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Introduction to the series

This series consists of a number of hitherto unpublished studies, which
are introduced by the editors in the belief that they represent fresh
contributions to economic science.

The term ‘economic analysis’ as used in the title of the series has been
adopted because it covers both the activities of the theoretical economist
and the research worker.

Although the analytical methods used by the various contributors are
not the same, they are nevertheless conditioned by the common origin of
their studies, namely theoretical problems encountered in practical
research. Since for this reason, business cycle research and national
accounting, research work on behalf of economic policy, and problems ot
planning are the main sources of the subjects dealt with, they necessarily
determine the manner of approach adopted by the authors. Their
methods tend to be ‘practical’ in the sense of not being too tar remote
from application to actual economic conditions. In addition they are
quantitative rather than qualitative.

It is the hope of the editors that the publication of these studies will

help to stimulate the exchange of scientific information and to reintorce
international cooperation in the field of economics.

The Editors
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CHAPTER 1

INTRODUCTION

P. Taubman

Kinometrics is the methodology that allows one to use samples with
senetically linked relatives or kin to study the roles of genetics and family
environment in a variety of areas including educational attainment,
cognitive skills, occupational success, and earnings attainment. There are
two different but related concerns in kinometrics. One of ‘these 1is
controlling for unmeasured or unobserved variables when estimating the
relationship between measured variables. A good example of this 1is
controlling for "ability" and "motivation" when estimating the effects of
education on earnings. The second problem is measuring the combined and
separate effects of the unobserved genetic and family environment
variables.

The letter inviting people to participate in this conference indicated
that the major purposes were to advance this methodology and to develop
a body of substantive results on the determinants of educational and
occupational success. It was also hoped that the exchange of ideas and
results would stimulate the individual participants to expand their own
work. I think the reader of this volume will find that the first two goals
were fulfilled. Editors and readers of journals will soon find that the third
coal has become a reality.

The book begins with a survey of the literature on family effects by
A. Leibowitz and indicates a list of unresolved questions. These are
addressed in the following five papers by Behrman, Taubman and Wales
(BTW), Griliches and Chamberlain (GC), Jencks and Brown (JB), Olneck,
and Sewell and Hauser (SH), each of which is based on a different and
unfortunately nonrandom sample. The next section contains three papers.
The first by Chamberlain examines the statistical methodology of
combined latent variable, variance components models which are the basis
of much of the work in the BTW and GC papers and are employed by SH.
Briefly a latent variable model is one in which the same unobserved
variable appears in or is related to several observed variables. A variance
component model is one in which the variance of a variable is apportioned
into several components all of which are unobserved. For example, in the
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GC piece, the components are family and individual specific elements

while in the BTW paper, the components are specific environment, family
environment and genetic endowments. The basiec questions that
Chamberlain poses are how we determine which parameters we can
estimate or identify in such systems, and how do we obtain additional
iInformation which will allow us to identify additional parameters. An
oversimplified summary of this paper is that information on relatives
allow us to control for unobserved variables in a latent variable
framework provided the model can be specified in an appropriate fashion.
In his second paper, Chamberlain also examines whether there are
additional advantages in having information on twins rather than siblings.
This issue will be examined below.

“The paper by Goldberger contains a lengthy critique of the
statistical methodology used in papers by BTW and JB. His major point is
that some of the parameter estimates are obtained by 1mposing
restrictions (making assumptions) which he considers arbitrary. In other
words, Goldberger questions the assumptions made to identify their
models. The reader unfamiliar with the problems of identification in the
latent variable model may find Goldberger's discussion on pages ;
of particular versions of models in the Behrman, Taubman and Wales paper
a useful companion to the more general discussion in the Chamberlain
piece.

