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THE CORRELATION BETWEEN HEALTH AND SCHOOLING

Michael Grossman

The relationship between health status and sociceconomic con-
ditions is a subject of increasing concern for both medicipe and
social science. Several recent studies in the United States in-
dicate that amﬁng socioeconomic variables years of formal schooling
completed is probably the most important correlate of good health
(Stockwell 1963; Fuchs 1965; Hinkle et al. 1968; Kitagawa and Hauser
1968; Auster, Levescon, and Sarachek 1969; Breslow and Klein 1971;
Grossman 1972b; Silver 1972). This finding emerges whether health
levels are measured by mortality rates, morbidity rates, or self-
evaluation of health status and whether the units of observation
are individuals or groups. The relationship is usually statistically
significant at levels of confidence of .05 or better in botB simple
and partial correlations.

This paper has two purposes. The first is to develop a method-
ological framework that can be used to introduce and discuss alternative
explanations of the correlation between health and achooling, The second
is to test these explanations empirically in order to select the most
relevant ones and obtain quantitative estimates of different effects.
The empirical work is limited to ome rather unique body of data and
. uses two measures of health that are far from ideal. The methodological
framework can, however, serve as a point of departure for future research

when longitudinal samples with more refined measures of current and past

health and background characteristics become available.




In a broad seﬁse, the observed positive correlation between health
and schooling may bhe explained in one of three ways. The first argues
that there is a causal relationship that runs from increases in school-
ing to Increases in health. The second holds that the direction of
causality runs from better health to more schooling. The third argues
that no causal relationship is implied by the correlation. Instead,
differences in one or more "third variables," such as physical and
mental ability and parental characteristics, affect both heal;h and
schooling in the same direction.

It should be noted that these three explanations are not mutually
exclusive and can be used to rationalize any observed correlation be-
tween two variables. DBut from both a public policy and a theoretical
point of view, it is important to distinguish among them and to obtain
quantitative estimatcs of their relative magnitudes. A stated goal of
public poliecy in the United States is to improve the level of health
of the population or of certain groups in the population. Given this
goal and given the high correlation between health and schooling, it
might appear that one method of implementing 1t would be to Iincrease
governmeﬁt outlays on schooling. _In fact, Auster, Leveson, and
Sarachek (1969) suggest that the rate of return on increases in heaith
via higher schooling outlays far exceeds the rate of return on increases

in health via higher medical care outlays. This argument aééumésﬁghatx
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the correlation between health and schooling reflects only the effect
of 'schooling on health. If, however, the causality ran the other wav
or if the third variable hypothesis were relevant, then increased

outlays on schooling would not accomplish the goal of improved health.

From a theoretical point of view, recent new approaches to demand

theory assume that consumers produce all their bagic objects of choice,
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called commodities, with inputs of market goods and services and their

own time (Becker 1965; Lancaster 1966; Muth 1966; Michael 1972; Ghez

and Becker 1973; Michael and‘Becker 1973). Within the context of the

household proﬁuction function model, there are compelling reasons for

treating health and schooling as jointly determined variables. It is

reasonable to assume that healthier students are more efficient pro-

ducers of additions to the stock of knowledge'or human capital via

formal schooling. If so, tﬂen they would tend to increase the quantity

of investment in knowledge they demand as well as the number of years

they attend school. Similarly, the efficiency with which individuals

transform medical care and other inputs into better health might rise

with schooling. This would tend to create a positive correlation be-

tween schooling and the quantity of health demanded. Moreover, genetic and

early childhood environmental factors might be important determinants of

both health and intelligence.l Since intelligence and parental character-

istics are key variables in the demand curve for schooling, the estimated

effect of schooling on health would, under certain conditions, be biased

if relevant third variables were omitted from the demand curve for health.2
The plan of this paper is as follows. In Section I, I formulate a recur-

sive system whose two fundamental equations are demand curves for health

lEarly childhood environment i{s shaped, to a large extent, by
parental characteristics such as schooling, family income, and socio-
economic status. :

2The effect of schooling on the health of adults would not be biased
by the ouission of third variables if one had a perfect measure of their
health during the years that they attended school and if schooling were
the only determinant of the efficiency of nonmarket production. For a
complete discussion of this point, see Section I, Part B.
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and schooling. The former equation is based on a model of the déﬁand

for health that I have-developed in previous work (Grossman 1§72a3 1972b).

The system as a whole is similar to those that have béen used by Bovles

(1972); Grilliches and Mason (1972); Lillard (1973); and Leibowitz (1974)

to study rei;tionships among schﬁoling.'abiiity,.and"earnings. In Section II, I
describe the empirical implementation of the model to data contained in

the NﬁER-Thorndike sample, and in Section IIT, I preéent empirical estimates. In
Sectibn iV, I expand the model by treating current health and current

market wage rates as siﬁultaneously determined variables and show the

results of estimating wage and health functions by two-stage leasf

squares, Finally, in Section V, T examine the mortality experience of the

NBER-Thorndike sample between 1955 and 1969.

I. The Model

A. Demand Curve for Health

Elsewhere (Grossman 1972a, 1972b), Irhave constructed and estimated
a model of the demand for heélth. For the purpose of this paper, it will
be useful to summarize this model and to comment on the nature of the
reduced form demand curve for healtﬁ capital that 1t generates. As a
point of departure, I assume that individuals inherit an initial stock
of health that depreciates with age agd can bg.inCteaéed by investment.
By definition, net investment in the stock oééhealth equals gross in-
vestment minus depreciation:

Ht+1 - Ht - It - Gth » (l)

where H, is the stock of health at age t, It is gross investment, and

Gt is the rate of depreciation. Direct inputs into the production of




gross investments in health include the own éiﬁe of the consumer, medical
care, proper diet, housing facilities, and ofhet market goods and serviceé
as well,

In the model, consumers demand.hgalth for two reasons. As a con-
sumption commodity, it directly enters their utility functiohs. or put .
differently, illness is a source of disutility. As an investment com-

modity, it determines the total amount of time available for work in the

market sector of the economy, wheré consumers produce money earnings,

and for work in the nonmarket or household sector, where they produce
commoditiea that enter their utility functions. The investment motive for
demanding health is present because an increase in the stock of health
lowers the amount of time lost from market and nommarket activities in
any given period, say a year, due to illness and injury. The monetary
value of this reduction in lost time measures the return to an invest-
ment in health.

In much of my work, I have ignored the consumption aspects of the
demand for health and have developed iﬁ detail a pure investment version
of the general model.3 The pure investment model generates powerful
predictions from simple analysis and innocuous asgumptions and alao
.emphaaizes the difference between health capital and other forms of
human capital., 1In particular, persons demand knowledge capital be-
cause it influences their market and nonmarket productivity, On the

other hand, they demand health capital because it produces an output

31n the pure investment model, the marginal utility of healthy
time or the marginal disutility of sick time equals zero.
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of healthy time that c#n théﬁ feuallocated to the production of money
earningsvand commodities., Since the output of health capital has a finite
upper limit of 8,760 hours in a year (365 days times 24 hours per day),
the marginal product of this capital diminishes. This suggests a healthy

time production function of the form

he = 8,760 - B "C, (2)

where ht i1s healthy time and B and C are positive constantg. From (2),

the marginal produét of health capital would be
- - ~-C-1 (3)
G, (aht/ant) Bcnt .

In the pure investment model, given comstant marginal cost of
gross investment in health, the equilibrium stock of health at any age
can be determined by equating the marginal monetary rate of return on
health capital to the opportunity cost of this capital. 1If Ht i1s the
hourly wage rate and 1if T is the marginal cost of gross‘investment in

health, then the rate of return or the marginal efficiency of health

capital can be defined as

Y, " L Gt/ﬂt . (4)
In equilibrium,
_ " R

N
where r is the rate of interest and Te is the continuously compounded.
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percentage rate of change in marginal cost ﬁifhudge.A Equations (3},

(4), and (5) imply a demand curve for health capital or a marginsl

efficiency of capital schedule of the form 5
in Ht = In BC 4+ ¢ 1n Wt - €ln T, ~ € in Gt » (6)

where € = 1/(1 + C) is the elasticity of the schedule.

By making assumptions about the nature of the depreciation rate
function and the marginal cost of gross investment function, I have
uséd equation (6) to obtain and estimate a reduced form demand
curve for health capital, If ; is the constamt continuously conmpounded

rate of increase in the rate of depreciatfon with age and if 61 is the

rate of depreciation during some initial period, then

In 6t = 1n 61

N
+ 6t {7)

4Equilibrium condition (5) assumes that gross investment in health
is always positive., PFor a discussion of this point, see Grossman (1972a,

PP. 233-234).

5From equation (3),

In Gt = 1ln BC - (C + 1) 1n Ht .

Subatitute 1ln Yy - 1n Wt + 1n T for 1n Gt in this equation, and solve for
In H, to obtain B

In H: = 1ln BC+ ¢ 1n Wt - € ln ", ~€ 1n Tt

where ¢ = 1/ (1 + C). Replacing Ye by ¥ - :t + 6; in the last equation
and assuming that the real-owm rate of interest, r - ?t' is equal to zerg,
one obtains equation (6). For a justification of the assumption that r-r,
is zero, see Grossman (1972b, p. 42).
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It should be noted that 61 18 not the rate of depreciation at the very
beginning of the life cycle. Instead, it is the rate at an age, say
age sixteen, when individuals rather than their pafen:s begin to make
their own decisions.

I develop an equation for marginal coat by letting the gross in-

vestment production function be & member of the Cobb-Douglas class:
In I, =aln Ht + (1 - a) 1In T, + pE. (8)

The new variables in this equation are M., a market good or a vector of
market goods used to produce gross investments in health; Tt' an input of
the consumer's own time; and E, an index of the stock of knowledge or
human capital.6 The new parameters are 2, the output elasticity of Mt

or the share of M; in the total cost of gross investment; (1 - a), the
output elasticity of Tt; and p, the percentage improvement in nonmarket
productivity due to human capital. It is natural to view medical care

as an important component of Ht’ although studies by Auster, Leveson._
and Sarachek (1969); Grossman (1972b); and Benham (in progress) reach

the tentative conclusion that medical care at best has a minor marginal

impact on health.7

6Note that certain inputs in the M vector, such as cigarette
smoking and alcohol consumption, have negative marginal products in
the gross investment function. They are purchased because they also
produce other commodities, such as "smoking pleasure." Therefore,
Joint production occurs in the household. For an analysis of this
phenomenon, see Grossman (1971). Note also that, 1f health were
produced in a family context, then Tt might be a vector of time
inputs of various famiiy members.

7Grossman and Benham (1973) produce some evidence to the contrary,
but this evidence should also be viewed as tentative,
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Equations (6), (7), and (8) generate a reduced form demand curve

for health capital given bys
‘ "
In Ht = ac In Wt - ae ln‘Pt + pe E - fet - € 1In 61 s (9)

where P, 18 the price of M,. It should be realized that, although the
subscript t refers to age, Ht will vary among individuals as well as over
the life cyhle of a given individual. It should also be realized that
the functional form of equation (9) 1s one that is implied by the model
rather than one that is imposed on data for "convenience." According

to the equation, the quantity of health capital demanded shoﬁld be
pogsitively related to the hourly wage rate and the stock of human
capital and should be negatively related to the price of Ht' age, and

the rate of depreciation in the initial period.

In previous empirical work (Grossman 1972b, Chapter V), I fitted
equation (9) to data for individuals who had fintshed their formal
schooling. I measured health by self-rated health status and alter-
natively by sick time and measured the stock of knowledge or human
capital by years of schooling éompleted. Since I had no data on
deprecfation rates of persons of the same age, I assumed that In &
was not correlated with the other variables on the right-hand side of
equation (9). Pu; differently, I treated 1n 61 as the random dis-
turbance term in the reduced form demand curve.

In general, my empirical results were consistent with the predictions

8For a derivation of equation (9), see Grossman (1972b, Appendix

D). This equation, as well as the remainder of those in this paper, does not

contain an intercept because all variables are expressed as deviations
from their respective means,




cf tihe model, In particular, with age, the wace ratc, and several
other variacles held constant, schooling had a positive and sianificant
effect on health.9 I interpreted this result as evidence in sucnort of
tiie hypothesis that schooling raises the efficiency with which health

is produced. That is, I interpreted it in terms of a causal relation-
ship that runs from more schooling to better health. If, however, the
unobserved rate of depreciation on health capital in the initial period
were correlated with schooling or if schooling were an imperfect measure
of the stock of human capital, then my finding would be subject to more

than one interpretaticn.

B. A General _E_{gcux_'si\_rgjystém

I now show that a general model of life cycle decisionmakine would
lead to a negative relationship between schoolino and the rate cf de-
preciation. Moreover, this model would predict npositive relationshios
between schooling and other components of nonmarket efficiency and be-
tween schooling and additional third variables that should, under cer-
tain conditions, enter equation (9). These relationships arise because,
in the context of a life cycle model, the amount of schooling persons

acquire and their health during the time that they attend school are

endogenous variables., I do not dewvelop the model in detail but instead

9This finding complements the negative relationships amona schooling
and various age-adjusted mortality rates that are reported in a number of
studies. See Stockwell (1963); Fuchs (1965); Hinkle et al.(1968);: Kita-
gawa and Hauser (1968); Auster, Leveson, and Sarachek {1969); Breslow and
Klein (1971); and Silver (1972).
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rely heavily on previous work dealing with the demand for pre-school and

10
school investments in human capital and the demand for child quality.

1. Demand Curve for Schooling

The optimal quantity of school investment in human capital in a2 given year
and the number of years of formal schooling completed should be positive functions
of the efficiency with which persons transform teachers' services, books,
their own time, and other inputs into groés additiens to the stock of know-
ledge. As Lillard (1973, p. 32) points out, efficiency in producing human
capital via schooling is determined by factors such as physical abilicy,
mental ability (intelligence), and health.11 Another reason for expecting
a positive effect of health on schooling is that the returns from an invest-
ment in schooling last for many periods. Since health status is posi-
tively correlated with life expectancy, it should be positively corre-
lated with the number of periocds over which returns can be collected.

In addition to efficiency and to the number of periods over which returns

10For models of the determination of optimal investment in human
capital, see, for example, Becker (1967); Ben-Porath (1967); and Lillard
(1973). For models of the demand for child quality, see, for example,
Leibowitz (1972); Ben-Porath (1973); De Tray (1973); and especially
Willis (1973). For studies that view pre-school investment in human cap-

ital as one aspect of child quality, see, for example, Lillard (1973) and
Leibowitz (1974).

