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The relationships between an individual's adult kealth and
various economic variables have been examined cmpirically in a numter
of recent studies (CGrossman and Eenham, 1974; Gressman, 1976; Lee,
1979; Shakotko, 1979). They stem from the idea that one's state of
health is at least partly cndogenous, reflecting one's stock of Fealth
capital, whese accunulation is determined to some extent by ecoremic
and educational factors (Grossman, 1972). In turn, these cconomic and
educational variables may themselves be partly determined by health,
Investigators have also recognized that an individual's 1ifetime
cconomic and physical well-being is due in large measure to conditions
present or acquired during childhood. Educatioral success, for
example, which is & signiflicant determinant of adult earnings, may be
partly determined by the individual's cognitive development and
physical health as a child. Poor adult health, and its consequent
economic hardship, may arise in many instances from poor hkecalth during
childhood or ado]escence.l Given this link ktetween 1ife-cyele
btehavior and childhood conditions, it is important to understand the
determinants of childhood development. )

This paper is an empirical investigation of the determinants of
childhood and adolescent health and cognitive development. The main
feature of this investigation is that it draws together into one
estimable empirical model three classes of postulated determinants
of early health and cognitive development, and estimates their
contributions simul tancously. |In this sense, the model is superior to

previous studies which have aralysed these dcterminants on a limited




and piececcreal lLasis. The model tales explicit account of thre
possibility that individual-specific unokserved factors jointly
determine health and cozgnitive development, and recogpnizes that

these factors may themselves be related to other obscerved
determinants. The emphasis is on a two-factor model, where all of the
health, cognitive development, and Lackground economic variables serve
as indicatcers of the unobserved factors. The model is estimated with
panel data for approximately 1400 children.

Three main results cmerge from the estimates of this madel.
First, systematic unobserved factors are found to play a significant
role in the determination of both health and cognitive development.
These effects are relatively stronger in the equations determining
cernitive development., Second, parents' educatiorn is found to lLe a
positive contributor to btoth processes, but family income is observed
to have no significant effect. Third, a favoratle history of early
childliood achievement is found to have a small positive effect on
future liealth, but poor early health has little effect on cognitive
agvelopment. In fact, there is some evidence that poor health
influences cognitive development positively.

The rest of the paper is organized as follows. Section |
outlines the basic model both theoretically and empirically. In
Section 11, there is a brief discussion of the data. In Section |11,
the estimates of the model are presented. These are compared to
estimates of a model with no factor structure in terms of both effects

of different variables and predictive power.




I, .An Anafytic Framcwork

Threce classes of variables which have been wicely proposed as
detecrininants of children's development might te latelled "nurture",
"nature", and "history." While these are broad classifications, and
perhaps at times misleading or inappropriate, tkey serve well to
indicate the dimensions of the analysis. In general, nurture refers
to the impact of discretionary (or interventionary) telavior on the
part of the household which affects children's development. Economic
models of kousehold production have hypothesized that this
discretionary bekavior is manifested in the form of time and income
investments in children.2 While it is difficult to measure these
these investments directly, it is argued that the efficiency and
~wwoititude of the investments are determined to a large extent by
parents' education and family income.

The "nature" explanation of childhood development centers on
those factors which are predetermined and therefore not controllable
by the household. 1In medical Iiterature, this effect is often
labelled predisposition to certain health conditions, In terms of
cognitive development, "nature" explanation$ are commonly associated
with arguments for innate abilities and 1Q inheritability.3 It is,
hovever, important to point out that at the margin thke distinction
between nurture and nature effects is not totally resolved even
conceptually. These effects outlined akove relate to ptysical
predispositions. But it is not clear, however, where behavioral
predispositions which cannot be explained by ecoriomic or educational

factors should be accounted,



Inclusion of "history" as a determinant of healthk and cornitive
development reflects the recognition that these precesses imay ke
structurally related through time, and that a particular cvent {an
cvent keing the collection of health and coagnitive developmeant
outcomes at a point in time) may te due in some mcasure to the
occumence of a prior event. Stated alternatively, even controlling
for nurture and nature inputs into developmental processes, observed
outccmes may not ke temporally independent. For examrple, some health
cenditions tend to be persistent, such that poor health at kirth or
the acquistion of certain conditions in eariy childhood may explain
the presence of these or other conditions later in the individual's
life, quite aside from intervening or preceding nature and nurture
influences. Also, <hildren who develop Intellectual skills early may
be able to use these early abilities to acquire greater proficiency in
other aspects of cognitive development. It is important to point
out that these history effects need not be conceptually restricted
to operate in univariate fashions. Indeed, it is conceivatble that
aspects of health and cognitive development are interdependent,
whereby, for example, poor early health could impede subsecuent
cognitive development and below average levels of cognitive
development could interfere with the child's ability to maintain good
health.4

