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Abstract

The purpose of this paper is to ascertain what economic benefitswould accrue to compensatory education programs that were effectivein raising the schooling and literacy levels of individuals afterthey left school. To do this we use a generalized
earnings functionformat to examine the effects of schooling and literacy on individualearnings. The literacy measure was obtained for a 1972- probabilitysample of the U.S:

population, and was administered with a backgroundquestionnaire.

Empirical results were first obtained from simple earnings functions.These results were compared with results obtained from a more elaborateconceptual framework incorporating a labor market model and an educationalachievement model. The results of the models based on this more refinedframework were then used to evaluate the economic benefits of schoolingand compensatory reading education in terms of both annual earnings anddiscounted lifetime earnings. Methodologically, in both labor marketand educational
achievement analyses, both recursive and simultaneousmodels have been examined. However, in both situations, problems ofidentification were encountered in implementing the simultaneous equationapproach, and our final results are based on recursive models that appearto provide reasonable results.
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THE ECONOMIC BENEFITS OF SCHOOLING

AND READING COMPETENCE

by

Kan-Hua Young and Dean T. Jamison .

Our purpose in this paper is to estimate a statistical model

of the effects of schooling'and literacy. on earnings and employment

that will allow us to calculate the economic benefits of schooling

and compensatory"education. Our approach is in the spirit of the

earnings function literature, which has been recently and thoroughly

reviewed by Psacharopoulos (1973),'but:our findings extend the

existing literature in three important ways. First, our data are

from a 1972 probability sample of the U.S. population over the age

of 16; previous earnings functions have been for restricted subgroups

of the population, usually white males, and our data'therefore allow,

more detailed analysis of the effects of race and sex on earnings

than has hitherto been possible within a single data set. Second,
A

our data allow construction of a block-recursivermtdel that examines

first the interaction of education and reading skill and,second, the

*This paper was presented at the Economics of Education Seminar, London
School of Economics, in January, 1974, and at the Colloquium on Mathe-
matical Methods in the Social Sciences, University of Bucharest, May,
1974. Mark Blaug, P.R.G. Layard, and George Psacharopoulos made valua-
ble comments on an early version of the paper, and the authors are
particularly indebted to Hoary M. Levin for helpful ideas and comments.
The U.S. National 'institute of Education supported this research through
Grant No. OEC-0-70-4791 008) to the Educational Testing Service,
Princeton, New Jersey. -



determinants of wage rate and labor supply. The economic benefits

of schooling and literacy skills can thus be decomposed into not

only'their effects on each other, but also on wage rate and labor

supply. Third, and most important, our data set includes a measure

of each respondent's basic reading capability. The measure was

carefully constructed to assess the respondent's capability to read

the kind of material that appears frequently in day to day life in

the contemporary United States; it thus differs in important ways

from the ability measures that appear in a number of earnings

functions. Perhaps its most important differeWce is that impartation

of reading competence at this level Perhaps the foremost single

objective stated by public school systems; and over the last decade

there has been a massive national effort (funded under Title I of

the Elementary and Secondary Education Act of 1965) directed toward

providing compensatory reading education for those students who

had failed to acquire the basic skills. Therefore, in terms of policy
0

implications, perhaps the principal contribution of our paper is to

provide a preliminary and necessarily tentative assessment of what

the narrowly defined economic benefits would be of vaIiking degrees

of success in our nationwide efforts at compensatOry reading education.

The paper is organized as follows: In Section I we describe

our basic models and'data, and in Section II we present results from

analyzing our data by way of a standard earnings function. In

Sections III and IV we estimate the block recursive models we actually

use to estimate benefits; Section III deals with the labor market part

0
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of the model 'and Section IV dews with the schooling-literacy.part

of the ...del. In Section V we -lop our methodology for computing

total benefits, and, using the empir cal results of'Sections III and

IV, compute the benefits of schooling ..d compensatory education pro-

grams. Appendices provide more informatn about our data, and addi-

tional results based on some alternative approaches that are mentioned

only briefly in the main text.

I. Models and Data

In this section we describe first the basic models we consider

for analyzing our data, then describe the data itself. ce we have

no information on a number of the variables that would, ideally, appear

in an analysis of this sort, we conclude this section by discussing

some of those missing variables and the implications their absence has

for our analysis.

Models. Figure 1 presents schematically the alternative block

recursive models we considered. The exogenous variables -- sex, race,

age and parents' education -- are assumed)to determine schooling and

literacy. We present, howevei; three alternative models for this

process, which are labelled A, B, and C in Figure 1. Models A and B

4'
are strictly recursive; in Model A, schooling is assumed to determine

literacy, and in Model B lit.q.facy determines schooling ion-the assump-

tiontion that continued success and willingness to stay in school is deter-

mined at least in-part by reading competence). Model C is a simultaneous

one, assuming literacy and schooling to be simultaneously determined.



- 5 -

Model C thus includes A and B as special cases end, were it not for

the problftm of identification, our analysis would-focus on Model C.

However, for a variety of reasons, discUssed more fully in the course

of the paper, Model A seemed most suitable for analyzing our data set;
t

we.thus use Model A in the text of the paper, 'nd its results are de-

scribed in Section IV. In- Appendix D, though, we present two-stage

least squares estimates of Model C to be used for comparison with

Model A.

The next major box to the right in Figure 1 schematizes the

labor market model. Again there is the problem-of whether to develop

a simultaneous or recursive model, and again there are three alterna-

tives, which we label 1, 2, and 3, with the obvious interpretations.

In accord with most studies of labor supply based on survey data we

end up assuming W'ages to affect'hours worked but not vice versa; our

labor market results are thus based on Model 1, and our overall re-

sults on Model A-1. Estimation of Model: 1 appears in Section III. We

have again estimated the simultaneous model, Model 3, for comparison

and the .results of this estimation appear in Appendix C.

I

Since Models A and 1 are both recursive, the overall model we

have chosen to estimate is strictly recursive greatly simplifying

problems of identification and estimation. We are mindful of the po-

tential distortions this particular specification may have, 4nd dis-

muss its specific advantages and disadvantages at a number of points

in the paper. We also point out the direction of bias it could in-

duce in estimatingthe relative benefits of schooling and compensa-

tory reading education.
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Variables and data. In recent years there has been a consider-

able literature examining the effects of education on earnings. Most

of these studies, however, have been baSed on samples that are inade-

quate in one or more of the following aspects: small sample size, too

specialized a sample from which to form generalizations, or inadequate,

measures of education and ability. In general, most studies have been

concerned with urban white males. Only in recent years have studies

on the earnings of blacks and women begun to be undertaken. For exam-
./

ple, studies of earnings of blacks have been made by Weiss (1970)-and

Welch (1973), and studies of earnings of women may be found in Kreps

(1971), Hoffer (1973), Woodhall (1973) and Mincer and Polachek (1973).

The sample data used in the present study, known as the National

AO

Reading Survey, were collected in 1973 for the U.S. Department of Health,

Education, and Welfare through a contract to Educational Testing Service.

There are several major advantages in using this sample in preference to

the others. First, it is a national probability sample covering indi-

viduals of both men and women age 16 and over in all geographic areas.

Second, it addition to the usual socioeconomic and other background

variables which may determine earnings,"data on educational level and

reading competence are also available. The availability of reading

competence data is, for reasons mentioned in-the introductory para-
..,

graphs of the paper, especially important. Although the effects of

some measures of ability, such as IQ scores and Air Force Quajifying

Test scores, on the level of earnings have teen'studied, it is plausi-

ble that reading competence is more subject to the influence of

schools, and that the study of its effects are, therefore, of greater'



policy relekrance.1 'Third, our sample data refer to 1972 which is more

recent than most of the data analyzed ln recent literature, and thus

deserve special attention. Finally, the sample contains information

that allows us to estimate the labor market' segment of the model of
\ J

Figure 1.

The general survey design of the National Reading Survey was based

on a probability sampling model, using households as basic sampling units:

Everyone in the selcted household, 16 years of age and older, was to be

interviewed. The rOcessity of callbacks and persistence to achieve high

completion rates wlis stressed; this resulted in an overall response rate
,

of approximately ]0%. The survey instruments for each respondent consis-

ted of a brief de ographic questionnaire and one of ten books each con-
,

taining 17 reading tasks. Of the 7866 persons interviewed in the survey,

270 responded o ly to the demographic questionnaire because they were
A

visually handicapped, unable to read the headlines in a newspaper, or

simply refused to answer the reading tasks.2

The subsample used for the analysis reported in this paper is

limited to i dividuals of age 26 to 60 who reported some earnings for

1972 and who are either white or black. Furthermore, individuals on

whom information Was incomplete were also eliminated from our subsample

in orde avoid the problem of missing observations. As a result of

introduci these restrictions, the actual subsample size used in this

study be4mes 2308 individuals. The means and standard deviations of

variablel in our total sample an& in each of our four race-sex subsam-

pies are presented in Table Appendix A contains the correlation

matrices for the total sample and each of the subsamples.

It) fl
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As can be seen from the table, in' our sample approximately 6%
MO.

of the respondents are black and 41% are women. The mean age is about
ti

39.. The data also clearly show that men eanned,considerably more thar0;"

women as a result of working somewhat longet hours at considerably higher

wage rates. Years of schooling and reading scores are generally lower for

blacks, especially black males. Variables whose meanings are net

self-explanatory in Table 1 are discussed further below.

Y: Earnings for 1972 reported by the individuals interviewed,
measured in thousand dollars;

11.1

Y2:

X2:

Wage rate computed by dividing,parnings by work hours
( Y = Y Y

2
).

1

Work hours, measured in thousands of hours worked
during 1972 (full-time workers uiho worked all year

around are assumed to work 21,000 hours);

Reading scores, measured by standardized scores on one
of ten sets of 17 reading tasks administered at the time
of the survey (the items were all designed to measure
basic literacy, and thus provide discrimination only
among those with low reading competence);

X
3

: Potential work 'experience, measured by subtracting
,.schooling plus 5 from age

(X
3

= X
7

X
1

- 5);

X6: Other income, all family incomes other than those earned
by the individual interviewed, measured in thousands of
dollars;

X7: Age of indiyidual.interviewed.;

X10: Employment status of the individual interviewed (full-
time salaried workers Op-self-employed and part-time

workers = 1).



Missing variables. A number of variables that are plausibly

Important determinants of income were not available from the National

Reading Survey, and their omission raises cautions in interpreting our

results. Four of the most important categories of missing variables

are parental income, school quality, personality attributes of the re-

spondent, and occupation of the respondent. Bowles and Nelson (1974)

411ehtioh vopults from a study,by Hauser, Lutterman, and Sewell (1971)

that indicate parents' income to affect adult status independent of

their education. Sewell and Hauser (1972) report direct effects of

father's ocfather'spation on son's occupation, and father's income on son's.

Thus our inclusion of only parents' education as )1,roxy for SES clear-
,

ly limits our analysis.

A second category of variable missing from our data set is some

measure of school input quality. Early work on the effects of school

quality measures, e.g., Welch (1966), concluded that there were impor-
\

tant effects, but Welch had available only highly aggregated data from

which to draw this confusion. More recent analyses using recursively

structured earnings functions -- Ribich and Murphy (1.1.d.), Wachtel

(1974) -- also find positive effects; much of he effect is through

the -influence of quality measures on years of educational attainment.

