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in time, savings and the rate of growth of consumption over time, own (adult) health and inputs into
the production of own health, fertility, and child quality or well-being reflected by their health and
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decisions, so that observed schooling effects can be traced in part to omitted "third variables" such
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1. Introduction

Are more educated people healthier? Are they less likely to smoke cigarettes, more
likely to quit smoking if they do smoke, and less likely to be obese? Are they more likely to
have fewer children, healthier children, and better educated children? Do their consumption
patterns differ from those of persons with less education? These are examples of the potential
nonmarket outcomes of education that are considered in this chapter. I define these outcomes as
those associated with the time that the consumer does not spend in the labor market, and 1
distinguish them from the labor market outcomes of education in terms of higher earnings and
wage rates.

Until the early 1960s, treatments of the effects of education on nonmarket outcomes or
behaviors were not explored by economists. The argument was that the impacts of variables
other than real income or real wealth and relative prices must operate through tastes, and
economists had little to say about the formation of tastes. Gary S. Becker changed all that, and
this chapter is heavily influenced by his contributions [Becker (1960, 1965, 1991, 1996), Becker
and Lewis (1973), Becker and Murphy (1988), Becker and Mulligan (1997)]. In his early work,
Becker introduced the idea that consumers produce their fundamental objects of choice, called
commodities, in the nonmarket sector using inputs of market goods and services and their own
time. Education is quite likely to influence the efficiency of these production processes. Thus it
may affect the absolute and relative marginal costs or shadow prices of home produced
commodities and real income evaluated at shadow prices, with market prices of goods and
money income held constant. In his later work, Becker stressed that the determinants and
consequences of addictions, time preference, and other variables typically labeled as tastes can

be approached by standard economic models of rational behavior, with important implications



for the role of schooling in decisions pertaining to, for example, the rate of growth in
consumption with age, savings, investment in children, and consumption of harmfully addictive
substances.

In the next section of this chapter, I outline several conceptual frameworks that generate
effects of education on nonmarket outcomes. Empirical evidence with regard to these effects is
summarized and critiqued in the sections that follow. The focus is on identifying causal effects
of education and on mechanisms via which these effects operate. Before proceeding, a few
comments on the scope of the chapter are in order.

First, the knowledge that a person has acquired through schooling is imbedded within
himself and accompanies him wherever he goes: to the labor market where money earnings are
produced, to the doctor where health is produced, to the bedroom where sexual satisfaction and
perhaps children are produced, to plays and movies where entertainment is produced, and to the
tennis court and the ski slope where exercise and recreation are produced. If knowledge and
traits acquired through schooling influence decisions made at work, they are just as likely to
influence decisions made with regard to cigarette smoking, the types of food to eat, the type of
contraceptive technique to use, and the portion of income to save. While these examples suggest
an infinite number of nonmarket outcomes that may be influenced by education, I keep the scope
of this chapter manageable by considering a few. They include general consumption patterns at
a moment in time, savings and the rate of growth of consumption over time, own (adult) health
and inputs into the production of own health, fertility, and child quality or well-being reflected
by their health and cognitive development.'

Second, I pay a good deal of attention to the effects of education on health for a variety of

reasons. They are the two most important sources of human capital: knowledge capital and



health capital. They interact in their levels and in the ways they affect the cost and usefulness of
the other. There is a large literature addressing the nature of their complementarities. While
each affects the production and usefulness of the other, there are important dynamics of their
interaction, seen in the age-structure of the net and gross production of the two. This sequencing
also affects their optimal amounts.

Finally, my survey of the literature is meant to be selective rather than definitive. I
highlight studies, mostly from the 1970s and early 1980s, that laid the foundations for empirical
investigations of the impacts of schooling on nonmarket outcomes. I also highlight very recent
research that focuses on mechanisms and causality. The reader can fill in the gaps by consulting

the studies that I cite.

2. Conceptual foundations
2.1. Productive efficiency

Becker’s (1965) model of the allocation of time serves as the point of departure for
approaches that assume that increases in knowledge capital, in general, and education or years of
formal schooling completed, in particular, (from now on these two terms are used as synonyms)
raise efficiency in the nonmarket sector. Becker draws a sharp distinction between fundamental
objects of choice--called commodities--that enter the utility function and market goods and
services. Consumers produce these commodities using inputs of market goods and services and
their own time.

In seminal contributions to the literature, Michael (1972b, 1973) develops theoretical
tools to study the effects of variations in nonmarket efficiency. In the context of a static or one-

period model, consumers maximize a utility function given by



U=U(Z, Zs,...,2n), (1)
where each Z; (1= 1, 2,...,n) is a commodity produced in the nonmarket or household sector.
The set of household production functions is given by

Z,=e"E(X;,T), )
where Xj is a market good or service input, Tj is an input of the own time of the consumer, S is a
measure of the efficiency of the production process, and p; is a positive parameter. Each
production function is linear homogeneous in Xj and Tj. For simplicity, I assume that each
production process uses a single unique good or service purchased in the market and a single
unique own time input. Conceptually, X; and T; could be treated as vectors rather than scalars,
and joint production (an increase in X raises Z; and simultaneously raises or lowers other
commodities) could be introduced. These modifications are useful when the commodities can be
measured empirically, but are ruled out in Michael’s empirical applications. I will return to these
issues below.

The efficiency variable S in equation (2) coincides with the consumer’s stock of
knowledge or human capital, a theoretical concept, and operationalized by the number of years
of formal schooling that he or she has completed. Of course, the stock of human capital depends
on such additional factors as the quality of schooling, on-the-job training, and health capital, but
the focus of this chapter is on the effects of schooling. Health is treated as one of the outputs of
household production and is discussed in detail both theoretically and empirically later in the
chapter. While the goods and time inputs are endogenous variables, schooling is predetermined.
Complications due to the endogeneity of schooling are addressed after the basic model is
developed.

Since each production function is linear homogeneous in the goods and time inputs, an



increase in S raises each commodity only if it raises the marginal products of the inputs on
average. In fact, according to equation (2), an increase in S raises the marginal product of X; and
T; by the same percentage (p;). This is the Hicks- or factor-neutrality assumption applied to
production in the nonmarket sector. As is the case with the other assumptions just made,
Michael (1972, 1973b) requires it in his empirical work but not in the theoretical development of
his model.

Michael makes empirical predictions about the impacts of schooling on the demand for
commodities and market goods by considering variations in schooling, with money “full
income” (the sum of property income and earnings when all available time is allocated to work
in the market), the prices of market goods, and wage rates held constant. Because the more
educated are more efficient, the marginal or average cost of each commodity is lower for them
than for the less educated. Indeed, since a one unit increase in education raises the marginal
products of X; and T; by p; percent and since the Z; production function is linear homogeneous in
these two inputs, the marginal cost or average cost or “shadow price” of Z; falls by p; percent.
Hence, with money full income evaluated at shadow prices held constant, real full income rises

by p percent:
p= Zkipi ) 3)
i=1

where k; is the share of Z; in full income.” Since real income rises, an increase in education
raises the demand for commodities with positive income elasticities. In addition, there may be
substitution effects since relative commodity prices will change unless p; is the same for each

commodity.

Define the schooling parameter in the demand function for Z; as Z =dInZ,/9S, and



keep in mind that this parameter summarizes an effect that holds money income, the prices of

market goods, and the wage rate constant. This parameter is given by

Zi =M,p—k;0;p; - zkjcijpj’ “4)

ji=1

where m; is the income elasticity of demand for Z;, G;; < 0 is the Allen own partial elasticity of
substitution in consumption of Z;, and G;; is the Allen cross partial elasticity of substitution in
consumption between Z; and Z;. Given that Z; is a superior commodity, the first term on the
right-hand side of equation (4) is positive. The second term reflects an own substitution effect
and also is positive. The third term reflects cross price effects and is negative since Gj; is positive
on average unless the prices of commodities that are strong complements to Z; fall substantially
(pj is large when ©; is negative and large in absolute value).

Since most of the Z commodities cannot be measured empirically, assume that all cross

partial elasticities of substitution in consumption are the same (c;; = 6 > 0). Hence,3

Z, =np+0(p,~p). (5)
According to equation (5), the quantity of Z; demanded unambiguously rises as schooling rises
provided more schooling raises marginal products in the Z; production function by the same
percentage as on average or by a greater percentage than on average (p; = p). The sign of Z is
ambiguous if the reverse holds (p; < p).

From equation (5), the schooling parameter in the demand function for the market good

or service input in the production function of Z; (Xj) is*

X, =, =Dp+(c=1)(p, =p). (©)
Equation (6) highlights that changes in the quantity of X; consumed as schooling rises close the

gap between the percentage change in the quantity of Z; demanded [n;ip + o(pi - p)] and the



percentage increase in the quantity of Z; supplied by fixed amounts of the good and time inputs
(pi).- Three pieces of information are required to predict the sign of Xi : (1) whether 7, is greater

than, smaller than, or equal to one; (2) whether © is greater than, equal to, or smaller than one;
and (3) whether p; is greater than, equal to, or smaller than p. Information on the third item
would be available only if the full set of household production functions were estimated. If one
could do this, one might not want to assume that all the partial elasticities of substitution in
consumption are the same. But then one would need to estimate the full set of these elasticities.
Given the problems just mentioned, Michael (1972, 1973b) assumes that all p; are the
same and equal to p. He terms this assumption “commodity neutrality.” It implies that relative
prices remain the same and that no substitution effects accompany increases in education.

