Case 2:21-cv-01531-AMM Document 208-16 Filed 10/10/24 Page 1 of 10 FILED

2024 Oct-10 PM 04:03
U.S. DISTRICT COURT
N.D. OF ALABAMA



Case 2:21-cv-01531-AMM Document 208-16 Filed 10/10/24 Page 2 of 10

M.C. Long / Economics of Education Review 29 (2010) 338-347 339

incremental schooling reported in standard human capi-
tal estimates may capture only about one-half of the total
value of an additional year of schooling” (p. 401). Thus,
studying effects beyond the labor market is important.

The literature that examines the effects of college qual-
ity on enrollees generally finds positive effects on the
likelihood of graduation? and on earnings.? Attending an
elite college has also been found to lead to a higher like-
lihood of graduate school attendance (Eide, Brewer, &
Ehrenberg, 1998), lower divorce rates (Bowen & Bok, 1998),
and better health (Ross & Mirowsky, 1999). Additionally,
the wage premium for attending an elite private college
relative to a less- or non-competitive public institution
increased during the 1980s (Brewer, Eide, & Ehrenberg,
1999).

However, causality is a particular challenge for many
of these studies due to endogenous selection on the part
of both the student and the college. If there are unob-
served characteristics that prompt students to apply to
high-quality institutions and also directly affect outcomes,
the omitted variable will bias estimates of the effect of col-
lege quality (Dale & Krueger, 2002). In Long (2008), I test the
sensitivity of the estimated effects to various identification
methods. I find positive effects of various labor market out-
comes when estimated using an OLS specification, and only
modest evidence suggesting positive selection bias in the
OLS results. Further, I note that alternative methods rarely
produce findings that are significantly different from the
OLS estimates and these alternative methods have their
own limitations which may invalidate their conclusions.
OLS estimation may be sensible when appropriate control
variables measuring student ability, ambition, and taste for
education are available.

In this paper I extend the literature by focusing on
a broad array of outcomes (including degree attainment,
labor market participation, earnings, family formation, and
civic participation) and by examining trends in the size of
these effects.lalso extend the literature by examining these
trends by sex, race/ethnicity, and parent’s socioeconomic
status.

Consistent with the prior literature, I find substantial
wage premiums associated with additional years of edu-
cation and that these returns to education increased in
both the 1980s and the 1990s. I find that additional years
of education increases labor force participation, but this
effect appears to be declining for women and increasing
for men, Blacks, and low-SES children. The positive effect
of education on civic participation has declined. Additional
years of education appears to lead to a delay in marriage
and childbearing for young adults, and lowers the likeli-
hood of divorce. The effect on marriage has been declining
over time, while the effects on childbearing and divorce

2 See Kane and Dickens (1996), Bowen and Bok (1998), Kane (1998), and
Alon and Tienda (2005). Contrary evidence is found in Loury and Garman
(1995) and Light and Strayer (2000).

3 See Wales (1973), James, Alsalam, and Conaty (1989), Loury and
Garman (1995), Behrman, Rosenzweig, and Taubman (1996), Daniel et
al. (1997), Bowen and Bok (1998), Hoxby (1998), Kane (1998), Brewer et
al. (1999), Monks (2000), Hilmer (2002), Black and Smith (2004, 2006),
Long (2008), and Hoekstra (2009).

are relatively unchanged. The increasing effect of years of
education on earnings is mirrored by the increasing effects
of overall college quality on hourly earnings. Likewise, the
positive effect of college quality on the student’s likeli-
hood of completing a bachelor’s degree has been increasing
over time. | find no consistent evidence of a relationship
between college quality and civic participation. Attending
a better quality college leads to a delay in marriage and
childbearing, and these effects have been increasing over
time. Finally, I find a significant negative effect of college
quality on divorce for students in the 1970s (consistent
with Bowen & Bok, 1998), but this effect has evaporated
for more recent cohorts.

2. Model

The following model is used to estimate the effect of
years of education on various outcomes:

YVi=eB+X;y+Fi¢+Niw+¢ (1)

where y is the outcome of interest, e is years of com-
pleted education, X is a vector of student attributes, F
is a vector of parental family attributes, and N is vector
of neighborhood characteristics. The student, family, and
neighborhood attributes consist of those characteristics
that are anticipated to have direct effects on y (and per-
haps have effects on e), and are constructed in a way to
ensure comparability over the three cohorts. With regard
to labor market outcomes, the theory underlying Eq. (1)
is that, controlling for student, family, and neighborhood
characteristics, an additional year of education either raises
a student’s human capital or provides a signal to employ-
ers that the worker has higher ability, and this additional
human capital/signal is rewarded in the labor market via
higher wages (and may then prompt more labor force par-
ticipation). Further it is anticipated that additional years of
education will develop the student’s understanding of the
world and thereby encourage civic participation. Finally, it
is anticipated that additional years of education will lead
to a delay in marriage and childbearing, and may increase
the quality of marriages, leading to lower rates of divorce
and higher household earnings.

Eq. (1) is estimated for each cohort separately and the
estimates of B are tested for significant differences. The
samples are split by gender, race/ethnicity, and parents’
socioeconomic status, to see whether returns to education
have changed for subgroups of the population.

