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Abstract. Most micro-labour supply models presented in the literature embody the implicit
assumption that the coefficients of the explanatory variables are stable over the range of
variation for annual hours of work. In this paper we discuss reasons why this may not be true. A
two-stage consistent estimation method that eliminates the sample selection bias problem for
samples censored at two limits and is an extension of a consistent two-stage estimation method
presented by James Heckman for the case of samples censored at a single limit is then used to
explore this question empirically.

Le comportement des femmes mariées travaillant a temps plein et d temps partiel: un modéle ou
la variable dépendante est tronquée aux deux bouts. La plupart des micro-modeles d’offre de
travail qu’on trouve dans la littérature spécialisée contiennent le postulat implicite que les
coefficients des variables indépendantes sont stables sur tout 1’éventail du nombre des heures de
travail au cours d’une année. Les auteurs examinent les raisons pour lesquelles ce n’est pas le
cas. Ce travail empirique utilise une méthode de calibration consistente en deux étapes qui
élimine le probléme du biais dans I’échantillonnage pour des échantillons tronqués aux deux
bouts. Il s’agit d’une extension de la méthode mise au point par James Heckman qui ne
tronquait la gamme d’échantillons qu’a un seul bout.

INTRODUCTION

In this paper we examine simplifications which are typically made in order to obtain
an empirically tractable model of the labour force behaviour of married women, and
we discuss the reasons that some of the parameters of the simplified empirical model
may take on different values over the range of variation in the selected measure of
labour supply. If parameter instability of this sort exists, then if a sample of working
wives is split into two groups depending on the amount of labour supplied by each
wife and a model of labour force behaviour is estimated using data for each of these
groups, we would expect to find statistically significant differences between the
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resulting sets of estimates for the parameters of the model. If parameter instability of
this sort is found to exist, the next question is does it matter? Do the signs of any of the
coefficients change over the range of variation in the measure of labour supply? Do
these results shed any light on behavioural hypotheses of interest? Are there any
policy implications of these results? Would it be important for us in some way to take
account of this parameter instability in estimating equations to be used in predicting
the labour supply and earnings of individuals?

A two-stage consistent estimation method is used to obtain separate sets of
estimates of the parameters of a model of labour force behaviour for u.s. and
Canadian wives working less than 1,400 hours and for those working at least 1,400
hours. The estimation method employed explicitly accounts for the sample selection
bias problem resulting from the censoring of a sample at two limits, and is a
straightforward extension of a consistent two-stage estimation method presented by
James Heckman (1976, 1979) for the case of samples censored at a single limit. The
piece-wise approximation that can be obtained using this estimation method is in the
same spirit as the approximation obtained by substituting several dummy variables
(used either to shift the constant or one or more slopes in an equation) for a continuous
explanatory variable such as age or education when the form of the functional
relationship between the dependent variable and the explanatory variable is
unknown.! That is, the approximation will be discontinuous at the end-points. Such
an approximation will not necessarily satisfy a perceived need for a fully specified
behavioural model, including the functional forms of all behavioural interrelation-
ships. Such an approximation, however, may at least represent a valuable step along
the road to further understanding.? For convenience we shall refer to wives working
less than 1,400 hours in a year as part-time workers, and to those working at least
1,400 hours as full-time workers.

The decision to split working wives into two groups depending on whether they
worked more or less than 1,400 hours in the year is clearly arbitrary. The figure of
1,400 hours was chosen simply because it results in fairly equal numbers of wives in
our so-called part-time and full-time hours of work categories. Since virtually all the
published studies of the labour force behaviour of women, or married women,
implicitly embody our null hypothesis that the coefficients of these models are stable
over the range of variation for the chosen measure of labour supply, it is appropriate to
begin in this study by simply asking whether this null hypothesis can be rejected when
wives are split into low and high hours of work categories.

We are particularly interested in determining whether there are any systematic

1 A dummy variable slope shifter cannot be used to check for differences in coefficient values associated
with different numbers of hours of work, however, since hours of work is an endogenous variable in
our model.

2 Wales and Woodland (1978, 38) note, for instance, that ‘A nonlinear model causes no real problems
for the maximum likelihood procedures either conceptually or computationally.” Maximum likeli-
hood procedures cannot be applied, however, until the functional nature of the relevant non-
linearities has been fully determined. Moreover, translating even well specified non-linear relation-
ships, such as the non-linear relationships between before- and after-tax earned income as defined by
the relevant tax tables, into functional forms may sometimes be very difficult.
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differences in the uncompensated wage elasticities of hours of work for wives who
work more versus those who work less than 1,400 hours in the year. Most researchers
have found the uncompensated wage elasticity of hours of work to be positive for
working wives, but negative for men. It is sometimes suggested, however, that the
wage elasticity for wives who work full time may be negative, just as it is for men
who work predominantly full-time. Empirical verification of this point has been
lacking. Yet if it were true that this elasticity is positive for women working small
numbers of hours, but negative for those working full time, this would raise the
possibility that some of the conflicting results presented in the literature may be due to
the fact that the ratio of part-time to full-time working wives is different in different
data bases and in the differing samples which different researchers extract from these
data bases.>

A variety of other topics are also investigated in this paper. An improved index is
introduced to account for the local demand for the labour of women of different types.
Problems of multicollinearity between the selection bias term introduced into our
regression equations and the other explanatory variables are discussed, and an
unconventional instrumental variable estimator proposed by Durbin (1954) is used
for the wage variable in our hours equation in an effort to cope with some of these
problems. Difficulties are reported with respect to the theoretically suggested
correction for heteroscedasticity for our wage and hours equations. Also we explore
the question of whether it would matter if we took account of regional price
differences in our empirical specifications.

A MODEL OF THE LABOUR FORCE BEHAVIOUR
OF MARRIED WOMEN

The basic model adopted in this paper is developed more fully in Nakamura and
Nakamura (1981). It is assumed that a family maximizes a twice differentiable
quasiconcave conditional utility function U(x, T — h; E4T, Z*) subject to the time
constraint 0 < h < T and the one period budget constraint
h
px=EgT + wJ (1 — 1X,)ds, (€))]
0
where x is a Hicksian composite good with unit price p, & represents the annual hours
of work of the wife at wage w, EyT is the husband’s earned income plus family asset
income net of the income taxes which would be paid at zero hours of work for the
wife, Z* is a vector of predetermined constraints, 7 is the wife’s total time, and TX is
the marginal tax rate on the wife’s earnings at s hours of work. The wife’s marginal

3 In Nakamura, Nakamura, and Cullen (1979) and in Nakamura and Nakamura (1981) the uncompen-
sated wage elasticities of hours of work for working married women in Canada, and in the United
States and Canada, respectively, are found to be negative and of roughly the same magnitude as those
reported by other researchers for men. The results shown are for several different age groups of
married women.
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net offered wage at / hours of work is given by
wi = w(l = TXp). @