Both the Ribich and Murphy and the Wachtel samples provide informa-
l'

tion only for males; their samples are further specialized in that

Ribich and Murphy have data only for very recent entrants to the la-

bor market Project Talent data) and Wachtel'onry for high ability

. individuals (NBER/Thorndike-Hagen data). Nevertheless, the positive

findings for these limited samples suggests the potential value of

examining school quality measures in a probability sample such as

ours.
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An important school of thought perhaps best presented in

Gintis (1971) -- maintains that the observtd high correlation betWeen

schooling and earnings results not from the cognitive effects of

schooling but rather from its eficfs on personality variables. Gintis

persuasively makes the case that eves, after controlling for certain

measures of cognitive outcome, schoolf*has A strong independent

effect on earnings. (Our own results, even though we show literacy to

have an important positive effect on the earnings of white males, are

consistent with this conclusion of Gintis'.) However, to our knowledge,

,there exist no earnings functions that include personality measures as

data s9prillog no exception in this

respect. 3
To the extent that affective outcomes do constitute an

important fraction of the link between schooling and earnings, our

analysis must be regarded as seriously incomplete.

independent variables, and our

A fourth shortcoming of our data set was lack of adequate

information on the respondents' occupations. Occupation is an important

intervening variable between background and schooling on the one hand,

and wages and labor force participation on the other; the'flature of this

linkage has been of particular concern to sociologists, e.g., Duncan,

Featherman, and Duncan (1972). The absence of data on occupation is of

particular importance in our study because the differing returns to

1111..M.C.,

literacy by race" snd sex may, we hypothesize, result from interaction

effects of literacy and'occupation on income. We discuss this possibility

' in more detail later.

Thus there is a range of important questions that our analysis

will be-unable to address, and lack of information on some of these

miss variables suggests caution in interpreting our results. Yet in

1,j



spite of these weaknesses, our data set has a number of unique features

that make its analysis worthwhile; most important of these are that it

, was generated from a probability sample of the U.S. population; it in-

cludes a measure of individual literacy, and it allows simultaneous

study of educational attainment and labor force participation. We turn

now to our results.

II. Empirical Earnings Function

Recent economic litera:dre inquiring into the effects of educe-

tion cn ears ....as generally fclic ed the work of Schultz (1963'

3ecker (1c:1/2-.), and Xi3cei '9: . Althougr most cf these studies have

been concerned with L e Ate of ret.Irn tc education in t-le lilted

States, similar studies have also been made for many other countries;

for a review see Psacharopoulos (1973). While the primary concern of

the present study is not to estimate an empirical earnings function,

we believit worthwhile to present cur earnings function for compari-

con with the existing literature. There are several important ques-

tions that we shall attempt to answer in our analysis of empirical

earnings functions. Among these are the quest.ions of whether the

earnings functions differ for blacks and whites, or for males and fe-

males, and if so, in what way and to what extent they'differ. In

addition, we shall consider some more specific questions kuch as

whether the returns to education are different for blacks and whites,

or for males and females. Finally, and central to our study, we

shall also be interested in the effects of reading competence en the

level of individual earnings, and these effects vary by race and sex.



Most empirical earnings functions in...the literature have either

employed a semi - logarithmic or simple linear function, using years of

schooling, work experience and other socioeconomic variables as the

explanatory variables. Occasionally, squared variables (or other trans-

formations) are also included as explanatory variables. In general,

assuming quadratic specifications, the empirical earnings function is

generally specified as one of the following two convenient forms:

or

En =
i=:

K

X. Z. a. X
i
2 +

1+k
i=l

k k
y = = + .1'

i 1
X. 4-

i
X + V

1=:

(1)

(2)

where anc z's axe the parameters to be estimated (some of them may

be restricted to zero), k is the number of linear explanatory variables,

and U and V are error terms, generally assumed to have zero mean and

finite variance. Using these specifications, and applying ordinary

least scares for estimation, we have obtained the empirical earnings

function as reported in Tables 2 and 3 where the results of semi-

logarithmic and simple linear specifications are reported separately.4

1.)
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Psacharopoulos (1973) found in his survey of earnings functions

no consistent empirical support for eq. (1) over eq. (2), and the linear

results can be more easily understood or interpreted.. For this reason,

'both empirical earning's function of eqs. (1) and (2) are reported:

However, strictly speaking, the choice between the log-linear specifi-

cation (eq. 1) and the linear one (eq. 2) cannot be made simply by

comparing goodness of statistical fit as represented by R2's. Earlier

Mincer (1958, 1972) has advanced a theoretical argument for using

eq. (1). More recently, Heckman andPolachek (1974), employing a Box

and Cox nrocet'ure, fo..n7! ,t. t(- .to e-lpirically superior to

ec. (2), usint tne 1960 and 1970 Census samples and the 1967 Survey of

Economic Opportunity Data.

According to both. Tables 2 and 3, years of schooling is clearly

a significant factor affecting earnings. The effects of reading scores

on earnings are significantly positive only for white males. Apparently

the effects of readinvompetence on earnings for blacks, and to some

extent for white females, are unimportant. One plausible explanation for

4

the differing effects of reading scores across subgroups is that there

is a strong interaction between the effects of-occupation and literacy

on earnings. Literacy may be helpful in some occupations but not in

others, and white males might have preponderant access to the occupations

in which it is useful. As Qui" sample contains only poor information on

the respondents' occupation, we cannot test this hypothesis. Nonetheless,

if it were correct, it would suggest that improving reading scores for,

say, black females might still have potential economic benefits;

realization of this potential would depend on their having better access

to the appropriate occupations.

u



The effects of work experience on earnings are generally positive

and have a general tendency to decline as the number of years and work

experience increases. The magnitudes of these effects, however, can be

k.
estimated' reliably only for whites, especially white males. Although we

expect our measure of potential work experience may be less satisfactory

for females whose work experience is more likely to exhibit a discon-

tinuous pattern, we did not anticipate the considerable difference in

the effects of workexperience for white and black males that our re-

sults indicate.
5 Both the effects of father's and .mother's education on

earnings seem to be unimportant for all subsamples.
6

In some instances,

the estimated effects of mother's education are negative, and in the case

of black females even statistically significant. The effects of work

hours on earn gs are clearly statistically very significant, especially

forvwhites as compared with blacks. The effects of race and sex on earn-

ings are clearly important, judging from the fact that the dummy varia-

bles in the regressions computed from total sample are statistically

significant and the regressions of different subsamples seem to be quite

different.
7 Finally, since most studies of earnings functions are relat-

ed to the empirical estimation of the rate of.retAtrn, we may point out

that rough estimates of the sates of return, to schooling, according to

an approach suggested by Mincer, are provided by the regression coef-

-ficients associated with the schooling variable in Table 2. Thus, the

estimated rates of return to schooling are 7.7% and 8.7% for white males

and females and 7.4% and 15.2% for black males and females respectively.

Similar estimates may be derived from Table 3 by calculating (DYW1)Y

which also provides 'rough estimates of the rates of return to scilooling.
8



According to this approach, the rates of return to schooling (at the

mean earnings) are 7.4%..and 9.7% for white males arK1 females and 9.0%

and 12.4% for black males. and females.9 We must point out, however,

that these rough estimates fail to adjust for possible effects of

schooling on other explanatory variables, such as reading scores and

wg.44.---experience. We shall consider this issue more fully later in our

discussion of the economic benefits of schooling and compensatory reading.

. III. Labor Market Analysis: Wage Rate and Work Hours 4
The results of empirical earnings functions shown in Tables 2

and 3, while they provide interesting information, can be difficult

to interpret for some purposes. This is in part because the effects

of schooling and literacy on wage rate and work hours are intermingled

in eqs. (1) and (2) and in part because of interdependence of schooling

and literacy. In this section we analyze in more detail the structure

of the labor market, and in the next section we deal with the interaction

of schooling and literacy. To understand why the effects of schooling

and literacy are intermingled, we must inquire into the meanings of the

parameters a's and Vs in'eqs. (1) and (2)., For simplicity, assuming

eqs. (1) and (2) are strictly linear'in explanatory variables, we can
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verify that

= (__--31nY) (1) (3Y1u ).

i 3X. Y1 3X.

and

B.
1

=

=

=

( Y/Xi

(3Y )
ax.

( 1/Xi

)

)

where Q.

pi ( 1 + c )

3Y2

3 Xi

1

( aY1 y aY2
2 ax.

(
1 ax.

pi ( 1 + c )

X1\ 3111 and
( Yi)

-

Y1 ax
E =

11 12
I

aretheelasticityofwageratewithrespeettX.and the elasticity

of work hours with respect to wage rate (elasticity of labor supply?).

Clearly the parameters a's and fi's reflect not only the direct effect

of an exogenous varble on wage rate, but also its indirect effect on

work hours through wage rate. In this section we shall, therefore,

analyze the effects of variois factors on wage rate and work hours by

estimating wage determination function and work hours function separately.

Ideally, an analysis' of labor market should cons der both demand and

supply factors simultaneously, and one way of formulating such a model

is'to consider the wage determination function as the inverse demand

function for labdr and the work hours function as the supply function of

labor.
10

Conceptually the wage determination function and the work hours

1,1
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function can, therefore, be regarded as a system of two simultanegus

equations, where Y1 and Y2 are the two endogenous variables. In formal

notation, using linear specifications, the wage determination function

and the work hours function can be _written as

and

Y1 = Yo E Yi xi Y Y2 U (3)*

Y2 60 + E 6i Xi + 6 Y1 + V (4)

where y's and 6's are the parameters to be estimated, and U and V are

error terms.
11

For identificationdPUrposesome of the parameters y's

and d's must be restricted to be zero. The model as is formulated it a

simultaneous model because neither y=0 nor 6=0 is necessaril'y imposed.

One version of the simultaneous modellhas been estimated lSy both the'

Ordinary Least Squares (OLS) and the Two-Stage Least Squares(TSLS)

procedures. The TSLS estimates, however, have been obtained only

with an additional restriction in order to avoid a singular matrix

in the second stage of .computation. For this reason, in the follow)

ing text only the'results of a recursive model (assuming y=0 and

600)*will be examined, and the results of a simultaneous model

(y00 and 600) are presented in Appendix t.-----Notice that while in the

simultaneous model we assume wage rate affects work hours and vice

versa; in the recursive model we assume wage rate affects work hours

but not vice versa.
12

b4.
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The empirical results of wage determination function and the

work hours function of the recursive model are presented in Tables 4

and 5. Since the model is specified as recursive, the OLS is an

appropriate estimation procedure, and there is no need to employ the

TSLS or any other estimation procedure designed for estimating the

parameters of a system of simultaneous equations.

The empirical results of Tables 4 and 5 show that R s of both

the wage determination function and work hours function are considerably

lower than what were obtained for the earnings -functions. Nevertheless,

some of the individual coefficients are statistically highly significant,

especially in the wage determination function and work hours function of

white males. In general, schooling appears td be a significant factor

in determining wage rates for all subsamples, and is also a significant

factor in determining cork hours of both white males and-white females.,

The effects of reading scores on wage rate and work hours are generally

insignificant, except for a negative effect on work hours for black females.

There is some evidence indicating that reading scores probably have a slight

effect on wage rate of white males and that its effects on work hours are

positive for maA workers but negative for female workers. The effects of

work experience on wage rate and work hours appear to be more significant

for whites than blacks, especially for white males. In general, wage rate

appears to increase with work experience but at a smaller rate as experience

increases, except for black females. Less experienced white males tend to

-

work for longer hours than more experienced white males. The same is perhaps

true for black females. A similar pattern, however, is';not indicated for

white females or black males.



The effects 'of father's education and mother's education on wage r te

and work hours appea' to be quite'different for different subsamples. In

general, the effects of father's / and mother's education on wage rate are

negative for white males, perhaps indicating a 'willingness to trade off

income for status.
13

The effect of mother's education on wage rate is

negative for blacks, especially for females. The effects of father's and

mother's education on work hours are generally positive, though tjyl- are

usually not statistically significant except the effects of father's educa-

tion for blacks. The effects of father's education on work hours for white

females are negative and almost statistically significant, a result Whose

interpretation does not seem to be apparent. The effect of other income

on work hours, which corresponds roughly with the effect of wife's income

and husband's income for males and femaleS respectiv'ely,:is statistically

significant only for whites. Nevertheless the empirical results clearly

indicate that such an effect is negative, as would be expected, for the work .

hours of female workers or the labor supply of married women. However, the

effect of wage rate on work hours is negative for all subsamples, though

. 4p
only the coefNcients for white males and females are statistically signifi-

cant, impl*ng a strong possibility of backward-bending labor supply curves

Finally, the effects of race and sex on wage rate and work hours are generally

significant statistically, though the dummy variable for race is not signifi-

cant in the work ours function computed from the total sample.
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IV. Determinants of Educational Achievements: Years of Schooling

and Reading Competence

In the previous section the effects of
z
schooling and reading scores

on both wage rate and work hours have been analyzed along with other background

t

variables such as father's and mother's education as well as race and sex.