All the papers revolve around the question of how one can control
for and measure the separate and/or combined contributions of

unmeasured aspects of genetic endowments and family environment.
Suppose that our model is

1) Y = X + G + N

+ U

where Y and X are observed variables such as earnings and schooling, G is
an unobserved index of genetic endowments, N is an unobserved index of
family and other systematic environments, and u is the unobserved and
unsystematic part of the environment. With no loss in generality, we have

standardized G and N so their coefficients are 1. We wish to obtain

: . 2 2 2 2
unblased estimates of ¢« andof b ;5 aCoNn %N ‘gxe OxN

2

and o u°

As 1s well known if b is nonzero and G is correlated with X, ordinary
least squares of Y on X will yield biased estimates of « . Similar
comments apply to X and N. Data on relatives can be used to control for
G and N because kin share common or correlated genetics and family
environments. The simpliest technique to exploit kin data is to use OLS
with "within kin" observations. Suppose there are only two members of
each family. Assign randomly the subsecript of 1 or 2 to each member and

then calculate the within-family difference as, e.g. Y1 - Y2 = A Y. We
then have
2) AY =aA X + bAG + cAN + Au

If AG and AN are not correlated with AX, OLS of AY or A X will
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yield unbiased estimates of « — provided that AX is not equal to zero
and is measured without error. N is defined to include common and
specific elements which are the same for the twins or kin and can be
represented by the average value in a family. The specific systematic
environment is the difference between kin's actual environment and this
average. Random events or nonsystematic environment is included in u.
For identical twins A G is zero while AN will include only the twin
specific part of systematic environment. For fraternal twins and siblings,
neither AG nor AN is zero. As long as AN is uncorrelated with A X;
within pair equations of AY on A X for identical twins will be unbiased,
however, the equations for siblings and fraternal twins will still be biased
as long as genetics matter. While the latter equations contain partial
controls for G and N, these equations need not yield less biased estimates
of o than is obtained from individual data.

Olneck presents within-pair equations for siblings, while BTW
estimate such equations separately for identical and for fraternal twins.
In both samples the subjects were drawn from about the same age cohort
and were surveyed at about the same date. From a genetic viewpoint,
siblings and fraternal twins are the same, though one might suspect that
the correlation in environment for fraternal twins is greater. Thus it is of
some interest that the Olneck and BTW results for sibs and fraternal twins
respectively vield very similar regressions. Comparing the results for
individuals and within families, both papers suggest a marked reduction 1in
the coefficient on years of schooling in the equation for earnings. In
addition, the BTW equations using within pair data for identical twins
yield even lower coefficients on schooling which suggests that 1t is
important to control for genetics.

There are a number of previous studies which have included IQ 1n an
earnings equation. Thus it is interesting to note that when Olneck
incorporates IQ into his within-sib equation relating earnings to schooling,
he finds a further marked reduction in the coefficient of schooling. Thus
differences in IQ remaining after eliminating common environment and
differences in schooling are related to differences in earnings. Moreover,
it is important to control for these 1Q differences, which can arise from
either genetic endowments or specific environment, when estimating the
effects of schooling on earnings. However, Olneck's within-sib estimate
of the coefficient on education after controlling for IQ is still above that
of BTW in their within pair equation for earnings for identical twins. This
suggests that abilities in addition to IQ need to be controlled. JB also
found that differences in 1Q are important in educational attainment
equations calculated within pairs or using latent variable techniques.

GC also use data on siblings. While much of their analysis is based
on a combined latent variable/variance components model which 1s
described below, they report that within-sib equations for earnings
expected at age 30 are the same as those calculated for individuals. It is

not obvious why their sample gives such different results than do those of
BTW and Olneck, nor is it obvious which set of results are more valid.
However, it is possible that the differences arise because GC are studying

men born more recently and with far fewer years of labor force
experience than in the other two samples.