_Hhile it is likely that the child's history of health and
cognitive development is itself a function of varicus nurture and
nature varjables, controlling for the history of these processes

will yield estimatecs of the structural 1inks tetween different




aspects of health and cognitive development and alse more praecise
estimates of the effects of discretionary betavior as it is affected
by parents' education and family income. These structural links
usually cannot be identified in cross-section formulaticns because of
the lack of identffying restrictions provided by the underlying
theory. loreover, modeiling these processes whereby past values of
health and cognitive development are explicitly controlled for
conforms more closely to classical experimental analysis, Typically,
in laboratory experiments, assessment of an action's effjcacy is made
by observing the initial state, administering a mcasured "dosage", and
then observing the final state, all in an effort to determine if and
to what extent the procedure had any impact. Different aspects of the
fuit#al state and the intervening dosage are then relsted to t he
observed final outcome in an attempt to explain the structure of a
Process., In the abtsence of a laboratory, the same conceptual
framework can be applied to the analysis of children's development by
observing a time series for a number of individuals, By treating a
particular child's history as a comparative benctmark, one can
identify temporal interdependence between processes and perlaps more
accurately measure the contributions of other variakles to favorable
or unfavorable outcomes.

In short, a completely specified model of children's develop-
ment must be capable of incorporating all of the atove as potential
sources of observed variation in measures of health and cognitive
development, as well as recognizing the possible relationships among

the three classes of determinants themselvces, it is well-known that



this latter point is a particularly troublesome statistical Tssue,
since "nature" variables afe in practice unokserved, and gven in
principle may rnot be observable or measurabtle. In the absernce of
information on this potential determinant, variance in obkservaod
outcomes may be incorrectly ascribed to other obscrved determinants,
especially since it is commonly argued that "nature'" is correlated
with both history end nurture,

An analogy between this problem and the familiar akility-bias
problem in estimates of earnings functions is apparent. If albility is
correlated with the observed level of completed schooling, and if tath
influence earnings, then an estimated earnings function which
disregards ability will vield schooling coefficients which are biased
uivaits, As a solution to this specification problem when abtility is
not otserved, Chamberlain (1277,1878) has proposed joint modelling of
cquations for all obtserved variables which may be indicators of an
unobserved factor or factors. Given a sufficient set of identifying
restrictions, the parameters of such equations, and the distritutional
parameters of the unobserved factor(s}), can be estimated using a
randem effects procedure.

A linear formulation of such a model may bte written

(1) By1= Afi + Ei R

where Y4 is an nxl column vector of observed variatles
including measures of current and past health and cognitive
development, parents' education, and family income, where fi is a

kx1 vecteor of exogenous individual- or family-specific urobserved
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factors, and where 5 is a vector of stectastic disturtances,
uncorrelated with fi' The index i indicates the I-th individual,

Cenoting the covariance matrices of f1 and € by zf and ze

respectively, and premultiplying (1) by B"1 viclds

-1 -1
Yy B Afi + B €

and

| AR -1, ,_-1,,
(2) zy BUAZAYGBTY + BT (87 ,

whare Zy is the nxn covariance matrix of Yy Assuming fi and
€, are distributed normally, the log=-1ikelihood function for the i-th

individual is

(3) Li(BsAszfan) = - 1/2 ].Og lzyl = 1/2 (Yi-E(Yi))'zy—l()’i‘E(Yi)) ]

and if the vectors f and € are uncorrelated across

individuals, then the joint likelihood function for a sample of N

individuals can be written
-1
(4) L(B,A,Z.,Z ) = - %/2 log lzyl - N/2 tr(szy ) ,

where S is the sample covariance matrix of y, and wkere Ey is

given by (2). The remainder of the paper presents estimates of B,

A, Ef, and I_ obtained by maximizing (4} under various restrictions.
Cne cautionary word should be expressed at this point. Vhile the

vector structural equation (1) takes explicit account of unobserved

variables, and while most discussions of unobserved variables In the

centext of children's development have centered on genetic Tactors as



teing the chief comporent of "nature", unobserved variables by their
very nature have unobserved names. The primary interest in this zapoer
is not so much in assigning names and interpretations to tle estimatd
factor structure, but rather in estimating the relaticriships aisong
health, cognitive development, and family background variakbles once

the possibility of common determining factors is taken account of.