Equation (6) becomes
X, =(,~Dp—0asm, ~1. @)
< <

In words, an increase in schooling increases the demand for goods inputs associated with
commodities that have income elasticities greater than one, reduces the demand for goods inputs
associated with commodities that have income elasticities less than one, and has no impact on
goods inputs associated with commodities that have income elasticities equal to one. This is the
empirical test of the hypothesis that education has a productive efficiency effect devised by
Michael. It can be implemented with detailed cross-sectional data on outlays on goods and
services for items that exhaust total consumption. For each item, estimate an Engel curve that
relates expenditures on that item to income and schooling. If the resulting income elasticity of
demand for the item exceeds one, the schooling coefficient should be positive, while the

schooling coefficient should be negative if the income elasticity is less than one. Schooling



effects should be zero for items with unitary income elasticities.” Put differently, with money
income held constant, an increase in education should cause a reallocation of consumption
expenditures towards luxuries and away from necessities. This same test could be applied to
time budget surveys, although these surveys are less numerous and less detailed than consumer

expenditure surveys.

2.1.1. Productive efficiency, total consumption, and hours of work

A modified version of Michael’s (1972, 1973b) model can be employed to study the
effect of an increase in schooling on total consumption and hours of work when schooling varies,
with the wage rate and property income held constant.’ Suppose that the utility function is

U=U(Z,X)=U(""T,X)

In this formulation, utility depends on a single good purchased in the market (X) and a
commodity produced at home (Z) with a time input (T) alone. The marginal product of the time
input (e"zs) rises as schooling rises. Obviously, since there is only one use of time in the
nonmarket, T corresponds to leisure and is given by the difference between total available time
and time allocated to work in the market. It can be measured as long as data on working time are
available.

Consider demand functions for T and X that depend on the wage rate, property income,
and schooling. The schooling parameters in these demand functions (T and X, respectively)

are

T={[kn, +(1-k)o -1]}p, 9)



> k
X—[E}[l_knz_(l_k)ﬁzx]pz- (10)

In these equations, k is the share of Z in full income, 1z is the income elasticity of demand for Z
or T and ozx is the elasticity of substitution in consumption between Z or T and X. Note that
knz + (1- k)ozx defines absolute value of the uncompensated price elasticity of demand for Z
(¢7). Hence, the quantity of leisure or nonmarket time is positively related to schooling and total
consumption is negatively related to schooling if €7 is larger than one. The reverse holds if € is
smaller than one. Empirically, this parameter can be retrieved from estimates of the elasticities
of hours of leisure with respect to the wage rate and property income.”’

The preceding model controls for market productivity effects of schooling because the
wage rate is held constant. An alternative model is one in which a one-year increase in schooling
raises market and nonmarket productivity by pz percent. In that model the schooling parameters

become

T=[1-sm,-1]p, (9a)

%= {(l - s)(%ﬂpz, (102)

where s is the share of property income in full income. According to equation (9a), hours of
leisure fall as schooling rises and hours of work rise unless 1z is greater than 1/(1 - s). If sis
relatively small, hours of work increase, remain constant, or fall as schooling rises according to
whether 1z is less than, equal to, or greater than one. This model suggests that only schooling
and property income should be included in empirical estimates of demand functions for leisure
and total consumption. Comparisons of the two models and the constraints they imply via

goodness-of-fit tests allow one to distinguish between them.



2.1.2. Productive efficiency and health production

I [Grossman (1972a), (1972b), (2000)] explore the productive efficiency effect of
schooling in the context of a model of the production of health and the demand for health. My
model is somewhat complicated because it involves the selection of an optimal life cycle path of
a durable stock of health capital and associated profiles of gross investment in that stock and
inputs in the gross investment production function. My model also contains both investment and
consumption motives for demanding health. As a consumption commodity, health is a direct
source of utility. As an investment commodity, it determines the total amount of time in a period
that can be allocated to work in the market and to the production of commodities in the
nonmarket sector.

I simplify my model while retaining the aspects required to study the impacts of
schooling on the demand for health and health inputs by employing a static version of my pure
investment model in which health does not enter the utility function directly.8 In the period at
issue, say a year, the total amount of time that can be allocated to market and nonmarket
production (h) is not fixed. Instead, it is a positive function of health (H) because increases in
health lower the time lost from these activities due to illness and injury (dh/oH = G > 0).
Because the output of health has a finite upper limit of 8,760 hours or 365 days times 24 hours
per day if the year is the relevant period, the marginal product of health falls as H rises
(82h/aH2 = Gy < 0). Health is produced with inputs of medical care (M) and the own time of the
consumer (T):

H=¢"F(M,T)
where F is linear homogeneous in M and T. An increase in schooling raises the marginal

products of M and T by the same percentage (pn).
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The consumer maximizes Wh - tyH, where W is the wage rate and 7y is the marginal or
average cost of producing health. The first-order condition for optimal H is
WG = my. (12)
Using this equation, one obtains formulas for the optimal percentage changes in the quantities of

H and M caused by a one unit increase in schooling (S):

~

H=gupy, (13)
M= (g, ~Dpy. (14)
where
=_ G .
T HG,

The effects summarized by equations (13) and (14) hold the wage rate and the price of medical
care constant.”

The parameter €y is the inverse of the absolute value of the elasticity of the marginal
product of health (G) with respect to H. I [Grossman (1972a), (1972b), (2000)] show that &y is
very likely to be smaller than one because the output of health has a finite upper limit. Given
that this condition holds, an increase in schooling is predicted to increase the quantity of health

demanded but to lower the quantity of medical care demanded.

2.2. Allocative efficiency

In the productive efficiency approach, an increase in knowledge capital or schooling
raises the efficiency of the production process in the nonmarket or household sector, just as an
increase in technology raises the efficiency of the production process in the market sector. Some

persons object to this approach. In the specific context of the production of health, Deaton
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(2002, p. 21) writes: “In many economic models of health, education is seen as enhancing a
person’s efficiency as a producer of health--a suggestive phrase, but not one that is very explicit
about the mechanisms involved.” In a study dealing with infant health production, Rosenzweig
and Schultz (1982, p. 59) argue: “It is not clear...how education can actually alter marginal
products of inputs...unless inputs are omitted from [the production function]. That is, it is
doubtful that schooling can affect the production of...[health] without it being associated with
some alteration in an input.”

The statements by Deaton and by Rosenzweig and Schultz point to an allocative
efficiency effect of education. Clearly, this is a very legitimate alternative to the productive
efficiency hypothesis, but one can raise the same objection to the many treatments of exogenous
technological change in the literature on production by firms and industries. In fact, the set of
household production functions specified by equation (2) is very similar to a specification of the
production of earnings in which the more educated get more of this output with the same amount
of time allocated to the market than the less educated. Thus, it is important for the reader to keep
in mind that the productive efficiency hypothesis has testable implications in comparing the two
approaches.

Allocative efficiency pertains to situations in which the more educated pick a different
mix of inputs to produce a certain commodity than the less educated. The mix selected by the
more educated gives them more output of that commodity than the mix selected by the less
educated. As the quotes by Deaton and Rosenzweig and Schultz cited above imply, education
will have no impact on outputs unless it alters inputs, and education coefficients in production
functions will be zero if all relevant inputs are included. Since data on outputs as well as inputs

are required to test the allocative efficiency hypothesis and since health is one of few outputs of
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household production that can be measured, most theoretical treatments of allocative efficiency
are in the context of the production of health.

Theoretical underpinnings of the allocative efficiency approach are contained in
Rosenzweig and Schultz (1982, 1989), Kenkel (1991, 2000), Rosenzweig (1995), Meara (1999,
2001), Goldman and Lakdawalla (2002) Goldman and Smith (2002), Lleras-Muney and
Lichtenberg (2002), Glied and Lleras-Muney (2003), and de Walque (2004, 2005). These
treatments correctly recognize the multivariate nature of the health production function and
include a variety of market goods inputs, such as diet, cigarette smoking, and alcohol use, in
addition to medical care. Some of these inputs have negative marginal products in the
production of health. For example, cigarette smoking lowers health but raises utility at least for
some consumers because it simultaneously produces the commodity “smoking pleasure” that is a
positive source of utility. Hence, models of allocative efficiency incorporate joint production in
the nonmarket sector.'’ Some of these models replace a generic time input with time allocated to
such activities as exercise and weight control.

Typically, approaches to allocative efficiency assume that the more educated have more
information about the true nature of the production function. For example, the more educated
may have more knowledge about the harmful effects of smoking or about what constitutes an
appropriate diet. In addition, they may respond to new knowledge more rapidly. These
approaches also pay attention to the role of endowed or inherited health. Clearly, a favorable
endowment raises current health. At the same time, the demand for inputs with positive
marginal products falls while the demand for inputs with negative marginal products may rise.

To fully test the allocative efficiency hypothesis, one needs to estimate the health

production function and show that the schooling coefficient is zero once all inputs are included.
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Difficulties arise because the production function is a structural equation that relates an output of
health to endogenous inputs. Biases that are encountered when it is estimated by ordinary least
squares (OLS) are discussed in detail by Rosenzweig and Schultz (1982, 1983, 1991), Corman,
Joyce, and Grossman (1987), Grossman and Joyce (1990), and Joyce (1994). There are two
types. Adverse selection occurs when individuals with low levels of initial health obtain larger
quantities of health inputs. Here the unobserved disturbance term in the production function
reflects the health endowment and is negatively correlated with the inputs. In general OLS input
coefficients are biased towards zero in this case. Favorable selection occurs when there is at
least one unmeasured healthy behavior input (for example, appropriate diet or exercise or
absence of stress) and when individuals who are risk averse obtain larger quantities of all health
inputs, which have positive effects on health and less of the inputs with negative effects. Here
the unobserved disturbance term in the production function reflects unmeasured healthy behavior
inputs and is positively correlated with measured inputs. These considerations suggest that the
production function should be obtained by such simultaneous equations methods as two-stage
least squares. Since the productive efficiency hypothesis makes predictions about reduced form
coefficients, simultaneous equations methods are not required to explore its implications unless
one questions the exogeneity of schooling (see Section 2.5).

One could also test the productive efficiency model by fitting the production function by
simultaneous equations methods. It predicts a positive schooling coefficient with all relevant
inputs held constant. On the other hand, the allocative efficiency model predicts no direct
schooling effect. These models need not be viewed as competitors. Aspects of both may be
relevant, and both predict positive schooling coefficients in reduced form health equations.

