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A Brief Look at the History of the Schooling Quality Debate

The relationship between educational expenditure and performance in the labor
market has been the subject of much debate. Recent empirical studies find conflicting
evidence on the extent to which spending on smaller classroom sizes, higher teacher
salaries, or longer term lengths influences student educational attainment and labor
market earnings.

Studies indicating an impact of schooling quality on earnings, such as the analyses
of Johnson and Stafford (1973) and Card and Krueger (1992a,1992b), identify three

distinct channels through which schooling inputs might affect earnings:

1. the effect of schooling quality on the intercept of log earnings equations

2. the effect of schooling quality on the “rate of return” to education (the coefficient
on education in a schooling-log earnings relationship)

3. the effect of schooling quality on educational attainment and the consequent

increase in earnings that accompanies higher levels of education.

The first effect increases earnings in the same proportion at all education levels. The
second effect widens schooling-log earnings differentials. The third effect operates as a
consequence of the first two. As the return to schooling increases, students undertake
more of the activity.

Despite the accumulated evidence, many economists and most sociologists doubt
that the earnings-quality relationship is strong. Beginning with the Coleman report
(1966) and continuing in a literature reviewed by Hanushek (1986, 1989), numerous
studies find no systematic relationship between quality and achievement test scores (see
Betts, in this volume, and the discussion in Heckman and Neal, 1995). While the link
between achievement test scores and earnings is not well understood, the evidence in this
literature casts doubt on the existence of a strong quality-earnings re!lationship.

Several studies find that some of the strongest effects of schooling quality on
earnings are observed for the oldest cohorts. However, our study will present contrary

evidence. Some of the strongest estimated effects of quality are found for recent cohorts



in the 1990 Census data - consistent with a rise in the return to schooling found since
1980.

The observation in the literature of a declining coefficient for quality on the
earnings of recent cohorts through 1980 is consistent with declining variability in school
quality over time; there has been dramatic historical convergence across states towards
higher schooling quality (see Figure | which graphs trends in pupil/teacher ratios over
time). Regression methods require variability in the data in order to relate movements in
one variable to movements in another. Hence, reduced variance in measures of schooling
quality produces less precise estimates of quality impacts on earnings for more recent
cohorts.

Weaker effects for younger cohorts could also be due to diminishing marginal
prductivity of schooling quality. The demise of one-room school h-uses and .he
elimination of the most egregious conditions in Southern black schools could
substantially reduce marginal returns to schooling quality for later cohorts. These factors
also explain why Hanushek and his co-authors find such strong effects of schooling
quality in less developed countries, whereas Hanushek finds only weak effects for any
schooling quality in recent US data. (see, e.g. Hanushek and Harbison, 1992).

Empirical estimates of the impact on quality on earnings are affected by the level
of aggregation of the quality data. The strongest support for a quality effect is obtained
when state-wide average measures of school quality are related to the earnings outcomes
of individuals educated in that state. The weakest evidence is found when quality
indicators from specific schools attended are used to establish a relationship. Since many
parents make residential choices based, in part, on the quality of local schools, it is
difficult to determine whether a child benefits from a high quality local school or whether
he or she succeeds because of better family background and community environment.
Therefore, establishing a quality-earnings relationship with individual level data requires
the use of econometric techniques to eliminate potential sorting bias. Aggregated data
are arguably less prone to sorting bias. However, if sorting bias is the reason for different
estimated schooling quality effects, estimated micro relationships should be stronger, not

weaker. The observed increase in the strength of the quality-earnings relationship with



the level of aggregation of the quality measure runs counter to the sorting bias hypothesis
but is consistent with claims that schooling quality data are measured with mean-zero
measurement error that is averaged out in the aggregates.

One explanation for the variety of estimates that appear in the literature is
differences in data sets and functional forms used to execute the empirical analyses.
Different studies use different quality indices (for example, pupil-teacher ratios verses
current expenditure) or different earnings measures (such as hourly wages versus annual
income). Equally problematic are the diverse assumptions made about the specification
of the quality-earnings relationship. With different equations estimated, different results
can be expected. Because various studies measure conceptually different earnings-quality
relationships, comparisons of estimates across studies are difficult if not impossible to

make.!

Continuing the Debate

The lack of comparability of existing empirical studies is the primary motivation
for this paper. We seek to resolve some of the discrepancies by developing an empirical
framework sufficiently broad to encompass all of the models used in the main empirical
literature. This enables us to make meaningful comparisons among studies and to clarify
the assumptions required to identify the impact of quality on earnings. There are many
channels through which quality can affect earnings. Previous empirical studies consider
only a single channel through which quality affects earnings. We consider multiple
channels of influence.

To gain insight into which of the models are consistent with the data, we conduct
statistical tests of the validity of the assumptions used in previous empirical work. We

point out a fundamental identifying assumption in the literature: the absence of region of

! Recently, researchers have tried to draw conclusions about the effects of schooling quality using “meta-
analysis,” a statistical approach for combining estimated quality effects across different studies. (for
example, see Hedges, Laine and Greenwald (1994) and Card and Krueger (1994)). Prior to combining
estimates by this statistical procedure, it should first be determined that model estimates are indeed
comparable (and justifiable) in a theoretical sense, and this is rarely done because comparability is a
subjective condition. Meta-analysis is a mechanical substitute for more careful empirical reanalysis of
data and weighting of the evidence.



birth - region of residence interactions in the returns to schooling. We find strong
evidence of such interactions that is consistent with selective migration and pursuit of
comparative advantage. This evidence calls into question a key identifying assumption of
existing models, such as the one presented by Card and Krueger (1992b).

Using that study and features of an earlier study by Johnson and Stafford (1973)
as points of departure, we find that estimated impacts of schooling quality on earnings are
fragile with respect to the specification of the earnings function. Log earnings functions
that are linear in years of education are commonly used in the literature. They are
rejected by the data in favor of a model with “sheepskin” effects.2 Nonlinear models
generally reveal that the only impact of quality on earnings is on the marginal increment
to earnings arising from college attendance and graduation.

Our paper develops in the followir 3 manner: Section I presents a general analysis
of variance framework for studying the quality-earnings relationship. Within this
framework, we compare different estimation strategies taken in the literature for
determining the impact of schooling quality on earnings. Of particular interest is our
examination of the :dentification strategy used in aggregate data studies, which relies on
observations on migrants in different labor markets to provide crucial identifying
information. We show that if individuals educated in particular states of birth have
comparative advantage in the labor markets of particular states of residence, then this
identification strategy breaks down.

In Section II, we discuss the sources of bias that may arise under the “aggregate
data” and the “individual level data” approaches for estimating the effect of schooling
quality on earnings. In Section III, we question the validity of a key identifying
assumption invoked in aggregate data studies - that there are no patterns of migration on
the basis of realized earnings in the destination state. Unfortunately, there is much
evidence for selective migration.

In Section IV, we conduct nonparametric tests of the hypothesis that empirical

measures of quality and earnings are monotonically related. The existing literature

2 Sheepskin effects are discrete increases in *he return to education that arise after completing a degree.



assumes that quality is an immutable characteristic with unit increases in quality yielding
the same return to schooling in all labor markets. In this case, we would expect that in a
given labor market, at each education level, wages for workers born in high quality states
should lie above those from low quality states. The results from nonparametric rank tests
give little evidence of a relationship between the measured quality of schooling received
by individuals and their wages. Selective migration is a prime candidate for explaining
the non-monotonic relationship between earnings and schooling quality.

In Section V, we examine the sensitivity of estimated schooling quality effects to
alternative assumptions about functional forms of earnings equations. We highlight
differences in the functional forms adopted in the schooling quality studies by Johnson
and Stafford (1973) and Card and Krueger (1992b). We investigate the implications of
various maintained assumptions, and conduct statistical tests to see whether the data
support the assumptions. In addition to considering the effect of schooling quality on
individual returns to education, our analysis presents new evidence on the effects of
aggregate stocks of quality on aggregate pricing relationships.

We test - and reject - the widely used assumption that log earnings equations are
linear in education, and instead find evidence of significant “sheepskin” effects,
especially for completion of college. Using a more general model, we reestimate the
quality-earnings relationship allowing for nonlinearities in the return to education. In this
empirically more concordant model, the estimated impact of quality on earnings lessens
considerably. The only support for the quality hypothesis comes through the marginal
return for attending or completing college.

Section V concludes by presenting estimates from an earnings model that allows
for systematic differences in returns to schooling for persons bormn in different regions and
living in different regions. Within this model, we relax the assumption that the effect of
schooling quality on the rate of return to education is the same in all labor markets. This
assumption is rejected for most quality measures. Different valuations of the same
quality bundle may be a driving force behind selective migration, as individuals change

locations to realize higher returns on their human capital. Relaxing the assumption of



uniformity of quality effects on rates of return to schooling changes estimated quality
effects, which generally weaken.

Our analysis does not prove that higher quality education is ineffective at
enhancing worker productivity and earnings. Rather, it calls into question the strength of
the evidence for a strong quality-earnings relationship based on aggregate data.
Functional form plays a powerful role in generating this relationship. Estimated quality
effects are highly sensitive to the assumption of linearity of the log-earnings function in
years of schooling. They also depend on the particular channel of influence used to
establish the quality-schooling relationship. Finally, schooling quality affects the return
to education differently across different labor markets. If individuals migrate selectively
to exploit economic opportunities, the identification strategy used in existing aggregate

data studies breaks down.

I. Organizing The Evidence

The Empirical Plan

This paper reexamines existing empirical evidence and presents new evidence on
the question of whether aggregate secondary schooling quality significantly affects
individual earnings. To facilitate comparisons between our analysis and previous
aggregate data studies, we use similar datasets. Our observations on individual earnings
and demographic characteristics come from the 1970, 1980, and 1990 micro Census
samples. The analysis samples consist of white men born in the US in the years 1910-
1959 who worked at least one week and reported positive wage and salary income within
a certain range. Our sample restrictions are identical to those used by Card and Krueger
(1992a), who analyze cohorts of white men from the 1980 Census.?

We determine the effect of schooling quality on earnings by relating individual

level data on weekly wages to state level average measures of schooling inputs for the

3 See section V for a detailed description of the data sources and Appendices A and B for additional
information.



years in which the individual would have attended school. It is assumed that individuals
are educated in their state of birth. For example, a person born in Florida in the 1920-29
cohort is imputed an index of that states’ schooling inputs averaged over the years in
which his birth cohort attended school (1926-1947). The empirical measures of quality
considered in our study are two measures of the pupil-teacher ratio (one based on pupil
enrollment and one based on average daily attendance), term length, and relative teacher
salary, all of which are derived from published biennial reports from the US Department
of Education.

The strategy used in aggregate data studies to identify an impact of schooling
quality on earnings is to compare the earnings of individuals living in the same state but
educated in different states. The differential payment to persons from different states of
birth is attributed to schooling quality and not, for example, to other common
environmental influences or to the operation of selective migration. The analysis is
usually conducted within a regression framework in which log earnings are regressed on
measures of schooling quality and on additional variables to control for differences in
demographic characteristics, labor market conditions, years of experience, and years of
education.*

As shown in the next section, empirical strategies in the literature differ in the
way the quality variable is introduced into the earnings model. For example, Johnson and
Stafford (1973) assume that increases in schooling quality act uniformly across education
~ groups: everyone born in a state with relatively high schooling quality receives an
identical increase in their log earnings regardless of their state of residence or the number
of years of schooling attended. An alternative assumption, suggested by Behrman and
Birdsall (1983) and used in Card and Krueger’s (1992a) study, is that schooling quality
operates by increasing the return to education. This model maintains that individuals
with higher levels of education receive more benefit from increases in schooling quality.

Our empirical analyses suggest that many of the earnings functions commonly

adopted to model the quality-earnings relationship are too highly stylized; key

4 Mincer(1974) provides a theoretical justification for using log earnings as the dependant variable instead
of earnings levels in estimating earnings-schooling relationships.



assumptions which identify a quality effect, when tested, are easily rejected by the data.
For example, if a unit increase in quality is assumed to have the same effect on the rate of
return in all states of residence, an implicit assumption is being made that individuals’
residential choices are unrelated to the quality of their education. There is considerable
evidence against the assumption of a common effect of a unit change in quality on the
rate of return to schooling in all regions. The empirical evidence also indicates that
individuals from certain states of birth have comparative advantages in certain states of
residence to which they tend to migrate.  Also of questionable validity are the
assumptions often made that the log earnings relationship is linear in education and that
schooling quality affects earnings through a single, easily specified channel, such as the
rate of return to education. The next section shows the variety of ways in which
schooling quality might be expected to influence an individual’s earnings.

Throughout this paper and in the entire literature, the quality of schooling
available to persons is taken as exogenously given. There is no systematic discussion of
the political economy of the determination of schooling quality or of migration of
families across political jurisdictions, either in pursuit of better schooling quality or to

avoid the costs of paying for higher schooling quality.

The Framework For Organizing The Evidence

For the purpose of comparing the various earnings model. adopted in the
literature, it is useful to develop a more general framework for thinking about the
relationship between earnings and schooling quality. Express the logarithm of earnings

of individual i born in state b, in birth cohort ¢, residing in state s as

ﬁ.;bc + E ashc +€

ishc

(1) yubc = é.‘sbc + X

isbe

=1, s=1..,8;b=1.,.B, c=1,..,C ,

ishc

where 0 ,_ is an intercept term, E, ;. is education - which may be a vector or a scalar -

¢

and a ,_ is the associated regression coefficient. It is more familiar to think of F as a

scalar determinant of earnings, but our analysis can readily be extended to the vector



case, and we do so in some of empirical work. X, represents other regressors, such as
work experience, which can be parameterized in a symmetric fashion. €, is a mean zero
variable unobserved by the analyst that may or may not be known to person i.

As a model of mean earnings, equation (1) is quite general. If E,;,. were a vector
of dummy variables indicating different levels of educational attainment, (1) would
impose no restrictions on mean earnings at all. Each education - state of residence - state
of birth - cohort of birth cell would be fully described by (1). Linearity of log earnings in
years of schooling, £, imposes a strong restriction, which in fact is rejected by the data.

Both the intercept and the slopes can be decomposed into an analysis of

variance structure;’

~

(2) 0, =06,+6,+06_+6, +0_+0_,+0
(33) a.\‘bc =a.v+a’b+a’c+abc+asc+asb+asbc

~

Gb) B =B AP B AP BB+ B

For simplicity, we restrict 3 to be identical in all cells, allowing only for cohort
effects, B.. We recognize the peculiar asymmetry that this implies but follow the literature
in adopting this convention. In other work, we relax this assumption and find that doing
so affects estimates of the effect of quality on the return to education (Heckman, Layne-
Farrar and Todd, 1995). Conventional regression normalizations of the analysis of
variance are adopted to measure effects relative to omitted base state characteristics.

Aggregate studies of schooling quality measure it at the geographic level and
assume that a common quality component applies to all persons born in state b in cohort
c. The most general analysis of variance form of model (1),(2) and (3a) is fully saturated
so that there are no remaining degrees of freedom to estimate a quality effect on earnings.
To make “room” for such an effect, and estimate the effect of quality on earnings,
restrictions have to be imposed on the model. Empirical studies in the literature differ in

the way quality is assumed to operate on earnings. For example, if schooling quality is an

5 Residuals terms could be introduced to both the slope and the intercept equation to put this model in a
random coefficient framework.



additive component operating independently of the level of education - as in the Johnson-
Stafford model - then it operates solely through 6.

Schooling quality could also operate through the slope coefficients. A prototypical

restriction is the one used by Card and Krueger (1992b):

e = Ope @
where state of birth fixed effects and cohort fixed effects for slope coefficients are
absorbed into o, and a.. More general models in quality could be fit as long as the (B- 1)
(C - 1) degrees of freedom in o, are not exhausted.

Seeking to avoid bias using a standard “fixed effects” strategy, Card and Krueger
do not report estimates of the effect of quality operating through the intercepts in the
model (the 6) . They include b and ¢ specific intercepts to control for factors such as
family income that differ across states of birth and are also likely to affect individual
earnings. In some of their specifications, they also entertain the possibility that such
factors might also operate on slopes. Thus they remove state of birth and cohort specific
effects from both the slopes and intercepts of their model.

Quality can determine earnings through other channels. The average quality of
persons in a labor market could affect earnings through an aggregate supply effect on
factor prices. In this case, the state of residence-specific components (both the levels
(6,9,.) and slopes (a,, o,.)) would be functions of the total amount of quality employed
in the market. Since most studies in the literature focus on only one possible channel
through which quality operates, they understate or overstate the contribution of quality to
earnings, depending on whether quality increases or decreases the neglected components
of the pricing equation. Below, we present some evidence that increasing the total supply
of quality in a state depresses the marginal price of skill.

Aggregate schooling quality is just one of several aggregate economic variables
that are plausible determinants of state of residence effects (variables with s-subscripts).
In section V, and in a companion paper (Heckman, Layne-Farrar and Todd, 1995), we
present new evidence on the impact of aggregate stocks of human capital, physical

capital, industrial structure and schooling quality on state-wide and regional earnings
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equations. Aggregate economic variables play an important role in determining pricing
equations for labor services.

Any empirical study requires that limits be placed on the scope of the work. At
issue is how important these limits are in practice. Both Johnson and Stafford, and Card
and Krueger assume that there is no interaction effect between state of birth and the state
of residence, i.e. that 8,,=0, 6,,.=0 and a,,=0, a,=0. As noted in the next section, this
assumption implies that the return to quality (the coefficient of quality in a log earnings
equation) is the same for any state of residence. It also rules out selective migration by
individuals from states of birth to states of residence in response to the level of realized
earnings in the state. Both studies also assume that the relationship between log earnings
and education is linear.® In addition, Johnson and Stafford postulate that the slope
parameter on education is the same across all states of birth and states of residence (a,=0,
o,=0, a,,=0, a,=0, a,.=0, ag.= 0). Any one of these restrictions could influence
estimated quality effects estimated. Later, and in our companion paper, we test for the
validity of each of these assumptions and find that most are rejected by the data. When
these assumptions are relaxed, a different picture of the impact of schooling quality on
earnings emerges.

Two tables clarify table clarifies Card and Krueger’s identification strategy and
our evidence against it. For simplicity consider only a single cohort and a given level of
education, say 12 years. Let ¥, be the mean log earnings for people born in b and living

in s. Imagine a S x B table of means as depicted in Table 1(a).