11A common specification of the production function of new human

capital at age t, due originally to Ben-Porath (1967), is
In Q. = 1n B + ay 1n stEt + a, 1n Dt s

where s_ 1s the proportion of the existing stock of human capital allo-

cated to the production of more human capital, D¢ is an input of market goods
and services, and a.+ as< 1. Following Lillard (1973), I assume that

ability and health primarily affect the Hicks-neutral technology parameter
B rather than the stock of human capital that individuals possess when

they first begin to make their own decisions. Leibowitz (1974) stresses

the effect of ability on the pre-school stock of human capital but reaches
the same conclusion with regard to the effect of ability on schocling.
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accrue, the opportunity to finance investments in human capital, measured
by parents' income or by parents' schooling, should be a kéy determinant
of the quantity of schooling demanded.

Let the factors that determine variations in years of formal school-
ing completed (S) among individuals be summatized by a demand curve of

the form

S = ay 1in Hl + azﬁ, (10
vhere X is a vector of all other varfables besides health that influences
5. In a manner analogous to the interpretation of S1» Hl may be inter-
preted as health capital at the age (age sixteen) when individuals begin
to make their own decisions. I will assume, however, that a given person's
health capital at age sixteen is highly correlated with his or her own
health capital at the age (age five or six) when formal schooling begins.
One justification for this assumption is that the rate of increase in the
rate of depreciation might be extremely small and even zero at young agea.l2
The demand curve for schooling given by equatidn (10) differs in
a fundamental respect from the demand curve for health given by equation
(9). Since the production function of gross investment in health exhibits
constant returns to scale and since input prices are given, the marginal
cost of gross investment in health is independent of the quantity of
investment produced. Therefore, consumers reach their desired stock

of health capital immediately, and equation (9) represents a demand curve

for an equilibrium stock of capital at age t. Implicit in this equation

12Indeed, at young ages, the rate of depreciation might fall rather

than rise with age.
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is the assumption that people never stop investing in their health.l3

On the other hand, following Becker (1967) and Ben-Porath (1967),
I allow the marginal cost of gross investment in knowledge to be a positive
function of the rate of production of new knowledge.14 Thus, consumers
do not reach their equilibrium stock of knowledge fmmediately, and
equation (10) represents a demand curve for the equilibrium length of
the investment period, measured by the number of years of formal schooling
completed. Since rersons typically leave school by age thirty, investment

in knowledge ceases after some point in the life cycle.15

2, Demand Curve for Children's Health
Although the health and intelligence of children depend partly on
genetic inheritance, these variables are not completely exogenous in a

life cycle model. 1In particular, they also depend on early childhood

13One justification for this assumption is that it is observed
empirically that most individuals make positive outlays on medical
care throughout their life cycles.

1J'Tl'd.s assumption is required because, from the point of view of any

one person, the marginal product of the stock of knowledge is independent
of the stock. For a complete discussion of this point, mee Becker (1967)
and Ben-Porath (1967). Grossman (1972a, pp. 234-235) compares and con-
trasts in detail the alternative assumptions made about the marginal
products of health and knowledge capital and about the marginal costs

of producing gross additions to these two stocks.

lsAfter leaving school, persons can continue to acquire human
capital via investments in on-the-job training. I assume that human
capital obtained in this manner is a much less relevant determinant
of efficiency in the production of health than human capital obtained
via formal schooling. For analyses of the forces that cause the
quantity of investment in human capital to decline with age, see
Becker (1967); Ben-Porath (1967); and Mincer (1970, 1972).
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environmental factoras, which are shaped to a large extent by parents.16

If children'g health is viewed as one aspect of their quality, then one

can concelve of a demand curve for Hl whose key arguments are variables

that determine the demand for child quality. Children's health should

rise with their parents’ income if quality has a positive income elasticity
and should rise with their parents' schooling 1f persons with higher school-
ing levels are relatively more efficient producers of quality children than
of other commodities. Most important for my purposes, the quantitcy

of Hl demanded should be negatively related to 61. This follows because,
regardless of whether one 18 examining the demand for children's health
capital or adults' health capital, an increase in the rate of depreciation -
raises the price of such capital.

Let the demand curve for children's health be given by
In Hl - bl Y-¢ 1n 61 . (11)

In equation (11), Y is a vector of all other variables in addition to

17

61 that affects Hl and s‘ is the price elasticity of Hl. This elasticity

will not, in gemeral, equal the price elasticity of H, (e). Surely, in a
developed economy such as the United States, a healthy child 1is primarily
a consumption commodity. Since my model treats adult health as primarily

an investment commodity, the substitution effect assoclated with a change

16
This point 1s emphasized by Lillard (1973) and especially by
Leibowitz (1974).

7Along similar ldnes, one could specify a demand curve for
children's intelligence. For one specification and some enpirical
estimates, see Leibowitz (1974),
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in the price of H will differ in nature from the substitution effect
assoclated with a change in the price of Hl'

It should be realized that the stock of health capital. inherited
at birth does neot enter equ;tion (11) directly. Given constant marginal
cost of gross investment in health, any discrepancy between the inhérited
stock of children'g health and the stock that their parents demand in the
period immediately following birth would be eliminated ipstantaneously.
This does not mean that Hl is independent of genetic inheritance and
birth defects. Variations in these factors explain part of the variation
in 61 among chilgren of the same age. According to this interpretation,
children with inferior genetic characteristics or birth defects would
have above average rates of depreciation, and their parents would demand
a smaller optimal quantity of Hl.l8 Of course, one could introduce a
direct relatiomship between current and lagged stock by dropping the
assumption of constant marginal cost. Such a framework would, however,
greatly complicate the interpretation and empirical estimation of demand
curves for children's health and adults' health. Consequently, I will

not pursue it in this paper.

3. Human Capital Equation

To complete the analytical framework, it is necessary to specify an

equation for the stock of knowledge or human capital after the completion

18The same conclusion would be reached if an inferior genetic
endowment or a birth defect lowered the amount of gross investment in
health obtained from given amounts of medical care and other inputs.
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of formal schooling. Recall that it is this stock that determines the
efficiency with which adult health is produced. Assume that the stock
(E) depends on years of formal achooling completed (S) and a vector of

other variables (Z) as inlg

E= ¢y S + e, Z. (12)

The variables in Z include the initial or inherited stock of human
capital and determinants of the "average" quantity of new knowledge
produced per year of school attendance, such as ability,

health, qQﬁlity of schooling, and parental characteristics. In one
important respect, equation (12) is misspecified, for the function that
relates E to S and Z 1s almost certainly nonlinear.zo In this paper, I
uge equation (12) as a first approximation in assessing the bilases that
arise when determinants of human capital other than schooling are omitted

from the demand curve for health. In future work, I plan to modify the

assumption of linearity.

4. Comments and Interpretation of Health-Schooling Relationships
The system of equations that I have Just developed provides a
coherent framework for analyzing and interpreting health-schooling

relationships and for obtaining unbiased estimates of the "pure' effect

19The variable E does not have an age subscript because it is the
stock of knowledge after schooling ends. If the rate of depreciation
on knowledge capital were positive, E would fall with age. 1 assume
that this effect 1s small enough to be ignored, at least at most stages
of the 1life cycle.

2OEmploying Ben-Porath's model of investment in human capital,
Lillard (1973) obtains a specific solution for the stock of human
capital as a function of schooling, ability, and age. His equation
is highly nonlinear,
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of schooling on health, Before I turm to these matters, it will be
useful to make a few comments about the general nature of this system.
The stock of knowledge is a theoretical concept and is difficuler to
quantify empirically. Because it will not in general be possible to
estimate the human capital funétion given by (12), substitute it into the
demand curve for adults' health given by (9). This reduces the system to
three basic equations, which are demand curves for children's health,

21
schooling, and adults' health:

1n Hl = bl Y-e"1n & (1)

1

4"
In Ht = g In W -aeg In P + ey peES + czpcz - fer - ¢ 1In 61. {97)

Since the endogenocus variables are determined at various stages in the
life cycle, these three equations constitute a recursive system rather
than a2 full simultaneous equations model. For example, although children'g
health is the endogenous variable in equation (11), it is predetermined
when students select their optimal quantity of schooling at age sixteen.
Similarly, schooling is predetermined when adults select their optimal
quantity of health capital ae age t. It is well-knmown that estimation
of each equation in a recursive system by ordinary least squares is
equivalent to estimation of the entire system by the method of full-

information maximum likelihood.22

2lAge subscripts are deleted from all variables on the right-hand
side of the demand curve for adults' health except the rate of deprecia-
tion in the initial period from now on.

ZZSee. for example, Johnston (1963). This proposition is valid only
if the unspecified disturbance terms in the equations are mutually independ-
ent.
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I have specified demand curves for adults' health and for children's
health, but I have not specified a demand curve for health at an age when
persons are still in school but are making their own decisions. Formally,
if the decisionmaking process begins at age sixteen and if schooling
ends at age t*, then I ignore demand at age j, where 16 < h| :_t*. It
might appear that I have done this to avoid a problem of instability in the
system. Specifically, variations in Hl would cause the quantity of human
capital produced in period 1l (Ql) to vary. An increase in Ql would raise
the stock of human capital (Ez) in period 2, which should raise efficiency
in the production of health and the quantity of Hy demanded. In turn, the
increase in Hz would raise Qz and so on. Although this process is poten=-
tially unstable, it is observed empirically that persons do not attend
school throughout their life cycles. Rather, the equilibrium quantities
of S and the stock of human capital (E= Et* ) are reached at fairly
young ages, and the system would retain its recursive nature even if
a demand curve for l-lj were 1ntroduced.

The simultaneous determination of health and knowledge in the age
interval 16<j§F* does suggest that Et* should depend either on all
quantities of H or on an average quantity of H in this interval. But
such an average undoubtedly is highly correlated with the stock of
health at age sixteen. This simultaneous determination also blurs to
some extent the sharp distinction that I have drawn between knowledge
capital as a determinant of productivity and health capital as a deter-

minant of total time. Note, however, that E * depends on H, rather than

on the contemporaneous stock of health. Therefore, the distinction be-

tween health and knowledge capital remains valid as long as it is applied

to contemporaneous stocks of the two types of capital at ages greater

than t*.
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The wage ;ate_ggd:she stock of_ﬁnm;n capit#l obviously are posiﬁively
correlated, yet I treat the wage ;afe as an expgenous variable in the
Tecursive system. The wage rate enters the demand curve for adults'
health in order to assess the pure effect of schooling on nommarket
productivity, with market productivity held constant. The wage should

have an independent and positive impact on the quantity of health de-
| manded because it raises the monetary value‘of‘a reduction in sick time
by a greater percentage than it raises the cost of producing such a
reduction. If market and nommarket productivity were highly correlated,
it would be difficult to isolate the Pure nommarket productivity effect,
but this is an empirical issue that can ulﬁimately be decided by the
data. As long as the current stock of health is not a determinant of
the curreunt stock tlrf human capital, nothing would be gained by specifying
an equation for the wage rate. Until Section IV, I asgume that, at ages
greater than tt Et and therefore W, do not depend on Ht‘

In the remainder of this secfion. I discuss the interpretation and
estimation of health-schooling Telatiomships within the context of the
recursive system. Given an appropriate measurerof the rate of deprecia-
tion in the initial period, an ordinary least squares fit of equation (97)
would yield an unbiased estimate of the pure effect of schooling on health.
Now suppose that no measure of 6y is available. From equation (11), By is
negatively related to 6, and from equation (10), § is positively related
to Hl‘ Therefore, S is negatively related to 61. Since an increase in 61
causes Ht ﬁo fall, the expected value of the regression coefficient of $
in equation (9°) would be an upward blased estimate of the relevant popula-
tion parameter. This is the éasence of the reverse causality interpreta-
tion of an observed positive rélationship between schooling and health.

Due to the prediction of the recursive system that healthier students
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should attend school for longer periods of time, the effect of school-
ing on health would be overstated if 61 were not held constant in com-
puting equation (9°).

In general, it should be easier to measure the stock of health in
the initial period empirically than to measure the rate of depreciation
in this period. Therefore, the easiest way to obtain unbiased estimates
of the parameters of equation (9°) would be te solve equation (11) for ln

61 and substitute the resulting expression into (9°):

In Ht = ac InW-ag In P + c1 pesS
"
+czpez -8et+ {e/e”) 1n H1
- (ble/e‘) Y. 9"

A second justification for this substitution is that Hl ia one of the
variables i{in the Z vector because it is a determinant of the average
quantity of new krmowledge produced peé year of school attendance. Con-
sequently, 1ln Hl should enter the regressién whether or not 1n 61 can
be measured, and the elimination of 1In 61 from (9') makes it simpler
to interpret variations in key variables within the recursive system.23
Formally, 1if 2 = 2~ + c3 In Hy, then the regression coefficient of
1n Hl in equation (9") would be c3c2pe+(e/s‘). Although it would not

be possible to isolate the two components of this coefficient, both

should be positive. Therefore, one can make the firm prediction that

23If In Hl varied with 5 and 1ln &, held constant, then one would be
imposing a negative correlation betweel Y and X. Since the variables

in these two vectors primarily reflect childhood environment, such a
correlation 1s not plausible.
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H1 should have a ﬁositive effect on Ht' This relationship arises not
because of any direct relationship between current and lagged stock but
because H is negatively correlated with the depreciation rate in the
initial period and is positively correlated with the equilibrium stock
of human capital.

The "third variable" explamation of the observed positive correlation
between health and schooling asserts that no causal relationship 1s implied
by this correlation. Instead, differences in one or more third variables
cause healgh and schooling to vary in the same direction. The most logical
way to introduce this hypothesis and to examine its relevance within the
context of the recursive system is to associate third variables with the Y
vector in the demand curve for children's health and with the X vector in
the demand curve for schooling. Many of the variables in these two vectors
represent factors, such as parents' schooling and parents’' income, that
shape early childhood enviromment. If years of formal schooling completed
were the only determinant of the stock of humaﬁ capital and if one had a
perfect measure of 61 or Hl, then the third variable effect would operate
golely via the relationship between Hl and Ht' That is, provided Hl were
held constant, the estimated schooling parameter in equation (9") would
not be biased by the omission of environmental variables that induce similar

24
changes in schooling and children's health.

The situation would be somewhat different if onme had no measure of 51

or Hy. Then a variable in the Y vector might have a positive effect on He

241ndeed, according to equation (9"), an increase in Y, with In H

constant, would cause ln H to fall. Note, however, that, if In 61 ané Y
were independent, then Y should be omitted from (9").
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if 1t were negatively correlated with 61.25 The assumption of a negative
correlation between Y and 61 is not as arbitrary as it may seem, for 61
is not entirely an exogenous variable. To the extent that variations in

51 reflect variations in birth defects, these defects should depend in
part on the quantity and quality of prenatal ecare, which in turn may be
related to the characteristics of parents. For instance, at an empirical
level, birth weight is positively correlated with mothers' schooling.26
Moreover, there is evidence that physical health is influenced by mental
well—-being.z7 Some of the differences in 61 among individuals may be
associated with differences in mental well-being that are created by

early childhood environmental factors,

In an intermediate situation, one may have some data on past health,
but it may be subject to errors of observation. Then it would make sense
to include Y in a regression estimate of equation (9") in order to improve
the precision with which past health is estimated. In general, Y would
have a larger effect on current health the greater is the error variance
in H, relative to the total variance.

