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1. Introduction 

In this artic~e, we propose an econometric approach for estimating 

the simultaneous effects of health and wages in a structural equations 

framework. In the theoretical works of Grossman [1972a, 1972b], health 

is viewed as a capital stock which is determined endogenously a priori. 

The demand for health should rise with wage rate as the rate of return 

to health investment increases with wage. On the other hand, better 

health should raise market productivity and hence wage. Since health 

capital is an abstract theoretical concept, it can hardly be measured 

quantitatively; however, most population surveys include various health 

indicators. These indicators are usually discrete variables. In the 

empirical work of Grossman and Benham [1974], those qualitative indicators 

are treated as continuous variables and two stage least squares estimation 

techniques are used. This specification raises various econometric 

problems (see, e.g. Goldberger [1964, pp. 248-255], Domencich and McFadden 

[1975], and Nerlove and Press [1973]). A satisfactory specification should 

take into account the discrete nature of indicators. 

Our specification generalizes the dummy variables simultaneous equations 

system of Heckman [1978] and measurement models of Joreskog and Goldberger 
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[19751 and is closely related to the models of Muth~n [1976a, 1976b]. 

lillthen suggests using full information maximum likelihood procedures for 

estimation. Except for very simple cases, this does not generally yield 

feasible or tractible procedures. In this article, we introduce a tractible 

procedure for statistical estimation and testing. This specification and 

the estimation procedure is then applied to study the joint dependence of 

health and wages. Another departure of our approach from others is that 

we will test and correct the possible incompatibility of the various health 

capital indicators. In the population surveys, one may have subjective 

health indicators, such as self-evaluation of health, which may reflect 

different populations' perception of health. We propose a statistical 

procedure for testing measurement compatibility and correcting this problem. 

This article is divided into two parts. In the first part, we consider 

model specification, estimation and statistical tests in a general simultan

eous equation model with multiple discrete indicators. In the second part 

of the paper, we consider specification of the simultaneous equation model 

of health and wages. The model is then estimated and tested by the proposed 

procedures. Implications of the empirical results are discussed. 

.. 
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2. Model Specification, Normalization and Identification 

Consider the following simultaneous equation model 

(2.1) = x.r + u. 
~ 1. 

i=l, ••. ,N 

where ui '" N(O, 2:), E(u.lx) = 0, 
1. 

E(u.u. Ix) = ° for i F j 
1. J 

and B 

is a nonsingular matrix. Without loss of generality, we assume that the 

* . first m components Y'l"."Y' of y. are observable contl.nuous variables 
1. J.tn 1. 

and the last G-m components are unobservables. This model is similar 

to the classical sim4ltaneous equation models except that some of the 

* endogenous variables in Yi are unobservable. For the unobservable 

variables, we assume that there are indicators available which provide 

indirect measures of the underlying unobservable variables. Models with 

continuous indicators have been analyzed extensively (see e.g. Joreskog 

and Goldberger [1975]). Recently, Heckman [1978] and Muthen [1976] 

considered the case of discrete indicators. Heckman considered models 

with a single qualitative indicator, while Muthen considered the case 

of multiple dichotomous indicators. 

* Suppose Yit is an unobservable dependent variable and several 

qualitative indicators I~., j=l, ••• ,J n are available. 
1.J lw 

The indi-

* cators are related to the underlying unobservables Yit by some 

measurement relations. Suppose t 
Iij is a dichotomous variable with 

values ° and 1, the measurement relation can be specified as, 

(2.2) 

where z 1 u f -- exp (- --)du 
-00 l21Tcr2 2i is the normal distribution with 

variance 2 cr , evaluated at z. Obviously, not all the parameters in 

(2.2) are identifiable. The parameters in (2.1) and (2.2) need to be 



-4-

normalized. It will be convenient to normalize (reparameterize) the 

parameters in (2.1) and (2.2) in the following way. 

To simplify notations, let us suppress the subscript i which 

refers to sample i. The measurement equation can be rewritten as 

(2.3) j=l, ... ,J£ 

£=m+l, ... ,G 

where (0 .-<2 ) e: .£.; '\.0 N , u 

u e: £j 
is an unobservable index, and are 

mutually independent for all i and are independent with u i . The 

* z £j determines the observed discrete indicators as follows. index 

Suppose I.£.j is an ordered polychotomous indicator with values 

* 1, ... ,K£j' I £j and z £j are related as follows: 

* (2.4) I £j = 1 if z .£.j < ° 
* I £j = 2 if 0 < z .£.j < J..ll£j 

* if 11< .£.j - 2 , .£. j ~ z £j < 00 

where J..l nO, s=1, ••• ,K n .-2 are unknown constants. Obviously, not all 
s x,J NJ 

of the parameters in (2.3) and (2.4) are identifiable; therefore, we 

2 
normalize the parameters as follows. 