6 Card and Krueger assume that the estimated relationship is linear after the second percentile of the
education distribution within each state.
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Table 1(a)

State of Birth
/ e B
I Y1 Y127 VB
State : = :
Y22 :
of
Residence _ _ :
S Vst Vs2 7 Vs

If all people who are born in b remain in b their entire lifetime the table tooks like this:

Table 1(b)
State of Birth
] . B
- _
. 1 Y1
tate . 5
of : Y22
Residence
§ _ YsB |

All the information in the table is on the diagonal.
Assuming an additive model, mean earnings can be written as,
Vo = u tay, + B
where ay, is a state of birth effect and f3; is a state of residence effect. This model assumes
that there is a state of birth effect common to persons from different states of residence
and a state of residence effect common to persons from different states of birth. If no one
migrates, then all b = s and we can never separate o, from B, ie, , state economy -
specific factors would be confounded with state-specific quality factors such as parental

background or pupil-teacher ratios.
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To identify a state of birth endowment effect, o, which is usually assumed to be
generated by schooling quality, it is necessary to have information on the off diagonal
terms. If there are two or more state of birth cohorts residing in a state of residence s, we
can eliminate the common state of residence effect to identify a, relative to oy, for two
states of birth b and b’

Vs = H T oy + B

Yy = B 0y + By

SO

Vhs = Yors = 0y = 07

One could identify the change in the value of o, from one state of birth to another using
o, - o so estimated. In some specifications considered by Card and Krueger, this is
what is done, and a, is parameterized as a function of quality in the state of birth Q,,.
When there is information on more than one cohort, one can estimate o, for each cohort,

d,., where it should be recalled that “~” denotes the raw data on the interaction before
main effects are eliminated. Taking deviations of o, around cohort and state of birth

means gives,

~

A, <0, - Q= Oy
where oy, was defined earlier in equation 3(a). Card and Krueger assume that this
interaction is a linear function of the quality of education for each cohort (c) (Q,,) so

*) Ope = @ Qe .
© is identified by comparing two or more states of birth
Le **) Qpe = Opyre = P(Qpe - Qo)
or by comparing any two state of birth cohorts, e.g.

Ope = Aper = P(Qpc = Qber)

or

Ope - Oprer = P(Qpe = Qprer)-

7 Assuming the normalizations Z a, = 0and Z B, = O identifies each component relative to p.

Otherwise, the components are identified relative to an omitted category.
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By dividing the left hand side by the quality contrast, ¢ can be identified. In fact, it is
clear that if the contrasts are taken only within cohorts, a c-specific @, @, can be
identified. If contrasts are taken within states of birth, a b-specific ¢, @y, could be
estimated.

Crucial to the Card-Krueger strategy is the assumption that there are no
interactions between state of birth and state of residence L.g, that in a model with
interaction

Vo T R T a,+B,+ A,
Aps = 0. If this is not true, then
Vhs = Vpy = 0y =0, + Ay - A,

Estimated relative state of birth effects now depend on particular choices of the states of
residence. Although unlikely, it might so happen that a model like (**) could still be true
if unit increases in quality had the same effect on the rate of return across all states of
residence. That is a testable restriction which we reject in 1970, 1980 and 1990. More
generally, we test for the absence of interaction (A, = 0) and reject it in all years we
consider. The presence of such an interaction is consistent with patterns of comparative
advantage for individuals from certain states of birth in certain states of residence, that
induce individuals to migrate to exploit favorable economic opportunities.?

Allowing for non-zero interaction (A, # 0) greatly affects inferences about the
size, sign and statistical significance of estimates of schooling quality on the return to

schooling as we note below.

IL A Comparison of the Aggregate and Individual Level Data Approaches
Previous empirical studies of the quality-earnings relationship can be broadly

classified as following either the “aggregate data” approach or the “individual level data”

approach. Under the individual level data approach, individual earnings are related to

quality indicators from the school actually attended by the individual. The aggregate

8 See, ¢.g.. Heckman and Scheinkman (1987) or Rosen (1983) for discussions of how non-uniform pricing
of attributes across sectors in an economy gives rise to the problem of self-selection. Heckman and
Scheinkman present empirical evidence against uniform pricing in the U.S. economy.
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approach relates individual earnings to state or area-wide averages of school quality. In
addition, earnings data are sometimes aggregated as well.

The main criticism directed against the individual level data approach is that
estimates of the effect of quality on earnings are subject to the problem of “sorting bias.”
The quality of a person’s schooling tends to be correlated with family background
characteristics. In a regression of earnings on schooling quality, if variables such as
family background affect earnings but are omitted from the analysis, then part of their
effect will be wrongly attributed to quality.? Researchers attempt to control for sorting
bias by including variables in the regression like family income or parental education to
proxy for family background, but estimates are nevertheless subject to the uncertainty
that the control variables may be inadequate for removing the bias.

The aggregate data approach is sometimes promoted as a remedy for the sorting
bias problem. By averaging quality variables over large enough areas (such as by school
district or by state), there is likely to be less correlation between the quality measure and
family background effects, which mitigates the selection problem. However, in light of
the empirical evidence this claim is implausible. Because the micro level studies wrongly
attribute some of the family background effect to quality, estimates from the micro
studies should provide stronger support for the quality hypothesis than the estimates
based on aggregate quality measures. Yet in practice, the opposite occurs: the aggregate
studies show a stronger effect of schooling quality on earnings than individual level
studies.

Evidence of stronger estimated effects of school quality on earnings and test scores
as the level of aggregation in the school quality measure increases (from schools to states) is
consistent with a story that emphasizes measurement error in schooling quality that is
averaged out in state aggregates (Betts, in this volume; Hanushek et.al, 1994). It is not
consistent, however, with plausible models of sorting in response to quality differentials.
Almost all of empirical studies, including those by Johnson and Stafford (1973) and Card

and Krueger (1992a), assume that quality is exogenously determined. But this assumption

9 The coefficient on quality will be upward biased when the omitted variables positively affect earnings
and are positively correlated with quality.
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is a dubious one given the established connections between family background and
education. A more complete account of the impact of schooling quality on earnings would
close the model by including an analysis of how quality is determined. Evidence that
aggregate measures of quality produce stronger effects of quality in equations estimated on
micro data is not consistent with a story of quality determined by schools and parents unless
redistribution across school districts is against high-achieving students. If school
authorities choose to award high-achieving students (or schools) with more resources, and
resources raise outcomes, averaging the data should weaken and not strengthen estimated
input-output relationships.! Assumptions about how quality is determined are key to

interpreting the results in any analysis of the schooling quality-earnings hypothesis.

III. Migration: The Source of Identifying Information in Aggregate Data Models

Sorting bias and measurement error are not the only problems that arise in
identifying the impact of schooling quality on earnings. Differences in earnings among
individuals with the same educational attainment level could be due to differences in
ability, regional differences in cost of living, or regional differences in production
technologies. Shifts in demand and supply for different types of human capital can also
affect earnings. Finally, individuals can change their eamings simply by moving to
different locations. Our ability to isolate the effect of quality on earnings depends on our
ability to control for all of these other relevant determinants of earnings.

As noted in the discussion surrounding tables 1(a) and 1(b), earnings data on
migrants are essential in identifying the impact of schooling quality on earnings using the
aggregate approach. Recall that if there is no migration across states, one cannot isolate a
quality effect from other state - specific effects. If we only observe earnings for people
born in a state and living in it, earnings differentials could be due to cost of living,
technology, or demand and supply effects that vary across states.

Random migration across states produces exogenous variation in quality and a

quality effect on earnings can be identified. This is the most favorable case for the

10 See Heckman, Layne-Farrar, and Todd (1995) for a model of quality determination that reconciles the
literature’s unusual finding of stronger quality effects for higher levels aggregation in the data.
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aggregate data approach. If migration is nonrandom, however, it is necessary to
distinguish state of residence effects from quality effects. The two are conflated.

To see why, it is fruitful to examine the factors likely to influence a person’s
decision to migrate. If prices of productivity attributes are uniform across all states, no
one has an incentive to migrate. One can earn the same income in all locations!!. Below,
we present evidence against this assumption. If it is not satisfied, migrants will take into
account their expectation of their prospective earnings in alternative destination regions.
The expected gain from migration depends on the prices of attributes, which are
determined from state aggregates through demand and supply forces. For example, if a
state experiences an increase in the demand for skilled labor, we would expect to see
migration from states producing higher schooling quality to states demanding the skills, if
those states are different. There could be a pattern of educational selectivity among
migrants, which has often been noted. For example, Hamilton (1959) observes that over
the period 1940-1950 outmigrants from the South tend to come from the lower and upper
ends of the education distribution. Of these migrants, the relatively better educated went
to the North and the more poorly educated moved to the West.

Table 2, which compares the wages and quality of migrants with those of
nonmigrants, reveals a pattern of selective migration.!? For the majority of cohorts and
education levels, migrants’ wages exceed natives’ wages. Migrants’ average schooling
quality is generally higher as well, although this relationship is weaker than the
relationship for wages. If migration were random, there should be no systematic
difference between the weekly wages of migrants and nonmigrants. Table 3, using just
the 1980 Census data, summarizes the migration patterns of persons born in different
regions and provides the strongest evidence against the assumption of random migration.
Persons born in a region are much more likely to live in it. This relationship is strongest
for persons with less education and for persons born in the Pacific region. Moreover,
among persons who move, the pattern of regional migration is not the same for all

regions of birth.

1T After allowing for differences in earnings levels due to differences in amenities across regions.
12 See section V for a discussion of the data sources, or Appendices A and B for detailed information.
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Given persuasive evidence in favor of selective migration, and the evidence we
present below that quality and education are priced differently in different regions,
estimated quality effects produced from models that assume that migration is random are
questionable unless one can claim that all relevant factors determining earnings are
adequately controlled in estimated earning functions. In section V, we estimate
alternative specifications of earnings equations to account for migration. But first we

examine the quality-earnings relationship more closely.

IV.  Testing Monotonicity of the Quality - Earnings Relationship

The central premise of the guality-earnings hypothesis is that higher quality
schooling produces higher earnings. In Table 1(a), the column associated with the state
with the highest birth quality should be bigger, element by element, than any other
column in the table. This premise alone is almost a tautology, because “quality” per se is
something that yields a positive benefit to the recipient - in this case higher earnings. To
make the premise empirically interesting, we must further assume that quality levels can
be measured in terms of such indices as pupil-teacher ratios, teacher salaries, and term
lengths. We can then devise tests for the hypothesis, since the variables in question are
observable.

If we assume that quality has a uniform effect on log earnings at all education
levels (as in the Johnson and Stafford model described in Section I), then it follows that
within every education level, the wages of persons with different levels of schooling
quality should be ranked according to their quality rankings. This can be seen in the
following diagram, where we assume that New York’s schooling quality is higher than

that of Alabama:
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Figure 2(a): Comparison of Wages of Persons with Different School Quality Levels

educated in New York

log earnings educated in Alabama

years of education

However, if we assume that the effect of quality operates by increasing the rate of
return to education (the slope parameter) and also affects intercepts, then it could happen
that the ranks by schooling quality and ranks by wages would not coincide at all
education levels. Figure 2(b) shows how this might occur!3. However, an implication of
the Card-Krueger model is that at any education level, the ranks by state of birth would

be the same in all labor markets.

Figure 2(b): Comparison of Wages of Persons with Different School Quality Levels

educated in New York

log earnings educated in Alabama

years of education

13 We thank Gary Burtless for clarifying comments on these points.
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In figure 2b, the slope is higher in New York but the intercept is lower. Nonetheless, at a
given level of education , the relative ranks of New York - and Alabama - born persons
should remain the same across all labor markets.

This discussion suggests the two rank tests that we perform in this section: (a)
tests that rankings in wage distributions correlate with rankings in quality distributions
and (b) the weaker test that relative rankings by state of birth within education levels
should be the same in all states of residence. Both are implications of the assumed
absence of selective migration on the basis of realized earnings.

We now present evidence from the rankings of quality and wages across state and
regional labor markets. The evidence generally supports the key idea in Figure 2a - that
the lines do not cross - but does not support the hypothesis that the height of the non-
interesting lines is positively - or negatively - related to schooling quality or that the ranks
by state of birth within state earnings distributions are the same for all states at any level
of educational attainment. Thus Figure 2(c), showing no systematic relationship between
measured quality and earnings, is a more appropriate summary of our evidence, where
Connecticut is assumed to have the highest quality of schooling and Alabama the lowest.
Different returns to education for different states of birth may result from common
environmental influences, from the operation of selective migration, or from schooling

quality that is not captured by our indices.
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Figure 2(c): Comparison of Wages of Persons withi Different Schaol Quality Levels

educated in Connecticut

log earnings educated in Alabama

educated in New York

years of edycation

Table 4a and 4b display Kendall-Tau correlations (with p-values in parentheses)
between the rankings of four different quality measures and mean wages for individuals
with 12 and 16 years of education, respectively. Correlations are calculated separately
within regions of residence to allow for cost of living differences.!* The results show no
support for a relationship between the quality rankings and the mean wage rankings.
Tests based on median instead of mean earnings yield similar results.

It is useful to ask what explanations are consistent with our finding of no
correlation between quality and wage rankings. One possible explanation is that states
differ in their production technologies for transforming schooling inputs (the variables
that are measured in the literature) into the output, quality education. This notion is
consistent with Hanushek’s (1986) observation that efficiency in translating educational
inputs into outputs, and not just the absolute level of inputs, is important. The level of
efficiency can vary across states. It may be affected by factors such as the strength of
teacher unions, state laws governing education, and individual teacher proficiency. State
education quality-earnings production functions may not be monotonic in quality.

Selective migration based on prospective gains and individual-specific costs is

another possible explanation for the observed patterns. Suppose that persons born in

14 The p-value is the smallest level of significance at which the null hypothesis would be rejected. A low
p-value indicates that the departure of the test statistic from the value specified by the null is an unlikely
event under the null and therefore leads to its rejection.
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different regions receive different quality endowments, face different costs of migrating,
and expect different payoffs in destination regions. Even if higher schooling quality
raises productivity in all regions, the pattern of migration choices need not imply strict
dominance of the wages of persons from high quality origins in all destination regions.
Persons migrating long distances will tend to have higher earnings in all destination
regions than those persons making short moves or no moves at all. The results we
presented earlier in Tables 2 and 3 are consistent with this hypothesis. While we find that
migrants’ wages consistently lie above nonmigrants’, no strong link with schooling
quality is evident.

Nonmonotonic school quality-earnings relationships, the operation of selective
migration, or measurement error in the quality indices could account for the lack of
correlation between wage and quality rankings. This evidence casts doubt both on the
empirical validity of simple quality of schooling models and on the existence of invariant
schooling quality measures that successfully predict relative success in different
economic environments.

If schooling quality determines ranks in wages but cannot be measured by our
indices, or if the reversal depicted in Figure 2(b) is conceivable, it is still possible to test a
weaker form of the quality-earnings hypothesis nonparametrically. If the hypothesis is
true, and there is no selective migration, persons at a given education level from a
particular state of birth will tend to have the same relative rank in the wage distributions
across all regions of residence. ! The quality hypothesis would predict invariance in the
state-of-birth wage rankings across all regions of residence for each education level under
either of the wage-education relationships depicted in Figures 2(a)-(b). Table 5 presents
Kendall Coefficient of Concordance statistics (and p-values) for stability in the region of
birth wage rankings across regions of residence and provides some support for this
implication of the hypothesis. The 1990 Census data show the strongest support for
stability in the rankings with several significant p-values. Thus, waile rankings of the

widely used empirical measures of schooling quality and earnings appear to be

15 When making wage comparisons across different labor markets, rank comparisons are much more
robust than level comparisons, since they are not sensitive to regional differences in costs of living.
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uncorrelated, rankings of earnings by region of birth show some evidence of stability.
The stability of the ranks is consistent with unobserved quality producing a stable
earnings relationship and in this sense is consistent with the schooling quality model.
The evidence is, of course, also consistent with a mode! that unobserved family
background or income effects determine earnings. Any variable that differs across states
of birth is a candidate for explaining this relationship.

It is striking that the measures used in the literature to establish a schooling
quality-earnings relationship do not survive a nonparametric test. This rejection of the
schooling quality hypothesis suggests that the earnings-schooling quality relationships
reported in the literature may be artifacts of arbitrary functional form assumptions or
other empirical procedures. Keeping this evidence in mind, we next examine the models
used in two representative studies of schooling quality that find significant effects of
measured school quality variables on earnings. We focus on the question of choosing an

appropriate functional form for the earnings-quality relationship.

V. An Empirical Exploration of Two Representative Models

Empirical studies using different functional forms find different effects of
schooling quality on earnings. To gain an understanding of how sensitive estimated
effects are to changes in model specification, we examine two representative models.
The first is that of Card and Krueger (1992a) and the second is a version of their model
adapted to accommodate certain features of the Johnson-Stafford (1973) model. Both

studies identify quality effects using aggregated data.

Description of the Data

As mentioned in section I, our data come from the 1970, 1980 and 1990 Census
samples. To maintain close comparability between our results and those of Card and
Krueger (1992a), we replicate as closely as possible their 1980 Census samples and
construct samples from the 1970 and 1990 Censuses in the same way. Our study focuses
on white males from five birth cohorts: 1910-19, 1920-29, 1930-39, 1940-49, and 1950-

59. Appendix A summarizes the sample exclusion restrictions and gives exact sample
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sizes for the different extractions. The sample sizes for the micro-data regressions are
quite large, ranging from around 100,000 to nearly 600,000.

Our study draws upon state-level data quantifying three broad aspects of
schooling quality for full-time public secondary day schools (grades K-12): average term
length, average annual instructional staff salary, and pupil-teacher ratios. For the most
part, our quality data come from the Biennial Survey of Education. The data sources, as
well as descriptions of the quality variables, are given in detail in Appendix B.!6 We
consider two measures of the pupil-teacher ratio - one based on pupil enrollment and one
based on average daily attendance. For the earlier cohorts, who were not subject to
mandatory schooling laws, and for more rural areas with family farming demands, the
attendance based measure is probably a better proxy for true quality.!”

A fundamental problem in establishing an empirical quality-earnings relationship
is the difficulty in obtaining consistent measures of schooling quality. The commonly-
used indices are sometimes inversely related to one another. If budget constraints are
binding, as teacher salaries rise, there should be a concurrent increase in classroom size.
That is, one measure would indicate an improvement in quality while another indicates a
decline. We present evidence demonstrating conflicts among alternative measures of
quality in Table 6. Alternative measures are not always positively correlated and even

when they are, the correlation is far from perfect.

Specific Functional Forms: The Card and Krueger Model

Card and Krueger postulate a linear equation for log weekly earnings, y. In their
specification, y depends on a person’s state of birth (b), state of residence (s), years of
education (E), and several demographic variables (X). Their definition of education is
somewhat unusual: E is the years of education above the level attained by the bottom 2%

of people in the education distribution. The demographic variables included in X are a

16 We use a different regional deflator from that used by Card and Krueger to construct our relative teacher
salary measure. Also, we use a term length measure that refers only to whites for the states that report a
race specific measure. These differences are discussed in detail in Appendix B.