Even the equations for identical twins in the BTW paper, will be
biased if there is measurement error in years of schooling or if AN is
correlated with AX. In Appendix A of the BTW paper, there are
estimates of what the coefficient of schooling would be if there were
various percentages of measurement error in the schooling variable. The
substantial bias found by BTW between the individual and within pair
equations can only be eliminated if it is assumed that nearly all the
observed within-pair variation in identical twins 1S due to measurement

Assessing the importance of A N leads us to the latent variable
models which are employed by GC, BTW, SH and JB and analyzed in detail
In both the Chamberlain and Goldberger papers. A latent variable is an
unmeasured variable which appears in several equations. Under some
circumstances, it is possible to control for and estimate the contribution
of a latent variable to the variance of an observed variable. The first
paper by Chamberlain investigates some of the conditions under which it
Is possible to identify parameters such as o in equation 1 and the
contributions of the unmeasured variables. The paper by GC applies this
technique to a model in which the observable variables include several

measures of cognitive skills, years of schooling and expectations of
earnings at age 30 which are held 5 to 10 years earlier. In their work and
In Chamberlain's separate contribution, the focus is on a model in which
the latent variable has a family (common) and individual component. That
1s, if there were only equations for Y and Z, if A is the unmeasured
variable, if X is a vector of exogenous measured variable, and if i is the
individual and j his family, the reduced form of the model would be:

3) Yij = aXij + bAij + uij
4) Z.. = ¢X.. + dA.. + v..

1] 1] 1] 1]
5) A.. = F. + w..

1) ) 1]
Here Fj Is the family component.

While GC do not try to separate F into its genetic and
environmental components, it is instructive to do so here. Let Gj be the

average value of genetic endowments in a family and tij be the difference

between Gi j and G e Similarly let N ; be the common component of N
and r i be the difference between Nij and N‘ij' Then we can write

5a) A.. = G. + N. + t.. + p..

where F. = G. + N. andw.. = r.. + t...
M T j ij ~ i i)

Lhe model used by BTW, and explored briefly in JB, differs in
several ways from the GC piece. First, BTW implicitly assume that:
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5b) A.. = G.. + N. + r..

That is they divide N into within and between family components but do

not so divide G. Second, in their analysis, BTW at times impose the

restriction that only Aij - Pij enters into equations 3 and 4. If there
were no genetic elements, this latter assumption in Griliches and

Chamberlain's model would be equivalent to assuming that only Fj and not

Aij appears in equations 3 and 4. In the BTW framework this means that
common and specific environments can have different effects on Y and Z.

Moreover BTW do not impose the restriction that Gij and N]. enter all the
equations via Aij’ that is their coefficients need not be proportional in the
various equations. By making these last two "asymmetrie" restrictions,

BTW are able to identify the estimates of « in their model. If these
asymmetric restrictions are appropriate, it is possible to do more with
samples of twins than with samples of brothers. However, if these
restrictions are not valid, Chamberlain's theorem in his second paper,
which indicates twins are no more valuable than sibs to estimate o ,
holds.

In the BTW paper, the estimates of the parameters on schooling and
the other observed variables obtained from the latent variable technique
are nearly identical to those obtained from the within-pair equations for
identical twins. This comparability holds up under a variety of
restrictions on the genetic and environmental variables including a version

of the model in which there are no genetic components to Aij' Thus BTW

find that not controlling for genetic endowments anc family environment
or for " ability" leads to a substantial bias.

On the other hand, GC find in their latent variable that not
controlling for family effects or for "ability" leads to only a small bias.
Moreover, they find that the omitted variable that correlates highly with
expected earnings has a low correlation with IQ. '

As noted earlier, the differences in results for BTW and GC may
reflect the years of work experience and age of the people in the samples
used. It is also possible, however, that the differences reflect the
structure of the models. In GC the available information from which the
latent variables are constructed is heavily dependent on cognitive skills.
The BTW model, which involves schooling and earnings at several points in
the life eyele, would seem to encompass more skills. However, in their
work labels such as cognitive ability cannot be used since for none of
these skills are measures available. It is possible that future work will
help resolve these issues. Both GC and JB find that IQ and schooling load
heavily but not exclusively on the same variables.

Much previous work has tried to control for family factors by
including observed variables such as parental education and number of
siblings. The results available in all but the GC studyv suggest that the

readily available measures do not adequately measure tne contribution of,
nor estimate the bias from not controlling for genetics and common
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environment. SH, for €xample, find that parental education, father's

occupation, broken family, and number of sibs account for about half the
cross-sib correlation in educational attainment.