The purpose of this section is to inquire further into the determinants of

years of schobling and reading competence;. both may be regarded as alternative

measures of educational achievement. Although conceptually the production

function approach, which has been ncreasinglyiapplied to educational processes,

may be useful, because of the lack of school quality measures in our data, no

attempt has been made to follow this approach in\ the following analysis. Our

major concerns in this section are simply to determine what are the signifi-

cant factors, that may affect years of schooling and reading competence. In

particular, we shall also be concerned with the questions of whether reading

competence.may be determined I* years of schooling, and possibly, though

,perhaps unlikely in the present sample, vice versa.

In a general form, the educational achieNement model may be speci-

fied as

7
XI = Alp E

1=3
Ai Xi + A X2 + U

X2 = uo + Eki= u

t

Xi '+ u XI + V , C

'

.

where X1, and X2 are years of schooling and re ding scores, A's and p's

are the parameters to be estimated, and i includes a given set of age
.,

and other background variables. The educational achievement model as

specified above is a two-equation simultaneous model. As it stands,

the schooling equation and the reading equation are not identified.

(5)

(6)
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Therefore, some additional restrictions on the parameters A's and 0's must

be imposed. A particular approach that has been employed in the present

study for identification purpose is'o restrict the parameters associated

with father's education and mother's education in the schooling function

to be the same, and also to restrict the parameters of father's education

for the whites and mother's education for the blacks in the reading equa-

tion to be zero. These restrictions are somewhat arbitrary and are based

mainly on judgments derived from the preliminary empirical results. For

this reason the empirical results of the simultandous model of educational

;achievements will pot be discussed here. They are presented, however, in

Appendix D, because some of its results are interesting, despite the

possible shortcomings of the identification procedure.

Rather than examining the empirical results of the simultaneous

model (assuming04 0 and u 0), the following discussion will be limited

tothOse of the recursive model (assuming A = 0 and 0 0) that implies

schooling affects reading but not vice versa. This recursive model is not

unreasonable, since our reading scores are measures of leading competence

taken after individuals left their schools. Carnoy (1972) suggested another
'1

type of recursive model, which implies reading (or other measures of ability)

affects schooling but not vice versa.' This type of recursive model, as is

supported by our preliminary empirical evidence, is less suitable for our

sample.

The actual explanatory variables included in eqs. (5) and (6) are

father's education, mother's education, age, race and sex.
14

Notice that

reading scores is not included in eq. (5) but schooling is included in eq. (6)

2 A

11.



in the 'recursive model to be discussed. Because the selected educational

achievement model is recursive, OLS can be applied to estimate the param-

eters of eqs. (5) and (6).- It must be mentioned that we have treated

the estimation of eqs. (5) and (6) separately from that of eqs. (3) and

(4), partly because of our belief in the blockwise recursive nature of

our specified models and partly because several difficulties were encountered

in the simultaneOus estimation of our labor market and educational achieve-

ment models as was explained earlier. In any event, since the selected

labor market and educational achievement models are both recursive, the

OLS procedure can be appropriately applied to estimate the parameters of

each equation separately.

The empirical results of the recursive educational achievement

model (assudiing are presented in Tables 6 and 7 forihe determinants

of schooling and read g scores respectively. In general goodness-of-fits

as represented by R2, s are reasonable. Most of the individual coefficients .

are statistically significant. The effect of age on schooling is statisti-

cally significantly negative for both black and white males, with

numerical magnitude for black males considerably'larger than that of white

males (in absolute values), reflecting the fact that the average increase

of educational level perhaps has been the fastest for black males. The

effect of age on reading scores, however, indicates a somewhat different

interpretation: while younger persons seem to read better than the older

persons among whites, the same does not appear to be true for blacks.

The evidence is perhaps the strongest for white females and the weakest for

black females. While both father's education and mother's education appear

to have a positive Affect On schooling, their effects on reading scores
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seem to be quite different for whites and blacks.
15

The effects of

father's and mother's education on reading are negative and positive

respectively for whites, but the reverse is true for blacks. For

whites it is the effect of mother's education on reading that is
'11

significantly positive, but for blacks it is the effect of father's

education that is significantly positive.
16

The effect of schooling on

reading is statistically significant for all subsamples, but the magnitude

of the effect is almost twice as large for blacks as for whites. Finally,

the effects of race and sex on schooling and reading appear to be important

judging from the statistical significance of the dummy variables in the

regressions based on total sample and from the differencesomong the

regressions based on different subsamples.

V. Economic Benefits of Schooling and Compensatory Reading

Most recent studies of the rate of return to education attempted to

estimate an empirical earnings function using a semi-logarithmic form or a

simple linear form similar to eq. (1) or (2) respectively. In an early

study, Mincer (1958)_ suggested that the rate of return to education can

be estimated by the coefficient of years of schooling in a semi-lOgarithmic

form, and most existing studies seem tb show that such an approach can

indeed be useful. More recently, however, some of the possible limitations

of such an approach have become apparent. For example, the estimated rate

of return to schoolin may be biased because of missing variables that are

likely to be correlated with schooling. Griliches and Mason (1972) have

examined this problem by considering the effect of ability and found the

( :1
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bias to be insignificant. However, there are some other problems. As

More variables are included in the earnings function, it also becomes

apf)arent that a reasonable estimate of the rate of return to schooling

cannot be obtained without.explicitly taking_into account the inter-

relationships among the explanatory\variables. Welch (1973), ,in his

recent study, Of black-white differences in returns to schooling, has

attempted to deal with this problem by considering a set of auxiliary

regressions that explain the interrelationships among the explanatory

variables. In addition, occasionally the questions regarding whether the

dependent variable be earnings or wage rate and whether work hours

should be an explanatory in an earnings,function have been raised.

These and other questions suggest that a study of earnings can perhaps be

more meaningful handled by a more detailed labor market analysis, using a

multiple-equation approach. In his recent study of wage rate and work

hours, Hall (1973) demonstrated the potential of this approach, though his

major concern was not directly related to the earnings function. Several

other studies, e.g., Weiss (1970) and Blinder (1973), also recognized the

importance of a multiple-equation approach. None of the existing stldies,

however, have attempted to separate the effects of s.choOling or dCher

determinants of earnings into the effects due to changes in wage rate and

work hours. The purpose of this section is to demonstrate how the frame-

work of our previous labor market and educational achievement models can

be combined to explain the sources of tarnings difference, and thus hoc;

the total economic benefits of schooling and compensatory reading may be

17assessed.



- 25 -

Although the economic benefits of schooling arid reading can be

estimated directly from the empirical earnings functions s?ach as eqs. (1)-

and (2), probably with some adjustments as was done by Welch (1973), such

an approach will not be followed because, as was pointed out previously,

it 'does not provide a framework for identifying whether wage-rate or work

hours may be the main source cf difference in earnings. Therefore, instead

of simply relying on our empirical earnings function, we shall use

the definition of earnings :ha: is the product of wage rate and work hours

(Y = Y,) combined :he emoirizal results of our labor marrt.e: and

ec,cational a:hte%-emen- s_oseq,ent dtscusston. Formaly, our

ana72yttoal s:r.c: re consists of t-'.e ceftnition of earnings, wage

determination and work .noUrs f.;nctions, 1. , eqs. (3) and r4', and the

determinants of schooling and reading, eqs. (5) and (6).

To facilitate discussiouy first consider ^a the partial benefits

ofschooling and reading or any other factor affecting either wage rate or

work hours, may be evaluated, ignoring the interrelationships among the

determining factors, suCh as those examiaed in the educational achievement

model. Later we shall consider how these partial benefits mavNbe .combined

in order to obtain the full economic benefits of schooling and reading,

using the empirical relationships of the educational achievement model. It

can.beverifiedthattnereduced form of the labor market model represented

by eqs. (3) and (4) is

Y = 1.R -..- a8)ii a_ tai 4- a ei) xi

i4-k X
i

k
/ ( .1-2) (6, 4 a a. ) X.

1-1 1 1

(7)

(8)
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which are obtained simply by el.iminating-Y2 from eq. (3) and Y1 from eq.

(4). Thus, from the definition of earnings,Y = Y1 Y2, the partial benefits

of any determinant of earnings can be written as

where

and

I

A.
ItY2

2 A. I TT:-

3X. 2 a Ei+k Ki

1: X
1 1+k

according to ess. (7) and (8).

i = 1,2,...,k (9)

In our empirical results presented in

Tables 3 and most of the parameters ai4.1( and 6
i+k

are restricted

to be zero, since the only squared-variable is work experience. The

parVial benefits defined above can be clearly decomposed into two components

representing wage-rate effect and work-hours effect respectively. Notice

thethat these partial effects depend on the specific forms of n wage deter-

mination and work hours functions. Moreover, they depend on which of the

other determinants are held constant.

In tne discussion of partial benefits we have treated schooling,

reading and work experience in the sane way as we have treated other exogenous

variables such as father's education and mother's educ'ation, which are

clearly exogenous and beyond the choice of the individuals whose earnings

are beg an To evaluate more fully the economic benefits of schooling

and reading, it is necessary for us to take into account some possible
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interrelationships among the explanatory variables that so far have been -

treated as exogenous. In general, the full benefit of any determinant of

earnings can be defined as

(dy, (dXiTY
, i=1, k

kdX.)k X )
3 i

where /'Y
' partial benefits previously defined-in eq. (9). Thus full

--
/

benefits are simply weighted sums of partial benefits, dX./dX,
j

being the weights.

Among the many possible interrelationships among the explanatory

variables, the most important ones are the definition of work experience

and the interrelationships studied in our educational achievement model repre-

sented by eqs. (5) and (6). Assuming these are the only interrelationships

among the explanatory variables, specific measures of full benefits of schooling

and reading can then be computed. From the definition of work,experience

as a function of age, i.e., Xa =-X- - (X1 + 5), we have dX3 /dX1 = -1. From

the empirical functions of the determinants Of schooling and reading we

know that dX:/dX: = X and dX2/dX, = according to eqs. (5) and (6)

respectively. Therefore, the full benefits of schooling and reading coMpe-

tence measured in terms of incremental annual earnings may be defined

explicitly as

(dY )

(*)(th) (H-2)
(11)

and

(dY ) =
(12)

dX2 XV(1-)-(4;))
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where in both cases the first term represents the benefits attributable to

schooling and the second term to reading. Therefore, the first term in

eq. (11) and the second term in eq. (12) may 1:4 regarded as direct benefits

of schooling and reading competence, and the second term in eq. (11) and

the first term in eq. (12) their corresponding indirect benefits. Notice

that, in general, these benefits are functions of age, schooling and other

background variables, since partial benefits are functions of wage rate and

work hours`.

Full benefits of schooling and reading competence as defined in eqs.

(11) and (12) can be expanded and rearranged as

Y2
Nt) Nt) (1311-}

(Lax ) (a3X3

3)

T2t2X1 )
(13)

v (X [(Y1) (311)] (3Y1
12

3X1 3X3 3X2)

ifk3Y9) (2-121 (;1(2)

Y (14)1

3X1 3x3

where the first terms are the effects of wage rate on full benefits of

schooling and reading, and the second terms the corresponding effects of

work hours. The decompositions of full benefits of schooling and reading

into wage-rate and work-hours effects as suggested in eqs. (13) and (14).

are not only useful in themselves but also convenient in order to compute

some other measures of benefit. For example, similar to Eckaus (1973),

alternative measures of benefits may be computed by assuming work-hours



are fixed at- ti-re same level for all individuals. Thus, adjusted benefits

of schooling and reading competence may be computed by dividing the first

terms of eqs. (13) and (14) by the ratio of observed work hours to the

fixed, say 2,000 hours, and ignoring the second terms representing the

eff\ts of work Hours. An implicit assumption used in these measures

is that individuals always work full time,either in the labor market, as

self-employed, or in household production. These measures of adjusted

benefits, though they clearly, have some limitation, may be useful especially

in indicating maximum benefits of schooling or reading.