Maximizing the Lagrangian

h
L=Ux,T— h;E4qT,Z*) + \ {EHT +w J 1- sz)ds—px} + vh 3)
0

with respect to x and s, where A and y (=0) are Lagrange multipliers, leads to the
conditions* that a wife will work only if

wi'=Zw,* at h=0 )
and that wives who work will adjust their hours of work such that

Wi = wy¥, )

with the shadow price of the wife’s time (her asking wage) at 4 hours of work defined
by

Wh* = U[/K, (6)
where A = U, /p and [ = T — h. Linearizing the right hand side of (1) around 4, yields
px = EHT,+ Whnh. (7)

Using this approximate budget constraint, (6) and A = U,/p, the wife’s asking wage,
wp*, may be represented as a function of 4, E4T, wy"h and Z* when /& > 0; and a
function of E4T and Z* when h = 0. Making use of (7), taking the log of both sides
of (6) and linearizing this expression around Z*, E4T, In w,” and A yields

1nw*—{B°+Z*B'+‘32EHT+Balnwh"+B4h+U* if h>0
=

Bo + Z*By + B2ExT + U* if h=0, ®

where U* denotes the disturbance term. It is also assumed in that variations in the
log of the wife’s offered wage w are explained by

Inw=oqa9+ Za; + Ra, + u, ©

where Z and R are, respectively, vectors of personal characteristics and regional
macro-economic variables and u denotes the disturbance term.

Notice that in deriving the simplified empirical model given by (8) and (9),
interactions between & and w,”, the after-tax marginal wage rate, are ignored in the
approximation to the budget constraint given in (7). Interactions between # and wj"
are also ignored in (8) in linearizing the asking wage function. In (9) it is simply
assumed that In w does not depend on how many hours a wife works. Finally, in both
(8) and (9) the constant terms are assumed to be the same for all wives. Suppose,

4 Necessary conditions are U, — A\p = 0, —U, + Mw(1 — 1X,} + v = 0 and yh = 0, where U, =
oU(x, I; E4T, Z*)/dl and U, = dU(x, l; E4T, Z*)/dx. These, in turn, imply w(l — TX,) + (y/A) =
Uy or w,* + (y/N) = wy*. Since y = 0if A > 0 (and y = 0 if & = 0), we get (4) and (5).
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however, that there are fixed or persistent unobservable factors that have important
impacts on the labour force behaviour of individual wives. Suppose, furthermore,
that the mean values of these unobservable fixed or persistent effects are quite
different for part-time versus full-time working wives. Constraining the intercepts of
(8) and (9) may lead to fixed effects coefficient biases, and the equation error terms
may have non-zero means and fail to obey normal distributions even though U* and u
are approximately normally distributed. These simpliciations appear, either explic-
itly or implicitly, in a number of other empirical papers on the labour force behaviour
of married women.> Moreover in studies such as Heckman’s (1974, 1976) where the
impact of income taxes is ignored, the dependence of 7X, on A in (2) is also
ignored. Problems resulting from fixed or persistent effects are of special concernin a
Canadian context. There are no good panel data for individuals in Canada. Thus there
is no possibility in Canadian studies of using econometric methods that make use of
panel data to allow for or estimate individual fixed effects terms or autoregressive
error structures. Any one of these simplifications that we have listed could potentially
result in parameter instability over the range of values for 4.

In the case of couples in the United States who file joint tax returns, the first dollar
of a wife’s earnings is taxed essentially at the marginal rate that would apply to an
additional dollar earned by the husband. In Canada, on the other hand, working
husbands and wives must file separate tax returns. Defining the marginal retention
rate at h hours of work as

RET, = 1 — TXp, (10
for a separate return at # = 0 we have

In (RET,) = O. 1n
For a joint return, linearizing In (RET) evaluated at # = 0 around E4T yields

In (RETo) = Mo + M(ERT) + u’ (12)

where 1 and 7, are parameters and ' is a random disturbance term which is assumed
to be normally distributed with mean O and constant variance. For some given
positive number of annual hours of work, /s, linearizing In (RET) evaluated at 4 = hg
around EyT, Z, R, Z*, and hg yields

In (RET,y) = Mo + M(EHT) + Zny + Rz + Z*ng + mshg + u” (13)
for a joint return, while for a separate return evaluated at & = hg we have
In (RETxy) = Mo + Zma + RM3 + Z*ng + mshg + u”, (14)

where 7, through ms are parameters, and «"” and 4" are random disturbance terms
assumed to be normally distributed with mean O and constant variances. Thus from

5 See, for instance, Heckman (1974, 1976). In Rosen (1976) the offered wage is allowed to depend on
the hours of work, but a linearization is employed in accounting for income taxes and the hours of
work function can be seen to result from implicit linearizations of the asking wage function of the sort
discussed above.
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(2), (4) and (8) through (14) we see that the probability a wife will work more than 45
hours may be expressed as

P(h> hg) = P(In wy” — In wp*l, -y > 0) (15)
bhg )
= (1/Qm)H J e” " dy,
where®
bo = (Vog)l(ag — Bo) + Zay + Ray, — Z*B; — BoExT] (16)

for a separate return and kg = 0 with oy denoting the variance of the random term
U* — u,

o = (1/ao)(ao + Mo — Bo) + Za; + Ry — Z*By + (g — BIEKT]  (17)
for a joint return and A = 0 with (o’)? denoting the variance of the random term
U* — (u+ u'),

bie = (Mo )I(1 = Bs)ao + Mo) — Bo + (1 — B3)ns — Badkg (18)
+ Z(1 = Ba)(a; + mp) + R(1 — Bs)(az + m3)
+ Z*((1 = Bs)na — B1) — B2ExT]
for a separate return and 2 > 0 with chcz denoting the variance of the random term
U* — (1 — Bs3)(u + u"), and
bp, = (Lo DI = Ba)ao + Mo) — Bo + (1 — Ba)ms — Bahe (19)
+ Z(1 = B3)(a; + M) + R(1 = B3)(az + mM3)
+ Z*((1 = Ba)ma — B1) + (A — Ba)n1 — BERT],

for a joint return and kg > 0 with (crhG’)2 denoting the variance of the random term
U — (1 —B3)(u+u").
From (5), (2), and (8) we see also that for wives who do work

h=(UB)[—Bo + (1 = B3) In wy" — Z*B; — BExT] — (1/B4) U*. (20

In this study we are interested in obtaining separate sets of estimates of the parameters
of (9), our equation for the log of the offered wage, and of (20), our equation for the
wife’s annual hours of work, for wives working less than 1,400 hours and for those
working at least 1,400 hours.