Thus far we have been discussing the control of family factors. Now
let us examine the measurement of their effects. (The label family is
somewhat of a misnomer since sibs may share common environments in
the military and other nonfamily settings, and because even in the family,
SIbs may be treated differently or be exposed to different environments.)

Ine family effect is based on the Cross-sib covariances or
correlations. On all variables examined in this book, the correlation 1S
always higher for identical than for fraternal twins. The fraternal twin
and ordinary brothers cross-sib correlations are quite close though there is
some question as to the comparability when only sibs close in age are
used. (See JB who discuss the results from other samples and compare
Olneck and BTW.) The few samples on identical twins yield fairly
comparable estimates on cross-sib correlations and for education. The
NAS-NRC twin samples in the BTW paper suggests that the family effects
may account for about 75% of the variance in education and about 50% of
the variance in earnings (late in the life cycle).

As explained in the BTW and J& papers, strong assumptions have to
be made in the so-called eclassical twin analysis of variance model to
identify the separate contributions of genetics and common environment
to these family effects. JB, who test several of these assumptions such as
there is no more interaction among MZ than DZ twins generally are not
able to reject the usual assumptions made. BTW show that more of these
assumptions can be tested in the combined latent variable/variance
component models. However, one crucial assumption that neither they
nor JB can test is that the ecross-sib correlation in unmeasured
environments is the same for identical and fraternal twins. As Goldberger
cogently argues, it is possible to explain all of the Increase in the cross-sib
correlation of identical twins over fraternal twins on the assumption of

There is some weak evidence in the papers that bear on this particular
assertion. First, when BTW fit a pure environment model to the data,
using the latent variable technique, they find it fits less well than a mixed
genetics/environmental model. Second, if identical twins are treated
more alike than fraternal twins, 1t would also seem that fraternal twins
would be treated more alike than ordinary sibs who would be raised in
somewhnat different family and social environments. Yet a comparison of
the brothers in Olneck and the fraternal twins in BTW indicate little
difference in results in eross-sib correlations for education and earnings.
However, Olneck, who has Investigated this issue in more detail, reaches
ambiguous conclusions on variation in eross-sib correlations by age.

It 1s important to remember that the debate over whether identical
twins have a more highly correlated environment is a debate solely over
the division of the so-called tamily effect. Several of the papers and
much of the discussion of the conference revolved around whether or not

this additional information was useful. Being too close to this debate to
summarize it fairly, the reader is referred to the papers by Goldberger,
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BTW and JB.

But it is important to remind the reader that with the exception of
the piece by GC, the empirical papers indicate that it is very important to
control for family effects when estimating schooling, occupational status,
and earnings equations. It appears that within pair equations estimated by
OLS for identical twins vield results on the observed variables quite
comparable to those obtained from latent variable techniques. Further,
the latent variable techniques appear to be robust as to these same
coefficients regardless of the assumptions made about genetics and
environment.

The reader of these papers will be rewarded with a wide variety of
results and with several methodclogies which can be quite powerful in the
appropriate circumstances. It seems likely that the method can be
extended to incorporate more dependent variables or indicators. Some
prime candidates may be health and fertility. It is possible to include
additional categories of kin to refine further the estimates of genetic and
family environmental effects. Also the technique will indicate the extent
to which any set of measured variables, which can be collected in random
and nonkin samples, represents the full family effects.

The people who were the formal discussants at the conference were
invited to submit their comments for publication. Several discussants,
however, who felt the authors in substantial revisions had responded fully
to these comments chose not to publish their comments.

Finally, let me take the opportunity to thank all of those involved in
the conference for their participation and cooperation. I particularly wish
to thank Jere Behrman, Arthur Goldberger, and Zvi Griliches for their
suggestions on organizing the conference. The conference was funded by
the National Science Foundation by a grant to the Mathematical Social
Science Board. I would like to thank both this Board and especially the
economics representative, Marce Nerlove, for their genercus support.