1f efficiency in the production of adults' health were not determined

solely by years of formal schooling completed, then third variables could

25
If (9") were fitted with 1n H, omitted, the expected value of the

regressjion coefficient of Y would be (e/e¢”)(b - b }, where b is the partial
regression coefficient of In H, on Y, with other variables in the demand
curve for adults' health held constant. If b were positive, the expected

value of the regression coefficient of In Ht on Y would he positive provided

b > bl'

265ee, for example, Masland (1968),

27See, for example, Palmore (1969a, 1969b).




- 23 -

have effects on current health independent of their effects on past
health. These effects are represented by the coefficignts of the |
variables in the Z vector in equation (9"). Since some of these
variables also enter the X vector in the demand curve for schooling,
the estimated impact of schooling on current health would be bilased
1f the Z variables were excluded from the demand curve for adults’
health. I have interpreted the variables in this vector primarily
' as measures of a person's capacity to assimilate new knowledge in a
glven year of school attendance and have agssociated them with physical
and meatal ability, health, parental characteristics, and school quality,
In general, it will not be possible to distinguish the effects of Y
variables from those of Z variables in the demand curve for health.
For example, given an imperfect measure of past health, parents' schooling
may have a positive impact on current health because it is positively
correlated with past health or because it is one determinant of the
stock of human capital.

The overlap between elements in the Z vector and those in the X
and Y vectors suggeste that certain third variables must operate 1in
an indirect manner only in the demand curve for adults' health. Clearly,
it would not be feasible to vary schooling, with past health and all
of the other variables in the ¥ vector held constant. That is, one could
not use schooling and all of 1its systematic determinants as independent
variables in a regression with current health as the dependent variable.
Specifically, intelligence, like children's health, is one aspect of the
quality of children that depends on genetic inheritance and early child-
hood environment. Therefore, these factors may affect the current stock

of health solely through their influence on intellizence.28

8
For a similar discussion with regard to the effects of parental
characteristics and intelligence on earnings, see Leibowitz (1974).
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At this point, two caveats with regard to the third variable effect
are in order. First, I have assumed that efficiency in health production
is a function of a homogeneous stock of knowledge or human capital,
Efficiancy.may, however depend on "general” human capital (knowledge)
and on "specific" (hﬁalth—related) human capital. It is plausible to
associate schooling and mental intelligence with general capital and
to associate physical characteristics with specific capital. Suppose
that genetic inheritance affects physical and mental ability and suppose
that an inferior genetic endowment 1is not reflected in poor health until
later stages of the life cycle., Then there is a rationale for including
physical ability in the demand curve for health even if this dimension
of ability is not directly related to the quantity of schooling demanded.
Indeed, given the health-specific nature of physical ability, it should
have a larger effeet on current health than mental ability. On the other
hand, given the schooling-apecific nature of mental ability, it should
have a larger impact on schooling than physical ability.

Second, 1if one considers the production of health in a family con-
text, then years of formal schooling completed by one's spouse becomes
a relevant third variable. To anticipate the empirical work in the
following sections of this paper, consider the process by which the
health of married men is produced. Typically, such men devote most of
their time to market production, while their wives devote most of
their time to nonmarket productions. This suggests that wives' time
should be an important input in the production of husbands' health.

If an increase in wives' schooling raises their nonmarket productivity,
then it would tend to raise the quantity of husbands' hezalth demanded.

To be sure, an increase in schooling should raise the value of time,

measured by the potential market wage rate, as well as nonmarket
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productivity.29 Suppose that wives' schooling but not their potential
market wage were included in a demand curve for husbands' health. Then
the wives' schooling parameter would be e(pf— uf&f), where Pe is the
percentage increase in wives' nonmarket productivity due to a one year
increase in scheeling, ﬁf is the percentage change in market productivity,
and ag is the share of wives' time in the total cost of gross investment
in husbands' health. This parameter would be positive-provided Pg exceeded
ac ﬁf. Thus, it would definitely be positive if schooling raised market
and nonmarket productivity by the same percentage.3o

To summarize, given data on current health, past health, and third
variables for persons who had completed formal schooling, one could
estimate the demand curves for adults' health and schooling given by
equations (9") and (10). The coefficient of schooling in equation
(9") would indicate the contribution of this variable to current health,
with past health and third variables held constant. That is, it would
measure the degree to which more schooling causes better health. The
coefficient of past health in equation (10} would measure the extent to
which good health at young ages induces people to attend school for
longer periods of time. Since the two equations constitute a recursive

system rather than a full simultaneous equations model, consistent

estimates of each may be obtained by ordinary least squares.

291 4o not consider here the difficult problem of measuring the
value of time of persons not in the labor force. For discussions of
this issue, see Gronau (1973) and Heckman (1974).

30 - -
Since ag 4_!1,;:'f >ac ‘Hf if pf = We.
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IT1. Empirical Implementation of the Model

A. The Samgie

I have used data contained in the NBER-Thorndike sample to estimate
health and schooling functions. This is a sample drawn from a population
of 75,000 white males who volunteered for and were accepted as candidates
for Aviation Cadet status aas pilots, navigators, or bombardiers in the
Army Air Force in the last half of 1943.31 To be accepted as a candidate,
a man had to pass a physical examination and the Aviation Cadet Qualifying
Examination, which measured scholastic aptitude and achievement. Accord-
ing to Thorndike and Hagan, the minimum passing score on the Qualifying
Examination was ''one that could be "achieved by about half of high school
graduates (1959, p. 53)." Thus, the candidates were selected almost
entirely from the upper half of the scholastic ability (I.Q.} distribution
of all draft-eligible white males in the United States in 1943. After
passing the Qualifying Examination, candidates were given seventeen
specific tests that measured five basic types of ability: general intelli-
gence, numerical ability, visual perception, psychomotor control, and
mechanical ability.32 A candidate's scores on these tests determined
whether he was accepted as an Aviation Cadet for training in one of

the programs, and his subsequent performance in training school deter-

mined whether he actually served in the Air Force.

31For complete descriptions of the sample, see Thorndike and Hagan
(1959) and Taubman and Wales (1973).

32The identification of these five basic types of ability is due to

Thorndike and Hagan (1959). It is discussed in more detail in Part C of
this section,
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in 1955, Robert L. TEorn&ikefﬁnﬂ\Elizabéth Hagan collected infor-
mation on earnings, schooling, and oécupation for a civilian sample of
9,700 of these 75,000 men. In 1969, thg National Bureau of Ecomomic
Research mailed a questionnaire to the membgrs of the Thorndiké-Hagan
sample and received 5,085 responses. In 1971, the NBER sent a suppleméntary
questionnaire to the persons who answered its initial questionnaire and
reéeived 4,417 responses. In Section V, I examine the mortality ex-
perience of the NBER-Thorndike sample between 1955 and 1969. Until
then, my empirical analysis is limited to men who responded to both
NBER questionnaires, were married in 1969, were members of the labor
force in that year, and did not have unknown values for certain key
variables.33 The sample size of this group 1is 3,534.
The NBER resurveys greatly increased the amount of information
available in the data set. 1In particular, Thorndike and Hagan did
not obtain any measures of health, parental characteristics, or
spouses' characteristics. The NBER surveys included questions on all
these variables and aiso up-dated the information on earnings, school-
ing, and work history since 1955. Most of this information was gathered
in the 1969 survey. The 1971 survey collected several background character-
istics that were omitted from the 1969 survey and also expanded the measures
of health to include zn index of past health as well as an index of current
health., Since the measure of past health is available only for persons
who responded to both the 1969 and 1971 surveys, I limit my analysis to

such persons.

33The specific sample that I utilize is described in more detail in
the Appendix.
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It should be emphasized that, for several reasons, the white males
in the NBER-Thorndike sample by no means constitute a representative
sample of all white males in thé United States. First, everyone in the
sample is around the same age. The mean age in 1969 was forty-seven
years, and the age range was from forty-one years to fifty-five years.
Second, these men are drawm maiﬁly from the upper tails of the school-
ing, earnings, and scholastic ability distriﬁutions. All of them
graduated from high schéol, and their mean full-time salary was approxi-
mately $18,000 in 1969, As I have already indicated, in order to pass
the Aviation Cadet Qualifying Examination in 1943, one had to have a
level of scholastic ability at least as high as half of all high school
graduates. Third, since the men passed a physical examination in 1943,
they were at least fairly healthy in that year. As I will show presently,
their current health tends to exceed that of a random sample of white
males.

It is plausible to postulate that the effect of past health on
schooling and the effect of schooling on current health decline as the
levels of these variables increase. Therefore, it may be more difficult
to uncover sipgnificant health-schooling relationships in the NEER-Thorndike
sample than in other samples. In particular, with past health held constant,
any impact of schooling on current health represents the effect of college
attendance versus completion of formal schooling after graduation from
high school. As a corollary, if significant health-schooling relationships
exist in the NBER-Thorndike sample, even more significant relationships
may exist in the general population. The main advantage in using the
sample to study these relationships is that data on past health and a

fairly wide set of potential third variables are available.
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B. Measurement of Health

The stock of health, like the stock of knowledge, is a theoretical
concept that is difficult to define and quantify empirically. A proxy
for it is, however, available in the 1969 NBER-Thorndike survey. The mén
in the sample were asked whether the state of their general health was
excellent, good, fair, or poor. I use their response to this question
as an index of the amount of health capital they possessed in 1969. This
measure of health capital suffers from the defect that it depends on an
individual's subjective evaluation of the state of his health: what one
person considers to be excellent. health may be viewed as good or only
fair health by another. Moreover, it is not immediately obvious how to
quantify the four possible responses. That is, one must determine
exactly how much more health capital a man.in, say, excellent health
has cémpared to a man in poor health.

Table 1 contains a frequency distribution of health status in 1969 for
married men in the NBER-Thorndike sample. For comparative purposes,
the table also contains a frequency distribution of this variable for
white married men in a 1963 health interview survey conducted by the
National Opinion Research Center and the Center for Health Administration
Studies of the University of Chicago. The NORC sample is an area prob-
ability sample of the entire civilian noninstitutionalized population of

34
the United States. Therefore, its white male members are much more

34Data were obtained from 2,367 families containing 7,803 persons.

For a complete description of the NORC sample, see Andersen and Anderson
(1967). I do not employ it to study health-schooling relationships in
this paper because it has no data on past health and very limited data
on third variables,
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TABIE 1

Frequency Distributions of Health Status,
Married Men

Percentage Distribution

NEER-Thorndike NORC
Class Sample® Sample
Excellent 59.51 48.54
Good 37.29 37.45
Fair 2.80 11.87
Poor 0.40 2.14

aSam.ple size is 3,534, Until Section V,
all subsequent tables based on the NBER-Thorndike
sample pertain to this sample size,

b -
Sample size is 1,028.

representative of the population at large than the members of the

NBER-Thorndike sample,

In the table, I show that most of the men in the NBER-Thorndike
sample are in either good or excellent health. I also show that the
level of health of these men 1s higher than that of men in the NORC
sample. Approximately 97 per cent of the former sample report that
their health is at least pood. The corresponding figure in the
latter sample is approximately 86 per cent.

In Table 2, T present relationships between self-rated health
status and more objective measures of health for hoth samples. These

relationships take the form of regressions of number of work-loss
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weeks due to 1llness, medical expenditures, or number of symptoms
reported from on a checklist of twenty common symptoms35 on three:

health status dummy variables (ﬁSl, HS2, and HS3). The dﬁmmy'

TABLE 2

- ————

Regressions of Work-loss Weeks Due to Illness,
Medical Expenditures, and Symptoms on Health
Status Dummy Variables® :

Regression Coefficient of:

Dependent Variable Intercept HS1 HS2 HS3 r?

Work-loss weeks® .103 .235 .571 8.019 .102

: : {3.94) {3.23) (16.55)

c ,

Work-loss weeks .524 .584 1.749 4.929 .106
{2.43) (4.75 (6.00)

Medical expenditures® 55.854 61.235 75.231 49.08% .067
{4.85) {3.89) {(1.14)

Symptoms®© .940 .741 1.401 3.463 .224
(5.87) (7.25) (8.04)

- |

T ratios in parentheses. R2 is the unadjusted coefficient of multiple
determination,
bRegression based on the NBER-Thorndike sample.

cRegression based on the NORC sample.

variables are coded as follows: HS1 = 1 if health status is good, fair, or

poor; HS2 = 1 {f health status is fair or poor; and HS3 = 1 if health status

1s poor. All three dependent variables pertdin to the year preceding the survey.
Since there are no data on medical expenditures or symptoms in the

NBER-Thorndike sample, only the first regression in Table 2 is relevant

for this sample. It shows that the number of work-loss weeks in 1968

5Examples of these symptoms include persistent cough, swelling in
joints, frequent backaches, unexplained loss of weight, and repeated pains
in or near the heart.
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rises as health status declines. The intercept of the regression in-
dicates that the mean nﬁmber of work-loss weeks for men in exdellént
health equals .1. The regreasion coefficient of HS1 indicates that
men in good health have .2 more work-loss weeks on average than men
in excellent health. Similarly, men in fair health have .6 more work-
loss weeks than men in good health, and men in poor health have 8.0 more
;ork—loss weeks than men in fair health, These differences in work-loss
by health status are statistically significant at all comventional levels
of confidence.

The second regression in Table 2 demonstrates a similar inverse
relationship between work-loss and health status in the NORC sample.
The third and fourth regressions show that medical expenditures and
symptoms rise as health status falls. The negative relationship be-
tﬁeen medical expenditures, an input into the production of health,
and health can be traced to a positive correlation between medical
care and the rate of depreciation on health capital. An increase in
the rate of depreciation would cause the quantity of health capital
demanded to fall. At the same time, the quantity of medical care
demanded would rise if the price elasticity of demand for health
capital were less than one.36

Taken together, the regression results in Table 2 give evidence
that variations in self-rated health status reflect true variations

in more cbjective measures of health. Additional considerations

36For a proof, see Grossman (1972b, pp. 16-19). Given the produc-
tion function of healthy time specified in equation (2), the price
elasticity of demand for health capital is ¢ = 1/(14C). This elasticity
is smaller than one since C exceeds zero.
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" support the use of this variable as an index of health..- Palmore
(1969a, 1969b) reparts that work satisfactiqn, itself an important
correlate of self-rated health, and health status are key determinants
_ of survival in a longitudinal sample of older personé. Rahe and Holmes
:(1§65); Holmes and Masuda (21970); and Rahe (1972) find that physical
iliness is offen assoclated with chaﬁges in life events that cause
changes in mental well-being. Variations in mental well~-being may
cause current health status to vary but may affect work-loss and
other measures of disability only with a long lag.