Equations (9) and (20) cannot be estimated directly, because of the selection bias
problem and because In w,," and U* are correlated in (20). It can be shown, however,
that the reduced form of (20) may be written as’

h=(1/B)[—Bo+ (1 = B3) In w" = Z*B; — BExT] + Uy, 2D

6 By (2) we have In w;,” = In w + In RET,, into which (9) and one of the expressions from (11) through
(14) are substituted in turn to derive (16) through (19).

7 See Nakamura and Nakamura (1981) for details of deriving the expressions for (21), h* and U,. Note
that In w” depends on # only through In RET,, and In w” in the right-hand side of (21) is evaluated at
h = h*.
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where In w” is the deterministic part of In w” with

In w”=In w + In RET;» (22)
and
Inw= ag + Za; + Ra,. (23)

The random term U, is some normal variable with E(U,) = 0, and h* is the solution
to h* = (1/B4)[—Bo + (1 — Bs) In w” — Z*B,; — B, ExT], which contains A* on the
right-hand side in a non-linear manner through In RET;«, which is one component of
In w”. Assuming that the disturbance terms of (9) and (20) obey conditions (A2) in

the Appendix and using the results presented there, we see that the equations to be
estimated are

Inw = ag + Za; + Rap + (G12/0)N + V (24)
and

h=(1/Ba)[=Bo+ (1 = B3) In w" — Z*B; — BLELT] + o\ + V*, 25)
where

N = [f(d1a00) = f(do)]/[F(do) = F(d1a00)] (26)
for wives with 0 < h < 1,400, and

A = = f(d1400)/ [F(d1a00) — 1] 27

for wives with 2 = 1,400, where f and F are, respectively, the standard normal
and cumulative normal density functions. Our null hypothesis, therefore, is that the
population values of the coefficients of (24) and (25) are the same for working wives
who work less than 1,400 hours as they are for wives who work at least 1,400 hours.
For both wives with 0 < A < 1,400 and wives with # = 1,400 the means and the
covariance structure of V and V* are given by (A9) with V and V* substituted for
Vi and V; in these conditions. The offered wage equation (24) can be estimated by
OLS or GLS, and either OLS or GLS estimates can be obtained for the coefficients of
the hours equation (25) by the following iterative algorithm, which preserves the
non-linearity of In RET. (Note that the deterministic part of In w is now given by
Inw=ag+ Zo; + Roy + (012/02)N).) .
Given estimates of the log of the offered wage rate for each married woman, W,
the hours equation (25) can be estimated iteratively using the following procedure
described more fully in Nakamura and Nakamura (1981). We begin with k = 0 and
In ReT? = 0 for Canada. For the United States we begin with 1 k=0andIn ReT, @

calculated for A® = 1. Using the resulting estimates for In w,", OLS or GLS
estimates for h(”/ar@tained from (25). These in turn are used to compute values for

In ReT, and In w(;,” and new oLs and GLs estimates for %, denoted by A, are
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obtained from (25).® This iterative process is continued until two successive sets of
estimates for the coefficients of (25) are sufficiently close to each other in terms of
percentage changes.

For the data samples used in this study, however, when the estimates for In w
are obtained by applying either OLs or GLS to (24) severe multicollinearity problems
—

result in equation (25) among A, In w” and Z*. This type of problem involving the
selection bias term is also briefly discussed by Smith (1980, 22-3). Thus in this

study we use a Durbin rank instrument to obtain the values of In w ° used in estimat-
ing our hours equation (25).

OUR DATA AND THE VARIABLES INCLUDED IN OUR MODEL

The basic Canadian data consist of 27,401 records for married couples living in
Canada, where the husband is 25-54 years old and no non-relatives are present,
which are contained in the 1 per cent Family File of the Public Use Sample from the
1971 Canadian Census.!° The basic uU.s. data consist of 27,414 records for married
couples living in the United States, where the husband is 25-54 years old and no
non-relatives are present, which are contained in the 1 per cent subsample from the
5 per cent primary State Public Use Sample of Basic Records from the 1970 u.s.
Census.!! The records for each country have been divided into five groups according
to the child status of the wife. Separate results are presented for each country for (1)
wives whose only children living at home are younger than 6, (2) wives with both
children younger than 6 and children 6—14 at home, (3) wives whose only children
living at home are 6—14, (4) wives with children ever born but no children younger
than 15 at home, and (5) wives with no children ever born.
We define the vectors Z*, Z, and R as follows:

Personal characteristics affecting a wife’s asking wage (Z*)

Z*1. Number of children younger than 6 (included for wives with children younger
than 6 only and for wives with children younger than 6 and 6-14) (+)

Z*2. Number of children 6—14 years of age (included for wives with children 6—14
only and for wives with children younger than 6 and 6-14) (+)

8 The u.s. federal tax tables for 1969 (see Internal Revenue Service, 1971) and the state income tax
tables (see Advisory Commission on Intergovernmental Relations, 1969) are closely followed to
compute the values of In RET'® for each U.s. wife. Canadian federal and provincial tax tables for
1970 (see Department of National Revenue, 1972) and the Quebec income tax table for 1970 (see
Gilmour, 1968) are used to compute the values of In RET‘® for each Canadian wife. See Nakamura
and Nakamura (1981, 473-5) for details.

9 The properties of Durbin’s rank instrument method are discussed in Johnston (1972, 283-6) and
Kendall and Stuart (1973, 424, 529). For our purpose of predicting In w the assumptions we require
are that the ranking of our observations on In w is determined by the ranking of the (unobservable)
values of In w, and that the predicted values of In w, resulting from the regression of In w on the
rank of w, converge in probability to In w.

10 See Statistics Canada (1975).
11 See vu.s. Bureau of Census (1972).
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Z*3. Number of children ever born (included for wives with children ever born but
no children younger than 15) (+)

Z*4, Employment income of the husband plus asset and other non-employment
income of the family (excluding the employment income of the wife), net of
federal and provincial or state income taxes to be paid at zero hours of work
for the wife; measured in thousands of dollars, and denoted as EyT above.
For convenience this variable will be referred to as ‘other income’ (+)

Z*5. Religion dummy (= 1 if religion of wife is Roman Catholic, = 0 otherwise;
for Canada only) (+)

Z*6. Language dummy (= 1 if language of home is French, = 0, otherwise; for
Canada only) (+)

Z*7. Race dummy (= 1 if wife is black,!? = 0 otherwise; for United States
only) (?)

Z*8. Age of wife; measured in tens of years (+)

Personal characteristics affecting a wife’s offered wage (Z)

Z1. Age of wife; measured in tens of years (?)