This material was prepared with the support of the National Science
Foundation Grant # SOC-70-02316 A04, formerly GS-3256. Any opinions,

findings or conclusions or results are those of the authors and do not
necessarily reflect the view of the National Science Foundation.

‘And specia! thanks to ETC Business Services for their assistance 1n
preparing the camera-ready copy of this volume.



CHAPTER 2

FAMILY BACKGROUND AND ECONOMIC SUCCESS:
A REVIEW OF THE EVIDENCE*

Arleen Leibowitz
Law and Economics Center and
Department of Family Medicine
University of Miami

In a 1970 survey of the distribution of labor incomes, Jacob Mincer
contrasted the human capital approach to the analysis of personal income
distribution to the "traditional approaches centering on differences in
opportunity, ability and chance." It then appeared that the analysis of
income generation based on human capital theory had supplailted the
rather ad hoc theories based on "opportunity, ability and chance."

The human capital analysis was appealing not only because it put the
decision to invest in schooling on the same rational basis as the decision
to invest in other capital, but also because it was formulated in a way that
was empirically testable.

It was not long before there was a renewal of interest In
opportunity, ability and chance and these variables were reintegrated into
the theory and estimation of income determination. On an analytical
level these factors were treated as shifting the return to schooling and
schooling cost schedules and therefore schooling attainment (Becker,
1967). Empirically much effort in recent years has been directed to
measuring the impact of ability and opportunity or family background on
both schooling and income. First ability, and later background measures
have been added to the human capital variables in earnings functions. The
human capital variables have proved to be quite robust, retaining
significant effects on earnings even when measures of ability and
background are introduced into earnings equations. While the direct

effect of ability and background variables on earnings has proved to De
small relative to the effect of education, the effect of these variables on
education itself seems to be substantial.

From the initial calculations of rates of return to schooling, 1t was
recognized that the positive correlation of ability with years of schooling
would lend an upward bias to the rate of return calculations (Becker,
1964). In the years following the publication of Human Capital several
papers analyzed the relation between ability and schooling and their

impacts on income. While Hause (1972) found an interaction between
ability and schooling at high levels of both variables, Griliches and Mason

*The support of the National Center for Health Services Research,
through Grant No. HS01623 is gratefully acknowledged.
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(1972) found that over-all the lack of the mental ability variables exerted
very little bias to the schooling coefficient. In the presence of an index of
mental ability, the schooling coefficient was 7% to 15% smaller than in an
equation containing no measure of ability.

I'ne "traditional" approaches stressed that not only characteristics
of the individual, such as ability and schooling, but also characteristics of
the individual's family could influence earnings. The empirical estimation
was next extended to include the influence of background variables on
education, occupation and earnings. In sorting out the impact of ability on
earnings, there was general agreement on what the measure of ability
should be - since only one kind of ability measure was generally available -
and that was usually the score of an 1.Q. tgst or some other test which

correlates well with 1.Q. - such as AFQT.” In contrast, there is little
concensus on the appropriate background measures. Parental education,

occupation, earnings, residence, time inputs to children and college
quality are among the measures which have been used. Studies using data
on brothers point to the possibility that there are additional family
background variables which affect earnings and occupation but they're not
the variables we've looked at so far.

Part I reviews some studies that trace economic achievement to
differential human capital and background variables. Part II reviews
studies which utilize data on brothers to analyze the elements in family
background for which we have no ready direct measures. In Part III the
points of agreement and disagreement among these studies will be
summarized.

. Economic Success and Measured Family Background

The influence of family variables on economic achievement can
either be direct - for example, earning higher income because one's father
had high income - or indirect - earning high income because one's family
purchased schooling. The analysis of these background factors and the
manner I1n which they influence income, occupation and intermediate
levels of achievement such as schooling has absorbed a great deal of
attention in recent years.

Most of the studies have in common a model, composed of one or
more of the following set of equa‘%ions, which are assumed to be block
recursive and are estimated by OLS.