Let * 0 * * y = (y , Ym+l'···'YG) where is the vector 

of observable dependent variables. The reduced form equations of (2.1) 

are 

(2.5) 

2 

* 

* y X'IT + n 

When there is only one indicator for each unobservable variable 

y£, normalizing u£ = 0, A£ = 1 and n£ = 0, provides the system 

specified in Heckman [1978]. 
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Denote the corresponding reduced form equations of 
o 

y in (2.5) as 

(2.6) 

* Substituting y t = X7f t + nt' t = m+1, •.• ,G into (2.3), 

(2.7) 

Let and 

equation (2.7) implies 

. (2.8) 

j=l,···,J
t

, 

t=m+1, ••• ,G 

Conditional on 

o -1 0 0 
where ~tj = Atjnt + ER,j - OR,j~o n which are independent with n· 

o y , 

2 2 
Let us denote oR,j = E(~R,j) the variance of ER,j. Equations in (2.8) 

can be rewritten as 

* 0 

(2.8)' 
Zth a.R,. AR,. + a R,j ~ -1 (yO 0 -- = ~ + -2:l. X7f - X7f ) 
a tj a tj a R,j R, 0tj 0 

A 
0 

AR,. an (It· oR,. 
= .::!:.l. + (--.-ll_) x ( n 7f ) + -2:l. 

°tj OR,j An an R, a R,j 

where, implicitly, An'" 0, 0tj'" 0 for j and R.. 

1 

D = 

be a G x G diagonal matrix. 

* * * AR,. an 

~ R,. 
+~ 

a tj 

t: R, . -1 0 0 
~o (y -X7f ) + ..:& 

a R,j 

Denote 

* = D-1B, (lR./ a R,j , Let B (lR,j = A R,j 
= ...l:l._ J.l stj = J.l sR,j / °" R,j , 

O"tj Ad 
, 

** * ** * * 0* 0 y = Y D, Z R,j = zR,/0R,j' E R,j = ER,j/OR,j and a R,j = a R,j / a R,j • 
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Under this reparameterization, the structural equations are 

(2.9) ** * Y B xr + u 

and the measurement equations are 

(2.10) ** 
z.Q.j = 

* * ** 
CL.Q,j + AJ/,j Y J/, 

The indicators are determined as follows, 

(2.11) I J/,j = 1 if ** 
z J/,j < 0 

** 
IJ/,j = 2 if 0 < z .Q.j < 

IJ/,j = K.Q,j if ~!j-2,J/,j 

* 

* 
lllJ/,j 

* < z.Q,j 

From this construction, we have Atl = 1, OJ/, = m+l, •.. ,G. The structural 

equations (2.9) imply the following reduced form equations 

(2.12) 

where * *-1 
'IT = rB , 

* * = X'IT + n 

* *-1 n = uB • The advantage of this reparameterization 

* (or normalization) is that the variances of ~J/,j in the reduced form 

measurement equations 

(2.13) 

are unity, where 

* Furthermore, since x contains a constant term, we normalize CLJ/,l 0 

for J/, = m+l, ••• ,G. 

.. 
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As in the usual simultaneous equation model, the structural 

parameters are not identifiable without imposing restrictions on the 

structure. We assume, as usual, that the rank conditions (see, e.g. 

Theil [1971]) are satisfied for the equations in (2.9). Under the rank 

condition, once the reduced form parameters n* are identified, the 

structural parameters Band r will be identifiable. Since the 

* equations (2.13) are probit regression equations with a~l = 0 and 

* A~l = 1, the reduced form parameters are identifiable under the 

1 d ha l
IN, 

genera can ition t t p im N Li=lxixi 
N-+co 

exists and is positive definite 

(c.f. Domencich and McFadd~n [1975]). 

* 
* Similarly, the parameters a~j 

and A~j are identifiable. The identification of the remaining parameters, 

* in the covariance matrix L and the variances 2 cr of £ ~j depends 

* crucially on the joint distribution of £ and u. For each ~,let 

= 

where 

This implies a factor structure, 

E ** 
2 

A~A~ + E * = cr * (2.13) 

£~ n~ £~ 

* 2 -*2 
A = diag(Au ) , cr * = E(n~ ) 
~ n~ 

where 

*' * '* of £~ = (£~l'···'£~J ). 
~ 

Evidently the covariance matrix 

multivariate probit equations (2.13). 

+ 

and L * is the variance matrix 

£~ 

L ** is identifiable from the 
£~ 

Since A~ are identifiable, the 

remaining number of unknown parameters on the right hand side is 

Thus, the parameters 
2 

cr * and 
n~ 

E '* are underidentified. 
£~ 
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In Huthen (1976), he assumes that s ~ q are mutually 

independent. Under this'assumption, E * is a diagonal matrix and all 
E:.Q, 

the parameters can be identified; however, this assumption may be too 

strong for general purposes. Since our main interests are in the 

estimation of the structural coefficients Band r, these restrictive 

assumptions are unnecessary and will not be imposed. 
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3. Estimation and Hypothesis Test 

We assume that the rank conditions are satisfied for our model to 

achieve identification of structural coefficients Band r. In 

addition to this identification condition and the conditions in (2.1), 

we assume that the explanatory variables xi are random samples drawn 

from a distribution with a finite positive definite variance matrix 

E • x This implies plim; t;.=l xixi = Ex· 
N-+<x> 

To estimate this model, the maximum likelihood procedure is com-

putationally complicated and does not result in general or feasible 

analysis procedure. Alternative procedures which are computationally 

tractible are needed. For the model with a single indicator for each 

dependent variable, consistent and tractible estimation procedures 

have been proposed in Maddala and Lee [1976], Heckman [1978] and Amemiya 

[1979]. It has been shown in Amemiya [1979] and Lee [1980] that the 

estimates derived in Amemiya are more efficient than the others. For 

the multiple discrete indicators model, our procedure proposed derives 

from the application of the minimum _x2 principle of e~timation3, c.f. 