So far we have discussed benefits of schooling and reading only in

terms of incremental annual earnings. .We have pointed out these b n its

are in general functions of age, schooling and other background variables.

By holding all other variables constant, for example, at the observed mean

levels and letting only age vary, we can construct a stream of annual

earnings increments realizable at any g*ren age due to en incremental change

in schooling or reading. The present value of this stream of benefits,

discounted at some appropriate discount rate, provides a more complete

measure of the economic benefits of schooling or reading. Formally the present

values of full benefits'of schooling and reading may be computed froM

(dX1)

-:r(X7-n)
dY

dX7

n

and

m

n

-r(X7-n)
(dY2)

dX7

(15)

(16)

where n is the current age-and m is the retirement age. For practical purposes,

the present values of fullbenefits.of schooling and reading may be computed



-30-

by discrete approximat ens of eqs. (15) and (16), so that indefinite

integration may be avoide

Finally, it must be pointed out that benefits of schooling and read-

ing previously discussed are ally marginal benefits reflecting changes in

benefits due to changes in one unit of schooling or eading (evaluated at

a given schooling or reading level). The total benefits of schooling or

reading, measured in terms of annual earnings, due to changes over several

units of schooling or reading can also be computed as

and

dY
(dX1

jrm () dX2
dX2

(17)

(18)

where n and m are the initial schooling or reading level and the targeted

schooling or reading level respectively. Clearly corresponding average

benefits are obtained simply by dividing eqs. (17) and (18) by m-n,

representing the range of change in schooling or reading. These measures

are particularly useful to answer such questions as: what are the possible

economic benefits of increasing the level of schooling from n years to m

years or the level of reading competence from n to m standardized score?

Given the distribution of the initial schooling or reading competence, the

possible benefits of a given educational program that would raise the

schooling or reading level of all individuals to a given targeted schooling

or reading level can also be computed. For example, we can compute the

economic benefit of a compensatory reading program that would raise the

reading competence of all individuals whose scares are under a given

targeted level up to that targeted level, say the present national mean

(zero in standardized scores): Although we have discussed the concept of

1
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average and total benefits only in terms of annual earnings, these same

Concepts can be applied to the present/ values explained in eqs. (15) and

(16). That the numerical value of such a computation should be used with

extreme caution goes without saying. One is both extrapolating from

marginal to large changes and ignoring thepossibility'of nonoptimizing

producer choice or market signalling effects (Spence, 1974, ChaPters 3

and ). Nonetheless we feel the computatit.s 1 e a rough upper

limit on the total benefits to be expected. The empirical-results of the

benefits of schooling and reading based on the concepts discussed above
I

are pre ented in Tables 8 and 9. The results presented here are based

on the empirical relationships given in Tables 4 tough 7 assuming'

recursive structures for both labor market and educational achievement

models.' It should be noted that, since our assumed recursive structure

has schooling affecting reading, but not vice versa, there may be some

tendency to overstate the relative benefits of schooling and understate

those of compensatory reading education.

In Table 8, the estimates of alterna(.,'ve measures of private

benefits of schooling are presented. The table is divided intotwo parts:

the first part gives the estimates of alternative measures of marginal

benefit for an additional year of schobling at approximately the high

school level, and the second part provides the estimates of total bene

fits for a representative individual and the nation as a whole for two

hypothetical compulsory educational programs. The estimates of partial

and full benefitsdf schooling, as defined in eqs. (9) and (11), are

computed at the mean levels of all explanatory variables. In general,

these'two measures are very close to each other, with full benefits some

what lower than partial benefits largely because of adjustments for bene-
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fit due to experience. The estimated full benefits, measured in terms of

increases in annual earnings, are the highest for white males ($1,121)

and the lowest for white females ($517). The corresponding full benefits

for black males and females are $663 and $783 respectively. When the full

benefits are decomposed according to eq. (13),into the wage-rate and work-

hours effects, it is apparent\that' most effects are due to wage rate rather

than work hours. It is interesting to note that most estimated work-hour

effects are negative, except for white females. The estimated adjusted

benefits, similar to Eckaus (1973), are computed by dividing the first

terms of eq. (13) by the ratio of actual work hours to full-time work hours

(2,000 hours). Because the ratios of actual work hours to full-time work

hours are close to one, and the work-hour effects are generally small, the

results of adjusted benpfits are not very different from the corresponding

original estimates of full benefits. The present values of full benefit

streams are computed at age 18, assuming retirement at age 65. The

effect of discount rate on the magnitude of present value is shown by

providing results for zero, 5% and 10%,discount rats. It is important

to note that the present values with 106 discount rate are perhaps very

close to the mean earnings on individuals at age 18, suggesting that the

private rates of return to schooling are approximately 10%, except for black

females whose rate of return to schooling appears to be somewhat higher.

The estimated total benefits of two hypothetical compulsory

educational programs must be, received wi h great caution. The estimated

benefits are based on the assumption tha all individuals (age 25 and

over) whose educational levels are lower han the targeted level .(either

high school or college graduation) were able to complete the compulsory

education at the targeted level, and that they were able to obtain the
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same earnings as presently observed for the targeted levels, of schooling.

It is also assumed that no benefit (or loss) will occur to individuals

whose levels of schooling are already above the targeted level. The total

benefits for a representative individual' of the4hypothetical compulsory

educational programs are computed by

SultdY

Tilxi<m)dx, (.19) y

where f(XIIX1<:m) is the conditional distributiOn of individuals by educa-

tional level, and m is either 12 or 16, corresponding to high'school and

college graduation respectively. These total benefits are in effect mea-

surer of average benefits of all individuals whose education is under the

given targeted level. As the table shows, the estimated benefits of the

hypothetical compulsory high school education for a representative indi-

vidual are the highest for white males ($3,810) and the lowest for white

females ($1,370). The corresponding estimated benefits for black males

and females are $2,580 and $1,940 respectively. The estimated benefits

of the hypothetical compulsory college education for a representative

individual can be interpreted analogously. Finally, the national program

benefits are computed simply by multiplying the representative individual ,

enefits by the corresponding total numbers of individuals completing less

than high school or college education. The actual figures used for the

numbers of individuals (age 25 and over) completing less:than high school

or college education are for 1970 taken from the Statistical Abstract of

the United States 1972, No. 168. As the table shows, the estimated national

program benefits of the hypothetical compulsory high school'education are

substantial: approximately $76 billion and $40 billion for white males and
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females and $8 billion and $7 billion for black males and females respec-

tively. The estimated national program behefits of the hypothetical com-

pulsory college education are even higher. It,must be recognized, however,

that practically such hypothetical programs cannot be realistically imple-

mented.

We have so far discUssed only our estimates of benefits of school-

ing as shown in Table 8. The corresponding estimates of benefits of reading

competence are reported in Table 9, which is also divided into two parts:
L

marginal benefit and total benefit. The estimates of partial and full bene-

fits, as defined in eqs. (9) and (12), are also computed at the mean levels

of all explanatory variables. The partial and full benefits, shown under

the heading of marginal benefit, are identical because the Underlying educa-

tional achievement model is recursive, i.e., X=0 in eq. (12). As the table

shows, the benefits of reading competence for males are larger than for

females. In fact, our result shows that the benefits of reading compe-

ience is negative for black females. Whether this result can be taken

seriously is, however, not clear-kip us'. It ;s important to not that

when full benefits are decomposed according to eq. (14) into wage-rate

and work-hours effects, we find that the wage-r'aleffect is more 1,mpor-
.

tant for white males but the Work-hours'effect is more important for
ID

black males. In addition, it is interesting to note that the wage-rate and

work-hours effects are in opposite direction and almost cancelling the

effects of each other completely for white females. The interpretation

of the estimated adjusted benefits and present values at various discount

rates are analogous to those of'Table 8.

In the second part of Table 9, the estimated total benefits of two

hypothetical compensatory reading programs, with IOW, and high reading

targets, are provided. We must stress that these estimates, like the
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similar estimates for the two hypothetical ompulsOry educational prOgrams

given'in Table 8, marlie received with gr at caution. The total benefits

for a representative individual of the hypo hetical compensatory reading

programs are computed by

where,

f(X2IX2<m) dX
2fi)a2

f(x-21x2-m) is

(20)

the conditional distribution of individuals by

standardized reading score, and m is either -1 or zero, corresponding fo a

low or high target compensatory reading program. As the table shows, the

estimated benefits of the low target compensatory reading program for a

representative individual are $323 and $273 for white males and b/1Cimales

respectively, and only $12 for white females and negati:y for black

females. 1The estimated benefits of the high target compensatory reading

program for a representative individual
are somewhat higher as may be

expected, exceptjor black females.

The national program benefits are computed by multiplying the

representative individual-benefits by the corresponding estimated numbers

of individuals whose reading competence, measured by standardized scores,

s likely to fall below -1 or zero, us,ing ,the frequency distributions of

1972 National Reading Survey and population figures (age 25 and over) for

1970 obtained from Statistical Abstract of the United States 1972, No. 168.

The total benefits of a national program which raises everyone's reading
4

competence toga level represented by -1 of standardizedNading score are

estimated to be approximately $2 billion'and $71 millio respectively for

.white males and females and approximaOtly $609 million and xgative. re-
.

spectively for black males and females. The estimated benefits of the high

49
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reading target national program are as expected, generally higher. Their

interpretations are analogous, and therefore need no further explanation.

Finally, we wish to emphasize again that these.estimated benefits are very

tentative. They may be biased downward for one reason, but biased upward

for another reason. 18 Furthermore, like'the hypothetical 'compulsory educa-

tional programs discussed previously, the goals of*the hypothetical compen-

satory reading programs may be practically infeasible to achieve.

3,)
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Footnotes

[1] We are aware of only a few prior studies dealing with the relation

between literacy and earning. One is by Carnoy and Lockheed-Katz

(1971) using Brazilian data; while they had insufficient infor

mation to specify an earnings function, they did find a positive

association between literacy and earnings. "Simmons (1972,1974)

found little correlation between literacy or self-assessed litera

on the one hand and earnings on the other."

[2] See R. Murphy (1973) for a detailed discussion of how the test

instruments were developed and implement

[3] One series of studies of correlations between personality variables

and income, though restricted to graduates of the Master of

Business Administration (MBA) program of the Stanford Graduate

I

J
School. of Business, does provide'direct support for the Gintis

position. Harrell (1969, 1970) and Harrell And Harrell (1974)

found that high earning MBSs tend to have more "ascendant"

personalities and were "...overwhelmingly in the socially desirable

direction on the personality measures" (Harrell, 1969, p. 461).

Harrell and Harrell found a signiZ4cant negative (simple) correlation

between verbal score and earnings of MBAs, and attributed this to

differences they found in personality. 'It would be of interest to

ascertain the extent to which this finding would hold up'in a

multivariate (,.e., :-.111_-_ion analysis.

[41 Although experience-squared is ;-..laded as an explanatory variable in our

estimations, eq. (2) is referred to as simple linear for convenience.

In our early analyses, we have estimated the earnings function with

t)
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cross-product terms, attempting to explain the interactions between

schooling and reading and between experience and reading. According
...

t

to the results of semi -log larnings function, most'of these inter-
.

actions are positive. While the experience and reading interaction

is more significant for white males, the schooling and reading

interaction appears to be more significant for white females as

well as for blacks of both sexes.