17 Most state mandatory school attendance laws were not passed until the early 1920s. Sometimes state or
district educational funding depended upon enrollment, in which case there was an incentive for schools to
inflate enrollment numbers.
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marital status indicator, potential work experience, potential work experience squared,

and an indicator for whether an individual resides in a metropolitan area. The earnings

function for individual / is written as:

“4)

yn‘hc = 8hc + “vc + ‘Yrc ' Bc + Elbc (Y he + pr(‘)+8lhﬁ'c
Elhc = Max(elhc - nc ’0)

i refers to the individual, b to the state of birth, s to the state of residence, r to the
region of residence (The nine regions defined by the Census are geographically
contiguous groups of states), and c to the birth cohort

eipsc 1S the actual number of years of schooling completed, 7}, is the bottom second
percentile of the education distribution for men born in state b of cohort ¢

Y4 is the "return” to education for an individual born in state  in cohort ¢

8. captures the cohort-specific fixed effect for state of birth b

i,. represents a cohort-specific fixed effect for state of residence s

P, is a region of residence effect which is meant to capture regional labor market
shocks to the return to education. The region of residence coefficients are normalized
to give deviations around a national mea.n.18

€:ssc 1S @ stochastic error term assumed to be identically and independently distributed

(1.i.d.) across individuals

Using a model of the impact of quality on earnings suggested by Behrman and

Birdsall (1983), Card and Krueger introduce schooling quality into the earnings function

by assuming that quality increases the rate of return to education, y,. They posit a linear

relationship between the rate of return for individuals born in state 4 in cohort ¢ and

educational quality (Q,.) , as measured by the pupil-teacher ratio, term length and teacher

salary:

I8Card and Krueger set Z L P =0, where £, is the fraction of cohort ¢ living in one of the nine

r
Census regions. Therefore, the y,. parameter includes the national cohort mean education return.
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(5) chzab+ac+ch.(P

The return to education is allowed to depend on the state of birth (through fixed
effects o) and on the cohort (through ), but the marginal effect of quality is assumed to
be the same for all birth cohorts and for all states of birth. The key parameter in the
quality-earnings relationship is "¢". Estimates of ¢ are obtained from a two-stage
procedure regressing estimates of y,. on ;..

Several features of this specification are noteworthy. First, observe that the
parameterization of work experience (included in X)) is not symmetric with respect to
the parameterization of education. The effect of experience is permitted to vary by birth
cohorts but not across states of birth, as is the case for education. Since work experience
is a form of human capital that is complementarv with formal schooling, and participation
in formal schooling increases the rate of accumulation of job training (Mincer, 1974), it is
not obvious that it should be treated asymmetrically. When we parameterize experience
more generally, we find that estimated schooling quality effects operating through the
return to education weaken, but there is little evidence of a quality effect operating
through estimated returns to work experience.!?

Second, this model assumes that the log earnings-quality relationship is linear
above a 2% threshold, and that there is no return to education until the 2% level.20
Below, we test and reject the assumption that earnings is linear in education for all three
Census years. In the data, there is evidence of “sheepskin effects” - discrete jumps in the
return to education upon completion of a degree. When the linearity assumption is
relaxed to account for these effects, the only support for an effect of school quality on
earnings comes through the marginal return to college attendance.

Third, the specification in (4) rules out state of birth-region of residence

interactions both in slopes and intercepts. We test this hypothesis and reject it. There are

19 See Heckman, Layne-Farrar and Todd (1995) for this evidence.

20 The second percentile of most states for the later cohorts is around 8-9 years of education. In our
sensitivity analysis, we find that assuming linearity above a 2% threshold verses assuming linearity in
actual years of education makes little difference to the estimated effects of quality.
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differential returns to skills, including quality, across different regions. Differential
pricing of individual productivity attributes, such as quality, could induce selective
migration, in which case the residual, €, , is unlikely to be exogenous with respect to
state and region of residence indicators. When we estimate a model that includes
interactions between region of birth and region of residence to account for nonrandom
migration decisions, estimated effects of schooling quality often reverse sign or become
imprecisely determined.

Fourth, the specification in (4) assumes that returns to education are region-
specific. The addition of an education-specific regional component to the education
return is a valuable contribution of the Card-Krueger model. We test and do not reject
the hypothesis that returns are region-specific. However, when we allow for nonlinearity
in the earnings equation, we reject this specification for higher (post 12 years) levels of
education. For persons with college degrees there is a national labor market; regional
labor market effects are unimportant. Heckman, Layne-Farrar and Todd (1995) examine
the theoretical implications of the evidence of statistically significant education-specific
regional interaction effects for conventional “efficiency units” models of labor quality.
We reject the “efficiency units” specification of labor input and other common
specifications of the pricing of labor services that are widely used in macroeconomic
labor market analyses.

Finally, as noted in section I, the specification given in (4) and (5) defines the
effect of schooling quality on earnings solely as the effect of Q on the slope coefficient,
¥se (0p+ty in the notation of the analysis of variance model presented in section I). This
ignores the possible contribution of quality through the intercepts in the model, §,. and
i, (the © components in our ANOVA decomposition). Focusing only on the effect of
quality operating through y,. may understate or overstate the contribution of quality to
the level of wages.

The specifications considered by Card and Krueger ignore the effects of quality
and other economic aggregates on the location of residence component to the return to

education p,. (o, in our previous notation). We introduce such aggregates into the
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analysis and produce a richer economic model of the earnings function in the tradition of
Tinbergen (1975) and Sattinger (1980). Of importance to the immediate discussion is our
finding that quality aggregates often act like a supply shock and depress returns to skill.
Measuring the effect of quality solely through y,. (o, or o,+a,. ) generally overstates
the contribution of quality to the total educational return.

Because there are components in the model which could plausibly be affected by
schooling quality that are not considered in specification (4), evidencc that ¢ =0 is not
necessarily evidence that schooling quality does not affect earnings. Conversely, evidence
that ¢ # 0 is not evidence that schooling quality raises earnings, because an offsetting
reverse effect could operate through 9§, or p,. In the next two sections, we shed light on
this question by presenting empirical evidence of how quality affects earnings through the

variov's channels just discussed.

Replicating and Extending the Card-Krueger Model

We have replicated Card and Krueger's study using both their schooling quality
data (presented in Table 1 of their paper) and ours. The results of the two replications are
similar, so we only present the results using our quality data.2! We use the ANOVA
notation introduced in section I to focus attention on the different components of the
return to education that might be affected by schooling quality. Our current notation
differs slightly, because some components of the model are stated i~ 1erms of region of
residence and region of birth (denoted by r(s) and r(b)) instead of state of residence and
state of birth. For now, we consider the effect of quality operating through the slope

parameters as do Card and Krueger.22 Later, we also examine the effects of quality on

21 We actually make a minor correction to Card and Krueger’s model by including deviations around
regional means in the second stage. Speakman and Welch (June, 1994) make the correct point that, in
general, it is necessary to deviate the second stage regressors around regional intercepts to obtain consistent
estimates of schooling quality’s effect. One can show that Card and Krueger bias the evidence against
themselves using their procedure, but the effects of correcting the adjustment are minor (see Heckman,
Layne-Farrar, and Todd, 1995). The procedure Card and Krueger follow is correct only when migration by
individuals is random. Random migration guarantees that regional means are national means, so taking
deviations around regional means is not required.

22 After having determined through sensitivity analysis that Card and Krueger’s model assuming linearity
in education above the 2% yields very similar findings to a model assuming linearity in actual years of
education, we decided to use the latter, more conventional modeling assumption.
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intercepts (0 terms in (1)). In the ANOVA framework, the second stage regression model
decomposing the total rate of return to education into cohort, state of birth, and region of

residence components is given by:

(6) Total Rate of Return = ar(s)hc o to,tat Qs + Qe + ALrrs)c + Qrrsiren) + Qrsjbsic s

o, allows for a cohort-specific mean, o, and o, are the state of birth components, o,
and a, ). are the region of residence components, and o, ), and a4, are interactions
between the state of birth, region of residence, and cohort. As noted in section I, the
Card-Krueger model assumes the effect of quality operates solely through the state of
birth components a, and o, and suppresses region of birth-region of residence
interaction terms (Q,(,3=0, ®,),3=0). We initially maintain the assumption of no
interaction effects but later relax it.

Table 7a presents results from our analysis of the1980 Census. The specifications
similar to the Card and Krueger model write a,. and o, as a function of quality (see
columns one, two and three in Table 7a). Column one reports estimates of the effect of
Q, as measured by the pupil-teacher ratio, on a,.. We use the more interpretable pupil-
teacher ratio based on days attended rather than a measure based on days enrolled. The
only difference between column one and two is the addition of two other quality
measures--teacher salary and term length. The third specification is similar to the
second, except that o, is suppressed resulting in a single intercept term, rather than state-
of-birth-specific intercepts.?3

The coefficients in columns one through three are not identical to Card and
Krueger’s due our correction of taking deviations from region means instead of national
means, our use of an attendance-based instead of an enrollment-based pupil-teacher ratio,

our use of a different definition of teacher wages, and different standard errors.24

23 The numbers in column 3 show the total effect of quality operating through both a, and at,.. Columns 1
and 2 show the effect of quality operating through o, alone.

24We use Eicker-White robust standard errors in the second stage instead of estimating by GLS. This
generally reduces the magnitude of the quality coefficients slightly, but the differences are not substantial.
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Despite these differences, our empirical results are very similar to theirs.25 Using days
attended instead of enrolled weakens but does not eliminate the estimated impact of the
pupil-teacher ratio on earnings. Deviating right-hand side variables around regional
means also has only a slight effect on the estimated size and statistical significance of the
coefficients.

In the first two columns, which include state of birth intercepts, the effect of
quality is identified using variation in the rates of return for state of birth and cohort of
birth removing cohort and state of birth means. The third column reports results from a
model that suppresses the state of birth intercepts. This specification adds back the state
of birth means and so identifies the effect of quality using variation in the rates of return
for state of birth and cohort of birth removing only cohort of birth means. Contrary to the
findings of Card and Krueger (1992b), the estimated effect is not robust to the exclusion
of the state of birth intercepts intercepts: the third column shows the weakest results and
frequently the sign on the pupil-teacher ratio reverses. However, if one wished to remove
state of birth “fixed effects” from the estimated rate of return, then the estimates reported
in the third column would be of no interest.

The results for 1970 and 1990 data may be found in Appendix C, tables 7b and
7c respectively.26 For the first three columns which extend Card and Krueger’s analysis
to different data sets, the pattern found in the 1980 data of significant quality coefficients
is upheld in the 1970 and 1990 data. The insignificance of the coefficient on the term
length variable in 1970 is one exception. The quality effects estimated for 1990 are
stronger (in absolute value terms) and are statistically more significant.

To aid in the interpretation of the estimated quality (Qy.) coefficients, Table 8

shows the effects of hypothetical improvements in schooling quality on earnings for two

An appendix showing comparable results using GLS estimation as well as results using the enrollment
based pupil-teacher ratio is available from the authors upon request.

25 When we used Card and Krueger’s exact model and quality data, we were able to replicate their
estimated coefficients almost exactly.

26 We focus on the 1980 Census data in order to facilitate comparisons with Card and Krueger’s results.
Note that the 1970 sample contains an additional cohort as compared to samples from 1980 and 1990. We
include the 1940-49 cohort in the 1970 sample so that one cohort may be followed across all three Census
years.
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education levels. No single quality variable emerges as the most important for affecting a
change in eamnings. The potential increases in earnings from changes in the relative
teacher wage and term length are relatively larger in 1990. This pattern of amplification
of estimated quality effects in 1990 is consistent with other evidence that the returns to
schooling and ability have increased between 1980 and 1990. Contrary to claims in the
literature, the effect of schooling inputs on earnings increased over the period 1980 to

1990 as the returns to education have increased.?’

Table 8
Effect of Hypothetical Improvements in Quality
on Earnings for High School Graduates and College Graduates
Model: Extension of Linear Model (coefficients given in tables 6a-c, column 2)

1970 1980 1990
Change in Quality 12 16 12 16 12 16
years | years | years | years | years | years

Decrease pupil-teacher ratio
(attendance based measure) by 5 T5.33% T7.12% T3.76% T5.0]% T6.40% T8.53%
Increase relative teacher wage
by 30% 14.32% | 15.76% | 17.49% | 19.98% | 19.32% | 112.4%

Increase term length by 10 days

10.89% | 11.18% | 11.28% | 11.71% | 17.74% | 110.3%

(1) Because returns are assumed to be linear in quality, the effects of other magnitudes of quality
changes are easily found by rescaling the numbers in the table.

The remaining four columns in Table 7 extend the model beyond the original
Card and Krueger specification . The model reported in column four differs from those in
the previous columns by allowing each element of quality to have a cohort-specific effect.
The estimates in this column thus indicate how measures of schooling quality affect
returns to education for different cohorts. As Table 7 shows, for all Census years,
estimated effects of the pupil-teacher ratio weaken or become perverse for more recent
cohorts. This evidence supports the argument of diminishing variability in schooling

quality in recent cohorts. Contrary to this argument, however, variability in term length

27 Recall, though, that aggregate quality measures are virtually identical across the states by 1940 (see
figures 1a and b). It is therefore important to distinguish between changes in the quality measures
observed in the data and potential changes.
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has also declined considerably, but its estimated effect is strongest for more recent
cohorts.28

The specifications reported in columns five and six investigate how regional
aggregates of schooling quality affect the regional component of the return to education
(o, and o, ). Earnings functions are not solely determined by individual attributes
but also depend on how the attributes are valued in the labor market. Therefore, we
examine how the return to education is affected by variables that describe the local labor
market, including the aggregate stocks of human capital. We allow the regional
component of the educational return (o, and . in equation (6)) to depend on

regional demand and supply aggregates Z:

ar(s)c = Z

r(s)c n

Oy = Ly T
It is through these channels that the first-order effects of economic aggregates should
flow. The regional aggregates (Z) considered are average schooling quality, education
levels, and industrial composition.

In all three years, the estimates reported in columns five and six of Table 7 are
consistent with a supply-shift hypothesis. When regional averages of the quality
measures are added to the model, higher aggregate quality levels produce lower rates of
return.?? In column 7, we consider additional regional aggregates: the regional stocks of
different levels of education and the percent of the workforce in manufacturing,
interpreted as a demand shifter. In this specification, the coefficients on the quality
variables are only partially consistent with a story that aggregates act like supply shifters;
for example, average daily attendance has the wrong sign. The variables capturing the
educational distribution of the workforce are highly statistically significant. Increases in
the proportion of the labor force in the middle range of schooling (high school and 1-3
years of college) depress returns at the mean, while increases in dropouts raise the return

at the mean. This is consistent with complementarity in production for inputs across

28 The coefficients in column 4 appear to be most strongly affected by the estimation method. GLS yields
more significant quality coefficients than OLS with Eicker-White standard errors.

29 Recall that a positive coefficient on the pupil-teacher ratio means that as quality worsens, the rate of
return rises.
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different skill groups. An increase in the proportion of workers near the educational
mean depresses mean earnings. Except for 1980, increases in the percentage of the
workforce in manufacturing reduce the returns to schooling (see tables 7b and 7¢ in

Appendix C).

Specifications five through seven also reveal that the estimated quality effects
operating through o, are robust to the inclusion of regional aggregates in the model. The
coefficients on individual quality measures are unchanged by the addition of the regional

aggregates (compare to column 2).

Overall, these results show that we replicate Card and Krueger’s general findings
of significant quality effects with two additional Census years. Quality effects are

especially strong in 1990.

The Effect of Quality Operating Through the Intercepts of the Card-Krueger Model

The analysis of Johnson and Stafford (1973) models the effect of schooling
quality operating through intercepts of the earnings equation rather than through slope
parameters.3® Quality has a uniform effect on log eamings regardless of the level of
education, as is depicted in Figure 2(a). However, the nonparametric rank tests discussed
in section II decisively reject a simple monotonic relationship between quality and
earnings. Therefore, we do not replicate their model here.

Nevertheless, their findings motivate us to consider the effect of quality on the
intercept parameters in Card and Krueger’s model. This is an interesting exercise
because it informs us how quality may operate through yet another channel - one
explicitly ignored by Card and Krueger in an attempt to control for “fixed effects” bias
arising from omitted state of birth and state of residence specific intercepts. In the
ANOV A notation, the equation decomposing the model intercepts into the cohort, state of

birth, and state of residence components is:

~

(7) esbc =es+eb+ec +ebc +esc +esb +esbc .

30 Johnson and Stafford (1973) test for both a slope and an intercept effect and find only the intercept
effect to be significant, so they use an intercept model as their preferred specification.
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We maintain the assumption of their model that 6,,.=6,,=0 and now estimate the effect of
the empirical measures of schooling quality on 6,,0,.,6,, and 9,..

In columns one through three of Tables 9a, the state of birth intercept terms are
parameterized as functions of quality. This table contains results for the 1980 Census
and analogous tables for 1970 and 1990 are found in Appendix C, Tables 9b-9¢c. The
specifications given by each of the columns are analogous to those discussed in relation
to the slope parameters. In our treatment of the intercept terms, we use state of residence
instead of region of residence to index the current location variables. Most of the
estimated coefficients on the quality variables are statistically significant. In Table 9b,
for 1970, the pupil-teacher ratio operating through the intercepts supports the quality
hypothesis and reinforces the slope effect seen earlier in Tables 7c. In 1980 and 1990,
however, the effect of the pupil-teacher ratio operating through the intercept sometimes
reinforces and sometimes counters the effect, depending on the model specification. For
the term length and teacher salary variables, we find evidence that the effect of quality on
earnings operates through the intercept parameters in a direction opposite to its effect
through the slope coefficients for all three years. Hence, focusing only on an estimated
quality effect operating through slope coefficients leads to an gverstatement of the effect
of the quality variables on earnings. Specification four, which allows the quality
coefficients to differ across cohorts, generally supports these conclusions.

In columns five through seven, the state of residence intercepts are parameterized
to be functions of regional aggregates. The signs of the regional average quality measures
(Qys)) are affected by whether other regional aggregates are included in the model. They
are not always consistent across Census years. The coefficients of the state of birth

quality variables (Qy,) are robust to the inclusion of these aggregates.
Questioning Linearity

Another critical assumption, and one that is standard throughout the literature, is

the specification that log eamnings equations are linear in years of education.3! This

3! An exception is a study by Wachtel (1976), in which the quality relationship is estimated separately by
educational attainment level.
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assumption implies that the percentage earnings gain from a one year increase in
schooling attainment is the same from ninth to tenth grade as it is from 3 to 4 years of
college. The linear model does not allow for possible “sheepskin effects,” which might
be expected to occur upon completion of a high school or college degree. Furthermore,
the linearity assumption imposes a severe limitation in the way quality is allowed to
affect earnings. In the model given by equations (4) and (5), quality enters only
interactively with education, imposing the restriction that a change in quality has a
progressively larger effect at higher levels of educational attainment.

We test the linearity assumption by adding “sheepskin” effects (dummy variables
for grade completion) at grades 8, 12, and 16 to equation (4). We then perform simple F-
tests on the significance of the sheepskin effects, presented in Table 10.32 The data
strongly reject linearity for most cohorts in the three Census samples and support the
notion of sheepskin effects especially for post-secondary schooling. To illustrate the
magnitude of the sheepskin coefficients, they are plotted for the 1980 Census, 1930-39
cohort in Figure 3. Because the Census sample sizes are rather large, there is a tendency
to reject the null hypothesis of no sheepskin effects. We show the significance of the
coefficients at the 0.1% significance level (“+” indicates significant at this level). There
is clear evidence of discrete jumps in the return to education, especially for completion of
a college degree. There is no support for the linearity hypothesis, a finding consistent

with previous reported results in Solon and Hungerford (1987).