I1. The Data

The model outlined in the preceding section is estimated using
data from Cycles Il and Ill of the U.S. Health Examiration Survey
(HES). Both sections of the survey collected extensive data on the
current health and health histories for a nationally representative
sample of childrens Cycle |l surveyed children aged b6 to 11 in the
early 1960s, and Cycle 11l surveyed adolescents aged 12 to 17 in the
Tate 1960s. In each case, data include results from a physician's
examination, scores from different tests, and surveys of the child's
parents and school,

Approximately 2200 of the children in Cycle Il were re-surveyed
in Cycle 111, Of these, a final sample of 1434 was selected for
analysis. Because of cross-section evidence that the health and
cognitive development processes differ significantly for blacks, they
viere not included in this sample, nor were observations with missing
data. It should be noted that tkere is considerably more age
hormogeneity in this longitudinal subset than in the overall
cross-section surveys: in Cycle 1, 99 percent of the adolescents in

the longitudinal subkset were aged 12 to 15. Tle re-survey Interval




of this subsample averages 42 months, with 70 percent of the sample
intervals falling between 36 and 48 months, While it is difficult to
asscess the effects of even this 1imited age and intcrval
heterogeneity on the estimates of the model, it is unlikely that SNy
of the main results will be substantially affected, Using the samn
data, Shakotko, Edwards, and Crossman (1980) found thkat controiling
for these variables did not in most cases contribute significantly to
tkeir model's explanatory power, In any case, both measures of
cognitive development and one measure of health used in this analysis
are age-adjusted.

Specifically, the analysis examines the relationships among
thirteen variables. The primary focus is on two measures of cog-
nitive development and two measures of health: (1) the Vechsler
Intelligence Scale for Children (WISC); (2) the Wide Range Achievement
Test (WRAT); (3) thke age- and sex-adjusted periodontal index, which is
a measure of oral health (APERI);6 (L) the diagnosis of a "significant
atnormality" by the examining physician (ABN). Each of these four
variables is reported in Cyecles 11 and 111, and to distinguish the two
measures of each variable, the post-script "1% is used to denote a
Cycle Il value and "2" to denote a Cycle 111 value, WISC, WRAT., and
APERI are all continuous variables, and and ABN s a dichotomous
variable taking the value of one |f an abnormal ity was found and zero
otherwise,

Other health measures included to control for history effects are
durmy variakles indicating a rarental assessment of poor lealth for

the child during the first year after birth (FYPH) and a dumnmy
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indicating if the child's birth welght was 2000 zrams or lcss
(LIGHTJ.7 Family lLackground variables used are femily incomg (At ricy,
father's education in years (FATHED), and mother's cducation (LoTHEDR) .
The sample means and standard deviaticons of these varichlos 3ra
reported in Table 1.

The particular measures of health and cognitive developaent
inctuded in the analysis were chosen to ensure some Tevel of geper-
ality while at the sare time acknowledging that both health and
cognitive development have different components. Tor example, WISC is
designed to measure general cognitive aptitudes, while VWRAT mcasures
more specific acquired skills, The abnormal diagnosis indicator
(AEN) is an objective measure of the presence of a cendition which
affcets current physical activities, or could affect future
activities.8 The periodontal index (APERI) was used because it is
perhaps the most sensitive to differential levels of family health
investment, and hence may be best indicative of preventive medical
care.

Without doubt, this analysis is restrictive, not only in its
censideration of relatively few measures of health and cegnitive
development, but also in its limited consideration of other ob-
servable variables that may affect developmental bProcesses, A more
detailed examination of other variables was conducted by Edwards and
Grossman (1978) and Shakotko, Edwards, and Grossman (1980); thesea
studies have Shogn that most other variables contribute relatively
little to explaining the variance of tke measurcs analysed here.

lorcover, it is likely that consideration of larger and more complex
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Table 1 : Sarple Statistics
Variakle Vean Starderd
Name Ceviation
Wlsce ? 184,51 14,00
WRAT2 2 104,11 13,56
APERIZD ~-C.138 0.852
AEN2 0.188 0.391
wisc1? 103,51 13,02
WRAT1 2 103,57 12.02
APERI1P ~0.055 0.792
AEN1 0.096 0.29%
FAMINCS - 8.060 b, 607
FATHED 11.31 3.38
MOTHED 11.22 2.70
FYPH 0.068 0.252
L IGHT 0.008 0.091

..—-._.-__.-_.--_——————_._-.____———_,—...-.—..._._.-_——

qge-adjusted.

bAge- and sex-adjusted.