[5] The term "work experience," throughout the present study, should be

understood as potential work experience as previously defined.

For males, potential and actual work experience are probably very

close; females, however, after marriage, spend less than half their

lifetime in the labor market on the average, and our data are

unable to prOvide information on the actual amount. Mincer and

Polachek (1974) have used the National Longitudinal Survey data

to estimate the effects of actual labor market participation on

women's earnings.

[6] This result is in general consistent with the evidence provided by

exis ing studies which indicates that the most important parental

influences on the .adult earnings of their children are indirect

rather than direct, Thus, the effecEs .of parents' edutat.ion on

schooling, and, to a, lesser extent, literacy does make a contri-

bution to-future earnings, but the effects can be traced only

through estimation of the type of recursive system estimated

later in this paper. For a review of some of the existing

literature, see C.R Hill and F.P. Stafford (1974).
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[7] More rigorous testing procedure along the line suggested by G. Chow-

(1960) has not been performed. Our,maintained hypothesis is

' that each subsample should be represented by .an earnings-

function of its own.

[8] This is because the rate of return to schooling, according to eq. (1)

suggested by Mincer (1958), is 31nY/8X1 which equals (Pi/MO/Y.

[9] Our results are thus do sistent with those of Welch (1973)

that returns to education are now as high for blacks as

whites. This is in contreit to earlier findings, but the more

recent data used by Welch and by us suggests that there has been

a change over time.

[10] This simply reflects a particular normalization rule. The idea has

been indicated by R. Hall (1973). No satisfactory empirical

result, however, has been provided.

[11] Although the same rotation is used for the error terms of eqs. cly and

(3), and simlilarly for eqs. (2) and (4), they are in general

different.

[12] These problems of identification are standard in the labor supply

literature that uses survey data; see, for discutsion, the papers

in the volume edited-by Cain and Watts (1973) or Metcalf, Nickell,

and Richardlon(1974)..
44

[13] Henry Levin suggested the potential importance of this trade,,,off to us.
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[14] In preliminary analyses we constructed, as an alternative to mother's

and father's education, a measure of their education relative to

what the education of a person their, age would be,.using a prediction

of their age based on the respondent's age. This transformation

k
affected the results in no substantial or consistent manner, so we

returned to the more simple education variable. *

. ., .

[15] Recall that the reading scores were constructed as "standardized scores,"

since ten different test booklets were administered. More specifically,

the reading scores are defined as (P.. - P.) /S., where P.. is the
ii ij ij

proportion of right answers for i individual using j booklet

,

and P. S are mean and standard deviation of P. Thesea
i . .

As

standardized scores were based on all items 'in each booklet. Our

supplementary study on the possible ,effect of deleting some

"inappropriate" items on the results of our analysis indicates ,

that such an effect can be expected to be relatively minor, since

the correlations of standardized scores based on all items and

"selecteettemsonly are highly correlated. Transformations

experimented with. In particular,
N..

a transformation of read score was defined as -N.. (1 + k) 13
ij

of reading scores were also

whe e N.. is the number of wrong answers for the i individual
13

using j booklet divided by the ratio of the mean of the number

of wrong answers for j booklet to that of all booklets, and k

is a given constant, which was assigned a value ranging from

-0.5 to 0.5. The results corresponding to eqs. (5) and (6)

generally suggest that there y no significant difference among

alternative transformations of reading scores. In addition, -

a

4 I)



in Appendix B, we also-examine the effects of substituting

dr discontinUous variables for schooling and reading scores.

4

[16] For the results of some other studies on the effect of parent's education

on,schooling, see c.g. Hill and F.P. Stafford (1974) or Woodhall

(1973, p. 288).

[17] The analytical framework developed here may have other potentially

significant applications, for example, in analyzing an important

issue on the sources of inflation and real economic g9wth:; The

analogy between this problem and the one discussed in.the text

is apparent, since in ation and real output correspond

to wage and work hours respe tively.

[18] For example, these estimates of total benefits of reading competence

may be biased downward because of our imposed assumption of "linear"

effect, a possibility examined more fully in our Appendix B. On the

other hand, these estimates may be biased upward because of our

failure to consider the issue in a general equilibrium framework.

4, 1
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TABLE 1

SAMPLE MEANS AND STANDARD DEVIATIONS OF VARIOUS SUBSAMPLES IN NATIONAL READING SURVEY,1972

(AGE 25 to 60, WHITE AND BLACK)

Total White BlaCk)/7---

Variable Male Female Male Female

Y Earnings (thousands of
dollars per year)

LnY Earnings (log)

Yl Wage Rate (dollars per
hour)

Y
2
Work Hours (thousands
of hours per year)

X1 Schooling (years)

X
2

Reading (standardized
score)

X
3
Experience (years of
potential job experience)

X
3

2
Experience-squared

X
4
Father's Education
(years)

X
5

Mother's Education

(years)

X
6

Other Income (thousands
of dollars per year)

Xi Age (years)

X
8

Race (black = 0,

white = 1)

Sex (female = 0,
male = 1)

X10
Status (part

10
Eime=0, full time=1)

9.5973
(6.2233)

1.9967
(0.8155)

5.4595
(4.8225)

1.7953
(0.4614)

12.7943
(2.8502)

-0.0001
(1.0003)

21.5528
(11.1516)

588.8828
(526.4469)

9.0331
(4.2195)

9.3382

(3.7903)

8.1233
(12.0290)

39.3472
(10.2675)

0.0589
(0.2355)

0.4131
(0.4924)

0.2998

(0.4582)

°

12.5931
(6.0149)

2.3982-

(0.56555)

6.7177

(5.0562)

1.9297

(0.2674)

12.9966

(3.`154)

0.

(0

21

(11.0995)

567.1686'

(522.6717)

8.9992-

(4.3023)

9.3932
(3.8764)

6.2262,
(11.4253)

. 39.0672
(10.1515)

4.2168
(0.4121)

627

655)

0706

5.7527
(4.1263)

1.4660

(0.8160)

3.9292
(4.2174)

1.6003
(0.5978)

12.6636
(2.5217)

0.0580
(0.8922)

22.2741
(11.1426)

620.2948
(521.6531)

9.2169
(4.1228)

9.3296
(3.7008)

11.3307
,(12.5611)

39.9378
(10.3722)

0.4315

(0.4953)

7.6585
(4.1986)

1.8660
(0.6306)

4.1087

(2.0859)

1.8481

(0.3729)

11.1081
(3.1610)

-1.1459
(1.4568)

21.6378
(12.0450)

613.2794

(627.0424)

7.8690

(3.4863)

8.4974

(3.4604)

3.2470
(6.7874)

37.7460
(10.4891)

0.1744

(0.3795)

111Nni.007
5.2938
(2.7634)

1.4862

(0.6688)

3.07.80

(1.5818)

1.7577
(0.4699)

12.5001
(2.5892)

-0.7685
(1.3172)

21.0488
(10.6809)

557:1324
(517.4029)

8.4834

(4.3956)

9.3252
(3.6612)

7.0111
(10.7111)

38.5488
(10.3696)

0.2709
(0.4444)

Nulber of Observations 2 308 1287'-
',J

891 73 57
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TABLE 2

REGRESSION RESULTS OF SEMI-LOG EARNINGS FUNCTIONa'b

Explanatory
Variable Total Male

White Black

Female Male Female

Schooling 0.0822 0.0765 0.0874 .0.0743 0.1515

(20.78) (17.24) (10.48) (3.24) (6.07)

Reading 0.0484 0.0590 0.0339 0.0261 -0.0011

(4.68) (4.67) (1.68) (0.73) (-0.02)

Experience 0.0293 0.0474 0.0079 0.0178 0.0033

(8.40) (11.32) (1.22) (1.06) (0.14)

Experience-squared -0.0005 -0.0008 -0.0001 -0.0003 -0.0001

(-6.20) (-8.84) (-0.44) (-1.05) (-0.13)

Father's Education 0.0004 0.0005 0.0012 0.0130 0.0143
(0.13) (0.14) (0.22) (0.67) (0.76)

Mother's Education 0.0031 0.0045 0.0041 -0.0092 -0.0519
(0.98) (1.22) (0.67) (-0.45) (-2.41)

Work Hours 0.8642 0.7529 0.8973 0.8761 0.7176
(42.33) (18.78) (33.23) (6.91) (6.15)

Race" .r0.1560 - --

( -4.02)

Sex -0.6198
(-32.37)

Constant -0.7384 -0.6544 -1.2656 -0.7556 -1.3414
(-9.48) (-6.06) (-9.18) (-1.90) (-2.88)

R
2

0.6093 0.3528 0.5055 0.521,6 0.5210

577.14 143.72 187.18 15.36 12.77

a
The dependent variable is the log of the number of thousands of dollars

of annual earnings.'

b
t-values are expressed in parentheses below

0_1

ameter estimates.
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TABLE 3

REGRESSION RESULTS OF LINEAR EARNINGS FUNCTION
a,b

Explanatory
Variable Total Male

White Black

Female Male Female

Schooling 0.8087 0.9321 0.5550 0.6889 0.6580

(23.63) (19.22) (11.39) (4.10) (5.90)

Reading 0.2903 0.4699 0.0311 0.1274 -0.0824

(3.24) (3.39) (0.26) (0.49) (-0.37)

Experience 0.3651 0.5455 0.0891 0.0960 0.0409

(12.08) (11.87) (2.35) (0.78) (0.39)

Experience-squared -0.0058 -0.0088 -0.0011 -0.0010 -0.0004

(-9.19) (-9.08) (-1.37) (-0.45) (-1.89)

Fathers Education 0.0263 0.0193 0.0365 0.1585 0.0811

(1.07) (0.53) (1.17) (1.12) (0.97)

Mother 's Education -0.0175,. -0.0064 0.0016 -0.1254 -0.1671

(-0.64) (-0.16) (0.05) (-0.84) (-1.74)

Work Hours 3.7545 5.3516 3.3272 3.6071 2.1396.

(21.25) (12.18) (21.09) (3.88) (4.10)

Race -1.7205

(-5.12)

Sex 1'5.3440

(-32.24)

Constant -9.7003 -16.5161 -8.2620 -8.1316 -6.5195

(-14.39) (-13.95) (-10.25) (-2.79) (3.13)

R
2 0.4974 0.3123 0.3400 .0.4218 0.4395

F 366.20 119.73 94.35 10.28 9.21

aThe dependent variable is the number of thousands of dollars of annual earnings.

b t-values are expressed, in parentheses below parameter estimates.
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TABLE 4

REGRESSION RESULTS OF WAGE DETERMINATION FUNCTION a,b

Explanatory
Variable Total Male

White
Female

Schooling 0.5678 0.6724 0.3306

(16.76) (14.81) (5.55)

Reading. 0.1025 0.1813 0.0459
(1.16) (1.40) (0.32)

Experience 0.2250 0.3058 0.1198

(7.53) (7.16) (2.58)

Experience-squared -0.0038 -0.0051 -0.0020
(-6.07) (-5.68) (-2.08)

Father's Educatiori -0.0248 -0.0655 0.0425

(f 1.02) (-1.94) (1.12)

Mother's Education -0.0588 -0.1019 0.0457

(-2.15) (-2.68) (1.05)

Race -1.0865
(-3.27)

Sex -2.6187
(-16.97)

Constant -2.4999 -4.0333 -2.4904
(-4.21) (-4.85) (-2.64)

R
2

0.1794 0.1454 0.0529

F 91.07 52.37 11.95

Black
Male Female

0.3919 0.4535
(4.23) (7.16)

0.0355 -0.0521
(0.25) (-0.42)

0.0679 -0.0031
(1,.00) (-0.05)

-0.0009 0.0002
(-970) (0.14)

0.0580 0.0353
(0.76) (0.75)'

-0.0730 -0.1520
(-0.89) (-2.79)

-0.9569 -1.5405
(-0.67) . (-1.34)

0.2804 0.4397

6.47 10.88

a
The dependent variable is wages expressed in dollars per hour.

b
t-values are expressed in parentheses below parameter estimates.