The first regression in Table 2 and the preduction function of
healthy time given by equation (2) can be employed to select a set
of scales for health status. The scaling écheme is based on the
proposition that health capital, like knowlédge capital, is a units-
free measure of an existing stock. Setting this index equal to one
for men in poor health, one could then express the amount of health
capital of men 1in one of the_o:hef three categories relative to
that of men in poor health. To be specific, 1if time is measured in

weeks, then the production function of healthy time given by equation

{2) implies
52 - h = WLW = BH C, (12)

where. WLW denotes the number of work-loss weeks due to 1llness, Solve

equation (12} for H to obtain

1/c W-l/c

HagB WL s 13)

and let WLWP, HLWF, WLWG, and WLWE be mean work-loss of men in poor,

fair, good, and excellent health. Then to express the stock of health

in an index number form with HP - 1,‘write HF/ HP - (WLWPIWLWf)I{C etcetera.
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According to regression (1) in Table 2, WLWP/WLWF = 9,82, WLWP/
WLW, = 26.41, and WLW,/WLW_ = 86.68. Thus, the health capital series,
termed H69 in subsequent analysis, is 1.00, 2.82, 26.41, and 86.68. The
dependent variéble in the demand curve for adults' health should be

In H;/H, (J = P, F, G, E). Therefore, the use of 1n VLN, /VIV . ag the

dependent variable would geﬁerate regression coefficients that would
exceed, equal, or fall short of the true coefficients as C exceeds,
equals, or falls short of one. But because C is a constant, the t
ratios associated with these coefficients would be unaffected.

In most of my empirical analysis in the next two sections, I empha-
size the qualitative effects of independent variables on H69. To examine
the sensitivity of results to the scaling scheme, I estimate some equa-
tions with a dichotomous dependent variable {(EXCELL) that is equal to
one 1f 2 man i{s in excellent health and is equal to zero otherwise. 1In
a few instances, I discuss quantitative effects in conjunction with EHE9,
and in these instances, T assume that Cris equal to one. Of course, the
quantitative analvsis is based on the snecification of the nroduction func-
tion of healthy time given by equation (12). This specification 1s not the
only one that is consistent with diminishing marginal productivity to
health capital and an upper asymptote of 52 healthv weaks in a vear, but
it {s the most simple one. T have investipated the behavior of the health
canital series with more complicated functional forms such as the lopistic
function. Provided the mean number of work-loss weeks for the entire sam-
nle and the mean for men in poor health are relativelv small, this series

is almost unaffected.36a The existence of other functional forms and the

36aThese twvo means are small in the NBER-Thorndike sample: .3 weaks
for the entire sample and 9.8 weeks for men in poor health.
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somewhat arbitrary assumption about the value of.C dpeé suggest, however,
that quantitative results should be‘interpteted with ecaution.

T could have employed the actual number of work-loss weeks revorted
by an individual as a negative measureldf health, but only 9 per cent of
tﬁe NBER—Tﬁorndike saﬁple reported positive work-logs in 1963.37 Undoubt-
edly, there is a large random compoﬁent in work-ioss in a given year. There-

fore, it is reasonable to associate variations in work-loss due to variations in

37The corresponding fipure in the NORC sample is 33 ner cent. Although

part of this difference reflects the higher level of health in the NRER-
Thorndike sample, part of it is due to the manner in which the work-loss
data were collected. The members of the NORC samnle were asked for work-
loss days, while the members .of the NBER-Thorndike sample were asked for
work-loss weeks. The mean number of work-loss davs in the MORC sample is
5, and many persons reported 1 to 4 days. Therefore, at least some of the
zero values in the NBER-Thorndike sample may represent positive amounts of

work-loss days. This is another reason why I do not use work-loss itself
as a measure of health.
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health status with "permanent’ differences in héalth. On the dther haﬁd,
variations in work-loss not accounted for by variations in health status
may be viewed as more 'transitory" im nature.

The 1971 NBER-Thorndike resurvey contains a proxy variable for past
health. The men in the sample were askéd whether the state of their
health during the years they were attending high school was excellent,
good, failr or poor. The frequency distribution of responses 1is as
follows: excellent, 87.29 per cent; good, 11.72 per cent; fair, 0.88
per cent; and poor, 0.11 per cent. The men were also asked how many
weeks per year they lost from high school, on average, due to illness.

I analyze the relationship between self-rated high schoel health
status and average school-loss weeks due to illness (S5LW) in the same
manner as I analyzed the relationship between current health status

and work-loss weeks. Specifically, I estimate a regression of SLW on
three dummy variables for high school health status: HSHS1 = 1 if high
school health status is good, fair, or poor; HSHS2 = 1 if high school
health status is falr or poor; and HSHS3 = 1 if high school health
status is poor. The regression is as follows (t ratios in parentheses):

SLW = .403 + ,384 HSHS1 + .907 HSHS2 + 1.306 HSHS3

2 (15.04) (10.00) (5.05)
R™ = 132

Based on this regression, I create a series for health capital in

high school the same way that I created a series for health capital

in 1969. Let SLHP, SLW._, SLWG, and SLWE be mean school-loss of students

in poor, fair, good, and excellent health. According to the regression,

SLW?/ SL‘WF = 1.77, SLWPI SLWG = 3.81, and SLWP/ SLWE = 7.44., Thus, the

past or high school health capital series, termed HHS in subsequent

analysis, 1s 1.00, 1.77, 3.81, and 7.44. This measure of past health
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suffers frﬁm the defect that it was obtained in a retroapective fashion.
Note, however, that the information on current health was requested in

1969, while the information on past health was requested in 1971. Since
7>£he two variables were obtained at different po%ﬁﬁsain time, the possibility
of a spurious positive corrglation between them is greatly mitigated. That
. is, respondents could not have used their answer to a question on current
health status as the basis for an answer to a question on past heaithr

status.

C. Regression Specification

The most general versions of the health and schooling regressions

that I estimate with the NBER-Thorndike sample are given by

In B69 = b)A + b, § + by SFAT + b, ;

MECH + b8 NUM + bg GEN + b10 In HHS + bll SWIFE + b12 JSAT

SMOT + b5 vV + b6 P+b

+ b13 WIDIF + b14 In W + b15 OTINC (14)

S = 8 A+ a, SFAT + a4 SMOT + a4V + aSP + aGHECH 4+ a_NUM

7
+ a5GEN + ay in HHS (15)

Table 3 contains definitieéns of the variables {n these two regressions, Table
"A-1 in the Appendix contains their means and standard deviations, and Table A-2

contains z matrix of simple correlation coefficients. 41} variahles

except past health, mothers' schooling, and the test scores are taken
from the 1969 survey. Mothers’ schooling and past health are taken
from the 1971 survey and the 1943 test scores are taken from military
records. I formulated specific hypotheses concerning the roles of
most of the right-hand side variables in equations (14) and (15) in

Section I. Therefore, in the remainder of this section, I clarify a
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TABLE 3
Definition of Variables, NBER-Thorndike Sample

Variable ' Definition

1n H69 Natural logarithm of stock of health in 19692
A Age 1in 1969

5 Years of formal schooling completed

SFAT ; Years of formal schooling completed by father
SMOT Years of formal schooling completed by mother
\' Visual perceptiona

P Psychomotor controla

MECH Mechanical ability?2

GEN General intelligence?

NUM Numerical abilitya

1n HHS Natural logarithm of stock of health

while attending high school?

SWIFE Years of formal schooling completed by wife
JSAT Job satisfaction: 1= lowest, 5= highesta
WIDIF Weight difference: absolute value of difference

between actual weight and ideal weight for a
given height3d

InW Natural logarithm of hourly wage rate on current
- job®
QorInc Nonearnings income of the family in 1968
b
EXCELL Excellent health in 196% = ]

9see text for a more complete
definjition.

bSee Section III for a discussion
of the use of this variable.
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few of the definitions in Table 3 and comment on the predicted effects
of several variables that I did not discuss in Section I.

The hourly wage rate equals a man's full-time salary on his current
job q;vided by the product of fifty weeks and the average number of hours
per week he worked on his ﬁain job in 1968. The five ability variables
(v, P, MECH, GEN, NUM) are derived from Thorndike and Hagan's factor
analysis (1959, p. 19) of scores on the seventeen specific tests that
candidates for Aviation Cadet status were given in 1943. Baséd on their
analysis, Thorndike and Hagan identified the five basic types of ability
given in Table 3. The tests included in each of these categories are
listed in Table 4,

I generate an aggregate index of visual perception, for example,
by computing the first principal component of its ;hree test scores,
where each score is normalized to have a zero mean and a unitary standard
‘deviation, Specifically, if Xy (1 =1, 2, 3) denotes the normalized
value of the 1th test aépre included in visual perception, then V-g aX

i=]
where the a, are selected to maximize the varilance in V subject to the

1!

constraint thatiglai2 = 1.38 I follow a similar procedure to aggregate
the scores in the other four categories. One justification for my
prbcedure 1s that the units in which ability is measured are arbitrary.
It should be noted that health functions estimated with, for example,
visual perception defined as a simple average of its three test scores
(not shown) do not differ in a quantitative sense fromlthose estimated

with the principal components measures in the next section.

38The a, coincide with the elements of the characteristic vector
associated with the largest characteristic root of the correlation

matrix of the Xi.
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TABLE 4

Categories of Ability

Category _ Tests Included

Visual Perception Speed of Identification
Spatial Orientation 1
Spatial Orientation TI1

Psychomotor Control Complex Coordination
Rotary Pursuit
Finger Dexterity
Ajming Stress

Mechanical Ability Mechanical Principles
Two-Hand Coordination

Biographical Data-Pilotb

General Intelligence Reading Comprehension
General Information-Navigator®
Arithmetic Reasoning
Mathematics

Numerical Ability Humerical Operations I
Numerical Operations II
Dial and Table Reading

aFor a description of each test, see Thorndike and
Hagan (1959, pp. 55-76).

bItema on a biographical data form that proved to be
important predictors of performance in pilot training school
of candidates who were accepted as Piflot Aviation Cadets.

°A vocabulary test that dealt with terminology in
astronomy, trigonometry, and science.
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When the men in the KBER-Thorndike sample took the seventeen tests
in 1943, practically all of them had graduated from high school but had
little additional schooling. Most of those who went on to college did
8o after World War II., Thus, in this data set, one largely avoids the i
problem-that a person's performance on a general intelligence test will
depend on the amount of schooling he has had. A small perceﬁtage of the
men, chiefly the older ones, did attend college prior to World War II.
Moreover, high school graduates who participated in the iahor force for
several years before the war might have scored lower on the general
intelligence tests than recent high school graduates. To eliminate a
potential reverse causality relationship running from schooling to
general intelligence, I include age in the schooling function. Due to
the upward secular trend in years of formal schooling completed, age
and schooling are negatively correiated in random samples of the
population of the United States. This negative correlation is also
present in the NBER-Thorndike sample (r= -,172) despite thé narrow
age range of the sample. Therefore, by including age in the schooling
function, I control for the trend factor and avold biasing the estimated
effect of intelligence on schooling.

There are two reasons for employing a measure of job satisfaction
as an independent variable in the health function. Firat, someone who
is satisfied with his job and with his life style in general may also
be more satisfied with the state of his health than someone who is
dissatisfied with his job and life style; Thus, the first person may
be more likely to report that his health status is good or excellent,
even though the two persons may have the same level of physical health
measured in an objective fashion. Consequently, by holding job satis-

faction constant, I purge self-rated health status of some of its
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subjective elements, Second, the studies that I have already cited

by Rahe and Holmes (1965); Palmore (1969a, 1969b); Holmes and Masuda
(1970); and Rahe (1972) indicate that digsatisfaction with life style
creates tensions that cause mental and ultimately physical health to
deteriorate. In this context, Palmore's finding that job satisfaction
is the most important correlate of longevity in a longitudinal sample
of older persons is particularly striking. Along these lines, one

can view job satisfaction as an input into the production of health
and estimate the sensitivity of health output to variations in this
input.

The men in the NBER-Thorndike sample were asked whether they
enjoy their work, whether their work provides a challenge, and whether
their work is interesting. Each question has five possible numerical
-responses that constitute a scale ranging from five (the highest) to
one (the lowest). The Job satisfaction index that I use 1is simply an
average of a man's responses to these three questions.

Obesity and malnutrition, like job satisfaction, may be treated
as inputs into the production of health. By computing the absolute
value of the difference between actual weight and ideal weight for a
given height, I create one variable to measure these mutually exclusive
states. The 1969 questionnaire fncluded items on actual height and
actual weight. I calculate ideal weight for a given height from
estimates made by the Metropolitan Life Insurance Company.39 These
estimates take the form of ideal weights for men by height and body

frame (small, medium, or large). Since there is nc information on

39These estimates are reported by Netzer (1969, p. 129),
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body frames of men in the NBER-Thorndike sample, I défine ideal weight
for a given height as an average of the weight given for each body frame.
The inclusion of two input v#riable.. job satisfactioﬁ and weight
difference, in the health function makes this function a mixture of a
demand curve and a production function. If most of the variation in
job satisfaction and weight difference were due to variation in the
"prices" of these inputs, the estimated equation would be primarily
a demand curve for health.40 Under this interpretation nonearnings
income would enter the health function to take account of the pure
consumption aspects of the demand for health. Alternatively, the wage
rate and nonearnings income can be viewed as proxies for inputs besides
Job satisfaction and weight difference that affect health. Under this
interpretation, the estimated equation would Be primarily a production
function of health. I do not emphasize one of these two extreme interpre-
tations of the health function in the next section. I do, however, ex-
amine the extent to which the productivity effect of schooling on health

operates via the impact of schooling on contemporaneous variables such

as job satisfaction and weight difference.