“In thousands of dollars; measured In

Cycle |1,
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nicdels, while conceptually more deslreable, would add substantially to

cermpultational difficulty,

I'1'l., Estimates

The Lasic lincar model (1) which is cstimated corsists f
thirtcen equations. Fach of the Cycle 11l mecasures of health and
cognitive development (11SC2, WRAT2, AGN2, APERI2) is written as a
Vinear fﬁnction of the health and cognitive development measures in
Cycle Il (WISC1l, WRAT1, AEN1, APERI1), family income (FAMINC), and
parents' education (FATHED, MOTHED). The four mcasures from Cvcle 11
are written as linear functions of family income, parents' education,
and Tnitial health (FYPH, LIGHT). To complete the model, family
income is presumed -to depend on the education of each of the parents,
and "first-year poor health" (FYPH) on low birth welght. Parents'
education and low birth weight are not presumed to depend on any
observable variable. It is apparent that this linear specification
corresponds to restrictions on the elements of the matrix B in (1).

To this specification of the structural 1inks between observable
variables is added different specifications of an unobserved factor
structure, ¢Estimates of two models are reported here. In the first,
the factor space is presumed to be two-dimensional, with one factor
operating in the health equations (AEN2, APERI2, ABN1, APERI2, FYPH,
LIGHT) and the other operatiné in the cognitive development equa-
tions (LWISC2, WRAT2, WISC1l, WRAT1), each with equal effects in the
equations determining income and parents' education (FAMING, FATHED,

FCTHED). The factors are normalized to have unit varicnce, and tle
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corrclation ketween the two factors is a Farameter to ke cstimated.
The sccond specification presumes that observed varjables alone
cetermine y (i.e, that =0 in (1)). In the discussion following,
this is referred to as the zcro-factor model. In bLoth the tvwo-factor
and zero-factor specifications, the Unsystematic stochastic cffects |n
cach equation (the elements of the vector ¢ in {1)) are presumcd to
be uncorrelated, except in the case of the two education equaticns.?
This constrains the covariance matrix ZE to be necarly diagonal,

with the one exception noted abtove. It can te verified that these
implied restrictions are sufficient to identify all the unrestricted
Parameters of (4),

To a large extent, the empirical focus of this paper is ex-
-i~vatory, so that the zero-factor mode) Serves as a comparatjve
benchmark. Two empirical questions underlie the use of a model with
unobserved factors: (1) can a model which takes account of such
factors better explain the okserved pattern of health and cognitive
development? and (2) how do the estimates of such a model differ from
those Eased solely on observed determinants?

The two specifications were estimated by maximizing (4) with
respect to the unknown and unconstrained elements of B, &, Ef, and ZE
Since B is constrained to be triangular and EE rearly diagonal, tte
estimates of the zero-factor model are equivalent to thcse obtained by
estimating each structural equation in (1) by OLS. This makes these
estimates generally comparable to those regcorted in Edwards and

Grossman (1978) and Shakotko, Edwards, and Grossman {198n), and it is

casily verified that the estimates are very similar,
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Cive slould point out that the presence of dichotorcus varialbles
in the vector y violates the normality assumption implicit jn the
proposed likelikood function (4), so that maxImization of (L) is a
quasi-likelihood procedure., A correct likelikood specification to
take account of the dichkotorous variables, or a two-stage procedure
such as that suggested by Heckman (1978a), would te methodelogically
superior, but the computational difficulties for this thirteen
equation model make such techniques impractical,

Tables 2 and 3 present estimates of the matrix B for tke
two-factor and zero-factor models, Table L presents the estimated
matrix of factor loadings in the two-factor model. The remainder of
this section summarizes the main results.

-

(a) Interactions Petween Health and Cognitive Development

it was argqed in Section | that the use of longitudinal data and
the inclusion of Cycle I} data in the Cycle |1l equations is one way
to assess the structural dependencies between measures of bealth and
cognitive development. The underlying question is whether each
temporal event (an event being a particular outcome for WISC, WRAT,
APERI, ALGN) depends on previous events, or whether it is the result of
an independent drawing from a particular distribution whose parameters
depend on some set of observed and unotserved background variab]es.lo
In terms of the estimates reported in Table 2, the coefficlient on cach
variable's own lagged value i< a measure of univariate decpendence,

or structural persistence, in each process. The coefficients on



TAELE 2

Stimectural Coefficients in Cycle III Egvations
For {a) Two Factor Modal
For (b) Zero Factor Hodel

Explanateory
Variables Wisc2 WRAT2 APERIZ REND
WISC1 {a) 0.124 -0,111 -0.001 0.002
(0,41) (0,63) {0.28) {1,.13)
{b) 0.623 ] 0.183 -0,003 -0,001
(34.2) (11, 4) (1.73) {0.62)
WRATL {a) ~0,0%4 0.565 -0, 005 -0.001
{0.50) (5.04) (1,82) {0.30)
(b) 0,215 0.746 -0,006 -~0,003
{10.86) (42.0) (3.40) (2.87)
APERT] (a) 0.640 0,318 0.232 -0.042
{2201) (1.20) (6.88) (1.42)
{b) 0,316 0.127 0.269 0.009
(1.11) (0.51) (10, 3) (0.72)
Th=mY 3 {a) -0.345 ’ 0.491 -0.,097 0.052 *
({0.42) (0.71)- {1,20) (0.83)
(b) -0,996 0.108 -0,027 0.148
(1.22) (0.18) (0.39) {4.26)
FAMINC {a) -0, 014 0.032 0.000 0.008
{0.04) (0.14) (0.08) (1.12)
{b) 0.101 0.100 --0.002 0.004
{1.73) {1,34) {0.45) (1.64)