A Nonlinear Model

The data indicate that the return to additional years of education varies with the
level of education, so we revise the earnings model to allow for nonlinearities in the log
earnings equation. Given the evidence of especially significant sheepskin effects at the
college level, we estimate a model that allows for discrete jumps in the return to

education at 1-3 years of college and at 4 or more years of college.33 Thus, the model is

32 The F-tests are joint across all states of birth for each cohort at each level of schooling (8th and 12th
grades and 4 years of college).

33 Since each additional education category adds 76-120 parameters to the model ( depending on the
specification), we did not introduce more than two marginal returns. Even though the nonlinear model is
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more flexible than the standard linear model. 3 Since the samples we use are very large,
it may be the case that the statistical rejections reported above are of little economic
consequence. Linearity may not be grossly at odds with the data. Relaxing the linearity
assumption would then have only a slight impact on estimates of the effect of quality on
schooling - a hypothesis we test and reject below.

The nonlinear model can be written as:

1
ishe

(8) y,'bu = e‘m +ar(.€)hc .e +Q T

2 2
ishe r(sbe +a r(s)be T ishe + Xihsc ' Bc + Sib,«c

where

7 — 7 i)  —
O phe =)+ o)+ ol + oh + ol , j=012

ris}) r(s)c

9sbc = 9c-{"eb'+-9bc +es+esc

T =

ishe

, {1 if individual i completed some college but less than 4 years
0 else

isbe ’

) {1 if individual i completed 4 or more years of college
0 else

and where e, is actual years of education. X,  represents the same demographic

variables as used in the linear model (defined under equation (4)).
Since a(,’(s),,c represents the per-year return to school, it is multiplied by the total

number of years of education in order to obtain the total return to schooling for someone
with a high school degree or less. For example, for someone with 13 years of school, the
total return to education would be the linear effect plus the marginal effect, ono,(s),,C*B +
alr(s)bc_ If an individual has an MA (assumed to be 18 years of school), his or her return is
given by oco,(s),,c*IS + on",(s),,c. To illustrate the magnitude of the estimated education

returns for the model given in (8), Figure 4 plots them for a few representative states.

highly parameterized, our sample sizes are large (see Appendix A) and the coefficients are still precisely
determined.

340ur model also improves over a model that assumes 2% linearity - constraining persons below the 2%
threshold in the cohort of birth educational distribution to have the earnings of a person with no education
(zero years of school up to the 2% cutoff are grouped together). Such a constraint is extreme for the later
cohorts for whom the 2% threshold is as high as 9 years of school.
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To determine the effect of schooling quality on the rate of return to education, we
parameterize the different components of the return as functions of the quality variables.
Note that the second stage equation is estimated separately for the linear base return
o’ s and for each of the marginal returns, oc’,(s),,C and az,(s),,c . As with the linear
model, we consider the effect of quality in the state of birth operating through the state of
birth components, o/, and o »o as well as the effect of aggregate quality on regional labor
market conditions, operating through region of residence components, <?,, and o, .

Tables 11.1(a) - 11.3(a) present the 1980 Census results obtained by estimating
o nsbe 1N €quation (8) and using those estimates as the dependent vasiables in second
stage regressions. The procedure we follow is analogous to that described for the linear
case and the estimated coefficients can be compared to those in Tables 7(a). In
specifications three through four of Table 11.1(a), which parameterize o, and o/, ac
functions of quality, the signs of the quality coefficients are often reversed or else become
statistically insignificant. Interestingly, support for an effect of secondary school quality
on earnings comes through the marginal return for some college or for a college degree
(see Tables 11.2(a), 11.3(a)). This finding is consistent with evidence reported by
Wachtel (1976). As for the linear model, estimated quality effects differ in magnitude
depending on whether or not fixed effects for state of birth are included in the model.
The final three specifications examine the effect of quality operating through the regional
return, ocj,(s) and ocj,(s)c. Some statistically significant effects appea-, but they are not
interpretable because of many sign reversals.

The second stage regression results for 1970 and 1990 Census data are given in
Appendix C in tables 11.1(b)-11.3(b) and 11.1(c)-11.3(c). For 1970, there is some
evidence of an effect of term length on the base return in specification (2), but the signs
of the other estimated quality coefficients are generally inconsistent with the quality
hypothesis. Support for an effect of quality on earnings again comes mainly through the
marginal return to attending some college or to completing college. In 1990, the pupil-
teacher ratio is consistently of the expected sign only when the dependent variable is the

marginal return to completing 4 or more years of college.
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Relaxing the false assumption of linearity yields models that provide little support
for an effect of quality on eamings. The weak surviving support for the hypothesis is the
estimated effect of quality on the marginal returns to college. It is likely that students
from higher quality schools attend better colleges, in which case part of the estimated
effect of secondary schooling quality is more properly attributable to college quality, a
variable omitted from our regression.

To illustrate the effects of schooling quality on earnings implied by the estimated
coefficients, we again tabulate the effects of counterfactual changes in quality in Table
12. The results are unstable across measures and years and do not provide strong support

for the quality hypothesis.

Table 12
Effect of Hypothetical Improvements in Quality on Earnings
Nonlinear Model incl. Region*Education Interactions
(Coefficients in Tables 11.1-11.3, column 2)

1970 1980 1990
Change in Quality 12 16 12 16 12 16
years | years | years | years | years | years

Decrease pupil-teacher ratio
(attendance based measure) by 5 V1.39% | T0.89% | T1.77% | 13.77% | 15.08% | 12.21%
Increase relative teacher wage
by 30% T0.79% | T1.81% | 73.71% | 17.17% | T6.16% | 76.95%

Increase term length by 10 days

13.24% | 12.00% | 12.27% | 11.23% | 15.06% | 17.14%

Accounting For Comparative Advantage By Region of Birth in Regions of Residence

Section I and section III discussed the importance of random migration by
individuals across states in securing identification of quality effects in aggregate data
models. Section III provides evidence that individuals from particular states of residence
tend to migrate to particular states of birth, presumably because of lower migration costs
or higher expected gains. If their expected gains are correlated with realized values of the

disturbance term in the earnings equation, €,,. , then the disturbances are no longer
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exogenous with respect to the regressors and identification strategies such as the one
pursued by Card and Krueger break down.

To allow for the possibility that individuals born in a certain states may have a
comparative advantage in particular geographic regions, we relax the assumption that
o, )r) =0 and o,,5).=0 within the context of the linear model. F-tests of the assumption
of no interactions, reported in Table 13 for each cohort in each Census year, decisively
reject it. Therefore, we augment the model in (4) to include region of birth - region of
residence interactions both in intercepts and in slope. In the notation from section I, the

model is written as:

(9) yixbc = e_\'bc + XL\‘I)C ' Bc + Eixbc 'ar(s)bc t€

ishe

esbc =e.\' +eb +ec +ebc +evc +er(s)r(b) +Ur(:)r(b)c

~

a =Q +ab +ac +abc +ar(:)c +ar(.\')r(b) +ar(s)r(b)c

r(s)bc r(s)

=10 s=1..,5; b=1,...B, ¢=1,..,C ,r=1_.,R

~

B. is constrained to be the same across states but is permitted to vary across cohorts.
Interactions are introduced in terms of regions of birth and regions of residence (r(s), r(b))
instead of states of birth and states of residence.

The effect of quality ~n the return to education is estimated in two stages. First,

estimates of the total return to education, o ,,,. , are obtained for each (b,s,c) cell from

equation (9). In the second stage, components of the return to education are
parameterized as functions of quality as before. In the most general treatment of the
interaction terms (0, ,CLyssc)> the quality effect operating through o, and . could be
estimated without imposing restrictions on the interactions. This general model is
difficult to interpret. However, when general interactions are introduced, most are

statistically significant and estimated quality effects become statistically insignificant or



perverse for both linear and nonlinear in education specifications.35 In this paper, we
parameterize the interaction terms in a simple and interpretable way. We relax the
assumption maintained in all the models considered thus far that the effect of a unit
increase in schooling quality on the rate of return to education is the same across regions.
We also allow the rate of return to education for individuals born in state b living in
region r to depend on the physical distance between regions. Since longer distances
traveled are usually associated with higher costs of migration (both actual and
psychological costs), we would expect the rate of return to increase with the distance of

the move. Formally, we write,

(IO) 0‘r(s)bc = + A, + 0‘r(s) + G'r(s)c + ('Pr(s) ch + Ny dr(s)r(b)+ nZdzr(b)r(s)

where @, varies across regions and d,),, is the distance between regions of birth and
regions of residence. Card and Krueger assume that ¢, = ¢ for all regions and ignore any
effects of distance on returns to schooling. There is some evidence that the model in (10)
is too simple (See Heckman et. al, 1995), but estimates obtained from it dramatically alter
the evidence of how quality affects earnings, and more general, statistically significant,
but less interpretable, interactions produce a pattern of estimated quality effects on
earnings that strongly reject the schooling quality hypothesis.

Table 14a contains the estimated coefficients from the second stage model. These
estimates are for a model with linear schooling. Results for a nonlinear schooling model
are qualitatively similar (Heckman, Layne-Farrar and Todd, 1985). The specifications
reported in the first three columns are for three different quality measures, taken one at a
time, in a model that includes fixed effects for the state of birth. The effect of the pupil-
teacher ratio on the rate of return varies by region of residence. In most regions, a lower

pupil-teacher ratio is associated with a higher rate of return to schooling, but this is not

35 Heckman, Layne-Farrar, and Todd (1995) discuss the problem-common to all models with interactions -
of interpreting the meaning of non-zero interactions. Estimated quality effects may be non-robust to the
choice of the reference state for measuring interactions. Our companion paper explores these issues and
shows that for the data used in paper, the choice of a base state does not affect the qualitative conclusions
of our analysis. Our companion paper estimates a fully-interacted model using the conventional base state
- the mean across all effects.
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the case in New England. The coefficient on distance and its square is highly significant
and in the expected direction in all specifications. Higher distance implies higher wages.
As seen by columns (2) and (3), relative teacher salary has a similar effect on the rate of
return across regions, but estimated effects of term length are always statistically
insignificant or perversely signed. Columns (4) and (5) consider all three quality
measures in specifications with and without fixed effects for state of birth, respectively.
In our companion paper (Heckman et. al., 1995), we document that these results remain
intact even when the distance variables are deleted. Permitting differential effects of
quality on the returns to education across regions of residence is what produces the results
reported here.

As was found in the previous models, estimated coefficients are not robust to the
exclusion of these fixed effects. In column (5), the coefficient on pupil-teacher ratio is
consistently of the wrong sign and the coefficient on teacher salary is diminished in
magnitude and significance. The significant coefficients on term length are generally
positive, but again the effect in New England runs counter to that in other regions.

Tables 14b and 14c contain analogous results for the 1970 and 1990 Census years.
In models with state of birth intercepts, the pupil-teacher ratio and teacher salary
measures again show significant effects while the effect of term length is usually
insignificant or in the wrong direction. The strongest effects for the first two quality
variables are seen in the 1990 data. Excluding state of bitth efferts (column (5))
generally leads to a reduction in the magnitude of the estimated pupil-teacher ratio and
teacher salary effects, with some sign reversals for the pupil-teacher ratio in regions in
1970. The exclusion leads to an increase in the estimated effect of term length, which
becomes strongly significant for most regions in 1990.

Table 15 tests the restriction that the coefficients associated with the quality
variables are identical across regions (¢=¢,) for all Census years. This assumption,
maintained in all the models considered earlier and maintained in the previous literature,
is rejected for the pupil-teacher ratio and term length but is not rejected for teacher salary.

Therefore, unit increases in quality generally have different effects on the rate of return to
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schooling in different regions. This could arise because of differential region demand
factors, or for other reasons previously discussed regarding comparative advantage and
selective migration. Our evidence speaks against the crucial identifying assumptions
used in previous studies. When relaxed, it challenges the story that schooling quality
raises earnings. When the assumption of linearity of earnings in education is also relaxed,
the evidence of any quality effect on earnings is further weakened. (Heckman et. al.,
1995).

The Effect of Schooling Quality on Educational Attainment Levels

In the introduction, we identify three ways that schooling quality can affect
earnings. Thus far, we have only considered the first two: the effect of schooling quality
on the intercepts and the effect of quality on the slopes of the earnings-schooling
relationship, holding constant the level of educational attainment. We now consider a
third: its role in increasing the incentive for students to further their education. Students
attending higher quality secondary schools may be more likely to graduate from high
school or more likely to go to college. This relationship has been found in several
previous studies.3¢

To examine the impact of schooling quality on years of education completed, we
estimate the relationship between the proportions of college graduates, high school
graduates without postsecondary degrees, and high school dropouts in each state and our

quality indicators:

an ln[NEd.Lm,(,,lc)/Population,,c] =a,+In[Q, ]-B..

As before, ¢ designates the cohort and b the state of birth. The variable Ng; ;v 5. 1S the
total number of individuals born in state b in cohort ¢ with a specific level of education.
Dividing by the total number of individuals born in state b in cohort ¢ gives the

proportion of the population with that education level. The three education levels

36 Both Card and Krueger (1992a) and Johnson and Stafford (1973) find evidence for such an effect.
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considered are college graduation, high school graduation (without college degree), and
high school dropout.

The proportions of different education levels show considerable variation across
states and over time. The region with the lowest percentage of college graduates is East
South Central, consisting of Alabama, Kentucky, and Tennessee. In 1970 data, only 8%
of the 1910-19 cohort born in that region had received a college degree or higher. Fully
59% of them were high school dropouts. These figures improve somewhat over time, but |
educational attainment is the lowest here among the nine regions: in the 1990 data, 22%
of the 1950-59 cohort had graduated college and only 14% were high school dropouts.
The Pacific region, with California, Oregon, and Washington, and the Mid-Atlantic
region, with New York, New Jersey, and Pennsylvania produce the highest percentages of
college graduates. Around 15% of the 1910-19 cohort born in these regions have college
degrees according to 1970 Census data. This number increases to 28% for the Pacific
region and 35% for the Mid-Atlantic region for the 1950-59 cohort in 1990 Census data.

We estimate equation (11) by regressing the proportion of college graduates in
each state, by cohort, on our four quality measures. Table 17a displays the coefficient
estimates for the 1980 Census (17b and 17c, in Appendix C, show the results from the
1970 and 1990 data, respectively). The proportion of college graduates, shown in the top
panel, is consistently positively related to all of the schooling quality indices for all
cohorts. Because the relationship is expressed as a log-log model, we can interpret the
quality coefficients as the percent change in the proportion of college graduates resulting
from a 1% change in quality. For example, if average classroom size decreased by 1%
for the 1920-29 cohort, we would expect a .42% increase in the proportion of college
graduates. The model for the proportion of high school graduates, presented in the
middle panel, shows a weaker relationship. While the estimated coefficients have the
expected signs, they are often statistically insignificant. The last panel, however, which
regresses the proportion of high school dropout on quality, skows strong results.
Increasing schooling quality decreases the proportion of dropouts. The results for 1970

and 1990 are analogous.
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This evidence provides some support for the hypothesis of a positive effect of
schooling quality on schooling attainment previously found in the literature. It is
interesting to note that the same pattern found in the quality-earnings regressions is found
here as well: the weakest link between secondary school quality and outcomes is for high
school graduates. The connection is much stronger for college graduates and high school
dropouts.

While the relationship is robust across Census years it may be spurious for
reasons that Card and Krueger enunciate in their discussion of earlier studies of the
earnings-quality relationship: estimated quality effects are confounded with family
background and state of residence effects on the schooling decision. Differences across
states in educational attainment levels could be due, in part, to differences in family
backgrounds or to different local labor market conditions. The strategy of using worker
mobility to identify quality effects on earnings cannot be applied to estimate the quality-
educational attainment relationship, because there are no comparable mobility data on

students across school systems.

V1.  Conclusions
Summary

This paper examines the empirical and conceptual foundations of recent studies
designed to estimate the impact of schooling quality on earnings. In it, we set forth a
general analysis of variance framework within which we nest previous models. We make
explicit the identifying assumptions and definitions of the quality effect of interest
implicit in previous studies. We also estimate more general models and test restrictions
imposed in previous studies.

We reach the following main conclusions about the existing evidence on whether
measured quality affects earnings.
(1) Aggregate estimation approaches secure identification of quality effects by
comparing the earnings of people living in the same labor market but bormn (and
presumably educated) in different states. This strategy breaks down when individuals

migrate selectively on the basis of expected earnings in the destination region and there is
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some relationship between their expectations and the unobservables in destination
earnings equations. Evidence on nonrandom sorting by region of residence and region of
birth and evidence on the higher wages of the migrant population point to the empirical
importance of selective migration.

(2) The leading models in the literature predict that quality and earnings are
monotonically related. This can be tested nonparametrically. Nonparametric rank tests
comparing state of birth rankings by quality with rankings by wages suggest no
relationship between the empirical measures of schooling quality and wages. Earnings
ranks by state of birth show some stability across regions of residence, but the sources of
stability are unrelated to the aggregate measures of quality. Our evidence on the stability
of ranks of state of birth in wage distributions across regions of residence is consistent
with many other stories besides ones that emphasize schooling quality. For example, a
story that emphasizes the importance of family background on raising earnings can also
account for this evidence.

(3) Empirical studies in the literature differ in their parameters of interest and in their
assumed functional forms for the earnings equation. Imposing the identifying
assumptions of the Card-Krueger model, we find that their analysis can be replicated in
1970 and 1990. Within their framework, there is evidence for a quality effect and it is the
strongest in 1990. We also find significant effects of aggregate measures of quality and
aggregate supply and demand variables on the regional return to education.

(4) Extending the analysis of Card and Krueger to estimate the effect of quality
operating through intercepts, we find evidence that quality operates not only through
slope parameters but also through model intercepts. Quality lowers intercepts, so
empirical studies that focus solely on slopes may overstate the total effect of quality on
earnings.

(5) The assumption that log earnings and education are linearly related is decisively
rejected by the data. Instead, there are nonlinearities in the return to education associated
with significant sheepskin effects, particularly at the college level. In an earnings model

that relaxes linearity, support of the quality hypothesis weakens considerably. The only
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evidence for a positive relationship between schooling quality and earnings is among
those who attend college.

(6) Estimated quality effects are sensitive to changes in model specification to allow for
selective migration and region of birth-region of residence interactions in earnings
equations. Allowing for differential effects of quality across regions, we find that the
effect of the pupil-teacher ratio on the rate of return to education differs across labor
markets and that term length has little or no effect on the return to schooling. However,
there is some support in this model for a positive effect of relative teacher salary that is
uniform across labor markets. This support vanishes, however, when statisticaily-
significant region of birth-region of residence interactions for an unrestricted model are

introduced. (Heckman, Layne-Farrar and Todd, 1995).

Have We Settled the Debate?

The evidence in this paper, like the evidence in the literature that precedes it, is
not decisive on the question of whether schooling inputs can raise earnings. All we have
done is raise doubts about the quality of the evidence about quality, based on aggregated
data.