Some treatments formally combine aspects of productive and allocative efficiency.

14



Typically, these treatments implicitly or explicitly assume costs of adjustment or interactions
between past health status and the marginal products of health inputs. Thus, positive effects of
past health on current health and negative effects of past health on current input use (positive
effects of past measures of poor health on current input use) are incorporated.'' For example,
using a model developed by Nelson and Phelps (1966), Glied and Lleras-Muney (2003) postulate
a lag between the introduction of a new medical technology for treating a certain illness and its
adoption by a specific individual. In turn, the lag is negatively related to the person’s education.
In this framework, the health production function is

H=FM_gj"""], (15)

where M, is the medical technology available at time 0, Moe™ is the state-of-the-art technology at

PUW is the technology actually employed by the individual or his physician at time t,

time t, Moe
and other inputs are suppressed. The variable u measures the adoption lag and is negatively
related to the person’s schooling. This model predicts that the marginal product of schooling in
the production function is positively related to p, the rate of technological progress. Hence, the
impact of schooling on disease-specific mortality, for example, should be larger in absolute value
for diseases for which significant advances in treatment have occurred in the recent past.

Using a somewhat related framework, Goldman and Lakdawalla (2002) examine the
properties of a model in which individuals with a given initial health problem employ medical
care and their own time in a Cobb-Douglas technology to improve their health:

H=M"TP, (16)
In their model the output elasticity of medical care (o) is positively related to schooling for some

diseases--especially those where progress in treatment has been rapid in the recent past. The

output elasticity of the patient’s own time input (3) also may be positively related to schooling,
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especially treatment regimes that require significant amounts of this input. Innovations that
diminish the importance of patient monitoring--for example, one that makes it less important for

a patient with type 1 diabetes to monitor blood sugar--lower B and may also reduce the positive

relationship between B and schooling."

2.3. Schooling effects in the quantity-quality model of fertility

Parents' schooling plays an important role in the quantity-quality model of fertility
developed by Becker (1960), Becker and Lewis (1973), Willis (1973), Becker (1991) and
summarized in detail by Hotz, Klerman, and Willis (1997). Parents maximize a utility function
that depends on the number of children (N), the quality or well-being of each child (Q, assumed
to be the same for each child in a given family), and the parents’ standard of living (Z). These
three commodities are produced with inputs of market goods and services and the own time of
the parents. The full income budget constraint is

R =777 + NQ + TtnN + 7Q, (17)
where 77 is the price of Z, 7 is the price of one unit of NQ, 7y is the fixed cost of N, and 7tq is
the fixed cost of Q.

According to Becker (1991), the cost component TyN reflects the time and expenditure
spent on pregnancy and delivery and the costs of avoiding pregnancies. These outlays are
independent of quality. The component moQ represents costs that do not depend on the number
of children because of joint consumption by different children such as acquiring information and
knowledge from the parents at the same time. On the other hand, the component TNQ reflects
costs that depend on both N and Q. Hence, the marginal costs or shadow prices of N and Q are

Py = 7in + TQ (18)
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Pq =g + ©N. (19)
The shadow price of N rises with Q because each additional child is more costly the higher is his
quality. Along the same lines the shadow price of Q rises with N because an additional unit of
quality is more costly the larger is the number of children in the family who will receive it.

Suppose that more educated parents face lower costs of contraception either because they
are more likely to use the most effective birth control methods or are more efficient at using a
given method. Note that a reduction in the cost of contraception raises 7. The increase in the
relative price of N induces a substitution effect away from N and towards Q. The expansion in
the ratio of Q to N causes a further increase in the relative price of N and an additional
substitution effect in favor of Q and away from N. The presence of both a direct substitution
effect (nn increases which increase the relative price of N) and a secondary substitution effect
(Q/N rises which increases the relative price of N) suggests a sizable reduction in N and a sizable
increase in Q even if these two commodities are not particularly good substitutes in
consumption. Exactly the same analysis follows if 7 falls as parents’ education rises because
more educated parents are more efficient producers of quality. Since the parents’ time is spent in
encouraging the child’s curiosity and in training the child in how to learn and in what satisfaction
comes from learning, it is highly likely that more educated parents will be more effective or
successful in encouraging these traits in their children.

Clearly the quality or well-being of children is positively related to their health and
cognitive development. In turn, the latter depends on such outcomes as school achievement test
scores and years of formal schooling completed. Since mothers typically allocate more time to
childcare than fathers, it is natural to obtain separate estimates of the effects of mother’s

schooling and father’s schooling on these outcomes. Especially in the case of the former, one
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wants to take account of increases in the wage or the value of time associated with schooling.
Willis (1973) assumes that the production of child quality or well-being is more intensive in the
wife’s time than the production of the parents’ standard of living. But child quality rises with the
wage while family size falls because child well-being and parents’ standard of living are
complements in consumption. Becker and Lewis (1973) get the same result for a different
reason. They assume that the fixed costs of number of children exceed the fixed costs of quality.
They then show that an increase in the value of the wife’s time lowers the price of quality
relative to that of number of children, although it raises the price of quality relative to parents’
standard of living. Thus, they predict a small negative or even a positive effect of an increase in
the wage on child well-being. The point I wish to emphasize is that in both models wage or
value of time effects are extremely unlikely to reverse efficiency effects and are very likely to

reinforce these effects.

2.4. Biases, biases, biases

So far I have considered frameworks that generate causal effects of schooling on a variety
of outcomes. For example, regardless of whether the mechanism is productive or allocative
efficiency, an increase in an individual’s own schooling is predicted to increase his or her own
health. Similarly, an increase in parents’ schooling is expected to increase the well-being of their
children as measured by their health and cognitive development. These frameworks have been
questioned, however, because schooling clearly is an endogenous variable. A variety of optimal
schooling models, some of which are discussed and extended by Card (1999, 2001), raise the
possibility that health, for example, may cause schooling or that omitted “third variables” may

cause schooling and adult health or child well-being to vary in the same direction. I illustrate the
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issues involved with respect to adult health and child well-being outcomes.

Causality from better health to more schooling results if healthier students are more
efficient producers of additions to the stock of knowledge (or human capital) via formal
schooling. In addition, they may miss fewer days of school due to illness and therefore learn
more for that reason. Furthermore, this causal path may have long lasting effects if past health is
an input into current health status. Thus, even for non-students, a positive relationship between
health and schooling may reflect reverse causality in the absence of controls for past health.
Evidence linking poor health in early childhood to unfavorable educational outcomes is
contained in Edwards and Grossman (1979), Shakotko et al. (1983), Chaikind and Corman
(1991), Currie (2000), Alderman et al. (2001), and Case et al. (2005). Health also may cause
schooling because a reduction in mortality increases the number of periods over which the
returns from investments in knowledge can be collected.

The third-variable hypothesis has received a good deal of attention in the literature
because it is related to the hypothesis that the positive effect of schooling on earnings,
explored in detail by Mincer (1974) and in hundreds of studies since his seminal work [see
Card (1999, 2001) for reviews of these studies], is biased upward by the omission of
ability. Fuchs (1982) identifies time preference as the third variable. He argues that
persons who are more future oriented (who have a high degree of time preference for the
future or discount it at a modest rate) attend school for longer periods of time and make
larger investments in their own health and in the well-being of their children. Thus, the
effects of schooling on these outcomes are biased if one fails to control for time preference.
Behrman and Rosenzweig (2002) present an argument that is even more closely related to ability

bias in the earnings-schooling literature. In their model, parents with favorable heritable
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endowments obtain more schooling for themselves, are more likely to marry each other, and
raise children with higher levels of well-being. In turn these endowments reflect ability in the
market to convert hours of work into earnings and childrearing talents in the nonmarket or
household sector.

The time preference hypothesis is worth considering in more detail because it is related to
the recent and very rich theoretical models in which preferences are endogenous discussed in
Section 2.5. Suppose that human capital investments and the inputs that produce these
investments do not enter the utility function directly. Then differences in time preference
among individuals will not generate differences in investments in human capital unless
certain other conditions are met. One condition is that the ability to finance these
investments by borrowing is limited, so that they must be funded to some extent by
foregoing current consumption. Even if the capital market is perfect, the returns on an
investment in schooling depend on hours of work if schooling raises market productivity by
a larger percentage than it raises nonmarket productivity. Individuals who are more future
oriented desire relatively more leisure at older ages. Therefore, they work more at younger
ages and have a higher discounted marginal benefit on a given investment than persons
who are more present oriented. If health enters the utility function, persons who discount
the future less heavily will have higher health levels during most stages of the life cycle.
Hence, a positive relationship between schooling and health does not necessarily imply
causality.

de Walque (2004, 2005) constructs a specific model with some of the above aspects
in which differences in time preference have causal impacts on schooling and health. In

his model the capital market is perfect and nonmarket productivity effects are not relevant
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since time is not an input in household production. Investments in schooling raise wage
rates. Returns to these investments depend on health because healthier persons live longer
and lose less time from work due to illness.”> Health is endogenous because future health
is negatively related to a good that enters the current period utility function such as
cigarette smoking. Persons who discount the future heavily will consume more of this
good and will have lower levels of health. This reduces the returns to investments in
schooling and lowers the optimal level of schooling. Clearly, one can add a component to
de Walque’s model and related models in which parents who are more future oriented
attend school for longer periods of time and make larger investments in the well-being of
their children.

The preceding discussion suggests that the coefficient of own schooling in a
regression in which own health is the dependent variable and the coefficient of parents’
schooling in a regression in which child well-being is the dependent variable may be biased
and inconsistent estimates of the true parameters. Several econometric procedures can be
employed to correct for these biases. First, one can include past health measures in
regressions that relate adult health to own schooling. Second, one can control for
unmeasured third variables by examining differences in outcomes due to differences in
schooling between siblings or twins. Third, one can employ the technique of instrumental
variables. Here the idea is to employ variables that are correlated with schooling but not
correlated with such omitted third variables such as ability, other inherited genetic traits,
and time preference to obtain consistent estimates of schooling effects. In the context of

two-stage least squares estimation and its variants, the instruments are used to predict
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schooling in the first stage. Then predicted schooling replaces actual schooling in the adult
health or child well-being equation.