Z2. Age of wife at first marriage (+)

Z3. Wife’s years of education (+)

Z4. Race dummy (= 1 if wife is black, = 0 otherwise; for United States only) (—)

Regional economic variables affecting a wife’s offered wage (R)
R1. Regional index of potential hours of work for wives in different age and educa-
tional categories; denoted in the text by HI. (+)

The plus and minus signs in parentheses following the variable names indicate the
expected impact of each variable on the wife’s asking or offered wage. It should be
noted that the coefficients of the variables appearing in the offered wage function (Z
and R) are expected to have the same signs in our probit equations as in the offered
wage function, while the coefficients of the variables appearing in the asking wage
function (Z*) are expected to have the opposite signs in our probit and hours of work
equations as in our asking wage function. In assuming that the child status variables
should have a positive impact on the asking wage, we are implicitly assuming that the
child-related costs of a wife’s working rise more rapidly as the number of children is
increased than the perceived need for increased income as family size is increased. As
in Nakamura and Nakamura (1981), it is also assumed that the asking wage is a
positive function of both the log of the marginal after-tax offered wage and hours of
work (that is, B3 > 0 and B4 > 0 in (8) and hence in (20)), and it is assumed that the
asking wage does not depend on the wife’s education.

Of the variables included in this study, we shall discuss only the hours index, HI,
since the other variables were all used in Nakamura and Nakamura (1981). An index

12 Actually, information is available only in the U.s. census data for whether the husband is black, in
which case we assume for lack of further information that the wife is also black.
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designed to capture the impact on the offered wage of the expected job opportunities
for women relative to the size of the potential female labour force was also used in this
earlier study. This index performed well empirically. Nevertheless an index based on
numbers of jobs cannot reflect changes in the tightness of a labour market resulting
from changes in the annual number of hours of work available per job. Our new hours
index is designed to overcome this problem.

The values of our new hours index were calculated as follows:

K

HI;; = kzl pjqu,lHl/j,zE:j P;Nj 4,

where H, is the total hours of work in locality /, g, , is the expected proportion of the
total hours of work in locality / in occupation k, pj, is the expected proportion of the
total hours of work in occupation k going to workers of type j, N; ; is the total number
of women of type j’ in locality /, and P} is the expected employment rate for women
of type j'. The localities are defined by province and place of residence (urban
230,000, urban <30,000, rural) for Canada, and by state and place of residence
(urban, rural, entire state where urban/rural distinction cannot be made) for the
United States. The values of g, , were calculated as the actual local proportions of the
total hours of work in each occupation, using the same occupational groupings as are
used in Nakamura and Nakamura (1981). Hence in this study g, ,H, is the actual
hours of work in locality / in occupation k. The values of p;; were calculated as the

- national proportions of-the total hours of work in each place of residence in
occupation k going to workers of type j. Thus the numerator of HI; ; is the expected
total number of hours of work in locality / going to workers of type j. The index j is
used to denote nine types of women defined by the combinations of three age groups
(15-24, 25-54, 55+) and three educational groups (=<8 years, 9-13 years, some
university). The index j' denotes the relevant subdivisions within each of our nine
basic groups, where these subdivisions are with respect to age (15-19, 20-24,
25-29, ..., 55-59, 60+), marital status (single; married; widowed, divorced, or
separated), and child status (none ever born, 1 ever born, 2 ever born, 3+ ever born).
After the indicated aggregation, therefore, the denominator of Hi; , represents the
expected number of women of each of our nine basic types in each locality who will
work based only on the stated demographic characteristics of these women. In other
words, for women of a given type the denominator in question is a refined measure of
the potential labour force. The index HI is thus a measure of the expected annual hours
of work per potential working woman of a given type in a given locality. It is expected
that higher values of HI will be associated with higher values of the offered wage
rates.

EMPIRICAL RESULTS

In tables 1 and 2 we show oLSs estimates for the coefficients of our offered wage and
annual hours of work equations for both Canada and the United States for each of our
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five child status groups.'* To obtain the results labelled caN for Canada for (24) and
(25) we included data for all wives with positive employment income for 1970 and for
whom 0 < A; < 1,400 for the results shown in the left-hand column for each child
status group, and for whom #; = 1,400 for the results shown in the right-hand column
for each child status group. To obtain the results labelled uUs for the United States for
(24) and (25) we included data for all wives with positive employment income in 1969
who also worked in the census reference week and for whom 0 < &; < 1,400 for the
results shown in the left-hand column for each child status group, and for whom 4, =
1,400 for the results shown in the right-hand column for each child status group. In
order to obtain the values for the selection bias term, A, included in (24) and (25) the
coefficients of (16) through (19) were estimated using probit analysis. Next values of
o and 490 Were calculated for each wife using the estimated versions of (16) and
(18) for Canadian wives who file separate tax returns if they work, and using the
estimated versions of (17) and (19) for U.s. wives who file joint tax returns if they
work. Finally the appropriate value of A was calculated for each working wife using
formula (26) for wives with 0 < k& < 1,400, and formula (27) for wives with & =
1,400. In estimating the coefficients of (16) and (18), the dummy dependent variable
for the probit analysis was set equal to 1 if # > 0, and the wife earned positive
employment income for 1969 for the United States and for 1970 for Canada. In
estimating the coefficients of (17) and (19) the dummy dependent variable for the
probit analysis was set equal to 1 if 2 = 1,400 and the wife’s earned positive
employment income for the relevant calendar year.'* The full data sample for Canada
including both working and non-working wives was used in estimating the
coefficients of (16) and (18), and the full data sample for the United States was used in
estimating the coefficients of (17) and (19).

The signs of the coefficients of (24) and (25) shown in tables 1 and 2 are generally
in agreement with our expectations, and with the results shown in Nakamura and
Nakamura (1981).

Fuchs has suggested that the real, rather than the nominal, asking and offered wage
rates should be viewed as functions of the variables included in Z*, Z, and R, with the
after-tax other income of the family expressed in real terms as well. His joint working
paper with Michael and Scott (1979) contains a state price index that can be used to
implement his suggestion for the u.s. portion of our analysis. We began our

13 For the particular data samples used in this study we find that the regressions that must be performed
in order to obtain GLS estimates — of the squares of the OLs residuals for the offered wage equation
(24) on a constant term and M — to be very insignificant. (See the appendix for a description of the
procedures for obtaining GLS estimates and the definition of M.) Thus in this paper oLs estimates
are presented for the parameters of (24) and (25).