ITI. Empirical Results

A, Estimates of Recursive Health-Schooling System

Table 5 contains ordinary least squares estimates of health functions

4OAdmittedly, it would be difficult to define these input prices,

although elsewhere (Grossman 1971) I have shown that the concept and
theory of joint production would aid in accomplishing this task. The
price of job satisfaction might be defined as the reduction in the wage
rate required to increase this variable by one unit, with schooling
held constant., But the partial correlation between Jjob satisfaction
and the wage is positive in the NBER-Thorndike sample possibly because
the "income effect" dominates the "substitution effect.”
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and Table 6 contains corresponding estimates of schooling functions.
The empirical analysis reflected by the regressicns in these two tables
represents a compromise between rigorous ﬁypothesis testing of the effects
of given variables and attempts to come to grips with somewhat mores broad
issues. These issues include-the answers to questions such as: Which
components of ability are the major determinants of health or schooling?
By how much is the estimated effect of schooling on current health biased
when past health and third variables are omitted from the health function?
Do contemporaneous variables sﬁch as wives' schooling, job satisfaction,
welght difference, the hourly wage rate, and nonearnings income plav a
more important role in the health function than lagged variables such as
parents’ schooling, ability in 1943, and past health? Does the inclusion
of the set of lagged variables have a greater impact on the coefficient
of own schooling than the inclusion of the set of current variables?
Which of the contemporaneous variables have the most significant effects
on health and on the estimated coefficient of schooling? Which of the
lagged variables influence health only indirectly via their effects on
schooling?

To examine these issues, in Tables 5 and 6, I show alternative versions
of health and schooling equations. 1In addition, in Table 7, I show the per-
centage reduction in the coefficient of schooling when specific sets of

41

variables are held constant. My discussion of the regression results

is organized as follows. First, I comment on variations in the estimated

AlThe computations in Table 7 are based on the regressions in Table
5 as well as on some additional regressions not shown in the table. These
computations do not depend on the value of the varameter C in the production
function of healthy time piven by equation (2) or (12).
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j
TABLE 5
Ordinary Least Squares Estimates of Health Fuactions?
| Eq. 1  Eq. 2  Eq. 3 Eq. 4 . Eq. 5 Eq. 6 Eq. 7
j Fegr. =  Regr. Regr. Regr. Regr. ienr.. Rerr.
Variable_ Coef, Coef. Coef. Coef. Coef. Coef, Coef,
A ~.017 -.012 ~.011 -.011  -.010 ~.010 -.o11
(~3.31)  (-2.33)  (-2.07)  (-2.14) (-1.92) (-2.00)  (=2.17)
_ s .035 .028 028 019 - .019 .012 012
] (7.41) (5.51) (5.94) (3.76) (3.92) (2.26) (2.26)
! SFAT .005 .006 .004 .004 .003 .022
(1.51)  (1.58)  (1.00) (1.23) (9.72) (9.65)
SHOT .006 .007 ° .005 .006 L0044 Rtk
(1.57)  (@.87) (1.30) (1.73) (1.21) (7.94)
v ' .027 .036 .035 .033 .033 027
(2.81) (4.19)  (4.19) (3.87)  (3.2D) (2.86)
P , .010 _ .08
(1.02) (6.83)
MECH .012 013
‘ (1.16) ' (1.26)
Rib 004 ~.001
(0.42) (-0.12)
GEX .005 002
(C.60) : (3.27)
1n HiS 479 .481 461 .459 445 4G5
(11.05)  (11.12) (10.74)  (10.66) (19.33)  (10.37)
SWIFE .G19 918 018
(3.25) (3.16) (3.16)
ISAT 094 082 .082
: (6.67) (5.76) (5.72)
WTDIF -.002 ~.002 ~.002
(-3.57) (-3.52) (-3.41)
1a ¥ .167 146 147
(7.00) (6.10) (6.05)
OTIHC - ~.001 ~.0005 -.001
' (-0.29) (-0.28)  (~0.30)
R .021 .064 .063 .080 .076 .090 .091

aIntercepts not shown. t ratios in parentheses. See Table 3 for definitions
of all variables.
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TABLE 6

Ordinary Least Squares Estimates of Schooling Functions?

Equation 1 Equation 2 Equation 3
Regression Regression Regression
Variable Coefficient Coefficient Coefficient
A _0146 -|124 -0131
- (-B.40) (-7.08) (-7.58)
SFAT .067 066 .067
(5.47) {5.52) (5.61)
SMOT .032 .050 .050
{2.56) {(4.03) {4.05)
v .052 .030
{(1.65) {(1.00)
P .004
(0.11)
MECH -.339 -.318
(~9.98) {(~10.30)
NUM -.082
(=2.62)
GEN 446 .534 .499
(18.40) (18.85) (19.94)
1n HHS .419 416 . 396
(2.86) (2.87) (2.78)
2 )
R 146 .173 171

a
t ratios in parentheses,
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- schooling paraméter in the health function as the set of independent
variables varies. Then, I examine some specific héalth effects of
curreqt variables other than schooling. Finally, I discuss health
effects of pastrvariables and the roles of theselvariables in the
schooling eduation.ag
,Reg&rdless of the other variables held cénstant, schooling has
a positive;effect‘on current health that is statistically significant
at the .025 level of-confidence on a one-tail test. Since past health
1s included in each equation in Table 5 except the first, this finding'
,may be interpretedlas evidence in favor of a causal reiationship that
runs from schoo;ing to current health, The actual regression coefficients
indicate the continuously compounded percentage rate of increase in health
capital'aééociated with a one year increase in schooling. These coeffi-
clents range from 3.5 per cent, when only age 1s held constant, to 1,2
per cent, when all relevant variables are held constant.
Suppose that the health functions were viewed primarily'as demand
curves, and suppose that the price glasticity of demand for health were
equal to one-half. Then the schooling parameter estimates would imply

that schooling raises health productivity by 2.4 per cent at a minimum.43

42
My empirical analysis in Parts A and B of this section is similar
to Grilliches and Mason's (1972) analysis of interrelationships among
schooling, ability, and earnings.

43The price elasticity of health would equal one-half if C in the
production function of healthy time given by equation (2) or (12) were
equal to one. According to the reduced form demand curve for health
given by equation (9"), the schooling parameter should be ¢ pe, where c
glves the effect of schooling on the stock of human capital. My estimate
of p assumes that ¢ equals one, but this assumption would not affect the
comparison of marke% and nonmarket productivity effects.
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This may be compared to the approximatelv 5.5 per cent increase in

the hourly wage rate due to an additional year of formai?schcoling

in the NBER-Thorndike aample.bk Although'the normarket productivity

. effect of schqbling may appsar to be small in an absolute sense, it

is apfroximately 40 per cent as largé as the market productivity effect.
Hbreover; in asseasing the magnitude of the effect, it should be realized
that alirof the men in the sample are high school graduates., If the
nonmarket productivity improvement falls as schooling rises, then my
estimate would understate the effect that would be observedAin a sample
of men at all schooling levels.

In Table 7, I reveal that the estimated bias in schooling coefficients
is larger when current variables are excluded from the health function
than when past variables are excluded. Por example, the estimated hias
due to the omission of parents’ schooling, visugl perception, and past
health is 20 per cent (line 1 of Table 7).45 The corresponding bias
due to the omission of wives' schooling, weight difference, job satis-
faction, the wage rate, and nonearnings income is 60 per cent (line 4).
When pagt variables are held constant initially but current variables
are not, the bilas is 57 per cent (line B). When this procedure is re-
versed, the bias is only 14 per cent (line 11). These results arise

because the set of current variables is more hipghlvy correlated

AaThis figure is based on a regression of the natuyral logarithm
of the hourly wage rate on schooling, years of experience in the labor
force, general intellipence, and several other variables,

The other test scores are omitted from the computations in
Table 7 because they have statistically ineignificant effects on
health, This procedure is justified in more detail when the effects
of third vartables are discussed below.
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with schooling than the set of past variables.

In Table 7, I also reveal that the blas from omitting the suhset of
contemporaneous variables consisting of wives' schooling, job satis-
faction, and weight difference is approximately the same as the bias
that arises from omitting the subset consisting of the wage rate and
nonearnings income. In particular, when past variables are included
in the regressions, the bias due to the exclusion of each subset 1is
32 per cent (lines 6 and 7). This is an important finding if one is
seeking to uncover channels via which the pure effect of schooling
on nonmarket productivity operates. If one does not control for any of
the contemporaneous variables, then schooling may increase health simply
because it raises market productivity and therefore command over market
resources. If one takes account of this factor by holding the wage
rate and nonearnings income constant, then part of the remaining effect
of schooling on health may operate via the effect of this variable on
spouses' characteristics, satisfaction with life style, and diet.

According to equation (6) or (7) in Table 5, with the wage rate
and nonearnings income held constant, an increase in wives' schooling,
an increase in job satisfaction, or a reduction in the absolute value
of the difference between actual and ideal weight causes health to
rise, The regression coefficients of these three variables are statis-
tically significant at all conventional levels of confidence. The
effect of wives' schobling is striking because the coefficient of
this variable exceeds the coefficient of own schooling. The difference
between these two coefficients is not, however, statistically signifi-
cant (t = .68 in both equations).

Even if the coefficients of husbands' and wives' schooling were

the same, .provided the estimated health functions primarily reflected
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~ demand forces, one could conclude that wives' schooling has a larger
impact on the efficiency with which husbands' health is produced than
huébands' schooling. Since there is no épecific:meésure of the value
.pf wives' time, the demand parameter of their schooling would equal
F(pf—af ﬁf}. where ¢ is the price elasticity of healfh, b¢ is the
percentage increase in.wives' nonmarket productivity for a one year
increase in schooling, G is the share of wivesi time in the total
cost of gross investment in husbands' health, and,ﬁf i1s the percentage
increase in the "shadow price" of time due to schooling. Oﬁ the other
hand, since husbands’ wage rates'are held constant, the demand parameter
of their schooling should equal ep, where p is the Percentage increase
in their nommarket productivity due to schooling. If-these two demand

parameters are identical, then

-~

= -+ N
Of ] uf Wf

Heckman (forthcoming) estimates that a one year increase in ines'
schooling raises the shadow price of time by 5.3 per cent, and I have
alread; estimated that p equals 2.4 per cent. Therefore, pg would
equal 3.7 per cent if Gf were one-quarter and would equal 5.0 per cent
if ag were one-half,

An alternative explanation of the effect of wives’ schooling is

46
that it reflects selective mating in the marriage market. According

to this interpretation, healthier men marry women with more schooling.

6See Becker (1973) for a general discussion of the economics under-
lying this phenomenon and Fuchs (1973) for a discussion of health dif-
ferentials among married men in terms of selective mating and other
factors,
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Yet I control for ‘important correlates of selective mating such as
general intelligence, parents' schooling, and past health.47 There-
fore, it is very unlikely that a significant part of the relation-
ship between wives' schooling and husbands' health can be traced
to selective mating.

With regard to the other contemporaneous variables, age is
negatively related to health, which reflects the positive impact
of this variable on the rate of depreciation on health capital.
The hourly wage rate has a positive and very significant effect
on health, while nonearnings income has an insipgnificant nepative
effect. These two findings support the predictions of mv pure in-
vestment model of the demand for health. In a production function
sense, the weak nepative coefficient of nonearnings income may
represent a compromise between the consumption of beneficial and
detrimental health inputs as income rises, with the wage rate held
constant. Clearly this interpretation should not be pushed too far
because the coefficient of nonearnings income is not statistically
significant., BPut it may appeal to those who are surprised to learn
that the pure income elasticity of health ranges from -.01 to -.02

at an income of $20,000.48

As shown by the t ratios associated with the regression coefficients

7

Welch (1974) criticizes Benham (1974) for measuring the effect
of wives' schooling on husbands' market productivity without control-
ling for husbands' ability and background characteristics.

8The pure income elasticity is computed as the product of the

regression coefficient of nonearnings income (3 1n H69/30TINC) and
total income in thousands of dollars,
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of pastrhealth in Table 5, the partial correlation between this variable
and current health exceeds the partial correlation £etween.current health
and any of the other independent variableé in the regressions. The elas-
ticity of current Health with respect to past health varies from A4 to
.48, 1In a demand curve sense, this elasticity should estimate the ratio
‘of the price elasticity of adults' heaith to the price elasticity of
H:childrenFs health."’9 Since the coefficient of 1n HHS is smaller than
one,‘the demand curve for children's health is more elastic than the
demand curve for adults' health. If, as I have assumed in other com-
putations, the price elasticity of adults' health eqﬁals one-half, then
the price elasticity of children's health would approximately equal
one,
The equations in Table 6 demonstrate that, although past health

is certainly not the most important determinant of schooling, it does
have a statistically significant positive effect on vears of formal
schooling completed. Despite this and despite the important reole of
past health in the current health function, the parameter estimate
of schooling is not greatly affected by the inclusion of past health.

This follows because schooling and past health are not nearlv as

highly correlated as schooling and the set of current variables. If
the past health parameter estimate in the schooling function and the
schooling parameter estimate in the health function are both converted
into elasticities, then the elasticity of schooling with respect to

past health would equal .03 and the elasticity of current health with respect

9See equation (9"),
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to schooling would equal .18. It is clear that the latter elasticity
dominates the former.

According to equatidn (7) in Table 5, among the past variables other
than health in high school, only visual perception has a statistically
signifiéant effect on current health when all relevant factors afe held
constant. According to equa£ion (2), this is true even if the set of
predictor variables is limited to age, schooling, parents’ schooling,
the test scores, and past health.so As the equations in Table € reveal,
parents’ schooling and gengral intelligence are important determinants
of schooling. Therefore, my results suggest that the effects of these
variables on current health operate indirectly via their effects on
schooling. Once schooling is held constant, they have almost no direct
impact on health.

In Section I, I argued that, given the health-specific nature of
physical ability, it should have a larger impact on current health than
mental ability. On the other hand, given the schooling-specific nature
of mental ability, it should have a larger impact on schooling than
physical ability, Tables 5 and 6 contain some evidence in support
of this hypothesis provided visual perception is interpreted as a
measure of health-specific ability and general intelligence is inter-

preted as a measure of schooling-specific ability. In interpreting

OThe simple correlation coefficient between fathers' schooling
and mothers' schooling is .467. If either of these two variables is
excluded from the set of independent variables, the remaining one is
statistically significant in equation (2), borders on significance
in several other equations in Table 5, but 1is not significant in
equation (7). For this reason, I include both variables in the estimates
of biases in schooling coefficients in Table 7.
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the positive effect of visual perception on current health in this
manner, I do not necessarily assume that this variable per se has a
direct impact on current health. Rather, I assume that it is the
best ‘available proxy for genetic or biological characteristics that
do influence the efficiency with which health is produced.51

Based on the above argument and given that visual perception
is the only component of ability that has a positive effect on
health, I prefer a regression specification of the health function
that omits the four other ability variables. Another reascon for
preferring such a.specification is that, with general intelligence
and parental characteristics held constant, it is not obvious what
causes schooling to vary.52 Since general intelligence plays a very
important role in the estimated schooling function and plays an unim-
portant role in the estimated health function, it is logical to exclude
it from the latter function. In theory, the appropriaté way to take
account of theninsignificant effects of the four abiliry variables
would be to reestimate the health function with another sample. Since
this is not a feasible course of action at the present time, I omit
these variables from the emnirical analysis in the rest of this section

and in Section IV.