Neyman [1949], Taylor [1953] and Ferguson [1958]. 

30ther applications of this principle of estimation may include 

Zellner's [1962] approach to generalized least squares estimation in 

multivariate regression models with linear constraints on the regression 

coefficients; Malinvaud's [1970, ch. 9] approach to cover nonlinear con-

straints on the regression coefficients and Joreskog and Goldberger's 

[1972] generalized least squares approach to factor analysis and others. 

Amemiya's [1979] approach is also related to this princple. 
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To siEplify the expressions, we illustrate the procedure in a 

two equation model with one unobservable dependent variable and two 

ordered polychotomous indicators for this variable. The procedure i.s 

quite flexible and can immediately be extended to models with an arbitrary 

number of equations and discrete indicators. Specifically, the structural 

equations are 

* (3.1) Yl + S12Y2 = xIYl + ul 

and the measurement equations for * Y2 are 

(3.2) + E. 
J 

where ~ = 0 and the unknown coefficients 

previous sections. 

Let I. be the ordered polychotomous 
J 

j=1,2 

have been normali.zed as in 

* indicator related to z. 
J 

with K 
j 

categories as specified in (2.11). Equations (3.1) and (3.2) 

imply the following set of block reduced form equations, 

(3.3) 

(3.4) 

(3.5) 

where 

y 
1 

and 

The estimation procedure is divided into three stages: 

Stage 1: Rearrange equations (3.4) and (3.5) into 

(3.4)' * zl = yl o11 + x012 + E;l 

(3.5) , * z2 = yl 021 + x022 + E;2 
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Equation (3.3) can be estimated by ordinary least squares (OLS) which 

gives 

(3.6) 

with variance can be 

estimated by Each equation in (3.4)' and 

(3.5)' is an ordered polychotomous probit equation, which can be esti-

mated by maximum likelihood procedures (c.f. McKelvey and Zaviona [1975]). 

Corresponding to equation (3.4)', define·· Kl dichotomous variables for 

each sample i, 

C 
if Ili = j 

dilj 
= 

otherwise 
j=2, ••• ,Kl 

and dill = 1 - dil2 - •••• - d' lK 1 1 

Let ~(v) be the standard normal distribution function evaluated 

at v. The log likelihood function is 

(3.7) 
N Kl, 

RnLl (6l ) = L·_l 1.:· 1 d· l , tn(~(j.i. 1 1 + r.) - ~(j.i. 21+ r.» 
1- J = 1 J J - , 1 J - , 1 

where 

= 0 and l1c
l
-l ,1 = "". 

(3.8) 
Kl 

tli= 1.:. ld·l·Rll\~(j.i. ll+r.) - ~(j.i. 2l+ r .» J= 1 J J- , 1 J- , 1 

The estimates of 6
1 

can be derived by maximizing (3.7). This procedure 

generalizes the probit maximum likelihood procedure (Finney [1947]). 

Under the assumptions that the parameter spaces are compact, the vector 

of true parameters is an interior point and the other assumptions 

already specified, one can easily show (see, e.g. Jennrich [1969]) that 

o 
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the maximum likelihood estimates 

normally distributed, 

(3.9) 

where 

(3.10) 

[Ie 
1 

of from (3.7) are asymptotically 

and 

where It 12, " means that both sides have the sarile asymptotic distribution 

and J 1 is defined from °
1 

= J 1 8l • Similarly we can estimate equation 

0.5) I. Let °2 denote the vector of coefficient in (3.5) I and °2 

be the ordered probit estimates. we have 

(3.11) 

~ ~ ~ ~ 

Let WI (ni' 0i, o~) be the estimates of WI = (ni, 0i, °2) derived 

above. Evidently, ~(~ - w) ~ N(O, [l). By the strong law of large number, 
w 

[l can be consistently estimated by W. 
w 

(3.12) w = w 0 0 nl 

0 Wo W . 
1 °1°2 

0 W Wo .0 2°1 2 

where W ~2 l~ -1 l~ cj,Q"li 3\i -1 
(J (N . 1 x ~ x. ) , W nl n 1= 1 1 ° J l (N i=l ae 3'8') J 1 , 

1 1 1 

Wo 
1 N 3£li 3£li -1 

J 2 (NLi=1 Te;- 38/ J 2 
and 

2 
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evaluated at 

Stage 2. In this stage, we will estimate the reduced form parameters ~. 

Let T' = (~i' ~2' a2' A2' 0120~2). w defined above is a function of T, 

i.e. 

(3.13) w = h(T) 

Explicitly, these relations are 

(3.14 ) ~l = ~l 

°Il 
-2 = 

°12°1 

°12 
-2 = ~2 - °12°1 ~l 

-2 
°21 = A201201 " 

a2el + A2~2 -
-2 

°22 = A20l201 ~l 

where ei = (1,0, .•• ,0). To estimate T, we usggest the following nonlinear 

least squares procedure (NLS), 

-1 A 

min(w - h(T»'W (w - h(T» 
T 

It can be easily shown as in Jennrich [1969] that T is strongly consistent 

and 

where gh(T) = 3h(T)/3T'. An initial consistent estimate T can be derived 

as follows. From the first stage estimation, we have already derived 

estimates ~l' 0Il· The remaining parameters can be estimated as (if 
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TI z °12 + °111Tl 

X2 821/6
11 

0.2 = ei(622 A2012)· 

These estimates can then be used as initial estimates for the iterations.
4 

In general, the second stage estir~tes of 1Tl will improve on the first 

stage estimate of 1Tl with the following exception. For the case in which 

there are no reduced form constraints on 1T
2

, the second stage estimate 

of 1Tl will be the same as the first stage estimate of because 

the equations 01' 1Tl are uncorrelated and there is no information about 

that can be attained from 0' s. 