14 For Canada the values of /; were computed by mutiplying the number of weeks the wife worked in
1970 times her usual number of hours worked per week for the job held in the reference week for the
1971 Canadian census, or otherwise for the job of longest duration since 1 January of the previous
year. For the United States the values of /; were computed by multiplying the number of weeks
worked in 1969 times the actual number of hours worked at all jobs in the census reference week.
Owing to the missing data problem noted in the text, we have no way of directly computing annual
hours of work for U.s. wives who were not ‘at work’ during the census reference week. Thus the N
values for U.S. wives account not only for selectivity based on actual annual hours of work, but also
for the potential selectivity bias resulting from this missing data problem for u.s. wives.
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244 / Alice Nakamura and Masao Nakamura

investigation of this question by first including the log of this price variable as an
explanatory variable in nominal asking and offered wage equations. We re-estimated
the resulting probit, offered wage and hours equations for the United States, and
tested the hypothesis that the coefficient of the log of the price variable in the offered
wage equation is 1. This hypothesis can be accepted at a 95 per cent confidence level
for all our child status and hours of work groups for the United States except wives
with children 6—14 working more than 1,400 hours. The #-statistic for this group is
2.13. Based on these results, we then re-estimated our model for the United States
using a real specification for our offered and asking wage equations. In particular, the
other income of the family was expressed in real terms, and the dependent variable of
the offered wage equation was expressed as the log of the offered wage minus the log
of the price variable; but the log of the price variable was no longer included as an
explanatory variable in our probit and hours equations. Comparing these results with
those shown in tables 1 and 2, the coefficient estimates were found to be virtually
identical except for the expected changes in magnitude in the estimates of the constant
term of the offered wage equation and the coefficient of the other income variable in
the hours equations. The reason for this similarity is not that the price differentials
between states are unimportant, but rather that the price index is virtually uncorrelated
with our other explanatory variables. Hence it appears that our results presented in
tables 1 and 2 of this paper are not seriously biased because regional price differen-
tials were ignored in obtaining these results.

We turn now to the central question of whether there is evidence of systematic
differences in the values of the coefficients of (24) and (25) for wives working less
than 1,400 hours compared with the values of these coefficients for wives working at
least 1,400 hours. For each country and each hours of work category, estimates of the
coefficients of (24) and (25) have been obtained for wives in five child-status
categories. Under our null hypothesis that the population values of the coefficients of
(24) and (25) are the same for wives working less than 1,400 hours as for wives who
work at least 1,400 hours, the probability of the estimated value of a coefficient being
consistently higher (or consistently lower) for five out of five child-status groups for
part-time versus full-time wives is 3.13 per cent, while the probability of the
estimated value of a coefficient being consistently higher (or consistently lower) for
four out of five child-status groups for part-time versus full-time wives is 15.6 per
cent. !> Looking at tables 1 and 2, using a 20 per cent critical region we find evidence
of systematic differences in the values of the coefficients of our wage equation for
part-time versus full-time wives for two out of six coefficients for Canadian wives and
for three out of seven coefficients for uU.s. wives; and evidence of systematic
differences in the value of the coefficients of our hours equation for part-time versus
full-time wives for five out of six coefficients for Canadian wives and for four out of
five coefficients for u.s. wives.'® Thus we do find evidence of parameter instability in

15 These probabilities are calculated using the binomial distribution with a success defined as the
coefficient estimate for wives with 0 < h < 1,400 exceeding the coefficient estimate for wives with h
= 1,400, n = Sand p = 0.5.

16 The child-status variables that are not included in all five of the child-status groupings for wives in
each country are not included in this count.
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the empirical model given by (24) and (25) over the range of variation in annual hours
of work.

SOME IMPLICATIONS OF OUR RESULTS

Whether or not parameter instability of the sort we have identified is of substantive
importance will depend on the intended use of the empirical results. If we compare the
part-time and full-time coefficient estimates for those cases where both are significant
with even an 80 per cent level of confidence, we find only one instance where the
signs of the two coefficients estimates differ. Thus we do not find that our inferences
about coefficient signs would be altered by accounting for this parameter instability.
Of particular interest, we also find no evidence that the signs of the uncompensated
wage elasticities of hours of work are different for part-time versus full-time working
wives. Rather, we find these elasticities to be negative for both classifications of
working wives.

Angus Deaton and John Muellbauer (1980, 276) write that ‘For men, whose
shadow wage is low and who work relatively long hours, the income effect is
dominant so that the labor supply curve is backward sloping, at least in the observed
range. For women, however, the high value of time spent in the home sets a relatively
high shadow wage and both participation and hours at work are lower than for men.
With shorter working hours, the income effect is necessarily relatively unimportant,
so that rising real wages account for greater labor supply by married women through
increased participation and longer hours.” Using a similar line of reasoning, it has also
been suggested that the labour supply curve may be backward sloping for married
women who work full time, but that wives who work part time will increase their
labour supply when the real wage rises. If this hypothesis is correct, we should find in
table 2 that the estimated coefficients of the log of the hourly wage variable are
systematically more positive for wives who work less than 1,400 hours than for those
who work at least 1,400 hours. In table 2, however, we find no evidence of a
systematic difference in the value of the coefficient of the wage variable depending on
the hours of work category for Canadian wives, and for U.s. wives we find that the
estimated coefficients of the wage variable are systematically more negative for
part-time compared with full-time working wives. The corresponding uncompen-
sated wage elasticities of annual hours of work are shown in table 3. They are seen to
lie in the range of values reported in Nakamura and Nakamura (1981, 483) for
married women, and in the range of values reported by other researchers for men.
These results lend no support then to the hypothesis that the labour supply curve
(conditional on working) is backward sloping for wives working long hours, but not
for wives working shorter hours.

The wage rate variable used in this study and in Nakamura and Nakamura (1981) is
created by dividing reported annual income for the relevant calendar year by a
measure of annual hours of work. The measure of annual hours of work is in turn
created by multiplying weeks of work in the relevant calendar year by hours of work
in the census reference week for U.s. wives, and by ‘usual’ hours of work per week for
Canadian wives. If our measure of annual hours of work is erroneously high (or low)
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for a given wife then our computed wage rate will tend to be erroneously low (or
high). If the computed wage rate variable were entered directly (in log form) into our
equation for the log of the wife’s annual hours of work, this errors-in-the-variables
problem would lead to a negative bias on the coefficient of the wage rate variable. Itis
plausible also that the errors-in-the-variables problem for our measure of annual
hours of work is more serious for those who work irregularly or who work only a few
hours per week than for full-time workers. Thus if the computed wage variable were
entered directly into our equation for the log of the wife’s annual hours of work, there
might well be a larger negative bias on the coefficient of the wage variable when this
coefficient was estimated using data from a sample of wives with 0 < 4 < 1,400 than
when this coefficient was estimated using data from a sample of wives with s =
1,400.

This is not what we have done, however; in both Nakamura and Nakamura (1981)
and in the present study an instrumental variable has been used for the wage rate
variable appearing in the equation for the log of the wife’s annual hours of work. Thus
the errors-in-the-variables problem discussed above can ‘explain’ our finding of a
negative relationship between the wage rate and annual hours of work and our finding
of a more negative relationship between the wage rate and annual hours of work for
part-time than for full-time working wives, only if some portion of the measurement
error in question is systematically picked up by the instrument for the wage rate. In
this respect, it should be noted that the Durbin rank instrument used in this study is
quite different from the reduced form predictions of the log of the offered wage rate
used as an instrument in Nakamura and Nakamura (1981). Also the errors of
measurement problem should be different for the United States than for Canada, since
‘usual’ hours of work per week are reported in the Canadian census while actual hours
of work in the census reference week are reported in the U.S. census. Yet comparing
the computed (uncompensated) elasticities of hours of work with respect to the
after-tax offered wage rate, we find great similarity between the values reported in
this study (table 3) and the values reported in Nakamura and Nakamura (1981, 483,
table x1), and between the respective sets of estimates for the two countries. Thus,
although we are continuing to investigate this question, we do not believe that our
results in this paper point to an errors-in-the-variables problem.