(continued on next rage)
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TRELE 2 {concluded)

Zxplanatory

Variables WIisc2 WRAT2 APERI2 ALN2

FATHED  {a) 0.906 0.543 ~-0.011 0. G09

. (2.77) {2.63) {1.25) (1.39)

(b) 0.223 0,141 -0,008 ~0.004

{2.90) (2.08) (1.15) {1.18)

HOTHED {(a) 0.653 0.526 -0.023 0,004

{1.36) {1.81) (2.00) (0,45)

(b) 0.142 0.225 ~-0,023 0.004

{1.58) (2.84) (2.84) {0.93)

Residual (a) 43,55 45,20 0.578 0.119
Variance .

 {b) 70.80 54.68 0.594 0.149

Rote: Each equation is reported in the form y = X8 + e. Asymototic
t-statistics are reported in parentheses below each coefficient esti-

nate,



TAMLE 3
Structural Cocfficlents in Cycle II, Incone,
and Initial Health Ersuations
For [a) Two Factor HModel
For (b) Zero Factor Model
Fxplanatory
Variahles wWIisCl WRAT1 APERT]1 ABN1 FamIng FYPH
FXMINC  (a)  -0.062  -0.030 ~0.004 0.001 - -
(0.17) (C.11) {0.42) {0.24) - -
{b) 0,220 0.184 ~0.009 ~0,00] - -
(2.61) {2.42) {1,67) (0.37) - -
FATHED (a) 0.934 0.739 -0.019 0.002 0.528 -
(3.69) {3.66) {2,01) (0.71) (12.8) -
{b} 0.946 0,748 -0.019 0,002 0.539 -
(8.91) (7.84) {(2.76) {0,91) (17.9) -
MOTHED {a) 0,914 0.519 -0.016 0.000 0.351 .-
(1.97) (1.49) (1.27) (0.08) {5.11) -
(k) 1.328 0.833 -0,024 -0.002 0.383 -
{10,8) {7.51) (3.09) {0.57) (10.3) -
FYPH (a) 2,426 -0.247 ~-0.023 0.047 - -
{2,43) (0.20) {0.21) (1.26) - -
(b) 0,305 -1,854 0.124 0.085 - -
- (0,24) {1,62) (1.52) {2,75) - -
LIGHT (a) ~5,046 -8,100 -0,042 -0,031 - 0.087
{1.94) A{3.10) (0.18) {0.35) - (1.16)
(b) -B.602 -10.80 ~0,013 -0,023 - 0.099
(2.43) {3.40) (0.06) {0.27) - (1.36)
Residual {a) 52.85 64,99 0.570 0,084 14.29 0.061
Variance
. (b) 148,30 119,79 0.604 0.086 14.558 0.064
“ote: Each gquation g reported in the form y = x8 + e

t-statistics are reported in parenthes

mate,

€. Asymptotic

28 balow each coefficiant esti-
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other lagged variables rmcasure dependence between processes,

The estimated coefficients for the two-factor model (denotcd by
rows (a) in Takle 2) indicate significant qualitative differcnces in
the structural persistence of each of the four processes,  WISC? and
AENZ do not depend significantly on WISC1l and AENI respectively,
while WRAT2 and APERI? exhibit substantial dependence on WRAT1 and
APERIL, It is not hard to rationalize at least this latter result.
I'f WRAT measures acquired skills, then it is not likely that these
skills will disappear over a three- or four-year interval, so that
current WRAT scores will reflect to a large extent past dccumulation
of skills, quite aside from whether this accumulation is related to
other variables. Similarly, one might imagine that oral health s
also persistent: decay or periodontal disease tends not to appear or
disappear in a fairly short interval. WISC, on the other hand,
purports to measure aptitudes or innate abilities. It is reasonatle
to argue that the score on one test should not depend on the score in
@ previous test, but that both scores reflect independent measurements
of underlying individual-specific variables.ll It s interesting and
puzzling, however, that there is not significant persistence in the
AEN equation. The same argument used for the Pericdontal index
might apply in the case of a diagnosed abnormality. It is noteworthy
that this lack of persistence is also evident in the raw data, wrere
the correlation between ABN1 and ABN2Z is only 0.11, so that the smal ]
coefficient on AENI may not be 3 statistically artifact,