Step 3. In this stage, we will estimate the structural parameters B 

and· r from 1T = [1T
l

, 1T
2
]. From the second stage estimation, we have 

an estimate of , - (' , ) vec 1T = 1Tl , 1T2 . Let L be the matrix such that 

A 

vec1T = L, and let vecn = L,. Define a quadratic function 

4A relatively simpler procedure is to linearize he,) at an initial 

consistent 1 and estimate , by generalized least squares. Linearizing 

he,) at 1", it implies 

w - h(T) = Vl1(,)L + (w - w) 

and 1" ean be estimated as 

A 
A 

This procedure is known as the method of scoring. The estimate , have 

the sarile limiting distribution as 1". 
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(3.16) 

where V is a positive definite matrix. If V is a known matrix, 

minimizing QV with respect to Band r will give estimates linearly 
A 

in TI. Chosen 

(3.17) 

it implies 

(3.18) 

As V in (3.17) contains unknown parameters B, QV in (3.18) is highly 

nonlinear. Instead of minimizing this highly nonlinear function, we 

suggest a modified procedure. First, we estimate Band r by minimiz-

• 
(3.19) 

subject to the fixed parameters and exclusion constraints imposed on 

Band r. 

Denote this estimate of B as B. Substituting B into (3.17), 

we have V = (B 6 I)(Vh'(i)W-lVh(T))-l(B 6 I) and then minimize 

(3.20) 

w.r.t. Band r subject to the fixed parameters and exclusion constraints 

imposed on Band r. 

The estimation procedure in (3.19) is similar to procedures suggested 

in Amemiya for Heckman's model. The estimation procedure in (3.20) 

generalizes his procedure to the joint estimation of a system of equations. 

These similarities can be shown as follows. Define matrices Ll and L2 
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froIT. xl = xLI and x 2 = xL2• It follows r = [Ll Yl' L2 Y2] and 

1 

'2] [ B~11 (3.21) [ n
l

, = [L
l 

Yl , L2 Y2] 
1312 

Equivalently, 

(3.22) 

(3.23 ) 

where The asymptotic variance matrix 

of s is 

(3.24 ) 

Amemiya's suggestion amounts to estin~ting equations (3.22) and (3.23) 

by ordinary least squares. Obviously this is equivalent to minimizing 

Qr' A more efficient procedure is to estimate the equations (3.22) and 

(3.23) jointly by generalized least squares (GLS) with an estin~ted Vs' 

i.e. 

this is the same procedure as minimizing 

(3.25)' 
--1 -1 --1 A 

e = (G'V s G) G.'V s vec en) 

Q
V 

substituted for 

in (3.20). 

v s' 
Let 

Evidently, 

which is asymptotic normal N(8,L). The asymptotic variance matrix 

of e can be estimated by 

Using these estimates and their asymptotic distributions, hypotnesis 

testing is straightfonvard. Suppose we would like to test the null 
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g(e) = 0, where g(e) is a r vector and ag(e)/ ae' 

has rank r at the true parameter, the statistic 

(3.26) 

can be used. As e is asymptotically normal, the statistic in (3.26) 

is asymptotic chi-square with r degrees of freedom. In addition to test-

ing the significance of coefficients in the model, we may be interested 

in testing the compatibility of the measurement equations. In the specifi-

cation of the measurement equations (2.10), we have implicitly assumed that 

the measurement errors are nonsystematic. If there are systematic measure-

ment errors present in the indicator, the measurement equations will nqt be 

compatible. Specifically, in addition to ** y R. ' if there is a systematic 

measurement bias related to x, the measurement equation will be 

(3.27) 

. 
If the specified measurement equations in (3.2) are compatible, they imply 

cross equations constraints as in (3.4) and (3.5). If the measurement 

euqations are equations as in (3.27), the cross equation constraints in 

(3.4) and (3.5) will not hold. Thus to test the compatibility of the 

measurement equations, we suggest testing the validity of the cross 

equations constraints. The constraints in this model are expressed as 

w = h(T) in (3.13). Thus the null hypothesis for measurement compati-

bility is 

statistic 

(3.28) 

H : 
o 

w = h(T). To test this null hypothesis, we can use the 

where w is the unconstrained estimates derived from stage 1 and 

* A W = h(T) constrained estimate of w with the estimates T derived 

from the second stage estimation. Under the null hypothesis H , 
o 
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'. 

The Taylor expansion about h(T) yields h(T) 
+ ~ = h(T) + Vh(T )(T-T), 

where T+ lies between T and T. Under the null hypotheses, 

is ccnbisL~nt eSl~~2te uf 1. Hence 

::\ \. ~ ~- ,. ( -;:) ) 

and asymptotically, 

-Jz M( ~ rG n, w - w) 
w 

is 
2 

X (q - p) where ~ is the dimension of the vector wand p is 

the number of free parameters in T. (See Graybill [1961]). 