We feel it is more likely these results mean that the underlying theoretical model
should be revised, or at least reinterpreted. Perhaps many families determine the
long-term level of family consumption based solely on the husband’s earning
capacities, and many of the wives found working part-time are simply working to
cover what the family regards as short-term divergences between actual levels of
consumption and the husband’s earnings. The income effect on hours of work of a
wage change will be very strong, of course, for a wife who is working solely to pay for
some specific item such as a vacation, an addition to the family home, or the
education of a child. We hope that the responses obtained to some of the questions
that have been asked in the Michigan Panel Study of Income Dynamics will shed
some light on these questions. On the basis of the present study, the hypothesis that
the coefficient of the wage variable in the equation for the wife’s annual hours of work
is the same for wives with 0 < 4 < 1,400 as for wives with 2 = 1,400 is rejected for
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the United States and the hypothesis that this coefficient is more positive for wives
with 0 < & < 1,400 than for wives with & = 1,400 is also rejected for both the United
States and Canada. Further investigation is now required to gain a substantive
understanding of these results.

Obtaining séparate sets of estimates of the coefficients of our wage rate and hours
of work equations for part-time and full-time working wives also provides us with
some additional insight into the nature of the labour market disadvantage of black
wives in the United States. Nakamura and Nakamura (1981) find the estimated
coefficients of the race dummy in the offered wage equation to be consistently
negative and generally highly significant, with the values of the coefficient estimates
ranging from —0.044 to —0.193. In the present study the coefficient estimates of the
race variable in the offered wage equation are always insignificant for wives with 0 <
h; < 1,400, except for wives with children younger than 6. For wives working more
than 1,400 hours who have had children, the estimated coefficients for this variable
are always negative and generally significant, and range from —0.046 to —0.138. For
wives working full time with no children ever born we estimate this coefficient to
be —0.302, and it is highly significant. These full-time black wives, therefore, are
seen to be bearing the brunt of the wage rate differential between black and non-
black wives, which cannot be attributed to racial differences in the distributions
of measurable personal characteristics such as years of education. Based on these
results, we cannot agree completely with Freeman’s (1973, 280) conclusion
concerning race discrimination that, ‘for women ... discriminatory differences
appear to have virtually disappeared.’ Moreover part of the dramatic ‘collapse’ in the
economic differences separating black and white women documented by Freeman
(1973, 280 and 281, table 1) may well be due to major shifts over this same time period
in the proportions of black and non-black women working part versus full time.!”
Even quite small differences in coefficient values over the range of variation in annual
hours of work might substantively affect the results in other studies of discrimination
where discrimination is measured as the residual difference after accounting for
differences between the group of interest and the comparison group in the values of
the explanatory variables.

A final finding of this study is that it is extremely important to account for
parameter differences, particularly in the values of the constant term, between wives
found to work part time and those found to work full time in equations to be used for
predicting the hours of work of individual wives. In order to explore this point more
fully we re-estimated our annual hours equation (25) using data for all the wives found
to work in each child status category for each country. Thus we now have

N = f(do)/F(do), (28)

as in Nakamura and Nakamura (1981). In table 4 we show the distributions of actual

17 Freeman (1973, 280) finds a ‘collapse in the economic differences separating black and white women,
with the ratio of incomes rising from 0.50 (1950) to 0.86 (1970)." For a very interesting discussion of
how shifts in the proportions of black and white women working full- versus part-time may have
affected the black / white female wage differential, as well as discussions and evidence concerning
other related issues, see James P. Smith (forthcoming).
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FTABLE 4

Actual and predicted distributions for annual hours of work and R%s

Canada United States
Hours equations Hours equatior
Hours equations allowing for Hours equations allowing for
allowing for selection into allowing for selection into
Annual selection into categories of selection into  categories of
hours of category of 0< h<1,400 category of 0 < h < 1,40(
work Actual A>0 and h = 1,400 Actual h>0 and h = 1,400
0<h= 600 28 0 25 14 0 8
600 < h=<1,200 13 18 25 18 4 29
1,200 < < 1,800 17 51 0 20 53 0
1,800 < h=<2,200 35 20 48 41 29 60
h>2,200 4 13 1 7 15 0
R? for regression
of predicted on 0.064 0.810 0.046 0.779
actual individual
values
Number of observations 11,614 10,201

hours of work; of predicted hours of work when we use the hours equations for which
coefficient estimates are shown in table 2, allowing for selection into the part-time
and full-time categories of 0 < h < 1,400 and & = 1,400; and of predicted hours
when we use our hours equations allowing only for selection into the category of
workers with £ > 0. In obtaining the predicted values for annual hours we used the
observed wage rates net of taxes evaluated at the wife’s actual hours of work.
From table 4 we see that the mode of the predicted values for annual hours of work
obtained allowing only for selection into the category of workers (h > 0) lies in the
range of 1,200 < & =< 1,800, while the modes of the actual values and of the predicted
values allowing for selection into the categories of 0 < A < 1,400 and & = 1,400 are
in the range of 1,800 < h = 2,200. The distributions of predicted hours allowing for
selection into part-time and full-time work categories are not entirely satisfactory
either. The distributions are too concentrated in the modal range of 1,800 < h <
2,200, and the shape of the distribution of actual hours for those working less than
1,800 hours is not properly captured for either country. The R?s at the bottom of table
4 for the regressions of the predicted on the actual individual annual hours of work
make it clear, however, that there is a dramatically better correspondence between the
actual values and the predicted values obtained by first sampling into our part-time
and full-time hours of work categories than between the actual values and the
predicted values obtained allowing only for sampling into the category of workers.
The distributions of prediction errors are also quite different for our two methods
of predicting annual hours of work. All our hours of work equations were estimated
using a Durbin rank instrument for the included wage rate variable and iterated using
hours of work from the previous iteration to determine the tax rate. In obtaining
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TABLE 5

Summary statistics for the distributions of prediction errors

Canada

United States

Hours equations
allowing for
selection into

Hours equations
allowing for
selection into
categories of

Hours equations
allowing for
selection into

Hours equations
allowing for
selection into
categories of

category of 0<h<1,400 category of 0< h<1,400
h>0 and h = 1,400 h>0 and h = 1,400
Mean prediction error —374.50 7.36 —289.12 -2.43
Standard deviation for
prediction errors 778.77 330.20 709.17 325.68
Test statistic for test of
null hypothesis that
the distribution of
prediction errors has
a zero mean® —51.82 2.40% —41.18 —-0.75°