The available measures of schooling quality are crude. Estimating equations used
in the literature do not capture explicit choice mechanisms for parents and school
authorities or the detailed schooling production processes required to justify specific
policy interventions. As Hanushek (1991) notes, the absence of a strong empirical
relationship between measured outcomes and measured inputs may reflect the quality of
the measures and the inefficiency of most schooling organizations in transforming inputs
to outputs.

This paper like the ones that precede it, takes as exogenously given the quality of
schooling in a person’s state of birth. Until the mechanism of quality determination is
understood, and the statistical consequences of the mechanism are understood, any

evidence about quality-earnings effects is at best tentative.
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TABLE 2
Evidence on the Increased Average Educational Quality and Wages
of State-to-State Migrants verses Non-Migrants

Proportion of States for which the Average Educational Quality or Average Weekly Wage of Migrants
Exceeds that of Non-Migrants

Birth 1910-19 1920-29 1930-39 1940-49 1950-59
Cohort:
Census Education PTratio weekly | PTraio weekly | PTratioc weekly | PTratio weekly | PTratio weekly
Year Level wage wage wage wage wage
1970 < 12th grade .55 .88 .59 .86 .65 .59 .64 .53
12th grade .53 .82 .59 92 .59 .84 .63 .39
1-3 college 51 78 61 .84 .57 .80 .55 .39
4+ college A7 84 49 .83 .51 .86 .53 45
1980 < 12th grade .59 .88 61 .88 .59 5
12th grade .57 .80 .55 .90 .55 .57
1-3 college .57 .80 .57 76 .47 .65
4+ college .55 92 49 .90 47 96
1990 < 12th grade .67 .65 .57 .67 .53 .98
12th grade .59 18 .55 .76 49 .61
1-3 college .59 .82 .51 .82 .49 .61
4+ college 49 92 47 .96 .46 .98

(1) "PT ratio” refers to the pupil-teacher ratio based on days enrolled. See Appendix B for detailed discussion of the schooling quality data.

(2) The samples used to calculate the numbers in this table are described in Appendix A.



Table 3
Distribution of Regional Migration
1980 Census, Cohort 1930-39, < 12th grade
Region of Residence
Region of Birth NE MA ENC WNC SA ESC WSC Mtn Pac
Northeast 83.97 3.11 1.40 0.39 5.20 0.23 0.91 1.09 3.70
Middle Atlantic 147  83.57 329 0.38 5.80 0.43 0.89 1.33 2.85
East North Central 032 1.01  83.96 2.05 3.64 1.39 1.41 202 4.20
West North Central 0.21 0.45 6.73 68.15 1.57 0.54 3.25 640  12.69
South Atlantic 0.32 1.92 7.87 0.39 83.81 2.02 1.46 0.69 1.53
East South Central 0.12 057 22713 0.82 796 61.70 3.30 0.85 1.96
West South Central 0.14 0.21 3.67 3.52 1.49 146  74.52 3.81 11.17
Mountain 0.16 0.60 2.03 2.96 1.87 0.38 368 6290 2541
Pacific 0.47 0.67 1.14 1.04 2.28 0.47 2.28 544  86.21
1980 Census, Cohort 1930-39, 12th grade
Region of Residence
Region of Birth NE MA ENC WNC SA ESC WSC Mtn Pac
Northeast 79.08 3.42 1.72 0.75 6.37 0.73 1.50 1.86 4.55
Middle Atlantic 2.16 7788 4.07 0.50 8.19 0.52 1.28 1.69 3.73
East North Central 0.46 1.17  80.26 2.54 4,62 1.30 1.88 2.60 5.18
West North Central 0.34 0.62 6.16 65.17 2.50 0.90 3.89 6.83 13.58
South Atlantic 0.49 2.19 6.03 0.76 81.04 2.83 243 1.45 2.78
East South Central 0.31 0.61 14.54 1.39 11.22  62.87 4.66 1.30 3.10
West South Central 0.16 0.46 2.43 332 2.68 1.85 73.42 439 1130
Mountain 0.38 0.95 2.25 2.85 1.95 0.70 388 63.11 2392
Pacific 0.29 0.53 1.18 1.37 251 053 1.86 621  85.52
1980 Census, Cohort 1930-39, 1-3 years college
Region of Residence
Region of Birth NE MA ENC WNC SA ESC WwSC Mtn Pac
Northeast 68.03 5.43 2.17 0.36 9.26 0.87 2.26 244 9.17
Middle Atlantic 3.50 63.55 475 0.99 11.74 0.84 246 292 9.24
East North Central 0.88 1.85  66.21 3.03 6.86 1.64 3.38 441 11.73
West North Central 0.66 1.25 7.03 48.34 3.96 1.52 6.35 9.05 21.84
South Atlantic 0.62 240 4.39 0.74 76.34 3.86 3.81 249 5.35
East South Central 0.56 1.39 10.47 1.33 1532 54,75 7.51 237 6.30
West South Central 0.42 0.62 227 272 3.88 2.83 67.60 5.41 14.25
Mountain 0.58 0.49 2.60 2.73 2.33 0.58 4.03 56.16  30.50
Pacific 0.33 0.76 1.04 1.09 2.37 0.33 2.09 6.65 85.32
1980 Census, Cohort 1930-39, 4+ years college
Region of Residence
Region of Birth NE MA ENC WNC SA ESC WSC Mtn Pac
Northeast 5827 11.52 4.69 1.25 11.03 0.84 2.25 2.11 8.03
Middle Atlantic 6.27 5750 6.71 1.41 13.81 1.06 241 2.15 8.68
East North Central 2.16 496 56.82 4.61 9.46 2.01 3.94 387 1217
West North Central 1.50 3.14 10.60 44.15 6.50 1.27 6.70 8.31 17.84
South Atlantic 1.71 5.43 5.45 1.41 70.01 472 3.69 1.92 5.64
East South Central 0.60 2.36 1.71 2.10 20.10 5149 797 2.12 5.49
West South Central 0.82 1.59 3.23 3.88 6.24 347 64.79 568 1032
Mountain 1.23 221 4.01 426 543 104 5.21 4749  29.11
Pacific 1.39 2.06 2.66 1.63 4,74 0.89 242 593 7830

Thus table shows the regional migration patterns for the samples of white males described in Appendix A.




TABLE 4(a)
Kendall Tau Correlations between Region of Birth Quality and Log Wage Rankings*
1980 Census, Individuals with 12 Years Education

Correlations done separately within the nine regions of residence. P-values given in parentheses."

1930-3% | PTR-E -044 {000 |-022 }028 |0.17 0.11 0.22 0.06 -0.11

1940-49 { PTR-E -061 1000 006 [000 |006 (039 10.17 -0.17 | 0.00

Rei&ion of Residence
- NE MA ENC WNC SA ESC WSC Mt Pac.
1920-29 | PTR-E -0.50 | -0.17 | 0.06 0.28 -0.06 | -0.33 §0.06 -0.50 | 0.22

(0.06) | (0.53) | (0.83) | (0.30) | (0.83) | (0.21) | (0.83) | (0.06) | (0.40)

PTR-A -0.17 | 006 |-006 |039 |-050 |-0.11 {-006 [-0.50 | 0.00
(0.53) | (0.83) | (0.83) | (0.14) [ (0.06) | (0.68) | (0.83) | (0.06) | (1.00)

Teacher salary | 0.09 -0.03 | 0.02 |-033 |0.75 -0.21 [ 0.15 0.09 {0.27
(0.75) | (0.91) | (0.91) | (0.24) | (0.01) | (0.45) | (0.59) | (0.75) | (0.33)

Term length 0.44 -0.11 }-022 (022 (-022 028 000 |0.00 |-0.39
(0.09) { (0.68) | (0.40) { (0.40) { (0.40) | (0.30) | (1.00) | (1.00) | (0.14)
(0.10) | (1.00) | (0.40) | (0.30) | (0.53) | (0.68) } (0.40) ; (0.83) | (0.68)

PTR-A -0.39 | 0.17 -0.39 | 033 022 |-0.06 |0.28 -0.11 | -0.06
(0.14) | (0.53) | (0.14) | (0.21) | (0.40) | (0.83) | (0.30) | (0.68) | (0.83)

Teacher salary | -0.47 | 0.03 -0.55 | -0.11 | 0.18 | 0.04 -0.04 | -0.04 | -0.04
(0.10) | (0.90) | (0.06) { (0.71) | (0.53) { (0.90) { (0.90) | (0.90) | (0.90)

Term length 0.33 -0.22 1000 -028 ;-0.17 |-0.11 -0.11 |-0.17 | -0.11
(0.21) | (0.40) | (1.00) { 0.30 | (0.53) | (0.68) | (0.68) | (0.53) i (0.68)
(0.02) | (1.00) | (0.83) | (1.00) | (0.83) | (0.14) | (0.53) | (0.53) | (1.00)

PTR-A -061 | -0.11 {-0.06 §|0.11 0.06 1028 |0.28 -0.17 | 0.00
(0.02) | (0.68) | (0.83) | (0.68) | (0.83) { (0.30) | (0.30) | (0.53) { (1.00)

Teacher salary | -0.15 | 0.45 -0.09 | -0.15 |-0.03 {0.27 -0.21 { 0.09 -0.27
(0.59) | (0.11) | (0.75) | (0.59) | (0.91) | (0.33) | (0.45) | (0.75) | (0.33)

Term length 067 039 |000 {-0.17 {000 |0.00 |{-033 {-0.22 |-0.28
(0.01) | (0.14) | (1.00) | (0.53) | (1.00) { (1.00) | (0.21) } (40) | (0.30)

(1) The p-value is the smallest level of significance at which the null hypothesis would be rejected. In this table, a low p-value indicates
that the observed departure of the statistic from 0 is unlikely to be a result of chance.

(2) In addinon to doing the rankings by region of birth, we did them by state of birth. The results were similar.

*This table was constructed by:

1) Calculating mean log wages within region of residence/region of birth cells.

2) Calculating average quality measures for regions of birth. (These are weighted averages of the state quality dats.)

3) For each region of residence, calculating the correlation of the ranks of log wages by region of birth with the corresponding ranks in quality.

ations f ons:
NE -New England MA - Middle Atlantic ENC - East North Central
WNC - West North Central SA - South Atlantic ESC - East South Central

WSC - West South Central Mt - Mountain Pac. - Pacific



TABLE 4(b)
1980 Census, Individuals with Education Level = 4 or more years college
Kendall Tau Correlations Between Region of Birth Quality Rankings
and Region of Birth Log Wage Rankings. *
(Correlations done separately within the nine regions of residence.)

1930-39 | PTR-E 0.17 0.17 -0.33 { 0.17 -0.22 | -0.28 | 0.06 -0.28 | -0.28

1940-49 | PTR-E 0.22 0.06 -0.17 } 0.06 -0.50 | -0.44 | -0.11 | 0.22 -0.11

Region of Residence
NE MA ENC WNC SA ESC WSC Mt Pac.
1920-29 | PTR-E 0.56 -0.22 | -0.11 | 0.00 -0.39 |-0.11 | -0.11 | 0.39 0.00

(0.04) | (0.40) | (0.68) | (1.00) | (0.14) | (0.68) [ (0.68) | (0.14) | (1.00)

PTR-A 0.44 -022 | 044 | 0.22 -0.50 { 0.11 -0.11 | 0.50 0.11
(0.10) | (0.40) | (0.10) | (0.40) { (0.06) | (0.68) | (0.68) | (0.06) | (0.68)

Teacher salary | -0.15 | 0.62 0.45 -0.21 | 0.57 -0.27 | 0.03 -0.21 § -0.15
{(0.59) | (0.02) | (0.10) | (0.45) | (0.04) | (0.33) | (0.91) | (0.45) | (0.5%)

Term length -0.50 | -0.17 | -0.06 [ 050 {000 |O0.28 0.50 022 |0.17
(0.06) | (0.53) | (0.83) | (0.06) | (1.00) | (0.30) | (0.06) | (0.40) | (0.53)
(0.53) { (0.53) | (0.21) | (0.53) | (0.40) | (0.30) { (0.83) | (0.30) | (0.30)

PTR-A 0.00 0.11 -0.39 | 033 -0.28 | -0.33 | 0.22 -0.33 | -0.11
(1.00) | (0.68) | (0.14) | (0.21) | (0.30) | (0.21) | (0.40) | (0.21) | (0.68)

Teacher salary | -047 | -0.47 | 0.04 0.11 0.04 0.11 0.40 -0.25 | -0.11
(0.10) | (0.10) | (0.90) | (0.71) | (0.90) { (0.71) | (0.17) | (0.38) | (0.71)

Term length -0.50 | -0.50 | 0.44 -0.06 | 0.00 | 0.28 0.28 -0.06 | 0.06
(0.06) | (0.06) | (0.09) | (0.83) | (1.00) | (0.30) | (0.30) { (0.83) | (0.83)

{0.40) | (0.83) | (0.53) | (0.83) | (0.06) | (0.10) | (0.68) { (0.40) | (0.68)

PTR-A 0.1t 0.06 028 ;-0.06 ;-0.50 |-0.56 |-0.22 | O.11 -0.22
(0.68) | (0.83) | (0.30) | (0.83) | (0.06) | (0.04) | (0.40) | (0.68) | (0.40)

Teacher salary | -0.15 [ 0.39 0.33 -0.03 [ -0.03 |0.15 -0.14 | 0.27 0.21
(0.59) | (0.16) | (0.24) 1 (0.91) | (0.91) ] (0.60) | (0.60) | (0.33) | (0.45)

Term length -0.17 1-033 1000 (022 j0.00 }|039 0.39 -0.28 | 0.17
(0.53) ] (0.21) | (1.00) | (0.40) | (1.00) | (0.14) | (0.14) | (0.29) | (0.53

(1) The p-value is the smallest level of significance at which the null hypothesis would be rejected. In this table, a low p-value indicates
that the observed departure of the statistic from 0 is unlikely to be a result of chance.

(2) In addition to doing the rankings by region of birth, we did them by state of birth. The results were similar.

*This table was constructed by:

1) Calculating mean log wages within region of residence/region of birth cells.

2) Calculating average quality measures for regions of birth. (These are weighted averages of the state quality data.)

3) For each region of residence, calculating the correlation of the ranks of log wages by region of birth with the comresponding ranks in quality.

Abbreviations for regjons:

NE -New England MA - Middle Adantic ENC - East North Central
WNC - West North Central SA - South Atlantic ESC - East South Central
WSC - West South Central Mt. - Mountain Pac. - Pacific



TABLE §

Nonparametric Tests for Agreement in
Region of Birth Average Wage Rankings Across Regions of Residence

P-values given in parentheses.

Census Year Cohort 12th Grade 1-3 Yrs. College 4 or more Yrs.
College
1970 1910-19 0.18 0.06 0.09
(0.1255) (0.8061) (0.6124)
1920-29 0.20 0.21 0.22
(0.0769) (0.0543) (0.0424)
1930-39 0.18 0.06 0.25
(0.1106) (0.8091) (0.0227)
1940-49 0.14 0.06 0.18
(0.2788) (0.8091) (0.12)
1980 1920-29 0.10 0.13 0.10
(0.4965) (0.3079) (0.4965)
1930-39 0.20 0.24 0.09
(0.0719 {0.0252) (0.5992)
1940-49 0.19 0.26 0.33
(0.0919) {0.0180) (0.0023)
1990 1930-39 0.32 0.14 0.22
(0.004) (0.25) (0.04)
1940-49 0.26 0.32 035
(0.02) (0.004) (0.002)
1950-59 0.17 0.52 0.48
0.13) (0.0001) (0.0003)

(1) The Kendall Coefficient of Concordance for measuring the relative agreement between m rankings of n objects is given

by W= 128

P , where s=§; [Rl,—'fi';*—”]z and R, is the sum of the ranks for objecti. For n>7, y2=m(n-1)W is
m*{n"—n) =]

approximately x> with -1 degrees of freedom. When all rankings agree, W = 1. As W gets closer to O, there is less
agreement in the rankings.

{2) Regions of birth and regions of residence refer to the nine Census regions: New England, Middle Atlantic, East North
Central, West North Central, South Atlantic, East South Central, West South Central, Mountain, and Pacific.

(3) The p-value is the smallest level of significance at which the null hypothesis would be rejected. In this table, a low
p-value indicates that the observed departure of the statistic from 0 is unlikely to be a result of chance.



TABLE 6
Kendall Tau Correlations Between Different Quality Measures by Birth Cohort
P-values given in parentheses

Measures of Schooling Quality
Birth Cohort PT ratio PT ratio Teacher
(enrollment) | (attendance) salary
1920-29 PT ratio (attendance) 0.79
(0.00)
Teacher salary 0.05 0.21
(0.61) (0.03)
Term length -0.15 0.00 0.27
{0.13) (0.98) {0.01)
1930-39 PT ratio (attendance) 0.83
(0.00)
Teacher salary 0.10 0.09
0.07) (0.35)
Term length -0.13 -0.10 0.10
(0.02) ~ (,033) (0.30)
1940-49 PT ratio (attendance) 0.80
(0.00)
Teacher salary 0.10 0.08
(0.07) (0.41)
Term length -0.13 -0.11 043
(0.02) (0.2 (0.00)

(1) “PT ratio” refers to pupil-teacher ratio. The quality indices are described in detail in Appendix B.

(2) The pairwise rank correlations are calculated by ranking the states according to two quality
measures. and calculating the correlation among the ranks.

(3) The p-value is the smallest level of significance at which the null hypothesis would be rejected. In this
table, a low p-value indicates that the observed departure of the statistic from 0 is unlikely to be a
result of chance.



Table 7a
1980 Census: The Effect of Schooling Quality on the Rate of Return to Education

Linear Model
Second Stage Model: Rate of Return = 0+ 0ty + Oty Olc+ Ol Ol c

(Eicker-White standard errors in parentheses)

Second Stage Model Restrictions

O] 2) ©)] ) _5) 6) )
Coefficient Estimates (lbc=(pQ be (lb.;:(PQ be Oy +00c Opc=@P cQ be (lbc:(PQ be abcz(PQ be abc':(PQ be
=QQ b O+ Olesic™ Otr(sy+Olrgsjc= OtesyHO(s)c=
Qs Q) Q5 #7D o)
20s 30s 40s
Pupil-Teacher Ratio -5.66 -6.27 1.36 -009 | 258 | 202 -6.27 -6.27 -6.27
(1.48) (1.49) (0.55) (1.03) | (0.75) { (0.97) (2.69) (2.63) (1.88)
Term Length 1.07 3.06 223 | 359 | 439 1.07 1.07 1.07
0.49) (0.24) (0.33) | (0.44) | (0.66) (1.04) (1.01) (0.67)
Relative Teacher 2.08 0.98 127 | 083 | 054 2.08 2.08 2.08
Salary 0.24) (0.08) O.11) | (0.12) | (0.19) (045) (0.44) (0.31)
Demand and Supply
Aggregates
reg. avg. P.T. Ratio 14.49 11.03 -29.44
(1.30) (1.29) .47
reg. avg. Term Length -5.15 -1.33
(0.51) (1.32)
% 12 years -0.22
(0.02)
% 1-3 years college -0.27
0.01)
% 4+ college 0.05
(0.026)
% manufacturing 0.01
(0.004)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).
(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census (Sample A) using male and female workers age 18-65. The
mean quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 birth cohorts.
(3) The omitted cducation category is < 12 years.
(4) The pupil-teacher ratio and term length were divided by 100 in the regression. The atlendance based pupil-teacher ratio was used.