To correct for incompatibility of measurements, one need to identify 

the potential explanatory variaLles whici1 characterize the measurerJ.ent 

biases. If there is a systematic measurement bias related to x, the 

measurement equations should be corrected as in (3.27). In general, even 

the exp~anatory variables x in (3.27) contain explanatory variables in 

the structural equations, the reduced form parameters TI and hence the 

structural equations parameters may still be identifiable unless there are 

measurement biases in every measurement equation. Accordingly, the second 

and third estir,lations should be modified. 
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4. An Empirical Application -- Health and Wage 

4.1 Model and Data. 

To illustrate the estimation procedures, we apply them to study 

a simultaneous equation model with health and wages jointly dependent. 

In Grossman [1972a, 1972b], health is viewed as an endogenously determined 

capital stock. The stock of health is a theoretical concept which is 

difficult to quantify empirically; however, various indicators are 

available. These include an individual's evaluation of the state of 

his health, health limitations,5 etc. In most of the existing empirical 

works, e.g. Grossman and Benham [1974], Luft [1975, 1978] and Grossman 

[1976] these indicators are treated as continuous proxy variables for the 

unobservable health stock and models are estimated by ordinary least 

squares or two stage least squares. These approaches are computationally 

simple but involve some specification problems. Those indicators are 

either discrete or limited dependent. It is well known (see, e.g • 

Goldberger [1964], pp. 248-255) that linear regression approaches create 

various specification and estimation problems. These specifications may 

become more problematic for simultaneous equation models. Another problem 

is the quality of the various health indicators. The self-evaluation 

health indicators may represent information bias about health as well 

as measurement of health capitals. Health economists recognize this problem 

(c.f. Luft [1975]) but no satisfactory solutions have been proposed. These 

problems, however, can be easily handled by our approach. 

5ather indicators may be of work-loss weeks due to illness, number 

of symptoms, etc. 
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The health model we consider consists of t\vO structural equations 

with unobservable health capital and wage rate jointly dependent. Let 

* H be the unobservable health stock of an individual and \~ be the 

natural logarithmic wage rate. The two structural equations in the model 

are as follows, 

(4.1) 

(4.2) 

* 

* R 

w'here Hand Ware endogenous variables and Xl' Xz are vectors of 

explanatory variables. A complete list of variables used in this model 

is given in table 1. 

TABLE 1 

LIST OF VP...RL-lliLES USED IN THE HODEL 

Variables 

xll = xZl 

x
IZ xzz 

x
13 

= x
23 

x14 
= xZ4 

Definition 

Constant 1 (CONSTANT) 

Highest grade cOlLlpleted in years, 1966 (EDliCATIOH) 

Age of respondent, 1966 (AGE) 

}1arital status of respondent, 1966 (YARRIED); 

1 if married and spouse present, 

o otherwise 

Total net family asset in thousand dollars, 19t6 (ASSET) 

Square of experience; x
Z5 

= (AGE - EDliCATll)l~ .:. G) 2/100 

(E.G'SQ) 

Cu:rrent residence in SI~SA, 1966; x
26 

x = 0 otherwise (SilSA) 
20 

1 if in SHSA, 

Southern region dummy; x 27 = 1 if in South Atlantic, 



Variables 

w 

* H 
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Table 1 (continued) 

Definition 

E.S. Central, or W.S. Central 

x
27 

= 0 otherwise (SOUTH) 

Race; x28 = 1 if white, x28 = 0 for others (RACE) 

Hourly rate of pay at current or last job in 

nature logarithm scale of cents per hour, 1966 

Unobservable health stock 

Health in comparison to other men the age of 

respondent, self-rating, 1966 (INDICATOR 2); 

12 = 1 if poor, 12 = 2 if fair, 12 = 3 if good, 

12 = 4 if excellent 

(INDICATOR 1); II = 1 if health does not affect kind 

or amount of work, 1966; II = 0 no health limitation. 

The data we used are from the National Longitudinal Survey of Men 45 -

59, Survey year 1966. The sample used is restricted to middle age males, 

45 to 59 years of age, with positive earnings in 1966. Samples with 

incomplete observations in our list of explanatory variables are omitted. 

The final sample size is 2876. In this sample, two health indicators are 

available. One indicator is the individuals' self-evaluation of his 

general health as excellent, good, fair or poor as compared to other men 

of the same age. This indicator is an ordered polychotomous variable 

normalized with respect to age. The other health indicator is related to 

health limitation. In this survey the individual is asked whether his 

health prevents working, limits the kind of work, limits the amount of work 

or imposes no limitations, mutually exclusively. Since our sample is limited 

to individuals with positive earnings, individuals who are unable to work 

have been excluded. This might create a selection problem; however, we 
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don't expect this to create a serious problem since these individuals 

compose only 3.7 percent of the survey (see the National Longitudinal 

This indicdtor is treated as a dichotol:ioUS va:.::-iaLle. I 

bThis potential probleIi might deserve SOllie conunents. Tr:yir'0 to 

incorporate the unable to work individuals into the model creates some 

conceptual and specification 'difficulties. In Heckman [1974], he has 

formulated a labor supply model to correct for potential wage selection 

bias for the female labor supply. HOvlever, his approach is not quite 

appropriate for modeling the "unable to work individuals" labor supply. 