Critical values are 1.960 for a 95 per cent level of confidence, 2.326 for a 98 per cent level of confidence,
and 2.576 for a 99 per cent level of confidence using a two-tailed test.
®Null hypothesis accepted with a critical region of 0.01.

values for predicted hours of work, however, we have used the observed wage rates
net of taxes evaluated at the wife’s observed hours of work. Thus there is no
definitional reason why the distributions of prediction errors must have zero means.
We see from table 5 that the null hypothesis that the distribution of prediction errors
has a zero mean is rejected for both countries when the predictions for annual hours
are obtained by the conventional method allowing only for sampling into the category
of workers. However, this null hypothesis is accepted for both countries using a
critical region of 0.01 when the predictions for hours of work are obtained allowing
for sampling into our part-time and full-time categories for hours of work. From table
6 we see also that the distributions of prediction errors for the latter method are much
more symmetrical and closer in shape to a normal distribution with zero mean and the
observed sample variance than is the case for the former method. The null hypothesis
that the prediction errors obey a normal distribution is, however, rejected for both
methods for both countries using a conventional x? test.

CONCLUSIONS

In summary, we find statistical evidence of parameter instability in a conventional
empirical model of the labour force behaviour of married women over the range of
variation in annual hours of work. This instability is not severe enough to result in
sign changes. Nor do we find any evidence that the uncompensated wage elasticities
of hours of work are positive for wives working part time as has been hypothesized. In
fact, we find these elasticities to be consistently negative for working wives in both



"89°GZ€ sfenba s10115 uonoIpald Jo UOHEIASP PIEpUEIS,
'02°0€¢€ s[enba s1o1a uonsipad Jo UOTRIASD pIepUElS,,

0oro LT°0 17°0 ¥1°0 910 110 00 <
o 1o 910 80°0 01'o 910 00y ©3100C
170 €C0 9%°0 0S°0 610 990 00C ©100C—
910 80°0 910 81°0 90°0 910 00T— 0100V —
01’0 0¥'0 1o 01’0 8%°0 o 00t — >
400¥‘1 = ¢ pue o<y 89°6t¢E Jo »00¥°‘1 = Y pue o<y 0C°0te Jo
00v‘1 >4 >0 Jo A1o393e0 UOIBIASD 00V‘'I>Y>0 Jo A103318D UOHRIASP
Jo souogajes OJul UONJI[aS pIepue)js pue Jo sauogaled 0JuT UOT)OI[3S pIepuE}s pue
OJUI UOT)I3[IS 10] SUIMO[[E  UBSW OIdZ Im OJul UOTIO[AS 10] SUIMO[[E  UBOWI OIZ [IIM
10§ Sumoqe  suonenba smoy uonnqusip 10] Suimoqe  suornjenba sINOK uonnqusIp
suojenba smoy JRULION suonenbs smoy JRULION
sajeIS palu epeue))

s10112 UO1OIpaId JO SUOUNGLNSIP PUB UOHNQLISIP [EULION

9d14dvL




252 / Alice Nakamura and Masao Nakamura

hours of work categories. We do find, however, that accounting for parameter
instability of the sort identified may be important in making labour force comparisons
between different groups such as blacks and non-blacks or women and men. And
accounting for this sort of instability, particularly in the constant term, is found to be
particularly important when equations estimated from cross-sectional data, in which
itis not possible to take account of fixed or persistent individual effects, are to be used
for predicting hours of work for large numbers of individual wives.

APPENDIX: A TWO-STAGE ESTIMATION METHOD
FOR DATA SAMPLES CENSORED AT TWO LIMITS

We are interested in estimating 3; and 3, where the reduced form equations for
individual i (i = 1, ..., I) are

Yii=XB1 + Ui, (Ala)
and
Yy, = X582 + Uy, (A1b)

and where Xj; (j = 1, 2) are 1 X K; vectors of exogenous regressors, B; are K; X 1
vectors of parameters, and U;; and U,; are bivariate normal random variables such
that

E(U1) = E(Uy) = 0, (A2a)

E(U;» =0o? for j=1,2, (A2b)

EWU,;Uy) = 012, (A2¢)
and

E(WU;U;) =0 for i+ i and j=1,2. (A2d)

The first element of X;; and of X,; is assumed to be one. We assume that for
individual i the value of Y, is observed if

a<< Y2,‘< b, (A3)

where a and b are distinct real numbers (a < b). Without loss of generality we
assume that for the first /; (=I) individuals data is available on Y,;. (Heckman’s
model (1976, 1977, 1979) is a special case of (A3) for which a = 0 and b = «. Also
Poirier (1978) and Poirier and Melino (1978) consider a degenerate case in which Y,
does not exist and hence Y, is observed if and only if a < Y; < b, which is again a
special case of our model presented here.)

In the empirical sections of this paper, the ith individual is the ith wife,'® Y;
corresponds to her offered (market) hourly wage, and Y;; corresponds to her annual
hours of work. The ith wife is considered to work part time if her annual hours of

18 The subscript i has been dropped in the body of this paper for notational convenience.
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work are greater than zero and less than 1,400, and full time if her annual hours of
work are at least 1,400. The offered wage is observed for both part-time and full-time
working wives.
In general, the subsample regression functions are
E(Y 11 X1, a <Yy < b)
=X1:B1 + E(Uyila — X5,B2 < Upi < b — X3:B2)  (Ada)
and
E(Yz,'lXZi, a<< Y2i < b)
= XoiB2 + E(Uzila — X2iB2 < Uz < b — X5:B2),  (Adb)

where
E(Uiila = X5iB2 < Uy < b — X3:B2) = (012/02)A;, (A5a)
E(Uyila = X5iB2 < Uz < b — X2,B2) = 02N, (A5Db)
N = (f(dp) = f(u))(F(dau) — F(ds), (A6)
bu = (Vox)(a — X2iB2),  dpi = (Vo2)(b — X2:B2), (A7)

and f and F are, respectively, the standard normal and cumulative density functions.
Thus the conditional regression functions to be estimated for individuals satisfying
(A3) may be written as

Yy = X1By + (On/o)N; + Vi, (A8a)
and

Y2 = X2iB2 + 02N + Vo (A8Db)
where

E(V1ilXyi Niy @ = X2iB2 < Ui < b — X5,82) = 0, (A9a)

E(V2ilXai Niy @ = X3iB2 < Uy < b — X5,8,) = 0, (A9b)
and

E(V;iViilXy1i, X2i Miy @ = X582 < Uzi < b — X3,82) =0
for i#i'" and j=1,2, (A9c¢)
and where!?
E(V121 X145 Niy @ — XpB2 < Uz < b — X5,B5)
=o%(1 = p?) + 0,%p?M,, (A9d)
E(V2 21X, Niy a — XoiB2 < Uz < b — X5,B2) = 02°M,, (A9e)
E(ViiVailXyi, Xoi, Niy @ — Xo0iB2 < Uy < b — X5,B2) = 00M, (A9f)

19 We obtain these results using results found in Johnson and Kotz (1970, chap. 13, 77, 81, 83; chap.
36, 112).
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for p2 = 0'122/(0'12(722), M,' =1+ g,- - )\,‘2, and

& = (baif(da) — Guif(Du))/(F(dbp) — F(bay). (A9g)
We also have
0<1+§&—22<1 (A10)

from (A9e) and from the fact that the maximum of (1 + & — \;%) with respect to
by and by is 1. (Our expressions (A9d)—(A9f) correspond to Heckman’s ex-
pressions (4f)—(4h), and our (A10) corresponds to his (5).2° It is easily seen that our
expressions reduce to his if we set a = 0 and b = .)