The problem with the first procedure is that measures of past health may not be
available or may be measured imprecisely. The second procedure, especially if it is based,
on twins has several difficulties. Typically, it is based on small samples. In addition,
differencing between twins exacerbates biases due to measurement error [Griliches (1979),
Bound and Solon (1999), Neumark (1999)]. Finally, Bound and Solon (1999) stress that
variations in schooling between identical twins may be systematic rather than random.
Given the large literature that uses the technique of instrumental variables to investigate
the causal impact of schooling on earnings [see Card (1999, 2001) for reviews], the third
procedure appears to be the most promising. Of course, the difficulty here is that one must
uncover instruments that plausibly are not correlated with third variables. The reader

should keep these factors in mind in evaluating the studies discussed in Sections 4 and 5.

2.5. Schooling effects in models with endogenous tastes

Typically, economists have not emphasized the effects of variations in taste variables on
the optimal consumption of goods and services at a moment in time or on changes in
consumption over the life cycle because they have lacked theories about the formation of tastes.
They have, however, devoted attention to the impacts of time preference and addiction or habit
formation--two key components of tastes--in models that assume that tastes are exogenous. In
most models of consumption over the life cycle [see Frederick, Lowenstein, and O’Donoghue
(2002) for a recent review], consumers maximize a lifetime utility function (L) defined as the

discounted sum or present value of utility at each age
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Lzzn:D‘U(C[). (20)

t=0

Here U(C,) is the current period utility function at time or age t, C, is consumption at age t, and D
is the discount factor. In turn, D = 1/(1 + g), where g is the rate of time preference for the
present. Consumers who discount the future heavily (have small values of D or large values of
g) will exhibit much slower rates of increase in consumption over their life cycles than
consumers who discount the future at modest rates. Indeed, if g is large enough, consumption by
the former group may actually fall with age.14

Pollak (1970) and others incorporate addiction or habit formation into the standard model
of consumer behavior by assuming that past consumption of certain goods influences current
period tastes or utility. Let A be a good that exhibits this property and C be a good that does not,
so that A is the addictive good. Then the current period utility function is
U(C,, Ay, A1). Anincrease in Ay lowers current period utility because there is a “necessary”
component of consumption due to physiological or psychological factors. At the same time, an
increase in past consumption is assumed to increase the marginal utility of current consumption
in the case of addictive goods. This suggests that the current consumption of these goods is
positively related to past consumption. It is natural to associate the reductions in current period
utility caused by an increase in past consumption of addictive goods with the harmful health
effects of cigarette smoking, excessive alcohol use, and the consumption of such illegal drugs as
cocaine, heroin, marijuana, and opium. Moreover, experimental studies by psychologists of
harmful addictions [for example, Peele (1985)] usually have identified reinforcement in the sense
that greater past consumption of these goods raises their current consumption.

What do economic models that emphasize the effects of time preference and addiction

add to conceptual frameworks for studying the relationship between schooling and adult health
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or between parents’ schooling and child well-being? The answer is very little if time preference
and past consumption are exogenous variables. We have already seen that exogenous variations
in time preference can cause schooling and health or well-being to vary in the same direction in
Section 2.4. Clearly, one wants to take account of the relationship between current consumption
and past consumption or between current and future consumption in estimating demand
functions for addictive goods with harmful health effects. But if past consumption is exogenous,
these effects were ignored by consumers when they selected the optimal value of A¢;. Similarly,
the harmful future effects of current consumption are ignored when the optimal amount of A; is
selected.

The story is very different if time preference is endogenous and future effects are
incorporated into current decisionmaking. For example, proponents of the time preference
hypothesis assume that a reduction in the rate of time preference for the present causes years of
formal schooling to rise. On the other hand, Becker and Mulligan (1997) argue that causality
may run in the opposite direction: namely, an increase in schooling may cause the rate of time
preference for the present to fall (may cause the rate of time preference for the future to rise).
They point out that the present value of utility in equation (20) is higher the smaller is the rate of
time preference for the present. Hence, consumers have incentives to make investments that
lower the rate of time preference for the present.

Becker and Mulligan then show that the marginal costs of investments that lower time
preference fall and the marginal benefits rise as income or wealth rises. Marginal benefits also
are greater when the length of life is greater. Hence, the equilibrium rate of time preference falls
as the level of education rises because education raises income and life expectancy. Moreover,

the more educated may be more efficient in making investments that lower the rate of time
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preference for the present--a form of productive efficiency not associated with health production.
To quote Becker and Mulligan: “Schooling also determines...[investments in time preference]
partly through the study of history and other subjects, for schooling focuses students' attention on
the future. Schooling can communicate images of the situations and difficulties of adult life,
which are the future of childhood and adolescence. In addition, through repeated practice at
problem solving, schooling helps children learn the art of scenario simulation. Thus, educated
people should be more productive at reducing the remoteness of future pleasures (pp. 735-736 ).”
This argument amounts to a third causal mechanism in addition to productive and allocative
efficiency in health production via which schooling can cause health.

Becker and Mulligan’s model appears to contain useful insights in considering
intergenerational relationships between parents and children. For example, parents can raise
their children’s future health, including their adulthood health, by making them more future
oriented. Note that years of formal schooling completed is a time-invariant variable beyond
approximately age 30, while adult health is not time invariant. Thus, parents probably have a
more important direct impact on the former than the latter. By making investments that raise
their offspring’s schooling, parents also induce them to make investments that lower their rate of
time preference for the present and therefore raise their adult health.

There appear to be important interactions between Becker and Mulligan’s theory of the
endogenous determination of time preference and Becker and Murphy’s (1988) theory of rational
addiction. Unlike in the myopic models of addiction developed by Pollak (1970) and others, in
the Becker-Murphy model, consumers are farsighted in the sense that they take account of the
expected future consequences of their current decisions. That is, they realize that an increase in

the consumption of a harmfully addictive good in the present period lowers future utility due to
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adverse health effects at the same time as it increases current utility. According to Becker and
Mulligan (1997, p. 744), “Since a decline in future utility reduces the benefits from a lower
discount on future utilities, greater consumption of harmful substances would lead to higher rates
of time preference by discouraging investments in lowering these rates...” This is the converse
of Becker and Murphy’s result that people who discount the future more heavily are more likely
to become addicted because they give relatively little weight to future adverse health effects.
Thus, “...harmful addictions induce even rational persons to discount the future more heavily,
which in turn may lead them to become more addicted (Becker and Mulligan 1997, p. 744).”

An extreme version of the ideas contained in the endogenous time preference and rational
addiction literature suggests the following econometric specification of the relationship between

health and schooling:

H=oD (21)
D =BS (22)
H = ofS. (23)

Intercepts, disturbance terms, and other determinants of health and time preference (D) are
suppressed. Since D is a positive correlate of time preference for the future, oe and P are positive.
This specification assumes that there is no direct effect of adult schooling on adult health, with
time preference held constant. It also assumes that schooling has an important indirect effect on
these outcomes that operates through time preference. Hence, the reduced-form parameter of
schooling (o) is positive. Clearly, this is the relevant parameter from a policy perspective.
Estimation of the model just specified would be challenging because time preference is
difficult to measure and because the disturbance terms in equations (21) and (22) are likely to be

correlated. Suppose that an instrument exists that affects D but not H, so that one can test the
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hypothesis that the direct effect of schooling on H is zero in equation (21). Acceptance of that
hypothesis does not imply the absence of a causal schooling effect if B is positive.

I realize that the Becker-Murphy (1988) and Becker-Mulligan (1997) models are
controversial."> In the absence of direct and comprehensive measures of time preference, an
important research strategy is to treat schooling as endogenous and employ instruments that are
correlated with it but not correlated with time preference. The point I wish to emphasize is the
existence of a conceptual framework in the literature in which causality runs from schooling to
time preference. This framework suggests that it is not appropriate to include an exogenous
measure of time preference in health outcome equations to investigate the causal nature of
schooling effects unless one assumes or has evidence that there is no causality from schooling to

time preference.

3. Empirical evidence: consumption patterns, total consumption, and consumption growth
3.1. Consumption patterns

Michael (1972, 1973b) uses the 1960-61 Bureau of Labor Statistics Consumer
Expenditures Survey to test the predictions of a factor- and commodity-neutral model of
productive efficiency. Recall that the model predicts that the schooling effect should be positive
for luxuries, negative for necessities, and zero for items with unitary income elasticities. He
employs total consumption as a measure of permanent income or wealth. He finds that, of 52
items that exhaust total consumption, 29 have the predicted schooling effect. These items
account for 71 percent of total consumption. When the analysis is limited to nondurables, 26 of
35 items have the predicted schooling effect. These items account for 84 percent of total

nondurable consumption. The findings for nondurables are particularly important because actual
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consumption is much better measured for these items than for durables.

Given estimates of the income elasticities and schooling parameters in equation (7) [1;
and (1; - 1)p, respectively], Michael attempts to estimate p, the percentage increase in nonmarket
productivity caused by a one-year increase in schooling. His preferred procedure is to impose
alternative values of p on the system of Engel curves and pick the one that minimizes the
weighted (by expenditure shares) residual sum of squares. He compares this estimate to the
impact of education on market productivity, measured by the percentage increase in consumption
caused by a one-year increase in schooling. He finds that the ratio of the nonmarket productivity
effect to the market productivity effect is approximately equal to 0.6.'® Thus, although the
market effect is larger, the nonmarket effect is substantial. This estimate is comparable in
magnitude to one obtained by Gronau (1980) with data on wage rates of married women and the
time that they allocate to housework.