Potential market wages cannot be meaningfully defined for the men , .. ho 

are unable to ,vork since "health prevents workingH is unlikely to be a 

temporary event. In the NLS male 45-59 samples, the mean years of duration 

of "health preventing work" is about ten years. Another difficulty is the 

specification of the market experience variable (see footnote 9). The 

market eXFerience for the unable to work individuals may be specified as 

(age-schooling-6-D) where lJ is the year of duration of health preventing 

work. In retaining unable to work individuals in the sample, the health 

limitation indicators 11 "'ill be a three level, ordered, discrete 

variable. Suppose 11 = 0 denote the unable to work category. Ho\-!ever, 

since D # 0 if and only if 11 = 0, the inclusion of variable D in 

the model would create tautological problems. Fitting an ordered probit 

equation with 11 as dependent variable and D as explanatory variable, 

the coefficient of D will be negative infinity. Due to these difficulties 

and the small proportion of samples in this category, such observations are 

excluded from our sar- __ ,. 

~ 

/ One may treat ~r:.:-...s l.rluicator as an crdereci I>O.l>"C[lllL-l..JLn.-Ut> -\tC;.ridLle. 

However, we are not quite convinced that "health affects kind of work" 

would represent a poorer health condition than "health affects amount of 



-23-

The explanatory variables in the health structural equation consist of 

CONSTANT, EDUCATION, AGE, MARRIED and ASSET. The explanatory variables 

in the health equation are variables that may affect both the demand for 

health as well as the production of health (Grossman and Benham [1974]). 

On the production side, health is expected to respond positively to the 

"years of schooling completed" as schooling may increase the production 

efficiency of health and fall with age as the rate of health depreciation 

may rise with age for middle age individuals. On the demand side, the 

demand for health should rise with the wage rate as the rate of return 

to health investment should be positively related to the wage rate. The 

demand for health will rise with "net family assets" since good health 

is expected to increase individual's well being. On the production side, 

it is a proxy for inputs in the production of health. 8 The explanatory 

variables in the wage generating function consist of CONSTANT, EDUCATION, 

AGE, MARRIED, EXPSQ, SMSA, SOUTH and RACE. The specification of the 

wage generating function is standard in the human capital literature 

(c.f. Becker [1967], Mincer [1970]). Wage rates depend on investments in 

human capital as measured by investment in formal schooling and on the job 

training. Hence schooling and market experience have positive effects on 

7 (continued) work" or vice versa. Treating it as a dichotomous variable 

may result in loss of efficiency but avoids the problems created by 

classification errors. 

8The net family asset is used as a proxy for inputs, in the production 

of health which may include utilization of preventive medical services, 

health insurance coverage, recreation, quality of the living environment, 

etc. Specific information about these variables are not available from 

the NLS survey. 
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9 
wages. The marital status variable is also related to human capital 

investment since married men specialize in the labor market more than do 

single men and accordinbly have a greater investment in human capital 

(c. f. Kenny et. al. [1979]). The regional variables, SOlJTH and SHSA are 

proxies for the differential cost of living in these regions. The cost 

of living is usually higher in more densely large populated regions; 

consequa1tly, the coefficients are expected to be negative for southern 

regions and positive for SHSA. The race variable is related to racial 

discrimination in labor markets. Health capital is included as an 

explanatory variable for wages as it should raise market productivity 

and hence wages. From this specification, the structural health equation 

is exactly identified as the only explanatory variable excluded from this 

equation is the net family asset variable. On the other hand, the structural 

health equation is overidentified as the variables EXPSQ, S}lSA, SOUTH and 

RACE are excluded from the wage generating equation. 

The measurement equation corresponding to ItIDICATOR 1 is specified 

as in (3.2) with al = 0 and Al = 1. The measurement equation corresponding 

to Il\DICATOR 2 needs to take into account that individual's health self-

evaluations are normalized with respect to individual's age. Specifically, 

we specify the first measurement equation as 

9 Actual market experiences for individual workers is hardly available 

in census surveys. As a conventional rule, one may use (age-schooling-6) 

as measure of market.experience. In our wage equation, the age variable 

is entered instead of experience. The coefficient of age in the wage 

equation does represent the effect'of experience, but the coefficient of 

schooling will be the difference of the effects of education and market 

experience. 
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(4.3) 

and the second measurement equation as 

(4.4) 

where is the coefficient of the age variables x13 in the structural 

health equation. The second health indicator is "self-evaluation of health 

status" which may be subject to perceptual biases about health for different 

populations. To correct for this measurement problem, one needs to identify 

the potential explanatory variables which characterizes such measurment 

differentials. Once the variables R2 are identified, they can be intro-

duced into the measurement equation as 

(4.5) 

4.2 Empirical Results 

The structural equations (4.1), (402) with measurement equations (4.3) 

and (4.4) are estimated by the three stages procedure described in the 

previous sections. The results from the first stage estimation are 

presented in TABLE 2. In the second stage estimation, we have used the 

10 nonlinear least squares procedure. The results of the second stage 

estimation are presented in TABLE 3. In this estimation, we have taken 

into account the specific structure of the measurement equation in (4.4) 

and hence there is an estimate of the coefficient of age variable Y13 

10 In all the second stage estimation, we use Newton's iteration pro-

cedure with consistent initial estimates. The procedure converges rapidly 

at 7 or 8 iterations. The first iteration estimates are the estimates of 

method of scoring. It provides close approximates to the convergent esti-

mates. However the derived chi-squares statistics are usually unnecessary 

large to be useful. 
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in the structural health equation. The signs of the coefficients of reduced 

, form wage equation in the first and second stage estimations are the same 

as expected. The standard errors of the estimates are in the brackets. 