5, 4i
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TABLE 5

REGRESSION RESULTS OF WORK HOURS FUNCTION
a,b

Exp lan ory

Variable Total

,,.

Male
White Black

Female Male Female

Schooling 0.0152 0.0063 0.0246 -0.0018 0.0404

(4.39) (2.39) (2.86) (70:09) (1.29) 'I'

Reading G.0001 0.0058 - 0.0129. 0.0289 -0.0833

(0.01) (0.84) (-0.64) (1.01) (-1.84)

"Experience 0.0139 0.0178 0.0051 60.00201 0.0265

(4.76) (7.64) (0.77) (0.15) (1.21)

Experience-squared -0.0002 -0.0003 0 0.0001 -0.0005

(-3.14) (-6.42) (0.22) (0.23) (-1.18)

0

Father's Education -0.0008 0.0018 -0.0071 0.0306 0.0308
(-0.33) (0.99) (-1.33) (1.98) (1.72)

Mother's Education 0.0024 0.0011 0.0029 0.0071 0.0049
(0.90), (0.52) (0.47) (0.44) (0.22)

Other Income -0.0011' ,0.0014 -0.0034 0.0065 -0.0006
(-1.62) (2.60) (-2.55) (1.14) (-0.10)

Wage -0.0216 -0.0178 -0.0306 -0.0082 -0.0653
(-12.81) (-13.96) (-7.77) (-0.41) (-1.57)

Race 0.0044

v,

Sex

(0.14)

-0.3704
(-23.15)

Constant 1.6779 1.7342 1.3547 1.5319 0.8218
(28.86) (38.01) (10.10) (5.25) (1.87)

.1.........

R
2

0.1648 0.1172 0.0645 0.1498 0.162

F 65.68 30.60 11.05 2.15 1.72

a
The dependent variable is the number of thousands of hours the respondent
worked in 1972.

b
t-values are expressed in parentheses below parameter estimates.

r-J 'I

lit
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TABLE 6
.-.

REGRESSION RESULTS OF DETERMINANTS OF SCHOOLING

Explanatory
Variable Total

White
Female

Black
- Percale.,`Male Male ,

',-

Father's Education 0.1776 0.1903 0.1724 0.1769 0.0573
.(13.29)

, (10;04) ,(9.21) (1.87) (0.72)

Mother's Education 0:1488 0.2168 0-.3811 0.2715
(12.28) (6,94) ,(10..19) (3.93) (3.00)

Age -0.0149 -0.0186 - -0.0078 -0.0868 0.0309
(-3.38) (-2.86) (-1.32) (-3.89) (1.18)

-Race -0.8637
(-4.71)

Sex -0.2570
(-2.94)

Constant , . 10.1987 10.6111 9.3639 4'.7532 ° 8.2909
. (42.38) (30.50) (28.35) (8.69) (5.98)

"..

R
2

0.2402 0.1947 0.3090 - 0.4640 0.1883

F ' 210.80 149.09 191.65 29.62 6.66

aThe-dependent variable-'s the number of years of schooling attained by the
respondent.

b
t-values .are expressed in parentheses below parameter estimates.
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17 TABLE 7

1 4

0

REGRESSION RESULTS OF DETERMINANTS OF READING
a,b

-r 1
S .

,

Explanatory
Variable

1

Total

6;hite Black

Male' Female
/

/
Yale Female

Father's Education 0.0001 -0.0037 -0.0122 0.1134 .0.1612
(0.02) (-0.60) (-1.65) (2.20) (4.35)

Mother's Education 0.0322 0.0430 0.0270 -0.0527 -0.1367
(6.03) (6.36) (3.21) (-0.95) (-3.10)

I

Schooling 0.1331 0.1274 0.1382 0.2142 0.2070
(22.24) (17.60) (12.99) (4.06) . (4.14)

Age -0.0029 -0.0026 -0.0051 0.0227 0.0004
(-1.92) (-1.27)--' (-2.24) (1.78) (0.03)

Race -0.8759 --.='''..
(-13.79)

), Sex 0.05,17

(1.71)

Constant -1.8590 -],.8639- -1.6296 -4.8244 -3.4641

(-18.02) (-14.04) (-10.15) (-6.10) (-4.53)

R
2

0.2637 0.238,9 0.1979 0.2859, 0.3330

F 199.02. 145.12 79.28 10.17 10.63

A

.

I.

rThe dependent variable is the respondent's standardized reading score on a
literacy test,

,..-

b
t-values are expressed in parentheses below the parameter estimates.

.

(-3 u

-4

c.
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TABLE 8

ALTERNATIVE MEASURES OF BENEFIT OF SCHOOLING

Total Male

White Black
, FemaleFemale Male

Marginal Benefita

Partial Benefit S 1,042 S 1,278 S 581 S 706 S 863
Full Benefit 931 1,121 517 663 783

Wage Effect 939 1,186 482 687 805
Hour '6ffect -8 -65 35 -23 -22

Adjusted Benefit 1,046 1,229 602 743 916
Present value of

Full Benefit
No discount =6,236 56,306 25,520 33,188 36,116

. 5: disccdn: 15,594 18,518 8,871 12,331 13,586
10-. discount ',972 9,270 4,655 6,809 7,447

Total aenefl:

Compulsory High School Education
Representative
Ineividuai S 2,900 S 3,810 S1,370 $2,580 S1,940

National Progrl 142.3 76.0 29.9 8.1 6.9

(120.9)

C.ompulsory College Education.
Representatgve

4,040

National Progra-lc 428.5

(Billions) (332.8)

4,910 2,200

103.7
3,430

15.1

3,380

19.9

aThese are marginal private benefits o(one additional year of school.

DThe total benefits given for a representative individual are computed by

im (dYidX1) f(XIIX1 <m) dX where f(X /X1 <m) is the conditional distribution
o

of individuals by educational level, and m is either 12 or 16, corresponding to
hign scnool and college graduation respectively.

'The national program benefits are computed by multiplying the representative
individual nenefits by the corresponding total numbers of individuals (age 25 and
over) completing Less than nigh school or college education for 1970 taken from

\bstract of t'le rnited states 1972, No. 168, p. 112. Figures in
pareritheses for total. samples are derived by summing the benefits for all four
s,bsimT1es.
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TABLE 9

ALTERNATIVE MEASURES OF BENEFITS OF READING COMPETENCE

Total Male

White

Male

Black

Female Female

I. Marginal Benefit

Partial Benefit $ 172 S 375 S 12 S 187 S -341
Full Benefit 172 375 12 187 -341
Wage Effect 185 356 72 66 -95
Hour Effect -13 19 -60 121 -246

Adjusted Benefit
Present value of
Full Benefit S 206 S* 369 $ 9V S 71 S -108
No discount 8,267 17,606 303 8,956 -16,357

discount 3,224 6,830 384 3,385 -6,3)9
107 discount 1,832 3,848 249 1,876 -3,604

II. Total Benefit

.

Low Reading Target (Standardized readin
Representative

score = -1,,),

individuala $ 161 $ 3 $ 12 $ 273 $ -392
National Program
(Millions)b 2,552 2,002 71 609 -873

(1,809)
High Reading Target (Standardized reading score = 0)

Representative . '.

Individuala 163 332 12 340 -490
National Program
(Millions)b 7,216 6,004 237 1,098 -1,863

(5,476)

aT
he total benefits given for a representtive individual are computed by

f
m

't,(d/dX) ,(X_ IX:,< m)dX2 where f(X2/X.2.< m) is the conditional distribution
-...

.

of individuals'by standardized reading score, and m is either -1 or zero, .

corresponding to a low or high target compensatory reading program.

hi he national program benefits are computed by multiplying the representative
individual benefits by the corresponding estimated numbers of individuals whose,
reading competence, measured by standardized scores, are below -1 or zero, using
the frequency distributions of 1972 National Reading Survey and population figures
(a 5 and over) for 1970 obtained from Statistical Abstract of the United States(
1972, No. 168, p. 112. Figures in parentheses for total' sample'are derived by
summing the benefits for all four subsamples.

5



Exogenous Variables

Sex

Race

Age

Father's Education

Mother's Education

Schooling-Literacy Model Labor Market Model

0

Schooling

C

V

Literacy

Wages

1 2 3

A

Hours Worked

Figure 1

Block Recursive Models of Deterbinants

and Effects of Schooling and Literacy

1

Earnings =

Wages x Hours Worked

t_n
rn

C
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APPENDIX A: CORRELATION MATRICES

Tables A-1 through A-5 contain the correlation matrices of the

variables used in the study. Table A-1 is the correlation matrix for

the total samplw Tables A-2 to A-4 are the matrices for the four

subsamples.

J



APPENDIX TABLE A-1

CORRELATION MATRIX: TOTAL SAMPLE

Y

Earnings

Ln Y
Log of

Earnings

Y1

Wage Rate

Y2 .

Work Hours Schooling

XI X2

Reading

X3

Experience

X32

Experience
Squared

Xl.

Father's
Education

X5

Mother's
Education

X6

Other

Income

, X7

I

Age

'X8

Race

Y Log of Earnings 0.898 I

Wage late 0.620 0.508

Work Hours 0.430 0.620 -0.092

I

Schooling 0.340 0.287 0.281 -0.007 1

Ln
Co

.eading 0.195 0.175 0.147 -0.016 0.456 I

Experience 0.003 -0.013 -0.019 0.063 -0.426 -0.234

- `11.
Experience-squared -0.023 '-0.029 -0.i 040 0.057 -0.411 -0.246 0.973

Father's Education 0.105 0.091 0.051 -0.023 0.437 0.263 -0.322 -0.295

Mother's Education 0.108 0.113 0.047 -0.004 0.434 0.302 -0.377 -0.361 0.643

Other Income 0.119 0.013 0.135 -0.111 0.189 0.100 0.045 0.025 0.106 0.065

A . i . r , . 1 , , .
Age In).098 0.066 0.057 0.067 -0.185 -0.128 0.968 j 0.943 -0.228 -0.290 0.101 ,,i t

,

.

Race -0.122 -0.094 -0.09 0.006 -0.092 -0.243 -0.004 -0.001 -0.052 -0.031 -0.066 -0.030

Sex -0.522 -0.545 -0.276 -0.336 -0.042 0.004 0.048 0.044 0.027 -0.002 0.204 0.023 0
0

i

..---.



APPENDIX TABLE A-2

CORRELATION MATRIX: WHITE MALE

4%
Y

Earnings

Ln Y

Log of
Earnings

Y1

Wage Rate

Y2

Work Hours

X1

Schooling

X2

Reading

X3

Experience

X3

Experience
Squared

X 4

Father's
Education

X5

Mother's
Education

X6
Other

Income

Ln Y Log of Earnings

Y Wage Rate
1

Y
2
'Work Hours

X
1

Schooling

X
2
Reading

X
3
Experience

X
2

3
Experience-squared

X
4

Father's Education

X
5
Mother's Education

X
6
Other Income

X
7
Age

0.928

0.613

0.256

0.380

0.241

0.062

.

0.010

0.125

0.107

0.358
N.,

-.180

0.545

0.373

0.349

0.254

0.048

-0.004

0.133

' 0.136

0.256

0.156

-0.274

0.297

0.151

0.021
1

-0.013

0.006

-0.012

0.266

0.111

-0.051

-0.004

0.091

0.066

0.018

9.017

0.007

0.085

. .

.

'

.462

-0.437

-0.428

0.41'

0.38h.

R.209

-0,181

.

./
.

-0.258

-0.273

0.261

0.322

0.070

-0.145

0.972

-0.321

-0.370

0.071

0.965

-

A

.

,..'