51In this context note that two of the scores in the mechanical ability

component measure knowledge of mechanical principles rather than mechanical
ability in a physical sense, Since persons mav have acquired this knowledge
in the labor force prior to 1943, the large negative effect of mechanical
ability on schooling may be spurious.

52One source of variation may be traced to complementarity between
number of years of schooling completed and the quality of schooling.
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B. Decomposition Analysis

It is well-established that schooling raises market productivity,
and my results in Part A of this section suggest that it raises health
productivity as well. Indeed, the recent work on the household pPro—
duction function approach to demand theory emphasizes the pervasive
impact of schooling on many aspects of consumer behavior including
fertility, contraceptive knowledge, efficiency in producing qualicy
children, and consumption patterns.53 If schooling enhances productivity
and knowledge in many areas, then it should increase a person's knowledge
about an appropriate diet and raise his or her ability to select a pro-
ductive mate and to produce a "high quality life style.' Therefore,
with market productivity, measured by the wage rate, and past variables held
constant, the effect of schooling on health may be decomposed into
direct and indirect components. The direct component represents the
ability of those with additional schooling to obtain a larger health
output from given amounts of all relevant inputs. The indirect com-
ponent represents the ability of those witﬁ extra schooling to select
a better input mix.54

In Table 8, I decompose an estimate of a total nonmarket productivity
effect of schooling on health of a 1.9 per cent into a direct component

of 1.2 per cent and an indirect component of 0.7 per cent. The total

53See, for example, the references cited in the introductory
section of this paper.

54

This decomposition is due to Welch (1970) who terms the direct
component the "worker effect' and the indirect component the "allocative
effect,"
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effect equals the regression coefficient of schooling in an equation
that includes age, parents' échooling, visual perception, past health,

the wage rate, and nonearnings income ag independent variables. The

TABLE 8

Estimates of Direct and First-Order Indirect
Effects of Schooling on Health

; Source of Effect Magnitude Percentage of
: Total Effect
Direct® .012 63,16
Pirst-0Order Indirect
Wives' Schooling .005 26.32
Job Batisfaction .001 5.26
Weight Difference .001 5.26
Total® .019 100.00

Apegression coefficient of schooling from equation (6) in
Table 5.

bRegression coefficient of schooling from equation (5) in
Table 5.

direct component equals the regression coefficient of schooling
in an equation that adds wives' schooling, weight difference, and
job satisfaction to the set of independent variables., The three
positive indirect components are present because an increase in
husbands' schooling 1Is associated with an increase in wives'
schooling, an increase in job satisfattion, and a reduction in
the absolute value of the difference between actual and ideal

welght. In turn, each of these three factors causes current

health te rise.

The statistical model that underlies this decomposition is
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a recursive system of the form

SWIFE = aIS + aZZ

JSAT = cls + czz + c3SWIFE

WIDIF = d;S + dpZ + d3SWIPE + d,JSAT

In HE9 = byS + byZ + bySWIFE + b JSAT + bgWIDIF,

where Z is a-vector of predetermine& variables. By substituting
the first three equations into the fourth, one obtains an estimate
of the total or reduced form parameter of schooling. The direct
component of this parameter estimate is given by bl, the first-
order indirect component due to wives' schooling by a1b3, the
first-order indirect component due to job satisfaction by clbh’
and the first-order indirect component due to weight difference
by dlb5'55

In-Tabla 8, I show that of the three indirect channels the one
due to wives' schooling is by far the most important. This
channel accounts for 26.32 per cent of the total effect of husbands'
schooling and 71.43 per cent of the combined indirect effect. Table

9 contains modified estimates of the firat three equations in the

' 56
recursive system.” These equations may be viewed as demand curves

55There are also second and higher-order indirect effects that
arise, for example, because wives' schooling influences job satis-
faction. But these are extremely small and are not shown in Table
8. It may seem arbitrary to assume that the determination of JSAT
pPrecedes the determination of WIDIF. Since, however, the higher-
order effects are very smzll, this assumption does not affeet the
computations in Table 8.

56Since the sequence in which job satisfaction and welght

difference are determined 1z somewhat arbitrary, job satisfaction
is omitted from the weight difference equation.
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TABLE 9

- Ordinary Least Squares Estimates of Wives' Schooli
- Weight Differences, and Job Satisfaction Functions

;]

SWIFE function WIDIF Function JSAT Punction
_ ‘ ' Regreasion Regression Regression
i Variable Coefficient . Coefficient . Coefficient
f A .018 .032 .001
? (1.21) (0.24) (0.23)
S +302 -.282 .014‘
(21.50) {-2.15) (2.23)
SFAT 077 -.157 -.0001
(7.51) (-1.23) (~0.02)
SMOT 1055 -1164 1006
v -,002 -.172 -.006
{~0.06) (-0.80) (-0.56)
In HHS .173 1.643 177
(1.39) (1.51) (3.50)
Inw 046 -.279 240
(2.80) {0.29) (-1.52)
SWIFE -.114 006
(=0.77) {0.85)
R .189 .008 .036

8t ratios in parentheses.
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for three inputs into the production of health, although wives' schooling,
weight difference, and job safisfaction also enter the production functions
of other household commodities.

According to Table 9, schooling is the only predictor variable that
has a significant effect on all three inputs. For example, while the
hourly wage rate is the best predictor of joB satisfaction, it is not
related to 'wives' schooling or welght difference. These results reveal
the important role‘of schooling in many aspects of consumer behavior.
Clearly, a more careful examination of the process by which schooling
influences behavior and the mechanisms by which it operates should be

glven high priority on an agenda for future research.s7

C. Estimates of Excellent Health Functions

To examine the sensitivity of the results in Part A of this
section to the manner in which I scaled health status, I created
8 dichotomous variable (EXCELL) that is equal to one if a man is
in excellent health and is equal to zero otherwise. This variable
has a mean of .5951, which indicates that approximately 60 per cent
of the sample are in excellent health. Table 10 contains an ordinjry
least squares regression of the dichotomous excellent health variable
on the same set of independent variables that enter equaticn (6)
in Table 5. For given values of the independent variables, the
predicted value of the dependent variable can be interpreted as the

conditional probability that a man is in excellent health. Similarly,

371 have probably "contaminated" the NBER-Thorndike sample for

research along these lines, but other data sets can be utilized.
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_ TABLE 10

Ordinary Least Squares Estimate of Dichotomous

Excellent Health Function®

Regression
Variable Coefficient
A -.009
("2.53)
S .010
(2.82)
SFAT . 001
(0.39)
SMOT .005
(1.76)
v .022
(3.71)
1n HHS + 314
(10.21)
SWIFE 011
(2.75)
JSAT .053
(5.18)
WIDIF -.002
(-3.97)
In W 101 -
(5.88)
(-0.55)
R2 .089

a
t ratios in parentheses,
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the regression coefficient of a given independent variable shows the
change in the conditional probability of being in excellent health
for a one unit (one per cent in the case of In HHS or 1lan W) change
in this variable.

The magnitudes of the regression coefficients in Table 10
should and do differ from the magnitudes of the corresponding
coefficients In Table 5. The signs of these two sets of regres-
sion coefficients are, however, identical, and the same patterns
of statistical significance emerge from the two equations. These
findings should strengthen confidence in the Tesults obtained with
1n H69 &s the dependent variable in the current health function.
This variable, like the theoretical index of health capital, is
free of units. Moreover, there is some theoretical Justification for
the scales used to create it and for the magnitudes of its regres-
sicn coefficients,

It is well-known that certain statistical problems arise
when the dependent variable in an ordinary least squares regression
is dichotomous.58 In particular, the regression in Table 10 does
not take account of the restriction that the conditional probability
of being in excellent health should lie between zero and one. To
take account of this restriction, I have estimated a dichotomous
logit excellent health function by the method of maximum likelihood.

This technique assumes that the probability that the ith fadividual

8For an extensive discussion of these problems and a complete
description of alternative estimation techniques, see Nerlove
and Press (1973).
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is in excellent health (pi) is given by the logistic fumetion
-a -b

Py * 1/(l+e e xi) .
vhere x, is an independent variable (or a vector of variables)
and a and b are parameters to be estimated. With the logistic
function, the predicted value of pi nust fall between zero
and one. By solving for the logarithm of the odds of being in excel-
lent health, one transforms the logietic function into a linear

equation:
1n [pif(l-pi)] = a4+ bxi .

which is called the logit function.59 The logit coefficient b
shows the percentage change in the odds for a one unit change
in X The marginal effeet of Xy on py (the change in Py due to

a one unit change in xi) is given by
(3pyg/oxy) = bp,(1-p,) .

Table 11 containg an estimate of a dichotomous logit excel-

lent health function.60 The marginal effects in the table

59
See Berkson (1944, 1955) for detailed analyses of the
properties of the logit function.

60
To see how this function is obtained, consider a sample
in which, for simplicity, the first m men are in excellent health
and the next n-m are not. The natural logarithm of the likelihood
function associated with this sample 1s
m n

- . 3 -
In L 1m1 1n ) + tomt1 1In (1 pi) .
Assuming that the relationship between Pi1 and %y is given by the logistic
function and maximizing ln L with respect to a and b, one obtains the esti-
mates in Table 11. The ratios of logit coefficients to their standard
errors do not have Student's t distribution. These ratios do, however,
approach the normal distribution as the sample size becomes large.
Therefore, the t test is an asymptotic one, which can be applied to the
logit function I estimate since there are over 3,500 observations.
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TAELE 11

Maximum Likelihood Estimate of Dichotomous
Logit Excellent Health Function®

Logit Marginal

Variable Coefficient Effect

A -.041 -.010

5 0486 .011
{(2.74)

SFAT .004 .001
(0.36)

SMOT .020 .005
(1.73)

v .101 024
(3.66)

In HHS 1.427 344
(9.56)

SWIFE .053 .013
(2.76)

JSAT .237 .057
‘ (5.12)

ln W 466 112
(5.79)

OTINC -.003 -.001
{(-0.54)

aAsymptotic t ratios in parentheses.
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are computed at the mean value of p for the sample of .5951. A
conpa:ison of the results in Tables 10 and 11 reveals that all
variables have the same signs in the ordinary least squares
excéllent health function as they have in the logit function.
Tests of statistical significance field identical conclusions when
applied to either function. Moreover, the marginal effects in
Table 11 are approximately equal to the corresponding regression‘
coafficients in Table 10. It should be noted that problems similar
to those that are encountered when a dependent variable is dichoto-
mous are also encountered when it is polytomous.61 Since my
health capital series has only four poasiﬁle values, it generates

a polytomous variable. Yet an extrapolation of the comparison

between ordinary least squares and logit excellent health functions

would suggest that one would gain little by using estimation

techniques other than ordinary least squares simply because 1n H69

is polytomous.

IV. Estimates of a Simultaneous Equations Health-Wage Model

A. Introduction

In previous sections of this paper, I assumed that the current
stock of health is not a determinant of the current stock of
human capital. I now relax this assumption and examine the possi-

bility that health capital, as one component of human capital,

61

See Nerlove and Press (1973).
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raises market produﬁtivity'anddtge houtly wage rate. Empirically,

I estimate a simultaneous eqﬁations model by the mefhod of two-stage
least squares in which current health and the-hourly wage rate

are endogenous variables.

Thgre are both theoretical and empirical reasons for proceeding
along these lines. At a theoregical level, the distinction that I
have drawn between adults' health capital as a determinant of their
total available time and their human capital as a determinant of
their productivity may be too extreme. If, as I have posatulated,
students' health influences their productivity in school, then should
not adults’ health influence their productivity in the labor market?
Moreover, Malkiel and Malkiel {1973) hypothesize that employers
may lower the wage offered to employees who work fewer hours in
a year due to illness and other reasons. Finally, Mincer (1970,
1972) stresses that investment in on-the-job training, measured
by the total amount of time spent in such activity, plays a major
role In the wage function. Thisg variable is imperfectly measured
in most data sets. The best availablerproxy is years of experience

in the labor market, which itself is subject to measurement error.
To the extent that poor health reduces the amount of time spent in
the labor market, current health may affect the cﬁrrent wage

via its impact on past investment in on-the-job training.

At an empirical level, studies by Boskiﬁ (1971); Hall (1971);
and Luft (1972) suggest that health, treated as an exogenous variable,
does have a positive effect on the wage rate. Benham and I (Grossman

and Benham 1973) also find a positive impact of health on the

wage when both variables are treated as endogenous in the NORC
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sample. Therefore;'part'éf the positive relationship between these
two variables in thgrregreséions in Section III may reflect causality
from health to market productivity. The health-wage model that I
estimate in this section may be viewed ag an ektensiqn 6f thé“ 
Grossman-Benham model, although ;he measure of health and the s;t/
of exoggaous variables are somewhat different.

I want to emphaéize that there are costs to be pald as well
_qs'benefits to be gained as a result of simultaneous equaﬁions
estimation, In particular, I have found in previous work that,
when this method is applied to microdata, results tend to be fairly
sensitive to tﬁe manner in which equations are "idgﬁtified."
Although it might be clear in theory tﬁat a certain subset Qf exo-~
genous variables should be included in one équation and exc;uded
from another, key members of this subset might not be available
in the data. Another problem in applying two-stage least squares,
for example, to microdatﬁ is that coefficients of deterﬁination
in the first stage rarely exceed 30 or 40 per cent. Therefore,
in selecting between two-stage least squares and ordinary least

squares estimates, one is forced to make a tradeoff between con-

sistency and efficiency.62 Given these factors and given the far
from ideal way in which health is measured in the NBER-Thorndike
sample, I view the model that is formulated and fitted in this

section as an illustration of the kind of model that could be

fitted with more refined data., The parameter estimates that

I present are by no means definitive. For the same reasons, I also

62

Finis Welch has stressed this point to me on a number of
occasgions.
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- view the simultaneous equations model as a complement to rather than

a substitute for the ordinary least squares model.