Probit analysis for the probability that Y,; > a gives estimates for the coefficients
(B21 — a)/os, Bazloy, ... , bak,/0o; and probit analysis for the probability that
Y,; > b gives estimates for the coefficients (B; — b)/o3, B22/02, ... , B2k,/02. The
entire sample is used in both cases with the dummy dependent variable set equal to 1
if the appropriate condition on Y>; is satisfied for the ith individual and set equal to
0 otherwise. These estimated coefficients can be used to calculate ¢;, &y, A;, and
M;, the estimated values for ¢;, d4;, N;, and M, for each individual. The conditional
regression functions (A8a) and (A8b) may then be estimated directly for the appro-
priate subsamples of individuals using OLs and ignoring (A9d)—(A9f). Or we may
recover the residuals from these OLS regressions, and regress the squares of the
residuals from (A8a) on a constant term and M, to obtain estimates of the variance
of Vy; for each individual in a particular subsample. Estimates of the variance of V,;
for each individual in the subsample are given by S,°M;, where S, is the oLs
coefficient of \; in (A8b). These variance estimates may then be used to obtain GLs
estimates for the coefficients of (A8a) and (A8b) using weighted least squares. In
deriving these GLS estimates for (A8a) and (A8b) the interequation correlation given
by (A9f) is still ignored, and asymptotic efficiency cannot be claimed for this GLS
procedure. The usual formulas for the standard errors of the coefficients are not
appropriate for either the oLs or the GLs procedures described above, except under
the null hypothesis of no selection bias.

The correct asymptotic variance-covariance matrix for the OLs case may be
obtained as follows. Run oLS regressions (A8a)—(A8b) where \ is substituted in
for \. Denote by C the coefficients of A from equation (A8a), where the population
value of C is o,/05,. Let [31 be the estimated ;. Then the corrected standard errors
Heckman (1979) derived for the one-limit case can be easily extended to the present
two-limit case with the following changes:

1. Estimate o, by

611 = =1 - Zl (éi - 5\1'2),

20 See Heckman (1979).
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where éi is derived by substituting (f)a,, and ‘i>b,- into (A9g) and V; is the residual
term from (A8a).

1. For calculating B¢ B’ for the limiting distribution

él = B ) )
I*(A ~ N(, ByB’),
i a2, d
Heckman’s expression for B {s B' holds in the two-limit case if the following changes
are made:

a. Denote Z; = (¢, dpi), and use as Heckman’s N ;/0Z; the expression 9\ ,;/0Z; =
(ON;/0d 4, ON;/0d ;) where Heckman’s equations (15a) and (15b) would now read
(in our notation):

N _ baf@a) () — f(ba)}f(da)
Ibai  F(da) = F(dp)  {F(ba) — F(du)}

and

i _ —duif () | {f(dr) — f(dad}f(br)
Ibpi  F(da) = F(dp)  {F(du) — F(du)}?

b. Use as Heckman’s m; the expression
m: = {l + C*(& — \A)/o2.

It should be noted that these corrected standard errors are not valid for the case
where (Ala) or (Alb) or both are not reduced from equations. For example, if the
offered wage appears on the right-hand side of the hours equations, general ex-
pressions for the corrected standard errors are not available for the hours equation.?!

It should be pointed out that ¢,; and ¢; in (A7) may be defined alternatively as

bai = (Vo2)(a = X2:B2%), b = (Vo) — X2:B,"), (A1l

where some or all of the respective elements of 3,“ and B,? may differ. Estimates of
the relevant coefficients needed to calculate ¢,; and ¢,; may still be obtained using
probit analysis for the probability that Y,; > a and for the probability that ¥,; > b.
For instance, B, in (A1b) may be replaced by B,*?, in which case the functions
defining ¢, and ¢, in (A11) will include B,Y? evaluated at Y, = aand at Y, = b,
respectively. If we suspect that 8, also varies in value over the range of variation
for Y,;, we can also replace B; in (Ala) by B,*?. In the present application we are
interested in determining whether some elements of B; and B, are functions of a
wife’s annual hours of work.

Furthermore the range of variation for Y, over which Y, is observed may be
broken up into a sequence of intervals with endpoints b; < b, < ... ; probit analysis

(15a)

(15b)

21 Corrected standard errors for a certain type of instrumental variables estimator are considered for
simultaneous equations models with selectivity in Lee et al. (1980, equation (24)). Their computa-
tional formulas do not apply to our estimation method.
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may be repeatedly applied for the probability that Y,; > by, Y,; > b,, and so forth;
and B,”, B.%, ... and b, Gpyis ... may be estimated. Using these estimates for
bp,i» Pbyir --- » values for A; and M; for each individual in each of the subsamples
defined by the endpoints b,, b,, ... may be obtained from (A6), (A9g) and the formula
for M ;. The appropriate OLS or GLS subsample regressions should then yield a piece-
wise approximation to the underlying response surface.

The method presented for estimating the parameters of a pair of reduced form
equations such as (Ala) and (A1b) using data censored at two limits may easily be
extended to allow estimation in these same circumstances of the associated pair of
structural equations, provided that these structural equations are identified. Suppose,
for instance, that the structural system corresponding to the reduced form equations
(Ala) and (AlD) is

Yii=XB1 + Uy (Al2a)
and
Yo, = viYy + X*y, + U*, (A12b)

where X;* is a vector of exogenous variables, vy = (v, ¥2) is a vector of parameters,
and U;* is a random disturbance term. Thus (A12a) is identical to (Ala), and (A12b)
may be rewritten in the reduced form as (Alb) where X, consists of all distinct
exogenous variables chosen from X; and X* and U,; = vy,U,; + U;*. Assuming
the distribution of U,; and U,; thus defined to be bivariate normal, previous results
may be used. This extension is relevant in the present application, since we are
interested in directly estimating the response of the ith wife’s annual hours of work
to a given change in her offered wage rate.
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