The third stage estimates are reported in TABLE 4. 

It is interesting to note that the estimated coefficient for the wage 

rate in the structural health equation in TABLE 4 is significantly positive; 

that is, the wage rate increases the demand for health. Another significant 

coefficient in the health equation is the effect of aging on health. The 

health capital stock of a middle age male decreases as the individual grows 

older. The effect of education is positive but only marginally significant 

at the 10 percent level of significance. The net family asset variable has 

the expected positive effect on the demand as well as production of health 

capital but is not significantly different from zero. However, even though 

the effect is not strong in the structural equation of health, its net 

effects as derived in the reduced form equations in TABLE 3 are quite strong. 

The coefficient of marital status is negative but not statistically different 

from zero. Conparing the t values, wage rate has the stronger effect on 

health than education. Our results thus differ from the conclusions of 

Grossman and Benham [1974] where schooling had stronger effect on health 

than wages. 

11 It should be nOLeci that the estimated coefficient of schooling 

(EDUCATION) would be biased upward if past health capital during schooling 

ages and highest grade completed were positive correlated, and past health 

had an effect on the current health equation (Grossman [1976]). Thus the 

effect of schooling might even be weaker. Information on workers' past 

health during schooling ages was not available in the NLS sample. 
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TABLE 2 

FIRST STAGE EST~ATION* 

Ordered Pro bit Maximum Likelihood Estimates 

INDICATOR 1 INDICATOR 2 

CONSTANT -.53588 1. 93876 
(1.16108) (.91447) 

EDUCATION -.02109 .08985 
(.04468) (.03519) 

AGE .00527 -.07187 
(.04467) (.03523) 

MARRIED -.01307 -.09425 
(.08204) (.06465) 

ASSET .00051 .00125 
(.00076) (.00060) 

EXPSQ -.03926 .08062 
(.06024) (.04764) 

S:HSA .09369 .15338 
(.05998) (.04745) 

SOUTH .11098 .04347 
(.06276) (.04893) 

RACE -.21916 -.00952 
(.06713) (.05185) 

w .32937 .31092 
(.05899) (.04721) 

JJ1 = 1. 03300 
(.04569) 

jJ = 2.28526 2 (.05101) 

_.1. - I - -~ - .-
lihood Function -1467.9491 -3157.2675 

-2 Log Likeli-
hood Ratio 

(with 9 degrees 
of freedom) 80.3307 207.1084 

* Standard errors are in brackets. 

W 

5.65524 
(.34153) 

.07265 
(.01369) 

- 003569 
(.01376) 

.25786 
(.02533) 

.00175 
(.00018) 

.04121 
(.01869) 

.26089 
(.01836) 

-.16206 
(.01914) 

.20278 
(.02042) 

2 .1957 (J = 

, 
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TABLE 3 

STAGE ESTI}~TION 

* Reduced H Reduced W 

2.43045 5.65520 
(.55707) (.34154) 

.05701 .07265 
(.02158) (.01369) 

-.05576 -.03569 
(.02083) (.01376) 

-.00565 .25786 
(.03743) (.02533) 

.00102 .00175 
(.00035) (.00018) 

.04307 .04121 
(.02821) (.01869) 

.12960 .26089 
(.03295) (.01836) 

-.00299 -.16206 
(.02851) (.01914 ) 

.02673 .20278 
(.03047) (.02042) 

Y13 = -.01542 (.00581) 

-2 01201 = .18146 (.03925) 

a = -.77216 (.70973) 

A = 1.69786 (.24399) 

Test of measurement compatibility x2 (7) = 28.345 
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TABLE 4 

THIRD STAGE ESTIl1ATION 

Structural H* Structural W 

CONSTANT .49066 1.42018 
(.50306) (1. 50026) 

EDUCATION .00914 .00036 
(.00553) (.03348) 

AGE -.01922 .03890 
(.00567) (.03387) 

MARRIED -.06512 .27341 
(.04245) (.06520) 

ASSET .00032 
(.00034) 

EXPSQ .00388 
(.02597) 

SMSA .09531 
(.07785) 

SOlITH -.09770 
~ (.02295) 

RACE .11079 
(.03058) 

W .22402 
(.07549) 

H* 2.22232 
(.56691) 
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For the estimates of the structural wage rate equation, the coefficients 

of health capital, marital status, race and south variables are ~ignificant. 

The signs of these effects are correct as theoretically predicted. Better 

health increases market productivity and hence wages. Married males with 

spouse present receive 27 percent higher wages. White workers receive 11 

percent higher wages than nonwhite with the same years of schooling. Workers 

in southern regions receive 9.8 percent lower wages than workers in other 

regions. The remaining explanatory variables are not statistically significant. 

~iorb~rs living in SHSA receive higher wages. One more year of market 

experience increases wages by 3.9 percent as measured by the coefficient 

of age. Schooling has essentially the same rate of return as market 

experience. The rate of return for this middle age cohort is less than the 

rate of return for younger cohorts in other studies. In Kenny et. ale 

[1979], the estimates rate of return for high school graduates in 1960 is 

about eleven percent. The differences for the two cohort&might be 

explained by differences of quality of education received by the cohorts. 