The BLS has conducted consumer expenditure surveys like the one used by Michael on
an annual basis since 1980. Given these surveys, it is very surprising that his research has not
been replicated and extended. The availability of detailed price data for many items from the
American Chamber of Commerce Researchers Association [ACCRA (various years)] would
facilitate these efforts. The ACCRA surveys cover between 250 and 300 cities on a quarterly
basis since 1968. In addition to specific prices, the surveys contain cost-of-living indexes for
each city. These data could be used to adjust expenditures for price variation and to include real
prices as explanatory variables. It might also be possible to take account of the impacts of
variations in the price of time due to schooling by adding the city-specific real wage rate to the
set of independent variables.'” In addition, the new BLS American Time Use Survey offers the

possibility of doing with the time input in household production the same analysis previously
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done on the goods input. The time use survey, if used in combination with the consumer
expenditure surveys, may be a vehicle for breaking out of the constraining data limitations faced
by Michael and other researchers who have attempted to test the productive efficiency

hypothesis.

3.2. Total consumption

In Section 2.1.1, I considered the impact of an increase in schooling on total consumption
and hours of work when schooling varies, with the wage rate and property income held constant.
The prediction is that consumption and hours of work will rise if the uncompensated price
elasticity of demand for nonmarket time is less than one in absolute value. I also considered an
alternative model in which the market and nonmarket productivity effects of schooling are the
same. In that model hours of work rise if the income elasticity of demand for leisure is less than
one. These specific hypotheses have never been tested. One reason is that the impact of
schooling on consumption at a moment in time or in the cross section may reflect forces
associated with its rate of growth over time or with age. Thus, the more educated may consume
less from a given income because they desire a more rapid growth in consumption with age (see
Section 3.3 for evidence in favor of this proposition). Another reason is that schooling, the wage
rate, and property income may be highly correlated, although a number of studies of the
determinants of health reviewed in Section 4 employ all three variables as regressors.

Morris (1976) estimates consumption functions derived from a variant of the static model
presented in Section (2.1.1), but he assumes that the wage rate is strictly proportional to
schooling, which is highly questionable. Moreover, his development requires one to include full

income and the ratio of the wage rate to nonmarket productivity as regressors. A much more
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flexible specification is one in which the wage rate, schooling, and property income are the
regressors. In my view little should be made of his rejection of the hypothesis that education
does not have a nonmarket productivity effect.

If the productive efficiency model is to be tested with aggregate consumption data in
future research, supply curves of hours of work or demand functions for nonmarket time should
be obtained at the same time. It also seems necessary to develop a strategy to control for the life
cycle components of these behaviors. One approach might be to focus on cross-sectional
variations at the age or ages at which consumption and hours of work peak and to allow the peak

ages to depend on schooling.18

3.3. Consumption growth

The lifetime utility function given by equation (20) implies that the rate of growth of
consumption with age is approximately equal to 6(r -g), where © is the intertemporal elasticity of
substitution in consumption, r is the market rate of interest and g is the rate of time preference for
the present. If ¢ and r do not vary among individuals, consumption growth is governed by time
preference. Persons who discount the future heavily (have large values of g) exhibit much
slower growth than those who are more future oriented (have small values of g).19

Carroll and Summers (1991) and Lawrence (1991) present evidence that consumption
grows more rapidly over the life cycle for persons with more years of formal schooling. Using
the 1960-61 BLS Consumer Expenditures Survey, Carroll and Summers (1991) find that
consumption grows by 25 percent for college graduates between the ages of 27 and 32 but only
by 10 percent for high school graduates who did not attend college. Between the ages of 27 and

47, the growth rates for the two schooling groups are 70 percent and 35 percent, respectively.20
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Lawrence (1991) uses annual data from the Panel Survey of Income Dynamics for the years
1974 through 1982 to estimate regressions in which the rate of growth in consumption depends
on income, age, race, the real after-tax interest rate, and a dichotomous indicator for households
in which the head had a college education. Her results suggest that families with a college-
educated head have a time preference rate that is about two percentage points lower than families
whose head did not have a college education.

In discussing these results, especially those of Carroll and Summers, Becker and
Mulligan (1997) point out that they have often been explained by liquidity constraints.
Proponents of this hypothesis note that earnings grow rapidly at young ages and for the highly
educated. These groups would like to borrow against their future earnings but cannot do so.
Hence, their consumption is limited by their earnings. Becker and Mulligan proceed to argue
that the liquidity constraint hypothesis does not explain why savings might be observed for
young college graduates.

I acknowledge that the empirical evidence just discussed does not prove that schooling
causes time preference. Clearly, it is consistent with the alternative hypothesis that time
preference causes schooling. The point I wish to emphasize is that this evidence also does not
prove that time preference causes schooling. Absent definitive tests that establish causality in
one direction only, empirical evidence that time preference measures greatly reduce the effects of
schooling on adult health or child well-being should be interpreted with caution. Such results do
not necessarily imply absence of causality from schooling to these outcomes.

Another point worth noting is that Becker and Mulligan (1997) summarize evidence of
positive relationships between parents’ income and the rate of growth of consumption of their

children when they become adults. They indicate that these results could be traced to exogenous
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inherited traits that determine time preference. But they also indicate that these genetic
correlations would have to be quite large--larger than those that have been estimated in the
literature--to account for the sizable relationship between the outcomes at issue. Thus a scenario
in which higher income parents make larger investments in the future orientation of their

children is equally likely if not more likely.

4. Empirical evidence: health

Most of the empirical evidence discussed in this paper pertains to schooling and health
outcomes. As pointed out in Section 1, this is a natural focus because the evidence pertains to
complementary relationships between the two most important components of the stock of human
capital. The very large literature in this area has been reviewed recently by Grossman and
Kaestner (1997) and by Grossman (2000). My aim in this section is to give the reader a “flavor”
for this literature rather than repeating all the material in the two papers just cited. I highlight
research that laid the foundations for current studies and the results of these and ongoing studies.
I consider adult health in Section 4.1 and child health (defined to include the health of infants,
children, and adolescents) in Section 4.2. Within each topic, I begin with studies that employ the
productive efficiency framework or that relate health to schooling and variables that are not
endogenous inputs into the production of health. I then turn to research on allocative efficiency
and to approaches that address the time preference and other third variables hypotheses, some of
which do so by treating schooling as endogenous.

At the outset, I note that Grossman and Kaestner (1997) and Grossman (2000) conclude
from their extensive reviews of the literature that years of formal schooling completed is the

most important correlate of good health. This finding emerges whether health levels are
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measured by mortality rates, morbidity rates, self-evaluation of health status, or physiological
indicators of health, and whether the units of observation are individuals or groups. The studies
reviewed also suggest that schooling is a more important correlate of health than occupation or
income, the two other components of socioeconomic status. This is particularly true when one
controls for reverse causality from poor health to low income. Of course, schooling is a causal
determinant of occupation and income, so that the gross effect of schooling on health may reflect
in part its impact on socioeconomic status. The studies reviewed, however, indicate that a
significant portion of the gross schooling effect cannot be traced to the relationship between
schooling and income or occupation. The main message of my review is that research completed
since the Grossman-Kaestner and Grossman papers were published has not altered their basic

conclusions.

4.1. Adult health
4.1.1. Productive efficiency and related frameworks

I [Grossman (1972b)] report positive effects of schooling on self-rated health?' and
negative effects of schooling on work-loss days due to illness and injury and on restricted
activity days due to illness and injury in a nationally representative 1963 United States survey
conducted by the Center for Health Administration Studies and the National Opinion Research
Center of the University of Chicago. These findings control for the weekly wage rate, property
income, age, and several other variables. In the demand function for medical care (measured by
personal medical expenditures on doctors, dentists, hospital care, prescribed and nonprescribed
drugs, nonmedical practitioners, and medical appliances), the schooling coefficient is positive

but not statistically significant. This finding is not consistent with the version of my pure
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investment model in which the inverse of the elasticity of the marginal product of health with
respect to health is less than one in absolute value (see Section 2.1.2). But note that I was forced
to use a very aggregate measure of medical care and had no information on health insurance.
Since more generous health insurance coverage increases the quantity of care demanded and
since coverage and schooling are positively related, my estimated schooling effect is biased away
from zero.

Wagstaff (1986) and Erbsland et al. (1995) provide more definitive evidence in favor of
the productive efficiency hypothesis. Wagstaff (1986) uses the 1976 Danish Welfare Survey to
estimate a multiple indicator version of my demand for health model. He performs a principal
components analysis of nineteen measures of non-chronic health problems to obtain four health
indicators that reflect physical mobility, mental health, respiratory health, and presence of pain.
He then uses these four variables as indicators of the unobserved stock of health. His estimation
technique is the so-called MIMIC (multiple indicators-multiple causes) model developed by
Joreskog (1973) and Goldberger (1974) and employs the maximum likelihood procedure
contained in Joreskog and S6rbom (1981). His contribution is unique because it accounts for the
multidimensional nature of good health both at the conceptual level and at the empirical level.

Wagstaff reports a positive and significant effect of schooling on his measure of good
health and a negative and significant effect of schooling on the number of physician visits in the
past eight months. The latter result differs from mine. One factor that may account for the
discrepancy is that Wagstaff has a much better measure of medical care utilization than I had.
Another factor is that Wagstaff is able to control for variations in the price of a physician visit.
Since money cost of medical care is heavily subsidized in Denmark, this price is given by the

time required by survey respondents to travel to their physicians.
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Erbsland et al. (1995) provide another example of the application of the MIMIC
procedure to the estimation of a demand for health model. Their database is the 1986 West
German Socio-economic Panel. The degree of handicap, self-rated health, the duration of sick
time, and the number of chronic conditions, all as reported by the individual, serve as four
indicators of the unobserved stock of health. In the reduced form demand function for health,
schooling has a positive and significant coefficient. In the reduced form demand function for
visits to general practitioners, the schooling effect is negative and significant.