-

The point estimates for the two-factor mode] indicate less

structural persistence than corresponding estimates for the zero-
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factor model, also reported in Table 2 (and denoted ty rcws (b)), Tle
fwplication is that the observed secrial correlation in health and
ccgnitive developrient is better explainced by persistent urnicderlying
fectors thran persistence in the actual processes. This is examined

in grecater detail in scection (c) Eclow,

In general, the estimated cross-effects between proccsses are
small and not significant., This is found in toth tle two-facter and
zero-factor models. Two exceptions should be noted. First, Y1SC and
WRAT contribute positively to APERIZ in both models, although only
WRAT is significant in the APER|? equation at thke 90 percent level in
the two-factor model., The effect is not very large, however:
expressing the point estimate of -0.005 in terms of standard
deviations, a one standard deviation increase in WRAT1 results in a
0.07 standard deviation improvement in APERIZ,

The second exception is in the WISC equation, where high values
of APERI1 (i.e., poor oral health) are associated with high WISC
scores. Even though the magnitude of this effect is small (a one
standard deviation change in APERII results In a 0.04 standard
deviation change in WISC2), the coefficient is significant, and thre
direction of the effect is contrary to what one might expect from a
structural relationship. The coefficient may, however, reflect a
substitution effect in a heterogeneous population, in the sense that
some families may choose to make time and income investments directed
toward kealth, and other families investments directed toward

cognitive development of children,




(b) Inccme and Education Effects

In all the ecquations reported in Tables 2 and 3, family income is
not a significant determining factor in the two-factor model. Tlhis is
in contrast to the estimates of the zero~-factor model, vhere income
kas @ significant positive effect on bkoth ¥I1SC and WEAT. It should ke
noted, moreover, that in the two-factor model, the point estimates of
these and other income effects are substantially smaller than those in
the zero-factor modei, so that the insignificance does not arise
totally from larger standard errors,

On the other hand, the two-factor model confirms many of the
education effects in the zero-factor model, and in some cases, the
zoint estimates are larger. In the WISC2 and WRAT? ecuations, the
effect of a marginal year of father's education increases from 0,223
to 0.506 and 0.141 to 0,543 respectively. Mother's education is less
significant in these equations, but nevertheless, the point estimates
show this same pattern of increase, The education est imates are
generally significant and of the same order of magnitude in thke WISC1
and WRAT1 equations.

In the health equations, parents' education is significant in
both APER! equations, although at marginal confidence levels. This is
not the case in the AEN equations, where neither the coefficients nor
the confidence levels are large.

Two other equations linking observed variables were also esti-
mated jointly with the Cycles 11 and 111 health and cozgnitive de-

velopment equations., In the first, family income was supposed to
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depend on parents' education, It is found tlat a marginal year of
father's cducation contributes on average $528 and mother's education
$351. Evaluated at the mean tevel of income, these estimatcs

imply rates of return of 6.5 and 4.5 percent respectively, which are
ccmparable to other estimates of earnings functions. The second
ecuation supposes that "first-year poor health" dcpends to seme extent
on Tow birth weight. A positive effect is found in both models, but

in necither case is it significant,

(c) Factor Loadings

A casual inspection of Table 4, which shows the estimated factor
tczdings in the two-factor model, suggests that a large part of the
variance in kealth and cognitive development in children can be
explained by common unobserved factors. Thisg is especially evident in
the cognitive development equations, where the positive point
estimates (reported as Factor 1 in Table 4) indjcate a factor
coentributing positively to WISC and WRAT. Squaring the ratio of the
factor loading to the standard deviation of the corresponding
dependent variable vields the proportion of variance explained by the
factor. In the case of WISC, this proportion is about 53 percent in
toth Cyctles Il and 111, In the case of WRAT, the proportion is 40
percent in Cycle 11, and declines to 19 percent in Cycle Ill. This is
perhaps indicative of the growing relative influence of other
factors on WRAT in the course of the child's development,

The second common factor was constrained to operate in the health




a TARLE 4
Factor Loadings  and Residual Varlances: Two Factor Molel

Dr‘_'}:u‘:nd{_’nt Reﬁi’iuil
Variabla Factor 1 Factor 2 Variznce
WIsC2 10.180 - 43,55
WRATZ2 6.003 - 45,20
{(3.64) -
APERI2™ ‘ - -0.140 0.578
- (2.81)
ABNZ2 - ~-0,192 0.119
- (3.09)
WISC1 10.019 - 52.85
(6,15) -
WRAT1 7.592 - 64,99
(6.44) - :
APERT1 - -0.194 0.570
. - {2.69) -
ABN1 - -0.050 _ 0,084
- {2.23) :
FAMINC]1 0.314 0.314 14.29
{0.82) , {0.82) -
FATHED 0.343 0,343 . 10.87
(1.35) (1.39) ~
- (covar.=5.12)
MOTHED 0.343 0.343 7.02
{1.35) 7 {(1,35) .
FYPH - -0,050 0.061
- {(3.28)
LIGHT ‘ - ~-0,002 0,008
- : {(0.50)

aI—"actors are normalizad to hava unit variances. The correlation beo-

T
3.
v
ri

2n the tvo factors was estimated at 0.397 (std. err, = 0.100).