Table 9a
1980 Census: The Effect of Schooling Quality on Fixed Effects
Linear Model
Second Stage Model: 8y, = 8+6,+6,+0.+68,.+6, ).
(Eicker-White standard errors in parentheses)

Model Specification
(1) Q) 3) @) (5) (6) )]
Coefficients: 6e=@Quc | Bo=PQuc | By +0i B6=0 Qe Buc=@Q be B6c=0Q . Bo=0Q b
=0Q b 0,+0,.= 0,+0,5)c= 0,46, 5c= T Q 15
Q) Q xs) +D )
Cohort: 20s 30s 40s
Pupil-Teacher 093 1.02 -0.38 -0.19 | -0.59 | -0.40 1.02 1.02 1.03
Ratio (0.14) 0.14) (0.05) (0.08) | (0.07) | (0.09) (0.23) 0.23) (0.17)
Term Length -0.18 -0.52 -0.41 | -0.60 | -0.69 -0.18 -0.19 -0.17
(0.05) 0.02) (0.03) | (0.04) | (0.07) (0.09) (0.09) (0.07)
Relative Teacher -0.27 -0.10 -0.13 | -0.08 | -0.07 -0.27 -0.27 -0.27
Salary (0.02) (0.01) (0.01) } (0.01) { (0.02) 0.04) (0.04) (0.03)
Demand and
Supply
Aggregates
reg. avg. PTR-A 0.70 071 8.11
(0.15) 0.15) (0.34)
reg. avg. Term 0.66 0.77
Length (0.09) (0.16)
% 12 years 0.04
(0.01)
% 1-3 years 0.04
college (0.01)
% 4+ college -0.01
(0.01)
% manufacturing 0.003
(0.0005)

(1) The number of observations = 7497 (49 states of birth x 51 states of residence x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census (A Sample) using male and female
workers age 18-65. The mean quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.




TABLE 10

F-Tests for Linear Functional Form

Census Sample: 1970 1980 1990

Birth Sheepskin 8 12 16 8 12 16 8 12 16

Cohort | Effect at: Yrs Yrs Yrs Yrs Yrs Yrs Yrs Yrs Yrs

1910-19 | F Statistic 1.62 0.90 8.38 NA NA NA NA NA NA
P-value 0.00 0.66 0.00

1920-29 | F Suatistic 1.35 1.15 | 1445 | 1.31 2.48 255 NA NA NA
P-value 0.05 0.22 0.00 0.00 0.00 0.00

1930-39 | F Suatistic 1.96 1.04 927 3.30 6.91 35.1 3.67 2.00 | 14.07
P-value 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1940-49 | F Siatistic 3.56 3.91 915 4.21 126 221 6.21 299 | 16.37
P-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1950-59 | F-Statistic NA NA NA NA NA NA 1435 | 16.22 | 4953
P-value 0.00 0.00 0.00




Table 11.1(a)
1980 Census: The Effect of Schooling Quality on the Linear Base Return to Education
Nonlinear Model
Second Stage Model: Rate of Return = o400+t s+ 040l Oy
{Eicker-White standard errors in parentheses)

Model Specification
) 2) 3) @) ®) 9) (10)
Coefficients: 0e=PQrc | 0c=PQuc | Ot +0le o=@ Qb Obe=@QQ bc Woc=PQ be 0bc=PQ e
=@Q Oyt Oly(5)c= Oyt Oly(s)c= (st Ol =
Qs 0 ge) Qo) +15,D )
Cohort: 20s 30s 40s
Pupil-Teacher -3.27 -2.95 353 397 6.21 -1.14 -2.95 -2.95 -2.95
Ratio (1.83) (1.86) (0.71) 0.92) 1 (1.31) | (1.51) (2.98) (2.79) (2.43)
Term Length -1.89 0.49494 -0.037 1.20 0.08 -1.89 -1.89 -1.89
0.67) (0.33) 0.40) | (0.66) | (1.07) (1.16) (1.07) 0.91)
Relative Teacher 1.03 0.06 0.48 -1.13 0.88 1.03 1.03 1.03
Salary (0.36) (0.12) (0.11) | (0.26) | (0.28) (0.53) (0.50) (0.44)
Demand and
Supply
Aggregates
reg. avg. PTR-A 18.82 11.60 1.54
(2.06) (1.71) (3.95)
reg. avg. Term -10.74 -11.32
Length (0.69) (1.90)
% 12 years -0.02
(0.02)
% 1-3 years -0.21
college (0.01)
% 4+ college 0.09
(0.04)
% manufacturing e -0.02
(0.01)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census (A Sample) using male and female workers age 18-65. The mean
quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 11.2(a)
1980 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 1-3 Years of College
Nonlinear Model
Second Stage Model: Rate of Return = 0+ 0+ 0ty Qe+ Olpc+ 0ty s
(Eicker-White standard errors in parentheses)

Model Specification
1) (2) (3) @) 3) t)) (10)
Coefficients: 0=PQbe | 0be=@Quc | O +0be 0= Qe U= PQ e 0e=9Q be 0= PQ
=Pl b Olrsy+ Oy(a)c= Olrgsyt Ohra)c= Oleayt Ole(s)c=
Qs Q) Q1 +D
Cohort: 20s 30s 40s
Pupil-Teacher -23.51 -29.01 12.25 -5.95 1899 | 32.24 -29.01 -29.01 -29.01
Ratio (13.03) (12.59) (3.79) (7.06) | (5.58) | (5.66) (14.48) (14.45) (13.22)
Term Length 17.36 15.04 16.28 | 10.12 17.85 17.36 17.36 17.36
(3.30) (1.68) (248) | (3.00) | 4.85) 4.37) 4.33) (3.66)
Relative Teacher 6.56 2.97 2.62 8.44 -5.18 6.56 6.56 6.56
Salary 2.21) (0.74) (1.15) | (1.02) | (1.08) (2.50) (2.50) (2.30)
Demand and
Supply
Aggregates
reg. avg. PTR-A -51.80 -30.65 -247.13
(7.52) (7.64) (18.40)
reg. avg. Term 31.44 72.05
Length (3.20) (9.03)
% 12 years -1.16
(0.11)
% 1-3 years -0.54
college (0.06)
% 4+ college -0.67
(0.18)
% manufacturing 0.30
~ (0.031)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census (A Sample) using male and female workers age 18-65. The mean
quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 11.3(a)
1980 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 4 Plus Years of College
Nonlinear Model
Second Stage Model: Rate of Return = 0+ 0ty + 0ty s+ O+ Qo+ Oty e
(Eicker-White standard errors in parentheses)

Model Specification
() 2 3) C)] )] ) 10
Coefficients: 06c=PQuec | 0w=@Que | O +0lc b= Qe 0 =QQ be e =PQ b o= PQ be
=PQ be Oly(s)+ Oly(s)c= Oty(s)+ Oly(s)c= Oly(s)+ Olyys)c=
Qe Q) Q) +16D o)
Cohort: 20s 30s 40s
Pupil-Teacher -22.35 -28.14 -4.54 -22.36 | -10.10 | 34.23 -28.14 -28.14 -28.14
Ratio (16.53) (16.35) (6.00) (11.13) | (8.46) | (9.56) (20.71) (19.96) (18.30)
Term Length 17.95 9.19 7.28 2.77 30.46 17.95 17.95 17.95
(5.01) (2.59) (3.53) | (4.80) | (6.86) (7.13) 6.72) (5.96)
Relative Teacher 7.41 4,99 4.39 1246 | -5.03 7.41 741 7.41
Salary (2.42) (0.82) 0.97) | (1.64) | (1.65) (3.21) (3.07) (2.78)
Demand and
Supply
Aggregates
reg. avg. PTR-A -52.96 -12.86 -286.72
(13.64) (12.16) (28.24)
reg. avg. Term 59.62 108.62
Length (5.08) (14.04)
% 12 years -1.74
(0.16)
% 1-3 years -0.50
college (0.09)
% 4+ college -0.58
0.27)
% manufacturing 0.30
(0.05)

(1) The number of observations = 1323 (49 states of birth X 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census (A Sample) using male and ferale workers age 18-65. The mean
quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



TABLE 13

F-Tests for Significance of Region of Birth-Region of Residence of Residence Interactions
Both in Intercepts and in Slopes for the Linear Model

1970 1980 1990

Birth Cobort Test for Region O (4 28 Oy Orp Brb On
Interactions:

1910-19 F Statistic 147 2.20 NA NA NA NA
P-value 0.01 0.00

1920-29 F Statistic 1.96 2.44 181 2.25 NA NA
P-value 0.00 0.00 0.00 0.00

1930-39 F Statistic 167 1.67 240 2.59 2.02 251
P-value 0.00 0.00 0.00 0.00 0.00 0.00

1940-49 F Statistic 2.33 1.64 3.06 3.03 362 465
P-value 0.00 0.00 0.00 0.00 0.00 0.00

1950-59 F-Statistic NA NA NA NA 6.77 715
P-value 0.00 0.00

Note: 8. is an intercept term and Oy is a slope term for education. Each of the tests is joint over 64 coefficients.




Table 14a

1980 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = @ + @), + @, ;) + @, + @pc + @y + Cpigyi) + Arisiritie
' (Eicher-White standard errors in parentheses)

Second Stage Model Restrictions

N (2) 3) 4) 5
Coefficient Estimates Ay + ar(b)r(s) + ar(b)’(s)c = ¢r(s)ch + ﬂd Qp + Qpe + c’r(b)r(s) + ar(b]r(s)c = ¢r(s)ch + T]d
Pupil-Teacher Ratio
New England 8.85 7.58 15.34
(4.52) (4.44) (3.97)
Middle Atlantic -1.07 -7.23 0.39
( 3.35) ( 3.40) (2.55)
East North Central -8.22 -6.84 1.28
( 3.03) ( 3.04) (2.09)
West North Central -5.46 -5.18 3.89
(347) { 3.5 (2.74)
South Atlantic -9.29 -9.30 -1.77
(3.18) (3.17) (2.17)
East South Central -6.65 -6.18 1.85
(3.75) (3.72) (3.32)
West South Central -3.37 -2.75 5.60
(2.94) (2.88) (2.07)
Mountun -3.88 -247 6.40
( 3.09) { 3.08) (2.32)
Pacitic -6.77 -5.40 3.14
(293) (2.93) (1.77)
Teacher Salary
New England 2.58 3.49 1.21
(0.69) (0.63) (0.59)
Middle Atlantic 2.59 342 1.13
(0.46) (0.49) (0.37)
East North Central 2.59 3.06 0.74
(0.42) (0.43) (0.28)
West North Central 2.55 3.37 1.01
(053 (0.58) {0.52)
South Atlantic 258 3.38 1.06
(0.42) ( 0.45) (0.31)
East South Central 2.60 3.27 092
(0.51) (0.53) (0.46)
West South Central 2.58 3.19 0.82
(0.39) (0.42) (0.34)
Mountain 2.56 3.03 0.67
( 0.46) (0.48) (0.45)
Pacific 2.57 3.06 0.72
(0.44) (045) (0.23)




Table 14a continued

-2.

1980 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = @ + a, + a, () + @, + @y, + Ty + Cpispriny + Toisyripye
(Eicher-White standard errors in parentheses)

Second Stage Model Restrictions

(0 2) 3) 4 (5)
Coefﬁcient EStimates Ape + ar{b)r(s) + ar(b)r(s)c = ‘pr(s)ch + Ud Qp + Ty + ar(b)r(s) + ar(b')r(:)c = ¢r(s)ch + T]d
Term Length

New England -7.51 -9.92 -5.50
(2.09) | (2.03) (2.02)

Middle Atlantic -1.58 -5.18 -0.69
(147 | (1.49) (1.2hH

East North Central 2.78 -0.38 4.44
(1.32) | (1.32) 0.97

West North Central -2.29 -5.58 -0.48
(1.56) | (1.68) ( 1.48)

South Atlantic 0.64 -4.28 0.66
(L1 | (1.13) ( 0.92)

East South Central -0.01 -3.26 1.90
(LS1) | (1.58) ( 1.40)

West South Central -0.45 -3.32 2.01
(113 | (L.1D) ( 1.05)

Mountiain 1.40 -1.36 3.83
(1.46) | (1.48) ( 1.46)

Pacific 2.19 -0.89 4,12
(L17)y | (1.19) ( 1.00)

distance 1.19 1.24 1.16 1.11 0.94
(0.15) | (0.14) | (0.15) | (0.15) (0.17)

distance squared -0.22 -0.24 -0.23 -0.21 -0.18
(0.0%) | (0.05) | (0.05) | (0.05) ( 0.06)

(1) The number of observations = 1343 (49 states of birth x 9 regions x 3 cohorts).
(2) The % of the workforce in the manufacturing industry was computed from the 1980 Census using male and female
workers age 18-65. The mean quality within a region of residence was calculated using the 20-29, 30-39, and 40-49 co-

horts.

1?) The omitted eduction category is < 12 years.
t4) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ra-

o was used.

(S} [hstance ts measured in thousands of miles.



Table 15

F-Tests for the Restriction that Quality Effects are Equal
Across Regions of Residence in the Linear Second Stage Model with Interactions

Census Year

Quality Variable 1970 1980 1990

Pupil-Teacher Ratio F-statistic 4.72 4.34 3.86
p-value 0.0001 0.0001 0.0002

Term Length F-statistic 2.77 4.07 3.03
p-value 0.0048 0.0001 0.0021

Teacher Salary F-statistic 0.48 0.20 0.14
p-value 0.8737 0.9913 0.9975

(1) This tests are conducted on the second stage equation relating the total return to education to the quality
measures. For the 1970 Census regression, n = 1764, and for the 1980 and 1990 Census regressions, n=
1323. The test is conducted on the form of the model that contains an intercept, cohort dummies, region of
residence and state of birth indicators, region of residence interacted with cohort indicators, distance
between region of residence and region of birth, and indicators for region of residence interacted with each
of the quality variables. Each test considers eight restrictions on the model.




The Effect of Quality on Educational Attainment
1980 Census Data

TABLE 16a

[In(Ngy. | evei/POpulation) = a + In(Qy.)B.], Standard errors in parentheses

Education Level: College Graduates

Birth Model PTR-A Teacher Term Length
Cobhort Salary
1920s (D 0.42
(0.20)
(2) -0.44 1.08 0.36
(0.18) 0.74) 0.13)
1930s 4)) -0.59
(0.22)
2) -0.59 2.83 0.52
(0.18) (0.98) (0.15)
1940s (1) -0.73
(0.22)
2) -0.75 2.38 0.73
(0.18) (1.19) (0.16)

Education Level: High School Graduates without College Degrees

1920s (1 -0.34
(0.14)
2) -0.34 0.96 0.16
(0.13) (0.53) (0.09)
1930s (n -0.11
0.07)
2) -0.10 0.61 -0.01
0.0 (0.36) (0.05)
1940s (N -0.02
0.07)
(2) -0.01 -0.30 -0.14
0.07) (0.46) (0.06)
Education Level: High School Dropouts
1920s (1) 0.67
(0.28)
¢)) 0.70 -1.60 -0.44
(0.26) (1.04) (0.18)
1930s ) 0.78
(0.32)
) 0.77 377 -0.61
(0.28) (1.51) (0.23)
1940s (D 1.50
(0.46)
2) 1.53 -3.43 -1.09
(0.43) (2.82) 0.37)

(1) PTR-A refers to the attendance based pupil-teacher ratio.
(2) The highschool graduate category includes men with some college

(3) The dependent variable is the log of the proportion of people in each education category. The estimated
coefficients give the percentage change in the proportion of the state’s population with a given education level
a one percent change in the quality measure.

for



TABLE 16b
The Effect of Quality on Educational Attainment
1970 Census Data

In(N opulation) = a + In Standard errors in parentheses
Education Level: College Graduates
Birth Model PTR-A Teacher Term Length
Cohort Salary
1910s )] -0.56
(0.23)
(2) -0.61 1.36 0.39
(0.20) (0.50) (0.16)
1920s (D -0.54
(0.24)
(2) -0.53 1.97 0.32
(0.21) (0.86) (0.15)
1930s (D -0.79
(0.25)
(2) -0.79 3.01 0.58
0.21) (1.11) (0.17)
1940s (1 0.92
(0.25)
(2) -0.92 3.03 0.67
(0.21) (141) (0.18)
Education Level: High School Graduates without College Degrees
1910s (N -0.51
(0.20)
(2) -0.54 1.36 0.30
0.17) (0.43) 0.14)
1920s ¢} -0.38
(0.16)
(2) -0.39 0.93 0.22
{0.15) 0.61) (0.10)
1930s (1) -0.20
(0.09)
(2) -0.18 0.88 0.05
(0.09) (0.48) (0.07)
1940s nH -0.21
(0.08)
) -0.21 0.35 0.10
(0.09) (0.57) (0.07)
Education Level: High School Dropouts
1910s ¢y 0.51
0.22)
(5] 0.57 -1.11 -0.40
(0.19) 0.47) (0.15)
1920s ) 0.57 ..
(0.26)
3] 0.59 -1.47 -0.39
(0.24) 0.97) 0.17)
1930s 0 0.83
(0.29)
2 0.82 -3.17 -0.52
(0.26) (141) (0.21)
1940s (€3] 1.35
(0.38)
(2) 1.35 -3.40 -0.87
(0.36) (2.35) (0.31)




The Effect of Quality on Educational Attainment
1980 Census Data

TABLE 16c

[In(Nagq, Leve/Population) = a + In(Qy)B.], Standard errors in parentheses

Education Level: College Graduates

Birth Model PTR-A Teacher Term Length
Cohort Salary
1930s 1) -0.62
(0.22)
2) -0.64 2.59 0.62
(0.17) (0.92) (0.14)
1940s 0] -0.80
(0.23)
@ -0.83 2.34 0.78
(0.18) (1.20) ~ (0.16)
1950s n -0.94
{0.30)
2) -0.79 7.20 0.78
(0.23) (1.96) 0.17)
Education Level: High School Graduates without College Degrees
1930s 1) 0.07
(0.06)
) -0.06 0.63 0.02
(0.06) (0.34) (0.05)
1940s (1) 0.07
0.07)
) 0.07 -0.55 -0.14
{0.07) 0.47) {0.06)
1950s )] 0.09
0.11)
) 0.06 -1.83 -0.20
(0.096) (0.82) ~{0.07)
Education Level: High School Dropouts
1930s 1) 0.88
(0.42)
2 0.88 -4.87 -0.90
(0.37) (1.96) (0.29)
1940s ¢} 1.59
(0.58)
2 1.63 -3.93 -1.27
(0.55) (3.61) ~ (0.47)
1950s (n 2.66 .
(0.75)
) 2.45 -10.89 -1.07
(0.71) (6.12) (0.52)

(1) PTR-A refers to the attendance based pupil-teacher ratio,
(2) The highschool graduate category includes mea with some college

(3) The dependent variable is the log of the proportion of people in each education category. The estimated
coefficients give the percentage change in the proportion of the state’s population with a given education level
aone percent change in the quality measure,

for
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Figure 1(a): Trend in Average Schooling Quality Over Time
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Figure 1(b): Convergence in Schooling Quality Over Time
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Figure 3: Evidence of Sheepskin Effects in the Return to Education, 1980 Census, 1930-39 Cohort
Figure 3(a): 1980 Census, 1930-39 Cohort, 8th Grade Sheepskin Effects
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Figure 3(b): 1980 Census, 1930-39 Cohort, 12th Grade Sheepskin Effects
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Figure 3(c): 1980 Census, 1930-39 Cohort, 16th Grade Sheepskin Effects
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Figure 4: Plots of Estimated Education Returns for Four States , 1980 Census, Cohort 1930-39
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Appendix A: Description of the Analysis Samples
Description of the Census Data

Our samples are taken from the 1970, 1980, and 1990 Censuses. The 1970 sample
is taken from two one percent Public-Use A samples: the 1 percent State sample (5
percent form) and the 1 percent State sample (15 percent form). It is a self-weighting
sample of 2 percent of the population. The 1980 Census and the 1990 Census samples are
both 5 percent Public-Use A samples. The 1980 Census sample is self-weighted, but the
1990 sample is not. Therefore, for 1990, our regressions take into account the weight of
each individual in the sample.