Gilleskie and Harrison (1998) perform a direct test of the productive efficiency
hypothesis by estimating a self-rated health production function with four endogenous inputs: the
number of preventive doctor visits in the past year, the number of curative doctor visits in the
past year, and dichotomous indicators that identify persons who smoke cigarettes and who
exercise regularly. They employ the 1987 National Medical Expenditure Survey and control for
the past stock of health by including the number of chronic conditions and the body mass index
(weight in kilograms divided by height in meters squared) as regressors. They use Mroz’s
(1999) discrete factor estimator to account for the endogeneity of the inputs.

Gilleskie and Harrison report positive and significant schooling coefficients for both
males and females. This is direct evidence in support of a productive efficiency effect of
schooling. Some caution is required in interpreting their results because the proxies for past
health may be endogenous but are treated as exogenous. Moreover, they achieve identification
in part with attitudinal variables (for example, whether a person says that he or she is more than
an average risk taker) that may be caused by schooling and correlated with unmeasured health

inputs.
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The remaining studies to be discussed in this subsection contain equations that are best
interpreted as reduced form health outcome equations. A number of them contain direct controls
for potential third variables such as past health, physical and mental ability, and parents’
schooling. They do not attempt to distinguish between the productive and allocative efficiency
hypotheses.

I [Grossman (1975)] conclude that schooling has a significant positive impact on the
current self-rated health of middle-aged white males in the NBER-Thorndike sample.”* The
estimated schooling effect in my study controls for health in high school, parents' schooling,
scores on physical and mental tests taken by the men when they were in their early twenties,
current hourly wage rates, property income, and job satisfaction. My finding is particularly
notable because all the men graduated from high school. Hence it suggests that the favorable
impact of schooling on health persists even at high levels of schooling.

My analysis of the mortality experience of the Thorndike sample between 1955 and 1969
confirms the important role of schooling in health outcomes. This analysis is restricted to men
who reported positive full-time salaries in 1955. In the fitted logit functions, schooling has a
positive and statistically significant effect 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 and suggests that, in the vicinity of the mean
death rate, a one-year increase in schooling lowers the probability of death by 0.4 percentage
points. These results must be interpreted with some caution because the men in the Thorndike
sample were only in their thirties in 1955, and relatively few variables were available for that

year.
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The importance of schooling as a determinant of self-rated health status of persons in the
preretirement years is reinforced in studies by Hartog and Oosterbeek (1998) for the Netherlands
and Gerdtham and Johannesson (1999) for Sweden. Hartog and Oosterbeek study the health in
1993 of men and women who were sixth grade pupils in 1953 in the Dutch province of Noord-
Brabant. The schooling coefficients in their study control for IQ in 1953 and parents’ schooling
among other variables. Gerdham and Johannesson fit a model of the demand for health to the
1991 Swedish level of Living Survey. The schooling coefficient in their study actually may be
underestimated because they include a measure of obesity in their equation. Schooling has a
well-established negative impact on this outcome [for example, Chou et al. (2004)].

Estimates of dynamic demand for health models in panel data by Van Doorslaer (1987),
Wagstaft (1993), Bolin et al. (2002), and Case et al. (2005) also confirm the importance of
schooling as a determinant of health. These studies take account of reverse causality from health
at early stages in the life cycle to the amount of formal schooling completed. They also relax the
assumption that there are no costs of adjustment, so that lagged health becomes a relevant
determinant of current health. Van Doorslaer (1987) employs the 1984 Netherlands Health
Interview Survey. While this is a cross-sectional survey, respondents were asked to evaluate
their health in 1979 as well as in 1984. Both measures are ten-point scales, where the lowest
category is very poor health and the highest category is very good health. Van Doorslaer’s main
finding is that schooling has a positive and significant coefficient in the regression explaining
health in 1984, with health in 1979 held constant.

Wagstaff (1993) uses the Danish Health Study, which followed respondents over a period
of 12 months beginning in October 1982. As in his 1986 study, a MIMIC model is estimated.

Three health measures are used as indicators of the unobserved stock of health capital in 1982
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(past stock) and 1983 (current stock). These are a dichotomous indicator of the presence of a
health limitation, physician-assessed health of the respondent as reported by the respondent, and
self-assessed health. Both of the assessment variables have five-point scales. Wagstaff reports
positive schooling effects for adults under the age of 41 and for adults greater than or equal to
that age, although only the former effect is statistically significant.

Bolin et al. (2002) fit the exact version of the dynamic demand for health model that I
developed [Grossman (2000, pp. 390-392)]. I show that a model with rising marginal cost of
gross investment in health results in a second-order difference equation in which current health
(health at age t) is positively related to past health (health at age t-1) and future health (health at
age t + 1). Bolin et al. use the 1980/81, 1988/89, and 1996/97 waves of The Swedish Survey of
Living Conditions to estimate this model. Current self-rated health is taken from the second
wave, and past and future self-rated health are taken from the first and third waves, respectively.
Based on order-probit specifications, schooling raises the probability of being in the highest
health category and reduces the probabilities of being in the lowest and intermediate categories.
Since these results hold past and future health constant and since past and future health are found
to raise current health, long-run schooling effects are even laurger.23

Case et al. (2005) employ a unique data set: the 1958 British National Child
Development Study. All children born in England, Scotland, and Wales in the week of March 3,
1958 have been followed in this study from birth through age 42. Parents were interviewed at
the time of the birth, and health and socioeconomic data have been collected on panel members
at ages 7, 11, 16, 23, 33, and 42. Case et al. (2005) relate self-rated health of males at age 42 to
corresponding measures at ages 23 and 33, birthweight, the number of physician-assessed

chronic health conditions at ages 7 and 16, own schooling, earnings at age 42, and family income
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age 16. The schooling coefficient is positive and significant even in models that include self-
rated health at ages 23 and 33. Clearly, these two outcomes may depend on schooling.

The importance of schooling as a determinant of the self-rated health of older males and
of the mortality experience of males of all ages is underscored in studies by Rosen and Taubman
(1982), Taubman and Rosen (1982), and Sickles and Taubman (1986). The first study is based
on the 1973 Exact Match Sample, which was obtained by matching persons in the March 1973
Current Population Survey with their Social Security and Internal Revenue Service records and
then tracing their mortality experience through 1977. Rosen and Taubman estimate separate
mortality regressions for white males aged 25 through 64 in 1973 and for white males aged 65
and over in that year. For both groups mortality is negatively related to education, with marital
status, earnings in 1973, and health status in that year held constant. Rosen and Taubman
conclude: “... the effect of education does not flow solely or primarily through income effects,
does not reflect a combination of differential marriage patterns and the health benefits of having
a wife, and ... those who are disabled or not working because of ill health are not found
disproportionately in any one education group (p. 269).”

Taubman and Rosen (1982) use the 1969, 1971, and 1973 Retirement History Survey to
study the self-rated health and survival experience of white males who were between the ages of
58 and 63 in the initial year of this panel survey. The dependent variable compares health with
that of others the same age and has four categories: better, same, worse, or dead. With health in
1969, income, and marital status held constant, health levels in 1971 and 1973 and changes over
time are strongly related to years of formal schooling completed. There also is evidence that
own schooling is a more important predictor of health than wife's schooling for married men.

Sickles and Taubman (1986) add the 1975 and 1977 waves to the panel data employed by

39



Taubman and Rosen and include black males as well as white males in their analysis. They fit a
model with two endogenous variables: health status and retirement status. The model is
recursive (health status determines retirement status) and allows for correlated errors between the
two equations and heterogeneity, which is treated as a random effect. Since the health equation
is an ordered polytomous probit and the retirement equation is a binary probit, full information
maximum likelihood estimation methods are employed. As in the Taubman-Rosen study, higher
schooling levels are associated with better health. Taken together, the two studies suggest that
the schooling effect is not sensitive to very different model specifications and estimation
strategies.

Hurd and Kapteyn (2003) buttress findings reported by Rosen and Taubman and by
Sickles and Taubman with regard to the effect of schooling on self-rated health in the Health and
Retirement Survey--households with one member between the ages of 51 and 61 in 1992. They
employ baseline data and follow-ups conducted in 1994, 1996, 1998, and 2000. Controlling for
baseline health, current income, and wealth, they show that more educated persons are more
likely to report maintaining their health in the highest category.

Deaton and Paxson (2001) confirm the importance of schooling in mortality outcomes of
both men and women in two data sets. One consists of all-cause mortality for the United States
for the years 1975-1995 merged by birth cohort and sex to the 1976-1996 Current Population
Survey (cohort file). The second is the National Longitudinal Mortality Study (NLMS)--a
survey of individuals originally sampled in the CPS around 1980 and in the 1980 Census of
Population into which death certificates have been retrospectively merged.

In both data sets negative schooling effects on mortality are observed for persons under

the age of 60 as well as for persons over that age. These estimates control for family income. In
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the NLMS, the income effect becomes weaker as the length of time between 1980 and the year
of death increases, while the schooling effect increases in absolute value for males. Deaton and
Paxson argue that this is because moving forward in time reduces reverse causality from poor
health to low income.

In the cohort file, the schooling coefficients are negative and significant while the income
coefficients are either insignificant or positive and significant when both variables are included.
Deaton and Paxson caution that the income and schooling measures are highly correlated,
making it difficult to sort out the separate impacts of each variable. They mention but dismiss an
argument by Fuchs (1974) and others that income can actually have harmful effects on health
with schooling held constant because higher income people may consume larger quantities of
items that are harmful to their health. Their dismissal is based on inconclusive evidence in the
studies cited by Fuchs. They do not, however, refer to my study (Grossman 1972b) that reports a
negative effect of family income on several health measures with schooling and the wage rate
held constant. In any case their evidence is consistent with the mortality studies conducted in the

1980s.*

4.1.2. Allocative efficiency

Leigh (1983) employs data from the University of Michigan's Quality of Employment
Surveys of 1973 and 1977 and considers persons 16 years of age and older who worked for pay
for 20 or more hours per week in these two national surveys. He shows that most of the
statistically significant positive effect of schooling on self-rated health can be explained by
decisions with regard to cigarette smoking, exercise, and the choice of less hazardous

occupations by the more educated. This finding provides support for the allocative efficiency
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hypothesis. But it also supports the alternative hypotheses that schooling causes health because
of its impacts on tastes, primarily its impact on time preference. Of course, the finding also is
consistent with a third hypothesis that both schooling and the determinants of health are caused
by time preference.