B, Specification of Structural Equations

The structural equations for health and the hourly wage rate

are as follows:

In B69 = blA + byS + b3V + bsln HHS + bSSHIFE + bgJSAT + byWIDIF

+ bgln Wk + bgOTINC (16)
In W = a 1n H69* + a38 + a EXP + a,GEN + a.SOUTH + a,.CS} + a.CS2
1 3 4 5 6 7

+ aBCSB + a

9cst; + alocss . (17)

An asterisk next to a variable in equation (16} or (17) means it
is endogenous. Variables in the wage function that were not 1ncluded
in the analysis in Section IIT are defined in Table 12. The specifi-
‘cation of the health function was fully discussed in previous
sections. Here, I would simply point out that I omit mothers' schooling
and fathers' schooling from this function. That is, I assume that
any gross effects of these two variables on health operate solely
via their effects on own schooling or past health.63

The wage function is based on work én wage determination by
Becker and Chiswick (1966); Mincer (1970, 1972); and Lillard (1973).
These authors emphasize that wage rates should be positively related
to correlates of the stock of human capital such as years of

formal schooling completed, years of experience in the labor force,

63

Two-stage least squares estimates obtained with thesge
two variables in the health function (not shown) are almost
identical to those presented in Part C of this section.
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TABLE 12 -

Definition of Supplementarv Variables

i - )}////V;¥iable Definftion
! | EXP Years of experience in the labor forcea
SOUTH _ Reside in South=1 |
CSlb Reside in a small town (2,500 - 10,000 people) = 1
CSZb ' ' Reside in a towm (10,000 - 50,000 people} = 1
csab : Peside in a moderately sized city (50,000 - 250,000
péople) = 1
C54b Reside in a large city (250,000 - 1 ﬁillion
‘ people) =1 ‘
CSSb Reside in a major metropolitan area (over 1 millidh

people) =1

.0r a more complete definition,

15< 1n reside in a rural area (under 2,500 people).
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general intelligence, and current health. Obviously, years of formal
schooling completed is a nartial measure of the quantity of invest-
ment in knowledge via schooling, while years of experience In the
labor market, defined as the number of vears since a man was last
in school, is a partial measure of the quantity of investment in
on-the-job training. General intelligence and health may influence
the quantities of both types of investment. Note that, if the
dependent variable in equation (17) were annual earnings or

weekly earnings, a positive health effect might simply mean that
health raises weeks worked per year or hours worked per week but
has no effect on market productivity. Since, however, the
dependent variable in the equation is the natural logarithm of

the hourly wage rate, one cannot interpret a positive health
coefficient along these lines.64

I add dummy variables for region and city size to the basie

set of human capital variables in the wage function. I assume

that these variables mainly capture shifts in the demand curve for
labor around a fairly stable supply curve among labor markets in
the United States, Undoubtedly, part of the variation in wages

by region and city size is due to differences in the cost of living.
Since the health function should relate health to the wage rate,

with the prices of medical care and other market goods used to

64, exclude the square of years of experience from equation (17)
because the dependent variable is the hourly wage rate. Although
theory and previous empirical research suggest that experience-earnings
profiles or experience-weekly wage profiles should be concave to
the origin (Becker 1967; Ben-Porath 1967; Mincer 1970, 1972;
Lillard 1973), I find no empirical evidence that experience-hourly
wage profiles are concave. This may be due in part to the limited
age range in the NBER-Thorndike sample.
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produce health held constant, region and city size might also be
entered in the health function. But in that function, they might
reflect other factors as well such as variation in the avallability
of medical care not associated with the price of care and climare.
Some of these factors might offset differences in the cost of living,
Moreover, the health components of an aggregate price index might
not vary in the same manner as the index itself among regions and
cities of various sizes, Since 1 ha;e not emphasized region and

. city size health differentials and since predictions concerning
these differentials are ambiguous, I do not include these variables
in the health function. To the extent that the money wage rate

is positively correlated with the prices of health inputs, the

estimated wage elasticity of health would be biased dounward.ﬁs

C. Results

Table 13 contains two-stage least squares estimates of health

functions, and Table 14 contains two-stage least squares estimates of

66

wage functions. The results in the latter table raveal that the endogenous

631f the health demand curve given by equation (9'') is dif-
ferentiated with respect to the wage rate and if the composite
price of medical care and other inputs (P) varies with the wage, then

(d In H/d 1n W) = acll - (d 1n P/d iIn W)]

66Uhen two-stage least squares estimation is employed, the ratios
of regression coefficients to their standard errors do not have
Student's t distribution but do have an asymptotic normal distribution.
Therefore, the t test 1s an asymptotic one. The unadjusted coef-
ficients of multiple determination (Rz) in Tables 13 and 14 should be
interpreted with caution. I forced the R2 to fall between zero and
one by, for example, using the variance in the logarithm of the predicted
wage rather than the variance in the logarithm of the actual wage in com—
puting the ones in Table 13. I used this procedure to get a rough approxi-
mation of "explanatory power.” Since age, schooling, and experience are
almost perfectly collinear, I omitted experience fxem the firat stage
health equation. Similarly, I omitted age from the first stage wage equation.
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TABLE 13
Two-Stage Least Squares Estimates of Health Functionsa
Equation 1 Equation 2 Equation 3
Regression Regression Regression
Variable Coefficient Coefficient Coefficient
A -§013 -.014 -0014
" (=2.56) (=2.63) (-2.63)
S . 004 .012 .013
(0.58) (1.66) (1.82)
v .031 .032 032
(3.62) (3.67) (3.71)
1n HHS 427 .438 440
(9.63) (9.72) (9.78)
SWIFE .020
(3.42)
JSAT 070
(4.25)
WIDIF -.002
In W .297 .325 .310
(3.03) (3.31) (3.39)
OTINC -.003 -.003
(-1.18) (-1.18)
R2 .082 063 063

3An asterisk next to a variable means it is endogenous. Asymptotic
t ratios in parentheses. See Tables 3 and 12 for definitions of variables.
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TABLE 14

Two-Stage Least Squares Estimates of Wage Punctions®

b

Equation 1 Equation 2 Equation 3¢
Regression Regression Regression
Variable Coefficient Coefficient Coefficient
1n H69% 403 314 254
(7.83) (5.23) (4.31)
] .043 046 048
{(9.10) (10.15) (10.80)
EXP | .007 .007 .007
(4.35) (4.90) (4.98)
GEN .031 .033 .034
(5.46) (5.98) (6.35)
SOUTH -.013 -.014 -.015
(-0.63) (~0.73) (=0.79)
Cs1 157 155 .154
(4.56) {4.73) (4.81)
CSs2 .182 .190 .195
(5.75) (6.25) {6.58)
Cs3 <207 .213 .217
: (6.24) (6.71) (7.00)
Cs4 224 .236 243
{6.23) (6.80) (7.18)
CS5 . 348 +358 .365
(9.86) (10.56) (11.03)
Rz . 166 .156 .153

2An asterisk next to a variable means it is endogenous. Asymptotic
t ratios in parentheses,

bSWIFE. JSAT, and WIDIF excluded from the set of instrumental

variables,

“SWIFE, JSAT, WIDIF, and OTINC excluded from the set of instru-
nental variables.
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current health variable has a positive aﬁd very significant effect
on the hourly wage rate. As shown by its regressioﬁ coefficient in
equation (1), a 10 per cent increase iﬁ the stock of current health
causes the hourly wage rate to rise by approximately 4 per cent. -
The signs of the regression coefficients of thé other variables

in the wage equation are consistent with a priori expectations.

In Table 13, I demonstrate that, when the wage is treated as an
endogenous variable, a striking change occurs in the health function
coefficient of this variable. 1In equétion (6) in Tahle 5, the
wage elasticity of health equals .15. In equation (1) in Table 13,
this elasticity-equals .30. This doubling in the wage elasticity
occurs despite the presumed upward bias in the ordinary least
squares estimate because it reflects causality from health to the
wage as well as causality from the wage to health.67 A possible
explanation of this finding is that there might- be meas;rement
error in the computed hourly wage variable, which would bias the
ordinary least squares parameter estimate downward. This bias
should be reduced by the use of a set of instrumental variables
via the method of two-stage least squares,

In the health-wage model that Benham and I (Grossman and
Benham 1973) fit to the NORC sample, the endogenous wage rate has

2 negative effect on health rather than a positive effect. We

67Suppose that the wage elasticity of health (bs) and the
health elasticity of the wage (ay) are poaitive. Then the simultan—
eous equation system given by equations (16) and {17) would have
a stable solution if and only if the product of bg and a, were
smaller than one. This follows because the reduced form health para-
meter of ln HHS, for example, is balllﬂbaal}. Since bg equals .30
and a; equals .40, the stability condition is satisfied at an
empirical level.
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argue that this might reflect a greater tendency to select occupa-
tions that are hazardous or otherwise detrimental to heélth as the
. wage rate:rises, with schooling and experience held constant. It
should be néted fhat Benham and I include proxy variables for pre-
éeﬁtive medicél care in our health function. This is one source
of the discrépancy between the signs of the wage elasticities in
the NORC and NBER-Thorndike samples. Another source is that the
NORC health function is estimated for all white men,-while the
NBER-Thorndike health function is estimated for a high earnings,
high schooling, and high abiiity sample. Variations in wages
associateﬁ with harmful health characteristics of occupations
might be much more important at low levels of earnings and schooling
than at high levels,.

In general, there are two theoretical reasons for an increase
in the wage elasticity of health as the wage rate rises. First,
if the'elasticity of substitution between own time and market goods
in the health production function exceeded one, then the share of
market goods in the total cosg of producing health {a) would rise
with the wage. This would increase the wage parameter (ac) in the
health demand curve. Second, the p;sitive relationship between the
wage rate and what I have termed "the inconvenience costs of
11lness" (Grossman 1972b, p. 69} might become stronger as
the wage grows. This relationship arises because the complexity
of a particular job and the amount of responsibility it entails
certainly are positively corrélated with the wage. Thus, when an

individual with a high wage becomes ill, tasks that only he can perform

accumulate. These increase the intensity of his work load and give
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him an incentive to aveid illness by demanding more health capital.
I suspect that the importance of inconvenience costs in the NBER-
Thorndike sample is the major source of the large wage elasticity
of health that is observed in this sample. By using a set of
instrumental variables for the wage rate, I probably create a
variable that more accurately reflects these costs than the measured
wage.

With two exceptions, the health coefficients of variables
other than the wage are not altered much when the wage is treated
a8 endogenous. The two exceptions are that the coefficient of
nonearnings income increases in absolute value and the coefficient
of own schooling falls dramatically (compare equation (1) in Table 13
to equation (6) in Table 5). The pure income elasticity of health
rises in absolute value from -.01 to ~.06 at an income of 520,000
when the health function ig estimated by two-stage least squares
rather than by ordinary least squares. Although the pure income
elasticity is still not statistically significant, its sign
suggests that, at high income levels, the consumption of detrimental
health inputs grows at least as rapidly as the consumption of
beneficial inputs as income grows. In a statistical sense, the
Teduction in the coefficient of own schoeling is due to multi-
collinearity between schooling and the predicted wage rate.
These two variables are much more highly correlated than schooling
and the actual wage rate (r = 642 versus r = +289)., In a literal
sense, according to equation (1) in Table 13, schooling has no
direct effect on health, with the wage rate and other variables

held constant.
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"Even 1if the literal interpretation of the schooling coefficient
in equation (1) is correét, this does not mean that schooling has

no impact on health independent of its impact on the wage rate.

" In Part B of Section II, I showed that schooling influences health

iﬁ part because of its effects on wives' schooling, weight dif-
ference, and job satisfaction. Equation (2) in Table 13 allows

the schooling coefficient to reflect these channels by omitting
wives' schooling, job satisfaction, and weight difference from the
model, The omission_of these three variables causes the schooling
coefficient to triple in magnitude and to achieve statistical sig-
nificance at the .05 level of confidence on a one—tail teét. Green-
berg (1972) and Smith (1973) argue that it is not entirely appropriate
to treat nonearnings income as an exogenous variable in the context
of 2 model of life cycle decisionmaking. Therefore, equation (3)
excludes this variable as well as the three excluded in equation (2).
This results in a slightly larger and a slightly more significant

schooling coefficient,58

68Clearly, within the context of a life cycle model, wives'
schooling, job satisfaction, weight difference and nonearnings
income are endogenous variables. If these variables are determined
Prior to the determination of current health and the current wage,
it would be appropriate to use them ag instruments in two-stage
least squares. If, however, they are determined simul taneously
with current health and the current wage, they should not be used
as instruments. I have not tried to estimate equation (1) in Table 13
by specifying separate equations for SWIFE, JSAT, WIDIF, and OTINC.
I have estimated equation (1) with these variables entered in the
second-stage health function but excluded from the first-gtage.
Coefficients obtained in this manner are almost identical to those
shown in equation (1).

Equation (2) in Table 14 gives the wage function that is
obtained when SWIFE, JSAT, and WIDIF are excluded from the health
function, and equation (3) gives the wage function that is obtained
when these three variables and OTINC are excluded. The main impact
of these exclusions is to reduce the elasticity of the wage with
Tespect to health from approximately .4 to approximately .3. The
smaller elasticity is still significant at all conventional levels of
confidence.




-77 -

Due to the importance of schooling as a policy variable from
the point of view of both the individual and socliety, it is useful
to examine the reduced form‘health and schooling parameters of this
variable. In Table 15, I gshow estimates of these parameters based on
a specification of the health function that omits wives' schooling,

ob satisfaction, weight difference, and nenearnings income,

TABLE 15
Estimates of Direct, Indirect, and Total Effects of

Schooling on Health and the Wage Rate

Health Effects Wage Effects

Direct Effect .014 .052
Indirect Effect 016 003

Total Effect (Reduced
Form Parameter) .030 .055

I also decompose each parameter into a direct component and an

indirect component.69 The reduced form health parameter of schooling
indicates that a one year fncrease in this variable raises health

by 3.0 per cent. The indirect component, which is preszent because

9Given the simultaneous equations system specified by equations (16)
and (17), the reduced form health parameter of schooling equals
(b2+azb8)/(l-b8al). The term b2/(1-bBal) gives the direct component,

and the term azbS/(l—bBal) gives the indirect component. Similarly, the
reduced form wage parameter of schooling equals (a2+bzal)/(1-b8al),
where a2/(1-b831) is the direct component and bzall(l—baal) is the

indirect component.
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schooling raises the wage rate and the wage rate raises health, is
s%ightly larger than the direqt component, The reduced form wage
parameter of schooling suggests a rate of return to investment in
schooling via an expansion in market productivity of 5.5 per cent.
A small percentage of this increase (approximately 5.45 per cent)
can be attributed to the increase in health caused by an increase
in schooling.

In a sense, the direct component of the reduced form health
parameter is itself an indirect component because it measures the
effects of schooling on health that operate via wives' schooling,
job satisfaction, and weight difference. Regardless of the
manner in which the direct component is interpreted, its
magnitude suggests that schooiing influences health by'channels
other than the wage rate. Given the high degree of multicollinearity
between schooling and the predicted wage, this 18 an impressive
finding. Future research is necessary in order to ascertain whether
the direct nonmarket productivity component of the schooling coef-
ficient in the health function is really as small as the simultaneous
equations model indicates and whether the indirect nonmarket component

is as large.