To maintain comparability of our empirical results with those of Card and Krueger,
we impose identical restrictions on our 1980 sample. To the extent possible, we construct
the 1970 and 1990 extractions in the same way. The 1970 Census reports the number of
weeks worked in intervals, whereas the 1980 and 1990 Censuses report integer amounts.
To get a point estimate for the number of weeks worked in 1970, we calculate the mean
number of weeks worked in 1980 within the 1970 intervals and impute these interval
means for individuals in the 1970 sample. Point estimates of annual earnings are
computed by assigning to individuals the midpoint of their earnings interval. Table A.1
summarizes the full set of restrictions for each of the three Census samples.

Table A.1
Summary of Sample Restrictions

Sex: Male

Race: White

Place of Birth: 48 Mainland states and District of Columbia

Place of Residence: Living in any one of the 50 states or DC as
of the Census Year.

Wage/Salary: 1970 Census: Annual 1969 wage or salary

(note: 1970 and 1990 Censuses’ income of at least $51 and weekly wage or

salary ranges are equal to the 1980 | salary falling in the range $18-$1264.

range adjusted by the appropriate | 1980 Census: Annual 1979 wage or salary

years’ CPI) income of at least $101 and weekly average

wage or salary of $26-$2500.

1990 Census: Annual 1989 wage or salary

income of at least $173 and average weekly

wage or salary of $60-$4270

Other Exclusions: Individuals with imputed information on
age, race, sex, education, weeks worked, or
income are excluded. Also, individuals who
have not worked at least one week are
excluded.

A-1



Each Census sample is divided into ten year birth cohorts. The year of birth for
each individual is determined from information on age and quarter of birth. The sample
sizes for each of the birth cohorts is given in Table A.2.

TABLE A.2
Sample Sizes for Birth Cohorts
Birth Cohort 1970 Census 1980 Census 1990 Census
1910-19 119894 NA NA
1920-29 152245 277601 NA
1930-39 148281 302941 239373
1940-49 193808 447691 418335
1950-59 NA NA 571808

Regression Variables

The log weekly wage variable used in the regressions is constructed by dividing the
annual wage and salary income by the number of weeks worked. Number of weeks
worked is reported directly in the 1980 and 1990 Censuses, but not in the 1970 Census.
In 1970, number of weeks worked is reported by category: 0-13 weeks, 14-26, 27-39,
40-47, 48-49, and 50-52 weeks. To arrive at a single number for weeks worked, we
calculate the distribution of weeks worked in each of these categories by age, race, and
education level using the 1980 Census data. We then impute the mean number of weeks
worked for each category in 1980 to the 1970 data.

The experience variable refers to ‘“potential” experience, calculated by the
difference, age - years of schooling - 6. Information on SMSA and marital status variables
are available in each Census year’s documentation.

Years of education is reported differently in the three Census samples we use. In
1970 and 1980, the Census reports the highest grade completed. In 1990, the Census
reports categories of education for first through fourth grade and fifth through eighth
grade, and then reports the highest grade completed for nineth through twelfth grades (12
years of school with no degree reported separately from high school graduation). For high
school and beyond, the Census then reports only the degree obtained. In order to be
comparable to the other two Census sample, we impute the number of years of education
associated with each level and degree. For twelve years of school with and without a high
school degree, we assign 12 years. For both some college but no degree and an associate
(academic or occupational) degree we assign 14 years of school. If a B.A. is reported, we
assign 16 years of school. For professional degrees we assign 17 years, and for masters
degrees and beyond, including doctoral degrees, we assign 18 years of school.

All of the school quality variables we use in the regressions are described in
Appendix B, along with the source of the data.




Appendix B: Schooling Quality Data Sources

This study draws upon state-level data' quantifying three broad aspects of quality
for full-time public elementary and secondary day schools (grades K-12): average term
length, average annual instructional staff salary, and pupil-teacher ratios. Since our
empirical study uses the same quality measures as Card and Krueger’s (1992b), we will
note the differences in the definitions of our variables from theirs.

Data on average term length and average annual instructional staff salary from
1906 to 1958 comes from the Federal Biennial Survey of Education. From 1960 through
1980, the data was taken from the Digest of Education Statistics (published by the
National Center for Education Statistics), and also from individual state education annual
or biennial reports. Average term length is defined as “the average number of days in the
school term (full-time public elementary and secondary schools).” Prior to 1968, when
Southern schools were segregated, Card and Krueger use an average term length measure
based on aggregate data including both white and black schools for all states. For pre-
1968 data in the southern states we use instead term length based on segregated white
schools, when available, and the aggregate measure for nonsouthemn states. For some
early years, the segregated measure was unavailable, in which case we imputed white term
length from the aggregate measure.?

Average annual instructional staff salary is defined as “the average annual salary
per member of the instructional staff (full-time public elementary and secondary schools).”
Because of the lack of consistent regional salary deflators over time, we use ‘‘relative”
teacher salary in our analysis. State-level average instructional staff salaries are divided by
the regional average salary. Our relative teacher salary measure differs from that used by
Card and Krueger, who use the wages paid to federal highway road laborers and social
security wages as relative wages indices. For 1920-1938, they use the wage paid to
laborers on federal road construction projects. For 1940-66, they use the average state-
level social security wage. The construction wages were only available by region, so they
convert them to state-level indices by forming the average ratio of the state social security
wage to the regional construction wage in the period 1940-44.

Pupil-teacher ratios were extracted on a biennial basis for the period 1916-1988
from two main data sources. Through 1968, pupil-teacher ratios were derived in general
- from Federal data reported in various issues of the Federal Biennial Survey of Education.
State education reports (generally biennial) and other sources (mainly from the Nashville
based Southern Reporting Service, an independent education monitoring organization)
were used as needed to fill in the gaps. These additional sources were also used to check
suspicious outliers generated from the Federal data. Post-1968, the pupil-teacher ratios
were extracted from the National Center for Education Statistics, Historical Trends: State
Education Facts (1992; diskette version supplied by the NCES). Exhaustive effort was
made to maximize data consistency over time and/or across disparate sources.

State-level, aggregate pupil-teacher ratios were computed according to two
definitions: (a) PTR-E, total teacher divided by total enrollment and (b) PTR-A, total
teachers divided by average daily attendance. PRE-E used Card and Krueger’s general

! Covering the 48 contiguous states and the District of Columbia.
! White term lengths were imputed for Southern states by taking the ratio of white term length to the
aggregate for the nearest year and then applying that ratio to the aggregate term length in years when the
white measure was missing.
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specification and substantially agrees with their results (there are occasional disparities due
to reliance on different sources and/or different interpretations of data categories from the
same source). PTR-A is used in this study to test the robustness of their results: we
hypothesize that change in the quality of schooling inputs should have been more
consequential for those pupils actually attending school than for those nominally enrolled
but not attending. This is of particular concern for rural states and older cohorts.

To assess the effect of schooling quality on whites, racially specific pupil-teacher
ratios and term length were computed to the extent that available sources permitted.
Racially differentiated educational statistics are for practical purposes unavailable for the
historically nonsegregated states. For these systems, aggregate pupil-teacher ratios were
assembles. For the 18 historically segregated public education school systems’, data
sources allowed compilation of white-specific measures covering much of the 1916-88
time period. Unfortunately, we were able to fund teacher salaries on an aggregate level
only.

Virtually complete, white-specific PTR-E and PTR-A series were extracted from
the Biennial Surveys, various Federal Office of Education studies appearing under such
rubrics as Statistics of the Education of Negroes: A Decade of Progress (1943), and state
education reports for the years 1916-1954. In the wake of the Brown vs. Board of
Education decision that year, the Federal Government and many of the historically
segregated states ceased publishing racially disaggregated educational statistics.
However, the pace and timing of post-Brown school desegregation varies widely.

Where post-Brown legal desegregation® was relatively immediate, as in the District
of Columbia and a number of Boarder states, white-specific pupil-teacher ratios and white
term lengths were immediately replaced by the non-differentiated, aggregate ratios used to
characterize historically non-segregated systems. Where legal desegregation lagged,
particularly in the Deep South, white-specific pupil-teacher ratios were extracted to the
extent that available data (mainly from SERS publications and state reports) allowed.
Since racially differentiated data in these instances typically because unavailable well
before full desegregation had been effect, a smoothing procedure was employed to merge
white-specific pupil-teacher ratios and the somewhat larger aggregate ratios.

Based on data appearing in the SERS gazette Southern School News, the
increasing percentages of legally desegregated schools within individual states were
calculated post-Brown through 1968 (when full legal desegregation was assumed).
Partially segregated states were assigned an average of the last reported white-specific
pupil-teacher ratio and the current aggregate ratio, weighted according to the current level
of desegregation.” Aggregate measures only were assigned once the legal desegregation
in a given states schools reached a 95% threshold.

? These were: the states of Alabama, Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana,
Maryland, Mississippi, Missouri, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia,
and West Virginia; and the District of Columbia.

* That is. certified complience with the then-prevailing interpretations of Federal law: nominal
integration as far as the legal right to enroll, as distinguished from the de facto integration later sought by
such court mandated measures as busing plans.

5 That is. a state whose schools were 40% desegregated in a given year was assigned the pupil-teacher
rafios equivalent to 60% of the last reported white-specific ratios and 40% of the relevant aggregate ratios
and so on,
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Table 7b
1970 Census: The Effect of Schooling Quality on the Rate of Return to Education
Linear Model
Second Stage Model: Rate of Return = 06+ O+ Oty + Ote Olpe+ Ol s
(Eicker-White standard errors in parentheses)

Second Stage Model Restrictions
@) 2 ©)] “ (5) _(6) a
Coefficient Estimates e=Q e | 0=@Quc | O +0 0be=¢ Q be Ot 4 Oty 500 Oty Ol o= Oty + Oy s)c=
=(pQ be le (s} le x{s) n\Qr(sJ'HtlD;Ls)
10s 20s 30s 40s
Pupil-Teacher Ratio -8.10 -8.89 -2.14 -838 | -1.79 | 466 | 036 -8.80 -8.79 -8.88
(1.48) (1.50) (0.70) (1.28) | (1.21) | (0.89) | (1.77) (2.27) (2.24) (1.86)
Term Length 0.74 1.85 -0.16 | 4.59 345 | 7.08 0.80 1.09 0.89
0.39) (0.27) (0.32) | (0.37) | (0.55) | (1.35) (0.67) (0.67) (0.53)
Relative Teacher 1.20 0.33 0.97 0.07 0.39 | -0.46 1.17 1.10 1.16
Salary 0.31) (0.09) | (0.19) | (0.12) | (0.15) | (0.30) (0.50) (0.46) (0.39)
Demand and Supply
Aggregates
reg. avg. P.T. Ratio 19.19 14.40 -2.63
(1.87) (1.91) (3.51)
reg. avg. Term Length -8.00 -4.21
(1.17) (2.15)
% 12 years -0.12
(0.02)
% 1-3 years college -0.18
(0.03)
% 4+ college 0.09
(0.04)
% manufacturing -0.03
(0.01)

(1) The number of observations = 1764 (49 states of birth X 9 regions X 4 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female workers age 18-65. The mean quality within a
region of residence was calculated using the 10-19, 20-29, 30-39 and 4049 birth cohorts.

(3) The omitted education category is < 12 years.

(4) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 7¢
1990 Census: The Effect of Schooling Quality on the Rate of Return to Education
Linear Model
Second Stage Model: Rate of Return = o+ 0+ 0ty O+ Olpe+ Oty
(Eicker-White standard errors in parentheses)

Second Stage Model Restrictions
1) 2 3) @) ) 6) (10)
Coefficient Estimates 0bc=@PQube | Qoc=@Qpc | 0o +0lc 0= Q bc 0oc=@Q b 0bc=PQ be 0be=¢PQ be
=@Q e Otrsy+ Olysyc= Oty(sy+Ol(s )= Oly(s)+Oly(s)e=
Qs Qs Q¢ s+ Dys)
30s 40s 50s
Pupil-Teacher Ratio -9.22 -10.66 1.55 0.71 3.06 1.58 -10.66 -10.80 -10.72
(1.52) (1.47) 0.74) | (0.85) | (1.39) | (2.34) (2.57) 241 (L.71)
Term Length 6.45 8.29 892 | 7.81 5.87 6.45 6.73 6.57
(0.62) (0.46) | (0.51) | (0.96) | (1.93) (1.29) (1.21) (0.80)
Relative Teacher 2.59 2.06 1.88 1.78 | 2.98 2.59 2.58 2.59
Salary 0.32) 0.12) | (0.18) ] (0.22) | (0.30) (0.59) (0.56) (0.39)
Demand and Supply
Aggregates
reg. avg. P.T. Ratio 15.54 6.89 -5.97
’ (1.48) (1.67) (4.16)
reg. avg. Term Length -16.49 -1.22
(1.18) (2.02)
% 12 years -0.16
(0.03)
% 1-3 years college -0.27
(0.01)
% 4+ college -0.16
(0.02)
% manufacturing -0.12
(0.009)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).

{2) The % of the workforce in the manufacturing industry was computed from the 1990 Census (Sample A) using male and female workers age 18-65. The mean
quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 birth cohorts.

(3) The omitted education category is < 12 years.

(4) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 9b
1970 Census: The Effect of Schooling Quality on Fixed Effects
Linear Model
Second Stage Model: Oy, = 0+68,+0,+0.48p:+0
(Eicker-White standard errors in parentheses)

Model Specification
(U] ) 3) @) (3) (6) @
Coefficients: 0=0Quc | Bu= O, +0, b= Qnc Bb=0Q 1. Bc=0Q v Bp=¢0Q 1. 0.49,.=
be =@Q b 0,+0,(5)c= 0,46 5)= 7 Q s+ 10D s
RIQ r(s) le x{s)
10s 20s 30s 40s
Pupil-Teacher -143 -1.32 -0.39 025 | -041 | -1.07 | -0.35 -1.71 -1.71 -1.71
Ratio (0.15) (0.15) 0.07) (0.13) | (0.12) | (0.10) | (0.16) (0.15) (0.15) (0.15)
Term Length -0.39 -0.16 -0.05 | -0.30 | -0.09 | -0.01 -0.46 -0.46 -0.46
(0.05) (0.03) (0.05) | (0.05) | (0.06) | (0.12) (0.05) (0.05) (0.05)
Relative Teacher -0.07 -0.01 -0.08 | -0.01 | -0.01 | 0.08 -0.05 -0.05 -0.05
Salary (0.02) 0.01) (0.02) | (0.01) | (0.01) | (0.02) (0.02) (0.02) (0.02)
Demand and
Supply
Aggregates
reg. avg. PTR-A -0.98 -0.95 7.04
(0.45) (0.44) (0.82)
reg. avg. Term 1.78 -0.78
Length (0.35) (0.54)
% 12 years 0.04
(0.01)
% 1-3 years -0.01
college (0.01)
% 4+ college 0.05
(0.01)
% 0.01
manufacturing (0.001)

(1) The number of observations = 9996 (49 states of birth x 51 states of residence x 4 cohorts).
(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female workers age 18-65.

The mean quality within a region of residence was calculated using the 10-19,20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.




1990 Census: The Effect of Schooling Quality on Fixed Effects

Table 9¢

Linear Model

Second Stage Model: 6y, = 0+0,+0,+0. 48410,

(Eicker-White standard errors in parentheses)

Model Specification
(D (2 3 @ (5) ©) )
COCfﬁCien(S: Bbczq)Q be Gb;(pQ be 91, +6bc Sbc=(p CQ be Gbc=(pQ be ebc'_'(PQ be Bbc=(pQ be
:(PQ be es+er(s)c: es"'er(s)c: es"'et(s)c: mmQ (s)
Qs Qs +0D )
Cohort: 30s 40s 50s
Pupil-Teacher 1.14 1.37 -0.64 -0.55 | -0.81 | -0.60 1.37 1.37 1.37
Ratio (0.14) (0.14) (0.06) (0.07) | (0.10) | (0.17) (0.21) 0.19) 0.15)
Term Length -1.15 -1.03 -1.17 | -091 | -0.31 -1.15 -1.17 -1.17
(0.07) (0.04) (0.04) | (0.08) | (0.16) 0.11) (0.10) (0.08)
Relative Teacher -0.41 -0.24 -0.22 | -0.19 | -0.36 041 -041 -041
Salary (0.03) (0.01) (0.01) | (0.02) { (0.02) (0.05) (0.05) (0.04)
Demand and
Supply
Aggregates
reg. avg. PTR-A 0.33 0.10 0.001
(0.16) (0.16) (0.49)
reg. avg. Term 5.34 4.76
Length (0.10) (0.29)
% 12 years -0.005
(0.003)
% 1-3 years college 0.03
(0.001)
% 4+ college 0.01
(0.003)
% manufacturing 0.03
__(0.0008)

(1) The number of observations = 7497 (49 states of birth x 51 states of residence x 3 ohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 199) Census (A Sample) using male and female
workers age 18-65. The mean quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.