Kenkel (1991) explores the allocative efficiency hypothesis by examining the extent to
which schooling helps people choose healthier life styles by improving their knowledge of the
relationships between health behaviors and health outcomes. He uses direct measures of health
knowledge to test this explanation. He does this by estimating the separate effects of schooling
and health knowledge on cigarette smoking (the number of cigarettes smoked per day), excessive
alcohol use (the number of days in the past year on which the respondent consumed five or more
drinks of an alcoholic beverage), and exercise (the number of minutes of exercise in the past two
weeks) using data from the Health Promotion/Disease Prevention Supplement to the 1985
National Health Interview Survey. Cigarette knowledge is measured by the number of correct
responses to whether smoking causes each of seven illnesses. Drinking knowledge is measured
by the number of correct responses to whether heavy drinking causes each of three illnesses.
Exercise knowledge is given by correct responses for the amount of exercise required to
strengthen the heart and lungs and the required change in heart rate and breathing.

With age, family income, race, marital status, employment status, and veteran status (for
males only), held constant, an increase in schooling leads to a reduction in smoking and
excessive alcohol use and to an increase in exercise. Moreover, knowledge of the health
consequences of smoking decreases smoking, and similar relationships hold for excessive
alcohol consumption and exercise. The results also show that part of the relationship between

schooling and health behaviors is due to health knowledge, but the schooling coefficients are
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significant with health knowledge held constant. Moreover the reductions in schooling
coefficients due to the inclusion of health knowledge are relatively small; they range between 5
and 20 percent. The results are not altered when health knowledge is treated as an endogenous
variable. Kenkel interprets this result as indicating that unobservables, such as individual rates
of time preference, are important determinants of health behavior and schooling but
acknowledges that other interpretations are possible.

Situations in which new information becomes available or in which new medical
technologies are introduced provide the best setting to explore and test the allocative efficiency
hypothesis. As pointed out in Section 2.2, most treatments of allocative efficiency assume that
the more educated respond more rapidly to these new developments. Sander (1995a, 1995b) and
de Walque (2004) present national data showing that cigarette smoking initiation and
participation rates fell more rapidly and quit rates rose more rapidly as the level of education rose
between the middle 1960s and the 1970s. These data suggest that those with more schooling
were more responsive to new information about the harmful effects of smoking in the 1950s and
early 1960s, which culminated in the issuance of the first Surgeon General’s Report on Smoking
and Health in 1964. These trends persisted, however, in the 1980s and 1990s. Since information
concerning the health risks of smoking was widespread by the early 1980s, the more recent data
are not consistent with the allocative efficiency hypothesis.

The spread of the HIV/AIDS epidemic since the early 1980s provides another setting to
examine the allocative efficiency hypothesis. Glied and Lleras-Muney (2003) point out that by
the late 1980s new AIDS cases among gay men (a group with high education) were significantly
below predicted rates, while new cases among intravenous drug users (a group with lower levels

of education) were at or above projected rates. This suggests that there had been little behavioral

43



change in the latter group. Goldman and Smith (2002) report that more educated HIV patients
are more likely to adhere to therapy, reflected by highly active antiretroviral treatments
(HAART), which became available in the mid 1990s. Their data source is the HIV Cost and
Services Utilization Study, conducted in three waves between 1996 and 1998, and their findings
control for initial health status and insurance status. In turn, adherence to therapy leads to
improvements in self-rated health between the three waves of the survey. Schooling has no
impact on improvements in health with adherence to therapy held constant. Hence, adherence to
therapy by the more educated appears to be an important mechanism via which schooling can
improve health among persons with a relatively new disease when a new treatment regime is
introduced.

Goldman and Lakdawalla (2002) reinforce the results just discussed by considering self-
reported CD4 T-lymphocyte cell counts as an outcome in the same survey used by Goldman and
Smith (2002). A depletion in these cells correlates strongly with the worsening of HIV disease
and raises the probability of developing AIDS. They find negative and significant schooling
effects on this outcome in the second and third waves of the survey, but not in the baseline wave,
with insurance status, self-reported baseline health, and the number of years since the individual
had been diagnosed with HIV held constant.

de Walque (2005) reinforces Goldman and Smith’s results in a very different setting. He
finds that, after more than a decade of prevention campaigns about the dangers of the HIV/AIDS
epidemic in Uganda, there has been a significant change in the HIV/education gradient. In 1990
no relationship existed, but by 2000 education lowers the risk of being HIV positive among
young individuals. He also reports a positive relationship between schooling and condom use

during the recent period, which may partially explain his findings. Not enough time in the AIDS
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epidemic has elapsed to examine whether a permanent relationship between the prevalence and
severity of the disease and schooling has emerged. The weakening of this relationship would
provide further support for the allocative efficiency hypothesis, while its persistence would
provide support for productive efficiency effects or for the role of third variables.

Lleras-Muney and Lichtenberg (2002) and Glied and Lleras-Muney (2003) present
evidence of important interactions between education and new medical technologies in a variety
of cases. Using the 1997 U.S. Medical Expenditure Panel Survey, Lleras-Muney and
Lichtenberg (2002) find that the more educated are more likely to use drugs recently approved
by the Federal Drug Administration. Their findings only pertain to individuals who repeatedly
purchase drugs for a given condition, indicating that the more educated are better able to learn
from experience.

Glied and Lleras-Muney (2003) focus on mortality from 55 diseases that account for
mortality from all diseases and on cancer mortality from 81 different cancer sites. The former
analysis employs the 1986-1990 Health Interview Surveys matched to the Mortality Cause of
Death files for 1986-1995 and examines disease-specific mortality within five years. The latter
employs the Surveillance Epidemiology and End Results Cancer Incidence Public Use Database,
which contains information on every person diagnosed with cancer from 1973 through 1998 in
six states and three cities in different states. The outcome is mortality within five years of
diagnosis. In the disease-specific mortality analysis, technological progress is measured by the
annual percentage change in the age-adjusted mortality rate for the period 1969-1999 for each of
the 55 diseases. In the cancer analysis, it is based on the percentage change in the five-year
survival rate conditional on diagnosis using diagnosis data for each of the 81 sites for the years

1973-1975 and 1991-1993. Alternatively, progress in treating cancer is given by the number of
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drugs that existed in 1999 and the number of drugs approved between 1973 and 1999 by site.”
Their principal result is that negative effects of schooling on mortality are largest for diseases
and cancer sites in which progress has been the most rapid.

Goldman and Lakdawalla (2002) point out that not all new medical innovations require
better self-management skills on the part of patients. They give as an example the introduction
of new antihypertensive drugs, called beta-blockers, in the late 1960s and early 1970s. These
new drugs serve as a substitute at least to some extent for the former treatment of diet, exercise,
weight control, and the occasional use of diuretics. In terms of their model outlined in Section
2.2, the positive relationship between the output elasticity of the patient’s own time and
schooling falls when beta-blockers are introduced. Consistent with this prediction, they find that
the negative effect of schooling on the presence of hypertensive cardiovascular disease as
diagnosed by a physician in the Framingham Heart Study is reduced in absolute value in the
post-beta-blocker period.

Goldman and Smith (2002) give an example in which the persistence of long-run
schooling effects is not necessarily evidence against allocative efficiency. They study treatment
regimes pursued by diabetics in the Health and Retirement Survey--households with one member
between the ages of 51 and 61 in 1992. Using four waves of data and information on alternative
treatment regimes (swallowed medication only, insulin shots only, medication and insulin shots
an external pump, or nothing), Goldman and Smith classified treatment patterns as good or bad
and report that the more educated are less likely to adhere to poor treatment regimes.26 In turn, a
poor regime is associated with a deterioration in self-rated health between the first and fourth

regimes. Finally, the negative effect of schooling on a poor treatment regime is eliminated when
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the Wechsler Adult Intelligence Score, a measure of higher-level reasoning, is included as a

regressor. This suggests that the schooling effect measures cognitive ability.

4.1.3. Time preference, other omitted factors, and instrumental variables

Fuchs (1982) measures time preference in a telephone survey by asking respondents
questions in which they choose between a sum of money now and a larger sum in the future. He
includes an index of time preference in a multiple regression in which health status is the
dependent variable and schooling is one of the independent variables. Fuchs is not able to
demonstrate that the schooling effect is due to time preference. The latter variable has a negative
regression coefficient, but it is not statistically significant. When time preference and schooling
are entered simultaneously, the latter dominates the former. These results must be regarded as
preliminary because they are based on one small sample of adults on Long Island and on
exploratory measures of time preference.

Farrell and Fuchs (1982) explore the time preference hypothesis in the context of
cigarette smoking using interviews conducted in 1979 by the Stanford Heart Disease Prevention
Program in four small agricultural cities in California. They examine the smoking behavior of
white non-Hispanics who were not students at the time of the survey, had completed 12 to 18
years of schooling, and were at least 24 years old. The presence of retrospective information on
cigarette smoking at ages 17 and 24 allows them to relate smoking at these two ages to years of
formal schooling completed by 1979 for cohorts who reached age 17 before and after the
widespread diffusion of information concerning the harmful effects of cigarette smoking on
health.

Farrell and Fuchs find that the negative relationship between schooling and smoking,
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which rises in absolute value for cohorts born after 1953, does not increase between the ages of
17 and 24. Since the individuals were all in the same school grade at age 17, the additional
schooling obtained between that age and age 24 cannot be the cause of differential smoking
behavior at age 24, according to the authors. Based on these results, Farrell and Fuchs reject the
hypothesis that schooling is a causal factor in smoking behavior in favor of the view that a third
variable causes both. Since the strong negative relationship between schooling and smoking
developed only after the spread of information concerning the harmful effects of smoking, they
argue that the same mechanism may generate the schooling-health relationship.