The coefficient of squared market experience is essentially zero. As the 

dependent variable W is measured in logarithmic scale, the estimated 

earning profile is increasing and concave. In summary, these empirical 

results are compatible with the theoretical implications of human capital 

theories (Grossman [1972b] and Becker [1967]). 

Let us now consider the problem of compatibility of the two health 

indicators. From the estimates of A, at the bottom of TABLE 3, the 

estimated scale coefficient A is significant. Thus the self-evaluation 

health indicator does contain valuable information for the unobservable 

health capital. However, the Chi-square test of measurement compatibility, 
. 2 

X = 28.345 with seven degrees of freedom, does indicate that there is a 

systematic measurement bias in self-evaluation of health. This measurement 
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bias may reflect perceptual problems about health. He suspect that popula-

tions of different race or with different levels of education may have 
1 .. 

different perceptions about health.-- To correct for this, we modify the 

measurement equation (4.4) into equation (4.5). This results in modifica-

tion of the second and third stage estimations for our model. The results 

are reported in TABLE .5 and TABLE 6. After controlling for measurement 

differences in health evaluation by education and race, the Chi-square 

test of measurement compatibility is X
2 = 7.58 with five degrees of 

freedom. This is not significantly different from zero and hence the 

modified measurement equations are compatible. The estimated scale 

coefficient A which is again siginficant and is not different from 

unity, indicates that the health self-evaluation indicator contains valuable 

information about health capital in addition to the health limitation 

indicator. 

Comparing TABLE 4 and TABLE 6, the notable differences are that 

education and wages have weaker effects (in term of t values) in the 

demand and production for health capital. Other than that there are no 

significant differences. Health capital has similar effect on wages when 

the potential health self-evaluation measurement bias are corrected. The 

variables that have significant coefficients are the same in both sets of 

estimates in TABLE 4 and TABLE 6. Married workers with spouse present 

have 26 percent higher wages than others. ~lliite workers receive 19 percent 

more wages than nonwhites. Workers living in southern regions have 11 

percent lower wages. Except for these slight differences in estimated 

magnitudes, the qualities and the implications of the estimated effects are 

hardly changed. 

1 ? 
.L-As previously indicated, we have chosen the health limitation 

indicator as the standard one since we are interested in the aspect of 

health capital on market productivity. Implicitly, we assume that the 

health limitation indicator is an objective measure and health self-

evaluation is a subjective measure of health. 
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TABLE 5 

SECOND STAGE ESTINATION 

(Measurement Compatibility Correlated) 

CONSTANT 

EDUCATION 

AGE 

MARRIED 

ASSET 

EXPSQ 

SMSA 

SOUTH 

RACE 

* Reduced H 

2.92587 
(.77817) 

.06399 
(.03004) 

-.06975 
(.03018) 

.00476 
(.05342) 

.00141 
(.00046) 

.05936 
(.04089) 

.19820 
(.04530) 

.00717 . 
(.04120) 

-.14994 
(.06422) 

Y13 = -.01402 (.00596) 

-2 
'1.201 = .28574 (.05243) 

A = 1.13667 (.15554) 

Reduced W 

Same as 
Table 3 

Systematic Reporting in Self-Evaluation 

CONSTANT CL 

EDUCATION 

RACE 

-.12446 
(.45062) 

.02042 
(.00880) 

.22121 
(.06980) 

i(5) = 7.58 
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TABLE 6 

STAGE 3 ESTIMATION 

(Heasurement Compatibility Corrected) 

* I Structural H Structural vi 

CONSTANT .36472 2.23857 
(.62771) (1. 23747) 

EDUCATION .00165 .02251 
(.01012) (.03016) 

AGE -.02002 .02717 
(.00566) (.03043 ) 

HARRIED -.07153 .25906 
(.06017) (.06744) 

ASSET .00052 
(.00047) 

EXPSQ .00509 
(.02798) 

SHSA .09998 
(.08463) 

SOUTH -.11204 
(.02742) 

RACE .19232 
(.07099) 

W .26748 
(.11353) 

* H 1. 60510 
(.40095) 



-34-

5. Conclusions 

In this article, we have proposed an econometric approach for 

estimating the simultaneous effects of health and wages in a structural 

equations framework. Our approach takes into account that health capital 

is an unobservable and the health indicators are discrete variables. 

Specifically, we generalize Heckman's Dummy Endogenous Variable Simul-

taneous Equation System [1978] to an equation system with multiple ordered 

2 
X polychotomous indicators. An estimation procedure based on minimum 

principle is suggested. This procedure is computationally tractible and 

results in generally feasible analysiS procedure. We have also con-

sidered the problem of measurement compatibility of the indicators. An 

2 X test is proposed for testing the compatibility of the indicators. 

Our approach has the flexibility that the disturbances in the measurement 

equations need not be independent. 

Our empirical specification of the structural joint dependence of 

health and wages is based on the theoretical framework of health capital 

developed in Grossman [1972a, 1972b]. Two ordered discrete variables are 

used as health indicators. One is based on health limitations and another 

is based on the individual's self-evaluation of health. We have found that 

individuals with different levels of schooling and of difference races have 

different perceptions of health in their self-evaluation. The estimated 

results are compatible with theoretical implications of human capital 

theory. We can conclude that wages and health capital are strongly jointly 

dependent. Wages have strong positive effect on the demand for good health 

and good health raises market productivity and hence wages. It was found 

that schooling has less effect on the production and demand for health 

capital than wages. 
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