Table 11.1(b)
1970 Census: The Effect of Schooling Quality on the Linear Base Return to Education
Nonlinear Model
Second Stage Model: Rate of Return = ot+0t+ 05+ Ole+ O+ Oty s
(Eicker-White standard errors in parentheses)

Model Specification
({1 (2) 3) “) C)) [¢)] (10)
Coefficients: abc=(PQ be abc=(PQ be Oy +0lye Olpc=¢ cQ be abc=(pQ be (xbczq)Q be (xbc:q)Q be
=‘PQ be Oly(s)+ Or(s)c= Oly(s)HOle(s)c= Oly(s)+Oly(s )=
Qs Qe Q rs) +7D o)
Cohort: 10s 20s 30s 40s
Pupil-Teacher 3.67 2.31 0.37 -12.93 6.19 6.99 6.72 241 243 247
Ratio (2.49) (2.52) (1.18) 2.17) | (1.42) | (1.92) | (3.07) (3.13) (3.04) (2.67)
Term Length 270 0.96 -0.98 3.93 0.82 10.00 276 3.36 345
(0.48) (0.31) (0.38) | (0.64) | (0.60) | (1.70) (0.75) (0.72) (0.56)
Relative Teacher -0.22 0.91 1.84 -0.09 0.98 1.83 -0.24 -0.39 -0.42
Salary (0.53) (0.14) 0.23) | (0.19) | (0.31) | (0.51) (0.67) (0.65) (0.57)
Demand and
Supply
Aggregates
reg. avg. PTR-A 19.88 9.92 17.68
(2.95) 2.79) (5.50)
reg. avg. Term -16.61 -18.49
Length (1.67) (4.39)
% 12 years 0.06
(0.03)
% 1-3 years 040
college (0.05)
% 4+ college 0.14
(0.08)
% manufacturing -0.07
(0.01)

(1) The number of observations = 1764 (49 states of birth x 9 regions x 4 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female workers age 18-65. The mean quality within
a region of residence was calculated using the 10-19,20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 11.2(b)
1970 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 1-3 Years of College
Nonlinear Model
Second Stage Model: Rate of Return = O+ Oty Oty 5+ Ol + Ol Oty 5
(Eicker-White standard errors in parentheses)

Model Specification
(U] 2) 3) @) @®) ®) (10)
Coefficients: 0= PQ be | Ce=PQbc | O +0loe 0= Q b 0pe=@Q b 0e=@Q be 0pe=PQ pc
=QQ (s HOs)c= Oty +Ole(s )= Olr(sy+ Ois)c=
_mQyy Qs QD )
Cohort: (0= 20s 30s 40s
Pupil-Teacher -19.72 -16.56 -1.92 7.81 -40.72 | 43.56 | -23.02 -16.75 -16.81 -17.77
Ratio (13.69) (13.24) (5.73) (7.80) | (14.29) | (7.82) | (12.24) (13.67) (13.42) (13.27)
Term Length -19.33 -1.62 -2.65 -6.75 3.07 -8.25 -19.44 -2142 -23.99
(3.58) (1.86) (252) | (3.83) | 3.64) | (9.18) (3.74) (3.55) 3.51
Relative Teacher 21.20 -0.89 -0.79 5.64 447 | -13.38 21.25 21.73 2248
Salary (2.52) (0.90) (1.48) | (2.05) | (1.21) | (2.80) (2.61) (2.60) (2.56)
Demand and
Supply
Aggregates
reg. avg. PTR-A -39.04 -6.16 -162.38
(11.62) (12.09) (24.06)
reg. avg. Term 54.87 110.17
Length (6.72) (15.85)
% 12 years -0.94
(0.13)
% 1-3 years 1.29
college 0.23)
% 4+ college -1.49
(0.31)
% manufacturing 0.28
(0.05)

(1) The number of observations = 1764 (49 states of birth x 9 regions x 4 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female workers age 18-65. The mean quality within
a region of residence was calculated using the 10-19,20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 11.3(b)
1970 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 4 Plus Years of College
Nonlinear Model
Second Stage Model: Rate of Retumn = 0+ 0+ 0ty + O+ Olp e+ Oty s
(Eicker-White standard errors in parentheses)

Model Specification
1) 2) 3) @) (8) ) 10)
Coefficients: 0oc=@PQube | 0=PQue |  Ob +0tc o=@ Qb 0oc=@Q b 0pc=@Q 1 0e=QQ e
=@Q. Oyt Oeisic= | Ote(s)HOhspe= Oty Olrgo)c=
Qs Qs TMQu+1D )
Cohort: 10s 20s 30s 40s
Pupil-Teacher -66.13 -54.69 8.33 72.84 | -40.35 2.53 -17.65 -55.15 -55.28 -56.39
Ratio (19.30) (19.14) (8.09) (14.99) | (12.58) | (15.28) | (20.15) (20.89) (20.13) (19.24)
Term Length -23.16 -8.54 131 | -17.97 6.22 -25.85 -2345 -27.66 -29.72
(4.67) (2.64) (3.61) | (5.44) | 4.91) | (13.06) (5.32) (4.97) 4.77)
Relative Teacher 2.52 -1.23 -9.89 -0.95 -9.24 | -16.68 2.65 3.69 4.33
Salary (3.67) (1.28) (2.83) | (2.15) | (1.94) | 4.01) 4.18) (4.06) (3.81)
Demand and
Supply
Aggregates
reg. avg. PTR-A -97.58 -27.72 -228.79
(19.55) (19.08) (40.38)
reg. avg. Term 116.56 155.09
Length (11.39) (32.13)
% 12 years -1.47
(0.24)
% 1-3 years 1.91
college 0.41)
% 4+ college -0.43
(0.58)
% manufacturing 0.42
(0.07)

(1) The number of observations = 1764 (49 states of birth x 9 regions x 4 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female workers age 18-65. The mean quality within
a region of residence was calculated using the 10-19,20-29, 30-39, and 40-49 birth cohorts.

(3) The pupil-teacher ratio and termn length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



Table 11.1(c)

1990 Census: The Effect of Schooling Quality on the Linear Base Return to Education
Nonlinear Model
Second Stage Model: Rate of Return = o+ 06+ 00 Ot Ot Oty

(Eicker-White standard errors in parentheses)

Model Specification
¢9) (2) 3 Q)] 8 ©) (10)
Coefficients: o= PQ be | Moc=PQ be Op +00,c 06e=@ Qb 0= PQ b o= PQ e U e=PQ ne
=0Q b Oly(s)+Oles)c= Oy H 05 )= Ol j+Olys)c=
ELQJI:) nJQr(sJ le us) +nlD x(s)
Cohort: 30s 40s 50s
Pupil-Teacher 9.42 8.47 0.28 6.26 3.66 -2591 8.48 8.24 8.21
Ratio (4.65) (4.64) (1.78) (2.82) | (2.03) | (5.60) (5.53) (5.43) (5.17)
Term Length . 422 8.12 7.05 1143 7.92 4.22 4.65 473
(1.57) (0.89) (0.87) | (1.85) | (5.51) 2.27) (2.17) (1.99)
Relative Teacher 1.71 1.72 1.81 1.30 1.60 1.71 1.68 1.68
Salary (0.87) (0.29) 0.48) | (0.33) | (0.64) (1.14) (1.09) (1.02)
Demand and
Supply
Aggregates
reg. avg. PTR-A 17.08 3.39 34.12
(3.36) (3.24) 9.76)
reg. avg. Term -26.12 -30.30
Length (2.25) (4.92)
% 12 years 0.20
(0.07)
% 1-3 years -0.03
college (0.04)
% 4+ college 0.06
(0.06)
% manufacturing -0.16
(0.02)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1990 Census (A Sample) using male and female workers age 18-65. The mean

quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 birth cohorts.
(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.




Table 11.2(c)

1990 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 1-3 Years of College
Nonlinear Model
Second Stage Model: Rate of Return = o+ 0yt Oty + O+ Olpet Ol c

(Eicker-White standard errors in parentheses)

Model Specification
M) (2 3 @) @®) &) (10)
Coefficients: Ooc=@Q b | c=@Que | O +0lbc o=@ Q be 0= PQ be Opc=@Q b Opc=@Q b
=0Q b Otrsyt Olr(s)c= Otrsy+ Olegs)c= Oy +Qlris)c=
Qs Q) 1,Q ) +1D )
Cohort: 30s 40s 50s
Pupil-Teacher 1.76 -1.60 5223 2495 | 57.06 | 12594 -1.61 -1.14 -0.86
Ratio (15.39) (15.46) (5.40) (7.92) | (5.55) | (15.62) (17.31) (17.05) (16.67)
Term Length 0.92 -12.31 -7.60 | -14.18 | -53.85 0.92 0.04 -0.53
(5.72) (3.86) 4.22) | (6.59) | (19.68) (7.18) 6.97) (6.69)
Relative Teacher 6.78 1.60 0.95 4.39 0.58 6.78 6.83 6.85
Salary (2.85) (0.99) 1.60) | (1.39) | 2.1D (344 (3.39) (3.22)
Demand and
Supply
Aggregates
reg. avg. PTR-A -41.25 -13.68 -169.15
(10.10) (10.34) (34.30)
reg. avg. Term 52.59 85.82
Length (1.57) (16.12)
% 12 years -1.13
(0.23)
% 1-3 years -1.20
college (0.12)
% 4+ college -0.80
(0.20)
% manufacturing 0.24
(0.07)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1990 Census (A Sample) using male and female workers age 18-65. The mean

quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 birth cohorts.
(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.




Table 11.3(c)
1990 Census: The Effect of Schooling Quality on the Marginal Rate of Return to 4 or More Years of College
Nonlinear Model
Second Stage Model: Rate of Return = 0t40ty+ 0ty + O+ 0pe + 0t
(Eicker-White standard errors in parentheses)

Model Specification
1) 2) 3) “)_ (8) ©) (10)
Coefficients: 0c=@Qbe | 0oe=@Que | O +0c o=@ (Q b 0= @Q v 05=9Q e 0o =PQ be
=@PQ b O+ Qlrgs )= Qs+ Qlegsjc= Olrgsy+ Oles)c=
mQ, Qs Qs +7,D )
Cohort: 30s 40s 50s
Pupil-Teacher -93.37 -91.40 33.57 -9.48 31.05 | 18251 -91.41 -90.64 -90.05
Ratio (23.55) (23.77) (10.31) (16.03) | (11.30) | (33.63) (27.96) (27.80) (27.85)
Term Length 3.89 -13.38 -6.50 | -26.32 | -29.81 3.89 2.46 1.28
(8.74) (5.87) (5.88) | (12.14) | (32.38) (11.86) (11.57) (11.71)
Relative Teacher 4.19 4.18 -7.01 -2.63 4.02 -4.19 4.11 -4.06
Salary (5.95) 2.13) 370) | 253y | (3.92) (6.93) (6.81) (6.87)
Demand and
Supply
Aggregates
reg. avg. PTR-A -58.55 -13.87 -243.33
(17.96) (17.93) (60.57)
reg. avg. Term 85.23 154.71
Length (13.54) (28.32)
% 12 years -1.82
(0.41)
% 1-3 years -1.42
college (0.22)
% 4+ college -1.22
(0.35)
% manufacturing 0.23
(0.13)

(1) The number of observations = 1323 (49 states of birth x 9 regions x 3 cohorts).
(2) The % of the workforce in the manufacturing industry was computed from the 1990 Census (A Sample) using male and female workers age 18-65. The mean
quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 birth cohorts.

(3) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ratio was used.



.2-

Table 14¢ continued

1990 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = @ + o + @) + Qe + @pe + X is)c + Lrisiriny + Lrisyribie
{Eicher-White standard errors in parentheses)

Coefficient Estimates

Second Stage Model Restrictions

(D

(2)

(3

4)

&)

Qpe + Eripyrisy + Cripyr(sic = Brisy@oc + Nd

Qp + ape + @y (b)r(s) + Cripyrisyc = ¢r(:)ch + 7]d

Term Length

New England
Middle Atlantic
East North Central
West North Central
South Atlantic
East South Central
West South Central
Mountain

Pacific

distance

distance squared

2.09
(0.26)

-0.52
(0.08)

2.27
(0.25)

-0.57
(0.08)

-1.58
(3.38)
-5.49
(427
-3.26
(2.86)
-643
(4.35)
-5.81
(3.67)
-14.47
(3.57)
-12.30
(3.38)
5.63
(4.17)
-2.79
(2.38)
244
(0.25)
-0.63
(0.08)

-3.19
(3.53)
-1.73
(4.40)
-5.12
(2.85)
-7.50
(4.49)
9.67
(3.51)
-16.21
(3.64)
-13.10
(3.49
6.38
(4.14)
-3.14
(2.36)
2.26
(0.25)
-0.58
(0.08)

16.09
(3.89)
10.80
(5.10)
13.60
(4.28)
11.50
(4.91)
9.46
(4.92)
2.80
(391)
5.68
(3.61)
23.34
(5.11)
11.95
(3.81)
1.65
(0.32)
-0.20
(0.10)

(1) The number of observations = 1343 (49 states of birth x 9 regions x 3 cohorts).
121 The % of the workforce in the manufacturing industry was computed from the 1990 Census using male and female
workers age 18-65. The mean quality within a region of residence was calculated using the 30-39, 40-49, and 50-59 co-

bonts.

13) The onutted eduction category 1s < 12 years.
(43 The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ra-

tto was used.

(5) Dhstance is measured in thousands of miles.




Table 14¢

1990 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = a + @), + @, + @, + @p + Qo ()0 + Trisyein) + Crisyriaye
{Eicher-White standard errors in parentheses)

Eoefﬁcient Estimates

Second Stage Model Restrictions

(1)

(2)

3)

4)

(8}

Qpe + ar(b)r(s) + ar(b)r(s)c = ¢r(s)ch + Tld

ap+ Ape + Cp i) + Arpyrisyc = Bris) Qe + 710

Pupil-Teacher Ratio

New England -26.44 -27.57 -13.52
( 6.90) (6.83) (647)
Middle Atlantic -29.07 -31.22 -17.47
( 8.39) (8.41) (7.79)
East North Central -30.47 -32.10 -18.22
(6.11) (6.01) (5.62)
West North Central | -24.09 -26.84 -11.55
(7.20) (7.12) (6.62)
South Atlantic -46.50 -48.90 -34.72
(5.77) (5.78) (6.04)
East South Central -28.10 -32.07 -18.09
(6.38) (6.18) (5.15)
West South Central | -22.50 2595 -11.35
(5.75) (5.61) (4.56)
Mountain -14 85 -14.01 -0.24
(8.22) (8.07) (7.99)
Pacific -17.53 -18.57 -6.90
(5.23) (5.18) (5.36)
Teucher Salary
New England 2.97 4,08 1.65
(1.50) ( 1.54) ( 1.05)
Middle Atlantic 3.19 4,50 2.10
(1.52) (1.53) (1.28)
East North Central 2.97 4.21 1.79
(1.32) (1.32) ( 1.14)
West North Central 3.12 4.35 1.90
( 1.65) ( 1.66) (1.26)
South Atlantic 3.00 4,63 2.19
(1.31) ( 1.31) ( 1.25)
East South Central 3.07 4.65 221
( 1.48) ( 1.43) (0.93)
West South Central 3.11 4.51 207
( 1.49) ( 1.45) (0.88)
Mountain 2.99 361 1.24
( 1.53) (1.53) (1.39)
Pacific 3.23 421 192
( 1.14) (1.16) ( 0.81)
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Table 14b continued

1970 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = a + @), + @, + @ + Qe + Cr(5)c + Cr(s)r () + Lr(syrivye
(Eicher-White standard errors in parentheses)

Second Stage Model Restrictions
§)] (2) 3) )] (%)
Coefficient Estimates | @, + @, b)r(s) + @ripyrisye = #rn@oe + 1d | @y + Coe + Qi) + Cryrisye = Pri)Qae + 11d
Term Length

New England 2.36 3.04 422
(2.16) | (2.45) (2.44)

Middle Atlantic 0.09 -0.36 0.88
(1.17) | (1.34) { 1.34)

East North Central 3.61 3.47 496
(1.18) | (131 (1.23)

West North Central 297 -3.47 -1.82
(L79) | (1.84) (1.72)

South Atlantic 1.79 1.18 2.82
(1.12) | (1.22) (0.98)

East South Central 2.44 3.21 4.97
(1.82) | (2.00) (1.85)

West South Central -1.32 -2.05 -0.18
(1.26) | (1.48) ( 1.28)

Mountain 2.59 2.63 4.25
(132) | (1.51) ( 1.44)

Pacific 1.96 1.61 3.03
(101 | (11D (0.99)

distance 1.17 1.28 1.35 1.28 1.04
(024) | (023) | (0.23) | (0.25) (0.25)

distance squared -0.22 -0.26 -0.28 -0.25 -0.19
(0.09) | (009 | (0.09 | (0.09) (0.10)

(1) The number of observations = 1764 (49 states of birth x 9 regions x 3 cohorts).

(2) The % of the workforce in the manufacturing industry was computed from the 1970 Census using male and female
workers age 18-65. The mean quality within a region of residence was calculated using the 10-19, 20-29, 30-39, and 4049
cohorts.

(3) The omitted eduction category is < 12 years.

(4) The pupil-teacher ratio and term length were divided by 100 in the regression. The attendance based pupil-teacher ra-
tio was used.

(5) Distance is measured in thousands of miles.



Table 14b

1970 Census: The Effect of Schooling Quality on the Return to Education
Linear Model with Region of Birth*Region of Residence Interactions
Second Stage Model: Rate of Return = @ + @, + @) + @¢ + @b + Cr(3c + Cris)rip) + Trisirihye
(Eicher-White standard errors in parentheses)

[oefficient Estimates

Second Stage Model Restrictions

$Y

2

3

@

)

Qpe + Crpyris) + Cribyr(sye = ¢r(.r)ch + Tld

ap+ oy + ar(b)r(:) + ar(b)r(s)c = ¢r(.r)ch + '74

Pupil-Teacher Ratio |

New England 2.67 2.68 12.24
(5.05) (5.11) (4.76)
Middle Atlantic -8.55 9.7 -0.36
(3.72) (3.74) (2.76)
East North Central -12.15 -12.33 -2.52
(3.48) (3.55) (2.56)
West North Central -3.27 -5.81 5.01
(4.00) (4.00) (2.93)
South Atlantic -16.57 -17.32 -1.97
(3.61) (3.64) (2.37)
East South Central 2.77 2.83 12.59
(4.90) (4.97) (4.12)
West South Central | -11.58 -13.47 -3.39
(3.89) (3.87) (2.72)
Mountain -7.14 -71.69 2.86
(3.99) (4.06) (2.90)
Pacific -11.26 -11.89 -1.96
(3.52) (3.66) (2.45)
Teacher Salary
New England 1.03 040 044
(0.78) (0.85) (0.64)
Middle Atlantic 1.07 1.12 0.28
‘ (0.56) (0.64) (0.40)
East North Central 1.07 0.72 0.17
(0.55) (0.60) (0.38)
West North Central 1.10 143 0.50
(0.74) (0.76) (0.57)
South Atlantic 1.03 1.06 0.17
(0.60) (0.66) (0.37)
East South Central 1.08 042 -0.49
(0.75) (0.80) (0.64)
West South Central 1.05 1.38 045
(0.72) (0.80) (0.52)
Mountain 1.06 0.70 -0.21
(0.69) (0.75) (0.58)
Pacific 1.04 0.90 0.02
(0.58) (0.63) (0.36)