V. Mortality Experience -of the Thoxndike Sample Between 1955 and 1969

A. WNature of the Analysis

Death is the most objective, although the most extreme, measure
of 111 health. Therefore, in this section I examine the mortality exper-

ience of the Thorndike sample between the year of the initial survev by

Thorndike and Hagan (1955} and the vear of the first resurvey by the
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NBER (1969). 1In particular, 1 want to see whether relataonships that
are observed when health is measured by self-rated healfh status are
alsc observed when health is measured by mortality or survival.

0f the 9,700 men in the original Thorndike sample, 275 had died
by 1969.70 This gives a_mortality rate of 2.84 per cent over a period
that extends roughly from 1956 through 1968. In 1955, the mean age
of the sample was thirty-three years, and the age-specific death rate
in the United States of white males ages thirty-five to forty—fou: was
0.34 per cent (National Center for Health Statistics 1961). Sincg
this age-specific death rate was practically constant between 1956 and
1968, 4.32 per cent of the Thorndike sample would have died bv 1968
if the sample had‘the same mortality experience as the population at
1arge.7l Thus, the survival rate in a sample drawn from the upper
tails of the schooling, earnings, and scholastic ability distributions
exceeds the survival rate in the general population. This complements
my finding that the levels of self-rated health status and healthy time
in the NBER~Thorndike sample exceed the levels of these health indexes
in the NORC sample,

To examine the partial effects of various factors onm survival in
the Thorndike sample, I have estimated a dichotomous 1bgit survival

72
function by the method of maximum likelihood. If p. is the probability

i

70
Although the response rate to the 1969 questionnaire was onlv slightly
higher than 50 per cent, it is known with certainty that exactly 275 men died.
This information was supplied by the Veterans Administration.
71If the age-specific death rate of a cohort (d) is constant over time,
then the fraction who die in a t-year period would equal 1- (1-d) .

721 have also estimated dichotomous survival functions by ordinary
least squares. The results (not shown) are almost identical to those
¢btained with the logit functions in Part B of this section.
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th

that the 1™ individual survives, then this function 1is given by

in “’1/ (l-pi)] =bS+ bV + byP + b, MECH

+ b5 GEN + bGNUM + b7 JSATS55 + b8 ln SALSS,

where S 1s years of formal schooling completed in 1955, JSAT5S 1is an -
index of job satisfaction in 1955, 1ln SALS55 is the natural logarithm
of full-time salary in 1955, and the other variables are defined in
Section II. The logit €unction contains only eight independent variables
because no information 1s available on people who died between 1955 and
1969 other than that collected by Thorndike and Hagan in 1955, Full-time
salary rather than the hourly wage rate measures the value of time because:
there are no data on hours wurkeﬂ per week in 1955. Job satisfaction in
1955 1is simply the answer to the question: How well do you like the
type of work you are doing now? The four possible numerical responses
- constitute a scale ranging from four (the highest)} to one (the lowest).

I could have used all 9,700 men in the original sample as a base
for estimating the logit functionJ but for two reasons I have limited
observations on survivors to men who responded to the"1969 NBER question-
naire. First, a significant fraction of the sample compléted their
formal schooling after 1955.73 Therefore, a positive relationship
between schooling in 1955 and survival might reflect the incentive

of persons with a longer life expectancy and a higher level of general

health to invest more in schooling. By using the 1969 survey as a

LEDY the 5,085 respondents to the 1969 questionnaire, 1l per cent
completed schooling after 1955,
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base, I can restrict the survivors to men who had completed their formal
schooiing by 1955.

Second, Thorndike and Hagan did not obtain age as a variabie in 1955,
Since age and schooling are negatively correlated ahd age and survival are pre-
sumably negatively corfelated. the effeect of schboling on survival is biased
upward by the omission of age from the survival function. By.selecting sur-
vivors who had completed their formal schooling by 1955, I select a set whose
mean age is somewhat greatér than the mean age of all survivors. At the same
time, I reduce the size of the correlation between age and schooling. This
procedure mitipates, although it does not entirely eliminate, the bias caused
by omitting age from the survival function.74

Note that men with zero or unknown full-time salaries in 1955 are excluded
from the analysis. Therefore, persons who died shortly after 1955 and were not
able to work at all in that year are eliminated from the survival function. To
further reduce the magnitude of a possible relationship from survival to full-
time salary, I estimate.survival functions for ﬁen whose 1955 full-time salarv
exceeds one;half the median full tiﬁe salary of $6,000 and for men whose salarv
exceeds the medisan salarv. This procedure alleviates nroblems that arise be-
cause I do not know whether decedents completed their formal schooling bv 1955,
It is unlikely that a decedent whose salary exceeded the median salary had not
finished his schooling.

The sample size, number of deaths, and "adjusted morgality rate" in each
of the three logit functions that I fit are shown in Table 16. Since the re-
sponse rate to the 1969 queationnaire was approximately 50

per cent, the decedents in each sample represent 100 per cent of all

4My procedure assumes that men who completed schooling by 19551;nd re—h
sponded to the 1962 questionnaire have the same characteristics as all men who
survived and completed schooling by 1955. Taubman and Wales (1973) indicate that
men who responded to the 1969 questionnaire reported slightly higher schooling
levels in 1955 than the entire 1955 sample. But their comparison 1is not re-

stricted to men who finished schooling by 1955.
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decedents, but the survivors represent 50 per cent'of.all survivors,
Thergfore, in computing the adjusted mortality rate, I give double

weight to survivors. In calculating logistic functions, I do not give

. TABLE 16
Characteristics of Samples in Survival Analysis

Adjusted
Mortality Rate

Sample Size Deaths (per cent)

Positive salary in 1955 4,386 248 - 2.83

Salary exceeds one~half 4,277 . 238 2,78

the median salary
Salary exceeds the . 2,013 107 2.66

median salary

double welght to survivors, but I do estimate marginal effects at the

adjusted mean probability of survival (one minus the adjusted death

75
rate),

B. Resﬁlts

Table 17 contains maximum likelihood estimates of dichotomous
logit survival functions. The three equations in the table reveal
that schooling has a positive and statistically significant efféct
on the probability of survival. Indeed, schooling is the only variable
whose logit coefficient differs from zero in a statistical sense. The

schooling effect is independent of the level of median salary in 1955

5In regression analysis, weighting is employed to produce efficient
estimates rather than to produce consistent estimates. Consequently,

it 1s by no means obvious that logistics survival functions should be weighted,
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TABLE 17

Maximum Likelihood Eatimates of Dichotomous
Logit Survival Functions?®

Equation 1b Equation 2¢ Equation 34
Logit Marginal Logit Marginal Logit Margina:
Variable Coefficient Effect Coefficient Effect Coefficient Effect
s .135 . 004 142 004 147 004
(4.06) (4.15) (3.04)
v .037 .001 .037 001 .058 002
{0.68) (0.67) (0.71)
P -.038 -.001 ~.034 ~.00L -.085 ~.002
(-0.67) (-0.59) (-0.97)
MECH .013 . 0004 015 . 0004 .012 . 0003
{(0.22) (0.25) (0.13)
GEN .056 002 .070 . 002 .032 , 001
(1.05) {1.28) (0.42)
NUM -.013 -.0004 -,009 -.0003 014 .0C 04
(-0.24) (-0.17) (0.17)
JSAT 55 .084 .002 .116 .003 .027 001
(0.84) (1.14) (0.17)
1n SAL55 .037 .001 -.087 ~.002 .129 003
{0.21) (-0.46) (0.39)

dAsymptotic t ratios in parentheses.

bIncludes all men who completed schoolin
year. Sample size is 4,386.

g by 1955 and had a positive salary 1in that

€Includes men whose salary exceeded one-half the median salary. Sample size is

4,277.

dIncludes men whose salary exceeded the median salary. Sample size is 2,013,
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and suggests that in the vicinity of the adjusted death rate a one
year increase in schooling lowers the probability of death by .4 per-
centage points, The important role of schooling=in the survival

function is a further justification for the emphasis that I have given

“to this variable as a determinant of health throughout this paper.'

Although none of the other variables has a statistically significant
effect on survival, the signs of job satisfaction and visual perception
are consistent with the signs of these variables in the self-rated health
status functions, When the lower tail of the salary distribution is
included in the analysis, general intelligence is a better predictor of
survival than visual pe¥ception. This is not, however, the case when
the sample is limited to the upper tail of the salary distribution.

In general, the estimated schooling parameter and the estimated
parameter of a given test score are not sensitive to the other test
scores that are included in the survival fanction.

Two difficulties with the moftality analysis are that the men
in the Thorndike sample were only in their thirties in 1955 and that
relatively few variables are available for that vear. The sample has
now reached a point in the life cycle at which death rates in future
years should be much higher than in the past. Consequently, one
promising area for future feaearch would be to trace the mortality
experience of the sample for the next five or ﬁen years. Mortality
could then be related to a wide variety of factors that can be
measured with the large set of ¥ariables that was collected by the

NBER in 1969 and 1971.
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VI. Summary and Conclusion

In this paper, I have used the household production function approach
to consumer behavior to develop recursive and simultaneous models of
decisionmaking that can be used to formulate and estimate health-schooling
relationships. In the theoretical section of the paper, I have shown how
a recursive system whose principal equations are demand curves for chil-
dren's health, schooling, and adults' health generateg causal relation-
ships from schooling to health and from health to schooling. In addition,
this system generates relationships from third variables to both health
and 5chooling. In the main empirical section, I have estimated a re-
cursive health-schooling model by ordinary least squares using data
contained in the NBER-Thorndike sample. In this model, I have measured
health capital by self-rated health status. In other empirical sections,
I have conducted "sensitivity analyses" that show how the ordinary least
squares results are affected (1) when ghe health equation is specified
as a dichotomous logit function and estimated by the method of maximum
likelihood, and (2) when the health function 1is fitted in the context
of a simultaneous equations health-wage model. Finally, I have examined
the mortality experience of the Thorndike sample between 1955 and 1969,

The major empirical results of the recursive health-schooling model
can be summarized as follows. With past health and third variables
held constant, schooling has a positive and statistically significant
effect on current health. This is evidence in favor of a causal relation-

ship that runs from schooling to current health. The estimated bias in

schooling coefficients is larger when current variables are omitted from
the health function than when past variables are omitted. Current variables

include the hourly wage rate, wives' schooling, weight difference, and
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Job satisfaction; while past variables include past health, parents'
schooling,_and visual perception. Past health has an extremely sipgni-
ficant poeitive effect on current health and also has a vositive and
Isigcificant effect on years of formal schooling completed. Yet the
parameter estimate of schooling in the current health function is not
greatly altered by the inclusion of past health. Current health is
positively related to physical ebility, measured by visual perception,
but it is not related to mental ability, measured by general intelli-
gence. A decomposition analysis of the effect of schooling on health
with the wage rate held constant, reveals that a substantial fraction
of this effect operates via the impact of schoeling on wives schooling,
Job satisfaction, and weight difference. Indeed, these three channels
of influence account for nearly 40 per cent of the total nonmarket pro-
ductivity effect of school;ng on health.

The sensitivity analysis reveals that the qualitative results of
the recursive model are not altered when the health equaticn is specified
as a dichotomous logit function and estimated by the technique of maximum
likelihood. In the context of the simultaneous equations health-wage
model, schooling has a somewhat smaller impact on heaich than it does in
the pure recursive system. In fact, the simultanecus equations model
shows that, with the wage rate held constant, the entire effect of school-
ing on health operates via the channels of wives' schooling,-job satis-
faction, and weight difference. This model also shews that healcth is an
important determinanc of market productivity and the hourly wage rate.
The mortality experience of the Thorndike sample between 1955 and 1969
confirms the tmportant role of schooling in the health function.

I view the empirical work in this paper as preliminary or ongoing

rather than definitive or final. Given-the uniqueness of the Thorndike
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sample and the less than ideal measures of health, the models that

I have formulated and estimated should be treated as examples of

the kinds of models that could be fitted with longitudinal samples
that contain more refined measures of current and‘past health and
background characteristics. Due to the preliminary nature of nv work,
I have not hesitated to suggest alternative explanations of certain
findings, to speculate and be provocative in discussing results, and
to propose a partial égenda for future research,

One topic on such an agenda would be a careful study of the process
by which schooling influences health and other aspects of consumer be-
havier. In this studv, one would delineate in detail all channels via whieh
the nonmarket productivity effect of schooling on health operates. A
second topic would be an examination of the mortality experience of
the NBER-Thorndike sample after 1969. A third topic, not previouslv
mentioned, would be 2 study that takes geriously my notion
that children's health is one aspect of their quality. In this research, one
would formulate and estimate a demand curve for children's health. One
would also use this demand curve to derive and estimate a demand curve
for children's medical éare along the same lines that I have used in
the past to derive and fit a demand curve for adults' medical care
(Grossman 1972b), At a somewhat deeper level, mv emnirical results
suggest that what some persons might call "attitudinal variables,”

such as self-rated health status and job satisfaction, are amenable tao

economic analysis. So practitioners of the "new economics of the
household" should not relegate the analysis of these variables to
soclologists and psychologists, iust as they do not relegate the

analysis of fertility and contraception to demographers.
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Appendix

The empiricai analysis in Sections III and IV in this paper is
limited to men who responded to both the 1969 and the 1971 NﬁER ques-
tionnaires, were married in 1969, and were members of the labor force
in tha; year. 1In addition to these restrictions, men were excluded
_from the analysis if there was no information on their current health
status, age, height, actual welght, full-time salary, family income,
wives' schooling, health status in high school, and school-loss weeks.

In cases where there were unknown values of variables other than the
ones just listed, the meaﬁ value of the relevant variable was substifuted._

Table A-1 contains means and standard deviations of 513 Qariables
that are used in Sections III and IV for the sample of 3,534 men., Table
A-2 contains a matrix of simple correlation coefficients. Note that the
principal components analysis of the test scores was performed on the
entire sample of men who responded to the 1969 questionnaire. Therefore,

the five ability variables do not necessarily have zero means.
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TABLE A-1
Means and Standard Deviations, Married Men
in NBER-Thorndike Sample?
Standard

Variable Mean Deviation
1n H&9 3.938 .684

A 46,733 2.196

S 15.054 2.431
SFAT 9.812 3.528
SMOT 9.977 3.4864

v .035 1.330

P .012 1.304
MECH .019 1.301

NUM 072 1.454

GEN .072 1.595

In HHS 1.917 .258
SWIFE 13.320 2.100
JSAT 4.415 786
WIDIF 23.102 16.641
Inw 1.963 .498
oTIncP 1.508 5.896
EXCELL® .595

EXP 21.387 6.807
SOUTHC .229

cs1© .153

cs2¢ «265

cs3€ .195

cs4© .134

Cs5¢ .148

3Sample size is 3,534.
bThousands of dollars.

CStandard deviations of dummy
variables not shown.
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