Asymptotic t-statistics are reported in parcentheses below cach coaffi-

cient,
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caquations for Cycles 11 and I'tl, and in tte cauaticns determining
FYPH and LIGHT (Factor 2 in Table k). It cnters with a nerative sizn

in all health equations, indicating a common positive contrilbuticn to
health., The estimated loadings are significantly different from zoro
in a1l except the LIGHT equation. The explanatory contribution of

this health factor is not nearly so dramatic as that of the cognitive

development factor discussed above. In the APER! cquations, 5 percent
of the Cycle 11 variance can be attribyuted to the factor, and less
than 3 percent in Cycle 111, again indicative of gErowing envirornmental

influence., In the AEN equations, this proportion is 3 percent in
Cycle 11, but grows to 25 percent in Cycle 111, Approximately 4
percent of the FYPH variance was explained by the factor.

Eoth factors were presumed to be reflected equally in family
income and parents' education. Being positive factors in the sense
that they contribute to higher levels of WISC and WRAT and Letter
health, one might expect that if these factors are generationally
related, they should also be positively related to income and
ecducation levels. The estimates confirm this expectation, although
for neither income nor education are the estimated loadings
significantly different from zero. This insignificance may reflect
more of an attenuation in the factor communalities between parents
and children than the absence of common factors In these "parents'"
equations. Despite the Iinsignificance, tke point estimate for
education is fairly large. One positive standard deviation in either
factor is associated with 0.34 additional years of scrooling for

cech parent.




Pesidcs the factor loadings, the correlaticn Ltetvcen the tvo
factors was estimated, This corrclation is estimated to ke 0,397,
with a standard error of 0.100, indicating a siznificant positive
relationship between the kealth and cognitive development foctors,

Cne final issue should Ee addressed, namely that of the
gcodness-of-fit of each of the models., Under thre assurpticn of
normality, =2L({max) is distributed as xz(q), vihiere g=n(n+1)/2 - p and
p is the number of parameters to be estimated, and vhere n s the num-
ber of equations. For the two-factor model, x?% (10) was estimated to lLe
18.29, which falls within the 90 percent confidence region; this
indicates that the nul] Fypothesis of a two-factor mocdel, torether
with effects from observed variatles, cannot be rejected at the 90
=2rcent level in explaining the observed relationships Letween health,
Cognitive development, and economic variatles, As a comparison, the
x?-statistic for the zero-factor model was over 100, indicating tkat
reliance on observable variables alone is not sufficient to
satisfactorily explain the covarijance structure of these variables,

It should be noted that a similar one-factor model was al so
estimated; the estimates, which are not reported here, were very close
to those of the two-factor model, and indced many of the standard
errors were reduced. The x? -statistic for this model (with 14 d.f.)
was estimated at 29.94%, which does not fall within the 99 percent
confidence region. In any case, it suggests that the two-factor
estimates, and particularly tkose which relate okserved variatles, are

fairly robust with respect to specification of the factor structure,
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IV. Conclusions and Implications

This @nalysis has shown that the introduction of ot served
factors into an cmpirical model explaining chaildren's health and
cognitive development adds considerably more explanatory over to such
models. }ore notably, some findings from previcus empirical madcls
are confirmed and strengthened, and other findings rejected, The
significant results from the policy-makers point of view conter on
the effects of parents' education and family income. Parcnts'
education is a significant positive contributer to cognitive develop-
ment and oral health., No significant relationship was found Eetween
parents' education and diagnosed abnormalities. Contrary to other
studies, income was found to play an insignificant role in both the
health and cognitive development processes.

The implication is that an incomes' policy will not have a net
impact on children's development., Vhat cannot be distinguished here,
of course, is whether incréased income hkas both beneficial and detrj-
mental effects which may be offsetting. As such, an incomes' policy
combined with other programs may yield net benefits.

While the model considered here is limited in its consideration
of explanatory and explained variaktles, and while the statistical
methodology is second-best in that it makes imperfect normality
assumptions, the general techniques seem worthy of future investig-

ation with other dzta and other measures of health,.