0.292

-0.353

0.059

0.936

0.635

0.098

-2.230

i

0.062

-0.291 0.140

6

to0

6 lJ
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APPENDIX TABLE A-3

CORRELATION MATRIX: WHITE FEMALE

Y Ln Y Y1 Y2 XI X2 X3 X3 X4 X5 X6

Log of Experience Father's Mother's Other

Earnings/Earnings Wage Rate Work Hours Schooling Reading Experience Squared Education Education Income

.

Ln Y Log of Earnings 0.892

,

Y
1

Wage Rate 0.476 0.336 -..

Y
2

Work Hours 0.480 0.654 -0.212
--

.

1'

CN
C.

X
1

Schooling 0.303 0.252 0.209 -0.026 1 ,

X
2

Reading 0.119 0.118 0.102 -0.040 0.432

X
3
Experience 0.003 0.008 -0.040 0.102 -0.408 -0.243

X
2

3
Experience-squared 0.005 0.015 -0.048 0.106 -0.381 -0.249 0.974

X
4

Father's Education 0.137 0.092 0.139 -0.068 0.487 0.225 -0.332 -0:303

X
5

Mother's Education V 0.110 0.140 -0.051 0.512 0.293 -0.399 -0.378 0.652

X Other Income 1108 0.040 0.092 -0.081 0.32

,

173 0.105 -0.007 -0.038 0.108 0.082

6
'

X
7
Age 0.077 0.070 0.008 0.163 -0.195 -0.156 0.975 0.954 0.082 -0.304 0.034

6%,
6',"

I,

IPfl

1

.

e" ....... 7.



APPENDIX TABLE A-4

CORRELATION MATRIX: BLACK MALE

Y

Earnings

Ln Y V.

Log of

Earnings Wage Ratf

Y2 X1

Work Hours ?, Schooling

X2 .

Reading

X3

Experience

2

X3

Experience

Squared

X,

Father's

Education

X6
Mother's
Education

X6

Other
Income

Ln Y log-of Earnrgs

Y Wage Rate
1

Y
2
Work Hours

X
1

Schooling

1,X2 Reading

.......X

3
Experience

2
X
3
'Experience-squared

X
4

Father's Education
-

X
5
Mother's Education

X
6

Other Income
. .

X
7
Age

0.914

0.907

0.4.:9

0.513

0.361

.

-0.151

-0.163

0.427
'

0.365

0.294

-0.018

0.807

, 0.597

0.464

0.360

-0.157

-0.181

0.427

0.379

0.236

-0.041

i

''

0.084

0.506

0.291

-0.205

-0.215

0.312

0.289

0.262

-0.083

.

0.131

0.210
-

0.094

0.078

0.317

0.237

0.097

0.148

.

-

0.466

-0.592
.

-0.519

0.513

...'' ,

0.611

0.217

-0.378

-0.127

-0.145

0.409

0.323

0.012

-0.006

.

0.974
.

-0.189

-0.323

0.029

0.970

-0.227

-0.357

0.010

0.944

6

0.719

-0.052

-0.062

.

.

,

0.061
-AI

-0.187

.

.

0.099



r

Y Ln Y

,
Log of

Earnings Earnings

Ln.Y Log of Earnings 0.929

Y Wage Rate 0.821 0.724

Y2 Work Hours 0.368 0.483

X
1

Schooling 0.547 1 0.524

X
2
Reading 0.186 0.193

X
3
Experience -0.075 -0.131

X
3

2
Experiunce-squared -0.060 -0.117

X
4

Father's Education. 0.203 0.203

X
s
Mother's Education 0.195 0.167

X
6
Other Income 0.427 0.339

APPENDIX TABLE A-5

CORRELATICA MATRIX: BLACK FE4ALE

Y p Y X 1 X

Wage Rate Work Hours Schooling Reading 2Xperience

X X X - X

Experience Father's I Mother's Other

Squared , Education. Education ;Income

-0.156

0.602 6.063

0.244 -0.084 -0.408

-0.070 -0.088 -0.240, -0.214

-0.032 -0.113 -0.203 -0.212

0.060 0.244 0.296 0.410

0.005 0.289 0.417 0.137

0.511 -0.085 0.436 0.277

0.975

-0.445

-0.314

-0.034

- 0.424

- 0.335

-0.005

0.646

0.106 -0.124

7 i
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APPENDIX B

TESTS FOR LINEARITY OF EFFECTS BY USING DISCRETE VARIABLES

The purpose of this appendix is to report some supplementary

regression results of empirical earnings functions using dummy variables

to represent different levels of schooling and reading competence. In

Section II, schooling and reading competence are represented by years of

schooling and standardized scores in computing empirical earnings func-

tion, implicitly assuming that the effects of these two variables

(measured by the associated coefficients) are the same at different

levels of schooling and reading competence. This appendix summarizes

the empirical results of an attempt to verify the reasonability of this

implicit assumption. Specifically, the schooling and reading scores

variables in eqs, (1) and (2) are substituted by the following set of
*4.

six dummy variablds, four of them representing schooling and the other

two representing reading competence:

School Dummy 1: 5 to 8 years of schooling = 1, otherwise = 0

School Dummy 2: 9 to 12 years of schooling = 1, otherwise = 0
School Dpmmy 3: 13 to 16 yearsof schooling = 1, otherwise = 0

School Dummy 4: 16 and more years of schooling = 1, otherwise = 0

Reading Dummy L: Standardized scores below minus one = 1, otherwise = 0

Reading Dummy H: Standardized scores above'one = 1, otherwise = O.

The results of the empirical earnings_function using these dummy

variables for schooling and reading competence are reported in Appendix

Tables B71 and B-2, using logarithmic values of earnings and earnings

respectively as the dependent variables. The'se results are comparable

with those reported in Tables 2 and 3 in the text. In general, the

results shown here are similar to the corresponding results shown in



Tables 2 and 3 of the text. It is important to note tha while the

assumption of constant schooling effect in eqs. (1) and (2) appears

to be acceptable, the similar assumption for reading co petence seems

to be more questionable. This conclusion is derived fr m the obser-

vation that the estimated coefficients of the four. schi.ol dummies

seem to increase at a roughly constant rate as schooli g level increases,

and that the magnitudes of the estimated coefficients of the two reading

dummies (in terms of absolute values) are considerabl different from

each other. The results of Appendix Tables B-1 and B 2 generally show

that individu0p6 with low reading scores can be expected to have lower

earnings, wit y' possible exception of black females Whether individuals

with high reading scores can be expected to have hig er earnings, however,

is not very conclusive from our,,results, perhaps bec use the reading

test instruments were designed only to reveal funct nal reading ability.

This result suggests that the economic benefit of r ading obtained by

_assuming a constant effect for all levels of reading competence may tend

to underestimate the true effect. Finally, it may e pointed out that

while the school dummies are usually statistically significant, especially

for school dummies 3 and 4, school dummies 1 and 2

out to have negative estimated coefficients.

or white females turn

57'

1
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APPENDIX TABLE B-1

SUPPLEMENTARY SEMI-LOG EARNINGS FUNCTION
a,b

Explanatory Total White Black
Variable Male Female Male Female

, Schobl Dummy 1 0.3402 0.7414 -0.3494 0.2603 0.1762
(2.80) (4.26) (-1.33) (0.96) (0.31)

School Dummy 2 0.5585 0.9500 -0.1277 0.4654 1.0214
(4.63) (5.46) (-0.49) (1.76) (1.90)

School Dummy 3 0.8271 1.2156 0.1007 0.7528 1.5708
(6.75) (6.93) (0.38) (2.46) (2.88)

School Dummy 4 1.0789 1.4070 0.4815 0.9581 2.0418
(8.64) (7.93) (1.80) (2.50) (3.36)

Reading Dummy L -0.1634 -0.1667 -0.1709 -0.1403 0.0820
(-5.62) (-4.58) (-3.12) (-1.28) (0.58)

Reading Dummy H 0.0360
(1.37)

4.0432 .0.0250 0.0075 -0.0420
(1.44) (0.51) (0.03) (-0.19)

Experience 0.0295 0.0462 0.0117 0.0117 -0.0080
, . (8.04) (10.49) (1.73) (0.66) (-0.33)

Experience-squared O.00 Q5 -0.00082 -0.0002 -0.0002 0.0002
(-6.141 (-8.30) (-1.11) (-0.68) (0.32)

Work Hours 0.8715
(42.02)

Father', Education' 0.0021
(0.73)

0.7637_ 0.9051 0.8574 0.6969
(18.65) (33.31) (6.13) (0.45)

0.0028 0.nn25 Q.0209 0-.0144

(0.83) (0.47) (1.02) (0.73)

Mother's Education 0.0216 0.0046 0.0078 \-0.0051 -0:0511
(1.44) (1.23) (1.28) -0.25 (-2.35)

-0.1536
(-3.91)

Sec -0.6131.

(-31.34)

R' 0.5990 0.3281 4.5043 0.5199 0.5181

F 382.31 81.78 118.19 _9.32 7.64

Race

11

a
The dependent variable is the log of the number of thousands of dollars of
annual earnings.

b
t-values are expressed in parentheses below parameter estimates.
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APPENDIX TABLE B-2

SUPPLENEN LINEAR EARNINGS FUNCTION
a,b

Explanatory
Variable

Total
Male

White Black
FemaleFemale Male

School Dummy 1 0.6504 2.7627 -2.0170 0.22650.7079
(0.62) (1.44) (-1.32) (0.37) (0.09)

School Dummy 2 2.6749 4.9729 , -0.5910 2.0993 2.9907
(2.55) (2.60) -0.39) (1.12) (1.28)

School Dummy 3 5.3913 8.4228 0.7696 6.6739 5.9279
(5.07) (4.37) (0.50) (3.07) (2.50)

School Dummy 4 7.9786 10.9533 3.4436 6.0697 7.73

(7.36) (5.62) (2.21) (2.22) (2.92)

Reading Dummy L -1.1352 -1.4766 -0.7607 -0.6632 0.9217
(-4.50) (-3.69) (-2.39) (-0.85) (1.49)

Reading Dummy H 0.1523 0.3677 -0.2148 -1.7118 0.2454

(0.67) (1.12) (-0.75) (-0.95) (0.26)

Experience 0.3850 0.5641 0.1156 0.1086 -0.0146

(12.10) (11.65) (2.93) (0.86) (-0.14)

Experience-squared -0.0065 -0.0095 -0.0017 -0.0017 0.0006

(-9.62) (-9.24) (-2.07) (-0.71) (0.26)

Work Hours 3.8571 5.4476 3.3853 3.7299 2.0408

(21.42) (12.10) (21.40) (3.75) (3.67)

Father's Education 0.0421 0.0429 0.0437 0.2102 030867

(1.70) (1.16) (1.401) (1.44) (1.01)

Mother's Education 0.0002 -0.0006 0.0250 -0.0605 -0.1521

(0.01) (-0.02) (0.70) (-0.42) (-1.60)

Race -1.7440
(-5.12)

Sex -5.2478
(-30.91)

2.
R 0.4812 0.2825, 0.3427 0.4529 0.4660

F 237.35 65.94 60.56 7.12 6.20

aThe dependent variable is the number of thousands of dollars of annual earnings.

b
t-values are expressed in parentheses below parameter estimates.
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APPENDIX C

SIMULTANEOUS LABOR MARKET MODEL

The purpose of this appendix is to supplement the analysis of Section III

by considering a simultaneous model of labor market relationships. The

simultaneous model in this appendix is different from the recursive model

reported in the text mainly in allowing work hours to affect wage rate in

wage determination function represented by eq. (3), i.e., y O. In addition,

for identification purpose, a new variable referred to as employment status

is introduced into eq. (3) as an additional explanatory variable. Thus eq. (3)

may be regarded as the inverse demand function for labor, and eq. (4) the

supply function of labor. Because both wage rate and work hours are endogenous

in the simult ous model, some simultaneous equation approach must be considered

for estimat ng th- parameters in eqs. (3) and (4). In this appendix, the results

of the Two-Stage Least Squares (TSLS) procedure are presented in Appendix

Tables C-1 and C-2 for the sage determination and work-hours, funCtions respec-

tively. The results of the Ordinary Least Squares (OLS) procedure for the

wage determination function, not reported here, are in general very similar to

.those of the TSLS procedure presented in Appendix Table C-1. The results of

the OLS procedure for the work-floours function are identical With those shown in

Table-5 in the-text. -

The 'results reported in Appendix Table C-1 are obtained by restricting

.the coefficients associated with employment status tothe corresponding

estimates obtained in the first stage. These additional restrictions were introduced
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Fy

because the predicted work hours were so higbly correlated with employment status
-

(full-time salaried workers or not) that the usual second stage computation in

the TSLS procedure became infeasible due to 4ngularity of a matrix to be

inverted. In Appendix Table C-2,_ttie coefficient of schooling for black males

was retricted to be zero, since the corresponding estimate in the first stage

is negative, contrary to the usual expectation, and without such a restriction

the computation was not feasible also due to singularity. Aside from these

restrictions which were imposed only to avoid computational difficulties, the

empirical results of Appendix Tables C-1 and C-2 are obtained following the

usual TSLS procedure. One of the reasons the recursive model was selected

for discussion in the text is based on the fact that, while work hours seem

to be a significant factor determining wage rate for the whites, the same does

not appear to be true for the black. In addition, as was just mentioned,
ti

the introduction of an employment status variable for identification purpose

resulted in computational difficulties. We thus present these simultaneous

estimations only tentatively.

