviour is found to be persistent in the sense that
women who work (do not work) in one year are more likely to continue working
(not working) in the next year even after accounting for the effects of all
of the variables that have customarily been included in models of female
labour supply. This persistence is so strong, in fact, that even women who
have just had a baby are found to be likely to continue working if they worked
a substantial number of hours in the previous year.

Other studies in which recent work behaviour is taken into account have
yielded weak estimated child status responses like those reported by Nakamura

and Nakamura. Johnson and Pencavel (1984) and Jones and Long (1980) estimated
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models of female labour supply controlling for labour supply in the previous
year and obtained estimated child status effects which are small in magnitude.
Based on a multinomial logit analysis of National Longitudinal Survey (NLS)
data, Shaw (1983, p. 49) finds that "even with children present, once the woman
had a history of continuous work, family considerations ... did not cause them
to work less." Picot (1987) obtains similar results for Canadian women using
data from- Statistics Canada’'s Family History Survey. Even (1987) obtains
empirical results confirming this finding in a hazard model of career interrup-
tions following childbirth estimated using data from the 1973 National Survey
of Family Growth. Even (1987, p. 273) finds that "remaining employed late into
pregnancy is a very strong indicator of postchildbirth employment decisions."
Further results indicating that child-related effects on market-work produc-
tivity are modest for at least some working women can be found in Cole and
Zuckerman's (1987) case study of the research performance of women in science.

Like the age, residential origins and education variables sometimes used
in computing instrumental child status variables, information on a woman's
employment status and work behaviour in the previous year is readily (and
ethically) available to both researchers and employers. (Nakamura and Nakamura,
1985a, point out that this information could even be cheaply collected on a
recall basis in cross-sectional surveys like the U.S. Census of Population.)
Unlike strictly cross-sectional labour supply equations (with or without
instrumental child status variables), labour supply equations incorporating
variables for work behavior in the previous year explain a large portion of
the observed variability over time in the labour supply of individual women
(see Nakamura and Nakamura, 1985b). The higher this predictive ability is for
a model of labour supply behaviour, the less room there is for systematic
"mistakes" in prediction that are the essence of statistical discrimination.
Statistical discrimination results precisely when some individuals do not
behave (or would not have behaved if given the chance) as is predicted by the
(formal or informal) behavioural model which is used for selecting the indivi-
duals who will receive desired benefits or opportunities. Another advantage
of the estimation approach advocated in Nakamura and Nakamura (1985b) is that
it can be adapted relatively easily to allow for differences in child-related
labour supply responses associated with characteristics of the mother, the

children, or the mother’s job or profession.
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12.6. Concluding remarks

In this paper, direct and indirect child-related effects on female labour
supply are distinguished. The direct effects are associated with changes in
women's reservation wage rates, while the indirect effects are conceptualized
as operating through the impacts of decisions about human capital accumulation
on women's offered wage rates. Basic econometric choices are reviewed concern-
ing the limited nature of the dependent variables in models of female labour
supply, sample selection problems, and bias problems associated with specific
explanatory variables.

There is considerable controversy in the literature concerning the magni-
tudes of various child-related effects on women’'s wage rates. However, both
economic theory and available empirical results suggest that women’s child
bearing and rearing roles are responsible, to some degree, for the apparent
wage disadvantage of working women versus working men. If this is so, then the
indirect, offered wage-related effects of children on female labour supply will
be negative if there is a positive relationship between women’s labour supply
and their offered wage rates, and positive otherwise. Studies of these wage
effects on female labour supply are selectively reviewed in section 4. We
conclude that the wage responses of hours of work for working married women
are modest, as for men, and possibly negative. This suggests that the indirect
effects of children on the hours of work of working women (as opposed to the
probability of work) are probably modest. We note that little is known about
the importance of indirect child-related effects on the probability of work,
largely because information on wage offers is usually available only for those
who work.

The rest of the paper deals with the estimation of the direct effects
of children on female labour supply. On the basis of comparative estimation
results presented by Schultz, we find that direct child-related effects on the
probability of work are quantitatively more important than on the hours of
work for women who do work. We also side with Schultz and Mroz in concluding
that it is important to estimate separate relationships for the probability
of work, and for hours of work for women who do work.

Much of the disagreement concerning the magnitude of direct child-related

effects on female labour supply is rooted in potential bias problems due to

correlations between factors omitted from the labour supply relationships and
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the included child status variables. Two basic approaches to this problem are
discussed.

The instrumental variables (IV) approach involves trying to purge the
child status variable(s) of those components correlated with the true error(s)
term for the labour supply relationship(s). Studies taking this approach by
Schultz (1978) and Rosenzweig and Schultz (1985) are discussed in some detail.
An experimentally oriented approach due to Rosenzweig and Wolpin (1980) is
also reviewed.

The other approach to dealing with coefficient bias problems is to try
to remove from the error term(s) of the labour supply relationship(s) the
components that are correlated with the included child status variables.
Methodologies which could accomplish this purpose by Heckman and MaCurdy
(1980, 1982) and by Nakamura and Nakamura (1985b) are briefly discussed.

Our hope is that this review article will help to clarify basic issues
concerning the estimation of child-related effects on female labour supply.
In turn, we hope this will encourage further and more fruitful empirical

studies on this important research topic.
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