Footnotes

1.

Grossman (1976) surveys the relationships arong earnings,
scheoling, health, and mcasurcd inteilicence of adults and
children that have been extensively discussed in recent
literature,

See, for example, Becker and Tomes (1976} and Iniman {(1976).

Sce Kamin (1974) for a survey of the issucs and arguments
that relate to the interitance of mental faculties,

A more detailed discussion of the hypothetical 1links betwcen
nealth and cognitive development can be found in Statotko,
Edwards, and Grossman (19 8g).

This model is a member of the class of structural equation
models proposed by Joreskog (1973}, who discusses more gencral
forms of such models and aspects of the identification problem,
A computer program to estimate riodels of this sort, and which
was usced for this analysis, is described by Joreskog and

Sorbom (1378).

Low values of APERI indicate better oral health,

A dummy variable was used instead of a continuous measure of
birth weight since it is likely that the relationship between
birth weight and poor subsequent health js non-1inear,

0f course, the dichotomous nature of ABN precludes measurement

of the severity of these conditions. A more rigorous speci-
fication of health would use a combination of ABN and a severity
index or else an indicator vector of different health conditions.

Quite aside from any considerations in this model, a theory of
matching would predict that spouses' education levels are
positively correlated. To purge this effect from the model ,

9 Non=-zZero covarlance between the stochastic effects in the
education equations was permitted. An estimate of thkis covar-
iance 1s reported in Table 4,

10. This is in essence the {ssue at stake in the aralysis of state

dependence that has been used by Heckman (1978b) to study the
time profile of labor force participation.

11. This independence might not be preserved jf individeals "lcarned®

how to take and score well on tests in the process of re-testing.




References

Peeker, Gary S., and Tomes, Nigel, 1976. "Child Endovments and tle
Quzntity and Quality of Children." Journal of Political
Ecenomy 84 (&) : S143-5162.

Chamberlain, Gary, 1977. "Education, Income, and Ability Revisited."
Journal of Econometrics 5 (2) : 241-257.

Chamberlain, Gary, 1978. "Omitted Variable Bias in Parel Cata:
Estimating thke Returns to Sckeoling.”" In The Econcimetrics
of Panel Data, Annales de 1'insee 30-31 : L9-£2.

Edwerds, Linda N., and Grossman, Mictael, 1978, "Children's Mealth
and the Family." Mational Bureau of Eceromic Resecarch,
Working Papecr No. 256.

Grossman, Michael, 1972. The Gemand for llealth: A Theoretical and
Empirical |Investigation, MNew York: Columtia University Press
for the National Bureau of Economic Research,

Grossman, Mickael, 1976. 'The Correlation Between Health and
Schooling." In Househkold Production and Consumption, edited
by N. E. Terleckyj. HNew York: Columkla University Press
for the National Bureau of Economic Research.

Grossman, kichkael, and Eenham, Lee, 1974, "Health, Hours, and Wages,"
In The Economics of Health and Medical Care, edited by Mark
Perlman, London: Macmillan. -

Heckman, James J., 1978a, "Dummy Endogenous Variables in a Simultan-
eous Equation System." Econometrica 46 (4) : 931-959,

Heckman, James J., 1978b, "New Evidence on the Dynamics of Female
Lator Supply." University of Chicago, mimeo,

Inman, Robert P., 1976. "The Family Provision of Children's Health:
An Economic Analysis.” In The Role of Health Insurance in the
Health Services Sector, edited by R. Rosett. HNew York:
Columbia University Press for the Natjlopal Bureau of Economic
Research,

Joreskog, K., 1973, "A General Method for Estimating a Linear
Structural Equation System.'" In Structural Ecuation Models
in the Social Sciences, edited by A. S. Goldterger and 0, D,
Duncan, New York: Seminar Press.

Joreskog, K., and Sortom, D., 1978, LISREL-IV. Estimation of
Linear Structural Equation Systems by Maximum Likelihecod
Mettods: A FORTPAN-IV Prograom. Chicagot Internatioconal
Educational Services.




Yamin, Lcon J., 1974, The Scicnce and Politics of 10. MNow York:
John YWiley end Sons.

Lce, Lung-Fei, 1979. "Health and Wage: A Simultancous Equaticn
Approach.,”" University of Minncsota, mimco.

Shakotko, Rokcrt A., 1979, "State Dependence EBetween Assets and
Health." Columtia University, Cepaertment of Economics,
Discussion Faper Ho. 78-79501. |

Shakotko, Rotert A., Edwards, Linda N., and Grossman, Michael, 1920,
"An Exploration of the Dynamic Relationshkip Fetween Health and
Cognitive Development in Childhood." Maticral Pureau of
Eccromic Research, mimeo,