The empirical results of Appendix Table C-1 are similar to those of

Table 4, which did not include employment status and predicted work hours as

additional explanatory variables. The empirical results of Appendix Table C-2,

however, are considerably different from t\ose of Table 5 in the text. Recall

that, besides a minor restriction4tntroduced on the parameter associated with

schooling variable for black males, the only difference between Appendix

'Table C-2 and Table 5 is the use of observed wage rate or predicted wage rate

as an explanatory variable. As Appendix Table C-2 shows, the use of predicted

wage rate has in general increased the goodnesg-of-fit considerably, except

for black males. In fact, all coefficients in the work-hours functions for

It
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\....../

white males, white females and black females are highly statistically

significant, except work experience for black females. In general, the

effects of schooling, reading and work experience all appear to be much

stronger than those of the OLS estimates employed for the recursive

model as shown in Table 5. In particular, the effects of reading and

work hours are highly significantly positive for white males and white females,

but negative for black females. The estimated effects of father's education

and mother's education on work hours are very different from those of the OLS

estimates.

C

s

vik

/



-70-

AFFENDIX TABLE C-1

REGRESSION RESULTS OF WAGE DETERMINATION FUNCTION a (TLS)

lb

Explanatory
Variable

Schooling

Reading

Experience

Experience-squared

Father's Education

Mother's Eduction

Employment atus

Work Hours

Race

Sex

Constant

2

Total

White

Female

Black

Male Male Female

0.5758 0.6545 0.3770 0.3696 .0.4559

(17.08) (14.45) (6.34) (3.97) (7.24)

0.0995 0.1909 0.0353 0.0519 -0.0872

(1.13) (1.48) (0.25) (0.36) (-0.70)

0.2461 0.3648 0.1272 0.0671 0.0153

(8.25) (8.34) (2.75) (0.98) (0.26)

-0.0041 -0.0061 -0.0019 -0.0009 -0.0002

(-6.53) (-6.71) (-1.97) (-0.71) (-0.16)

-0.0248 -0.0500 0.0235 0.0641 0.0506
(-1.03) (-1.48 (0.62) (0.81) (1.06)

-0.0505 -0.0883 0.0425 -0.0704 -0.1439
(-1.85) (-2.33) (0.98) (-0.85) (-2.65)

-0.6399 -0.2392 -1.5554 -0.7422 0.1926
(b) (b) (b) (b) (b)

-2.813 -4.6021 -2.4739 -0.7307 -0.3364

(-9.76) (-5.70) (-9.91 (-1.25) (-0.95)

-1.0635

(-3.21) I

-3.3083
(-18.88)

2.1277 4.2151 1.5366 0.7638 -1.4445
(2.84) (2.54) (1.52) (0.46) (-1.21) j

0.1953 0.1597 0.1225 0.2630 0.4461,

89.83 50.11 25.56 5.03 9.45/

a
t-values are placed in parentheses below the parameter estimates.

b
These estimates were restricted to the given value to avoid multicollinearityt_
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APPENDIX TABLE 62.2

4'
'to

REGRESSION' RESULTS OF ,WORK -HOURS FUNCTION a (TSLS)

rye

ri

Explanatory
Variable Total Male

White

Schooling 0.3680 0.1475^
(47.91) (23.01)

Reading 0.0718 0.0573
(10.60) (8.55)

4

Experience 0.1493 0.0839,
(41.83) (23.99)

Experience-squared -0.0025 -0.0015
(-37.49) (-22.28)

Father's Education 0.0237 -0.0171
(-12.i0) (-9.33)

.

N.... .

Mother's Education , -0.0355 -0.0240
(-16.29) (-11.26) 1

Other Income 0.0336 0.0217
(38.76) (21.98)

Wage -0.7055 -0.2611
(predicted) (-50.30) (-25.29)

Race -0.6599
(-23.31)

Sex -2.3348
(-55.63)

C-mstant 0.4732 1.0731

(9.24) (21.52)

2

R 0.5020 0.2751

F 335.65 87.54 ,

ti

Female

Black

. Male Female

0.4290
(38.59)

0.7554
(13.43)

0.075 0.0298 -0.1750
(2.81) (0.99) (-6.68)

0.1421 0.0022 0.0011
(26.19) (0.17) (0.09)

-0.0022 ,0.0001 0.0002
(-21.06) (0-.23) (0.67) ,

0.0433 0.03-14 0.0443
(11.66) (1.84) (4.41)

0.0628 0.0067 -0.1788
(14.73) (0.44) (-9.59),

0.0155 0.0069 0.0642
(15.84) (0.96) (11.05)

71.3070 -0.0156 -2.0021
(-43.02) (0.26) (-13.65) -

-1.6306 1.5378 -0.8942
(-14.46) (5.49) (-3.23)

0.5994 0.1484 0.7381

239.55 2.46 28.60

a
t-values are placed in parentheses below the parameter estimates.

bT
his parameter was restricted to be zero.c7

C);)



- 72-

APPENDIX D

SIMULTANEOUS MODEL OF EDUCATIONAL ACHIEVEMENTS

In Section IV of the text,'the empirical results of a recursive

model of educational achievements have been examined. The purpose of

44r. this Appendix is to supplement those results by examining the empirical

results of a simultaneous model in which not only schooling is assumed

to affect reading but also reading is assumed to affect schooling. In

order to identify eqs. (5) Pd (6), in eq. (i) we replaced father's

education ,and mother's education by a single variable constructed by

Wsumming the years of schooling of both parents, i.e., restricting he

parameters associled with father's education and mother's education to

be the same. In addition,,An eq. (6), we assumed that father's educa-

tion does not affect reading for total sample and subsamples of white
# .

males and white females but that mother's education4does. For black

males and females, however, we assumed father's education,-rather than

mother's education, affects reading. These restrictions, imposed for

identification purposes, are largely based on empirical results and are

admittedly somewhat arbitrary. F.

The empirical results of the Two Stage Least Squares (TSLS) stima-

tion of the simultaneous model of educational" achievements arelt,i-eented

in Appendix,Tables D-1 and D-2 for the determinants of schooling and
..

reading respectively. The. corresponding results ,of the Ordinary Least
10

. .
,

#

Squares (OLS) estimation 'are not reported here. The most striking 5

diffeences between these two sets of estimated values using TSLS and

OLS respettively are thelcoefficients associated ith 'reading in eq: (5)

;'
and those associated with schooling in eq. (6) representing the

6;%.
4

inteTactiop.between these two variables.
o
While these coefficients are

.

aF '
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highly significant when the observed reading scores and schooling level

were used in eqs. (5) and (65, as in themPLS procedure, the same is not

generally true when the predicted - reading scores and schooling level

were used instead, Kin the TSLS procedureNAPpendix Tables 410. and

Among the determinants of schooling examined inApPentix Tahle D-1,

father's and mother's education clearly has a significantly positive

effect for all subsamples. The effect of age is generally negative,

reflecting a general trend of increasing educational lwel, with a

possi;le exception of blarl:. females. The effect of reading on schooling.'

is generally not significant and mostly turns out to be negative, possibly,

because of the oversimplified structure of our simultaneous model. Among

the determinants of'reading scores considered in Appendix Table D-2,

mother's education is statistically significant for whites and father's

education is for blacks. The effect of age on reading is negative for

whites and positive for blacks, but statistically significant only for

white ftmales. The effect of schooling on read4ng is generally positive,

except or -IItwever, only the est:Hated' coeTficients for'the

total sample and the subsample of white males are statistically signifi-

cant. In general, our results do indicate that the recursive model

considered in the text (X=0..:1.1#0) is more plausible than the other type

of recursive model (4 0, u-2=0). Finally', the effects of race and sex are
e

obvious eithcg from.the_results of dummy fariables or from comparison's

among corresponding regrevsions obtained for various subsamples.



APPENDIX TABLE D -1

a
REGRESSION RESULTS OF DETERMINANTS OF SCHOOLING (TSLS)

Explanatory
Variable ' Total , Male

White Black

46:

Female Male Female

Father's Education b

b
Mer's :....,..,,,,:i..ri

--.

Readtr.g

(predicted) 411 ,

0.1719
(5.59)

9.1719

(5.59)

0.2412
(0''.31)

0.2109

(5.87)

0.2199

(5.87i

-1.0032
(-1.14)

0.1610

(5.91)

0.1610
(5.91)

0.9781
<1.23)

0.4294
(3:14)

0.429!
(3.1 -.)

-1.6703

(-1..45)

0.2035
(4.07)

0.2035
(4.0'7) -

--0.8449
(-J0.40)

Age -0.0137
'(-2.27)

. .

-0.0235
'(-2.91)

Race . -0.6247

(-01.$0)

Sex -0.2613
(-2.96)

Constant 10.3198 10.0978

(24.33) (19.26) ,

1.

R
2 0.2402 0.1947

F 210.80. 149.09

41,

. N.e
-0.0018 -0.0799 0.0366

(-0.23) (-3.33) (1.4'2)

NI
.,

9.6922
(24.75)

.0.3090

191.65

5.1837 6.8140

J1.19) (3.94)

0.4640 0.1883

29.62 6.66

a
t-values are placed in parentheses below the parameter estimates.

These estimates were constrained to have the same magnitude for father's

education as for:motirr's education.

3 ,

b'
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APPENDIX TABLE D-2

REGRESSiuN RESULTS OF DETERMINANTS OF READING
a

(TSLS)

,

Explanatory
Variable .

White

Female

Black

Male Male Female

:Father's Educat2.c;nb 0.1378 0.1900
(1.83) (4.05)

' 0.0321 0.0424
(3.32, (!...17) (2.58)

0.1335 0.1082 0.0675 0.0758 -0.2963
cDral...ted) (4.79) (1.2.3) (1.53) .(0.52) (-1.76)

o

..
.

Age ioir -0.0029 -0.0029 - 0.0056 0.0107 0.0159
(-1.70) (-1.27) (-2.30) (0.54) (1.10)

%.

Rate -0.8755
(11.99)

Sex
.

0.6518

(1.57)

Cons:oh: -1.8635 -.1.6597 -0.9674 -3.4751 0.7087
(-5.96) ( -4.21) (-2.12) (-1.95)t' (0.41)

R 0.1545 0.1114 0.0925 0:1702 0.1986

121.87 77.26 43.71 7.02 7.12

a
t-values are placed-in parentheses below the parameter estimates.

.

.

...

b.
haveFather's education was constrained to a a zero coefficient for the total

sample and the White subsamples.

Mother's education was conStrainedo,to have a zero coefficient for the black
subsamples.

k