1) A=a,X + eG + u

1 1
2) S=8,X + b,A + u,
3) O=asX + baA + .8 +u,
4) Y=a,X +bA + ¢S+ dO + u,

A set of socio-economie background variables, X, and genetic
inheritance, G, are exogenous, and an early measure of ability, A, depends
on both. The quantity of schooling attained, S, is determined by various
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background measures, X, ability and a random term u,. Occupational
status, O, is a function of background, ability, years of “schooling, and a
random term, Us. Income, Y, in turn, depends on X, A, S, occupation and
a random term.

To determine the total effect of background on schooling, for
example, we must consider not only the coefficient, a,, but also the
indirect effect of background on ability and, thus, on schoo%ing.

One of the early examples of this type of model is presented by
Duncan (1968). He used data from the 1962 Occupational Changes in a
Generation survey and a 1964 CPS update to estimate a path model for
the achievement of white men, aged 25-34 in 1964. While 20 of the
necessary correlations could be computed from these sources, the
correlation between early 1.Q. and educational attainment, between early
and late 1.Q. and between 1.Q. and family size had to be estimated from
other sources. Five other necessary correlations were inferred from the
model.

The model estimated had four dependent variables: adult [.Q.,
educational attainment, occupational achievement and earnings.
Educational attainment was assumed to depend on early 1.Q., number of
siblings, father's occupation and education. Adult 1.Q. depended only on
childhood 1.Q. and years of schooling, while occupational achievement was
dependent on adult 1.Q., father's occupation, number of siblings and
schooling. Earnings were assumed to directly depend on all the other
variables in the model except early L.Q.

The estimation indicated that the rank order of relative importance
of the four family background variab}les was the same i1In explaining
schooling, 1964 occupation and earnings.” Early 1.Q. accounted for 38% of
the explained variance in schooling, 30% of the explained variance in
occupation and 45% of the explained variance in earnings. It must be
noted, however, that the proportion of variance explained and the size of
the standardized regression coefficients is larger, the closer is the
outcome measure to the beginning of the causal chain. The relative
importance of ability vis-a-vis background measures may be due to the
lack of data on other relevant background variables, such as family
iIncome or mother's education.

The most important determinant of occupational achievement 1is
years of schooling, which has a direct path coefficient of .50. Duncan
notes that the direct influence of number of siblings, father's education
and occupation is equalled by their effect transmitted through educational
attainment.

Duncan finds that occupation has the greatest path coefficient
among the determinants of earnings (p=.26). Adult intelligence has a path
coefficient of .13 and education of .09. But the indirect effect of
education via occupation is .13, which exceeds the direct effect. Number
of siblings and father's occupation were not significantly directly related
to earnings, and the path coefficient of father's education was .03.
However, these variables do affect earnings indirectly, through their
relationship to schooling and occupation. This implies that earnings are
primarily a function of individual characteristics, not a pure rent on

family background, but that family background is related to the
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characteristics that do determine earnings.

It has been argued in Bowles (1972) and Bowles and Nelson (1974)
that the lack of significance of family background variables, found Dy
Duncan, results because there is little measurement error in I.(). and years
of schooling, while the parentsl status variables are derived from
retrospective data, and, therefore, are subject to greater error of
measurement.  This would bias their coefficients toward zero in
estimating earnings functions, while the impact of 1.Q. and years of
schooling is likely to be overestimated because they are correlated with
the unmeasured background elements.

Bowles and Nelson, using observations on four age cohorts of non-
farm, non-negro males from the 1962 Occupational Changes in a
Generation Survey, constructed a variable representing parental income
using independent information on its relationship to the reported
background variables. They also corrected the observed variables for
measurement error.

In estimating the schooling equation, they find both childhood 1.Q.
and a group of socioeconomic background variables are quite significantly
related to educational attainment for all four age cohorts - Amen aged 25-
34, 35-44, 45-54, and 55-64. 1.Q., socioeconom<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>