A different interpretation of the Farrell and Fuchs finding emerges if one assumes that
consumers are farsighted. The current consumption of cigarettes leads to more illness and less
time for work in the future. The cost of this lost time is higher for persons with higher wage
rates who have made larger investments in human capital. Thus, the costs of smoking in high
school are greater for persons who plan to make larger investments in human capital.

Leigh (1985) presents evidence that supports Fuchs's (1982) finding that the positive
relationship between schooling and health cannot be explained by time preference. Using the
Panel Study of Income Dynamics, a nationally representative panel survey conducted by the
University of Michigan's Survey Research Center annually since 1968, Leigh measures health
inversely with a dichotomous variable that identifies persons who became disabled (developed
conditions that limited the amount or kind of work they could do) in 1971 or 1972. The
independent variables in logit equations that explain the probability of becoming disabled pertain
to the year prior to the onset of the disability. Schooling has a negative and statistically
significant logit coefficient. When a risk preference index, which is highly correlated with a

time preference index [Leigh (1986)], is introduced into the equation, the schooling coefficient

48



declines by only 10 percent and remains statistically significant (personal communication with
Leigh).

Ross and Mirowsky (1999) find that the impacts of schooling on self-rated health and on
a continuous positive correlate of physical functioning are significantly reduced when a measure
of sense of control is included as a regressor in the 1995 Aging, Status, and the Sense of Control
Survey. This is a nationally representative U.S. sample of persons aged 18 and over, with an
oversampling of the elderly. Sense of control pertains to the belief that one can and does master,
control, and shape his own life. Studies by psychologists summarized by Ross and Mirowsky
(1999) and by Hammond (2003) indicated that sense of control is positively related to self-
efficacy and to a future orientation.

Ross and Mirowsky note that lack of personal control makes efforts to change health by
quitting smoking, exercising, or limiting alcohol consumption appear to be useless. They argue:
“Human capital acquired in school increases a person’s real and perceived control of life.
Education develops the habits and skills of communication....Because education develops one’s
ability to gather and interpret information and to solve problems on many levels, it increases
one’s control over events and outcomes in life (p. 446).” Although Ross and Mirowsky are
sociologists, their argument is very similar to the one proposed by Becker and Mulligan (1997)
regarding why education makes a person more future oriented. The point we wish to make is
that Ross and Mirowsky treat sense of control as a mechanism via which schooling can affect
health rather than as a third variable that must be held constant is assessing whether more
schooling causes better health.

A counterpoint to the point made by Ross and Mirowsky is contained in a study by

Coleman and DeLeire (2003). Using the National Education Longitudinal Study, they show that
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sense of control measured in the eighth grade is a positive predictor of high school completion
and college attendance. This suggests that sense of control may be an exogenous influence on
schooling rather than a mechanism via which schooling affects health. They also report,
however, that increases in personal control between the eighth and twelfth grades are positively
related to increases in cognitive test scores between those two grades. This finding implies that
sense of control has an endogenous component.

Ippolito (2003) takes a somewhat different approach to controlling for time preference in
his study of the determinants of health in the Health and Retirement Survey used by Goldman
and Smith (2002). He employs three measures of health from the 1992 baseline data:
dichotomous indicators that identify respondents in poor health and respondents who have
difficulty walking stairs and the number of reported ailments. He also employs death within six
years of the 1992 survey from the National Death Index as a fourth health outcome. With
income and several other variables held constant, schooling has a negative and significant impact
on each outcome. The schooling coefficients are greatly reduced and in the case of ailments and
mortality become insignificant when proxies for time preference are included as regressors.
These proxies include the amount of formal schooling obtained by the oldest child in the
household, whether there is an Individual Retirement Account (IRA) in the household, whether
the respondent has a pension in the present job or had one in the past job, and willingness to
sacrifice some lifetime consumption in favor of leaving a bequest to children or grandchildren (a
five-point scale, with five indicating that the respondent definitely plans to leave a bequest).

Ippolito indicates that his results are subject to several interpretations. One is that they
provide evidence in favor of the time preference hypothesis. An alternative interpretation is that

the time preference variables are determined by schooling and are mechanisms via which an
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individual’s own schooling affects his or her own health. That interpretation is the one implied
by the Becker-Mulligan model and the one stressed by Ross and Mirowsky (1999). An
interpretation of the findings with respect to pensions and IRAs not mentioned by Ippolito is that
they reflect reverse causality from longevity to savings. Hurd (1987, 1989) points out that
individuals (or couples) with a longer life expectancy have more reason to save.

Definitive estimates of the partial effects of schooling and time preference on health
would treat both as endogenous in a system of equations that allows for causality between
schooling and time preference in both directions. Given difficulties in measuring time
preference and in identifying this system, no attempts have been made to estimate it. There is,
however, an extremely promising line of research that treats schooling as endogenous and
estimates the causal effect of schooling on health by the method of instrumental variables. This
line of research does not attempt to distinguish between the direct effect of schooling on health
and the indirect effect that operates through time preference. The latter variable is treated as the
disturbance term in the health equation and is assumed to be correlated with schooling. The idea
is to find instruments that are correlated with schooling but not correlated with time preference.
These variables serve as instruments for schooling in estimation of health equations by two-stage
least squares and its variants.”’

The earliest studies to apply the instrumental variables (IV) methodology to the
relationship between health and schooling are by Berger and Leigh (1989), Sander (1995a,
1995b), and Leigh and Dhir (1997). Berger and Leigh apply the methodology to two data sets:
the first National Health and Nutrition Examination Survey (NHANES I) and the National
Longitudinal Survey of Young Men (NLS). In NHANES I, health is measured by blood

pressure, and separate equations are obtained for persons aged 20 through 40 and over age 40 in
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the period 1971 through 1975. The schooling equation is identified by ancestry and by average
real per capita income and average real per capita expenditures on education in the state in which
an individual resided from the year of birth to age 6. These variables enter the schooling
equation but are excluded from the health equation. In the NLS, health is measured by a
dichotomous variable that identifies men who in 1976 reported that health limited or prevented
them from working and alternatively by a dichotomous variable that identifies the presence of a
functional health limitation. The men in the sample were between the ages of 24 and 34 in 1976,
had left school by that year, and reported no health limitations in 1966 (the first year of the
survey). The schooling equation is identified by IQ, Knowledge of Work test scores, and
parents' schooling.

Results from the NLS show that the schooling coefficient rises in absolute value when
predicted schooling replaces actual schooling, and when health is measured by work limitation.
When health is measured by functional limitation, the two-stage least squares schooling
coefficient is approximately equal to the ordinary least squares coefficient, although the latter is
estimated with more precision. For persons aged 20 through 40 in NHANES 1, schooling has a
larger impact on blood pressure in absolute value in the two-stage regressions. For persons over
age 40, however, the predicted value of schooling has a positive and insignificant regression
coefficient. Except for the last finding, these results are inconsistent with the time preference
hypothesis and consistent with the hypothesis that schooling causes health.

In another application of the same methodology, Leigh and Dhir (1997) focus on the
relationship between schooling and health among persons ages 65 and over in the 1986 wave of
the Panel Survey of Income Dynamics (PSID). Health is measured by a disability index

comprised of answers to six activities of daily living and by a measure of exercise frequency.
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Instruments for schooling include parents’ schooling, parents’ income, and state of residence in
childhood. The schooling variable is associated with better health and more exercise whether it
is treated as exogenous or endogenous.

Sander (1995a, 1995b) applies the methodology to the relationship between schooling
and cigarette smoking studied by Farrell and Fuchs (1982). His data consist of the 1986-1991
waves of the National Opinion Research Center’s General Social Survey. In the first paper the
outcome is the probability of quitting smoking, while in the second the outcome is the
probability of smoking. Separate probit equations are obtained for men and women ages 25 and
older. Instruments for schooling include father's schooling, mother's schooling, rural residence at
age 16, region of residence at age 16, and number of siblings.

In general schooling has a negative effect on smoking participation and a positive effect
on the probability of quitting smoking. These results are not sensitive to the use of predicted as
opposed to actual schooling in the probit regressions. Moreover, the application of the Wu-
Hausman endogeneity test [Wu (1973), Hausman (1978)] in the quit equation suggests that
schooling is exogenous in this equation. Thus, Sander’s results, like Berger and Leigh’s and
Leigh and Dhir’s results, are inconsistent with the time preference hypothesis.

The aforementioned conclusion rests on the assumption that the instruments used to
predict schooling in the first stage are uncorrelated with time preference. The validity of this
assumption is most plausible in the case of measures such as real per capita income and real per
capita outlays on education in the state in which an individual resided from birth to age 6 (used
by Berger and Leigh in NHANES I), state of residence in childhood (used by Leigh and Dhir in
the PSID), rural residence at age 16, and region of residence at that age (used by Sander). The

validity of the assumption is less plausible in the case of measures such as parents' schooling
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(used by Sander and by Berger and Leigh in the NLS and by Leigh and Dhir in the PSID) and
parents’ income (used by Leigh and Dhir in the PSID).

Very recent work by Lleras-Muney (2005), Adams (2002), Arendt (2005), Spasojevic
(2003), Arkes (2004), and de Walque (2004) address the schooling-health controversy by using
compulsory education laws, unemployment rates during a person’s teenage years, or the risk of
draft induction during the Vietnam war era to obtain consistent estimates of the effect of
schooling on health or on cigarette smoking--a key determinant of many adverse health
outcomes. These variables, some of which result from quasi-natural experiments, are assumed to
be correlated with schooling but uncorrelated with time preference. Hence, they serve as
instruments for schooling in the estimation of health equations by two-stage least squares and its
variants.

Lleras-Muney (2005) employs compulsory education laws in effect from 1915 to 1939 to
obtain consistent estimates of the effect of education on mortality in synthetic cohorts of
successive U.S. Censuses of Population for 1960, 1970, and 1980. This instrument is highly
unlikely to be correlated with unobserved determinants of health, especially because she contro