To test the effects of college quality, Eq. (1) is modified
as follows:

YVi=qiB+Xiy +Fi¢p + Niw + & (2)

where q is a measure of college quality, and y includes the
same labor market, civic participation, and family forma-
tion outcomes, as well as earning a bachelor’s degree. Eq.
(2) is estimated for those who enrolled in a 4-year college
within 2 years of their senior year of high school.

Egs. (1) and (2) may suffer from an omitted variable
bias if there is some omitted student characteristic that
affects both y and e (or q). In general, there is a concern that
positive, unobserved characteristics (e.g., “ambition”) may
increase bothy and e (or q), and thus lead to upwards bias in
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the estimates. The data sets that are used contain a rich set
of control variables, many of which proxy for the student’s
and parents’ taste for education and the student’s ambi-
tion and thereby minimize such bias. On the other hand, if
there is measurement error in the computation of years of
education or college quality, the estimated effects will be
biased downwards. However, if the degree of such biases
have not changed over time, the biases will not affect the
test of equality of the coefficients. Thus, even if omitted
variable bias still remains, the comparison of effects across
cohorts could still be informative.

3. Data

Data are drawn from three longitudinal studies
conducted by the Department of Education: National Lon-
gitudinal Study of the High School Class of 1972 (NLS)
which followed high school seniors from 1972 to 1986; the
sophomore cohort of High School and Beyond (HSB) which
were followed from 1980 to 1992; and the National Edu-
cation Longitudinal Study of 1988 (NELS) which followed
eighth graders from 1988 to 2000. The three cohorts, con-
taining between 10,000 and 13,000 observations, were in
their senior year of high school in 1972, 1982, and 1992,
respectively.

These datasets contain many strengths including: (1)
being nationally representative; (2) large enough to allow
for separate analyses by demographic group; (3) contain-
ing a rich set of covariates that are available which will
help mitigate omitted variable bias; and (4) containing rel-
atively consistent variable definitions across surveys. There
are two weaknesses of these datasets for this analysis. First,
the NLS survey followed high school seniors. Thus, it is not
possible to evaluate the effects of additional years of high
school before the senior year. To maintain comparability,
HSB and NELS students who were never enrolled in the
12th grade are dropped from the analysis. Second, the ages
of survey respondents were different in the final years of
being surveyed. Since prior studies have generally found
that the labor market returns to education increase with
age,* | discuss methods used to address the effect of stu-
dents’ ages on the estimated effects.

Total years of education are not included in any of the
three surveys, rather the surveys include categorical mea-
sures of attainment. I convert these categorical measures
into approximate years of completed education.’> College
quality is an index based on the college’s median fresh-
man SAT/ACT test score, percent of the college’s applicants
who are rejected, tuition, full-time faculty to student ratio,
percent of the faculty with a doctorate degree, and the
college’s Barron’s index of selectivity.® Data for these mea-

4 See Hanoch (1967), Wachtel (1975), and Deardon et al. (2002), for
example.

> The details on variable construction, as well as the full list of control
variables and descriptive statistics, can be found in an on-line appendix at
http://faculty.washington.edu/?marklong/EER-changes-in-returns.pdf.

6 The index of college quality is constructed using the first principal
component from a principal component analysis. The index produces a
very sensible and stable ranking of the top colleges, with Brown, Cal Tech,
Harvard, MIT, Princeton, and Yale being among the top-10 for each year.

sures comes from the Barron’s Profiles of American Colleges
(1972,1982,1992).The index is normalized (N(0, 1)) within
each year.

The three datasets contain a rich set of controls that
can be incorporated into the analysis. The variables that
I choose to include in the X, F, and N vectors are those that
likely affect both years of education/college quality and
the outcomes of interest. These include the student’s sex,
race/ethnicity, high school grade point average, SAT/ACT
test scores, class rank, participation in high school stu-
dent government and athletics, and religion (Catholic,
Protestant, other religion, or none); parents’ income,
socioeconomic status, and having a parent who attended
college; attending a private high school and high school
quality; living in a metropolitan statistical area; and the
neighborhood’s income per capita, unemployment rate,
and average education level.

In the final year of interviewing, participants in the three
cohorts were around 32, 28, and 26 years old, respectively.
The NLS cohort is used to calibrate the age effects. Par-
ticipants in the NLS were interviewed in both 1979 and
1986 (i.e., 7 and 14 years after high school). | estimate the
effects at both points in time. I then use linear extrapo-
lation between the two estimated coefficients to estimate
the effect at 10 years after high school, which can then be
conveniently compared to the estimated effects for the HSB
cohort, who were interviewed 10 years after high school.
The estimate of the effect for the NLS cohort after 10 years
is the following:

. 4 . 3 .
Bnisio = 7 - Bnis7 + 7 - Pnis14 (3)

where BNLS7 indicates the estimated effect based on the

1979 interview, and BNLSM indicates the estimated effect

based on the 1986 interview. Note that this method

assumes that the annual growth in the effect is constant.
The variance of ,BNLSlO is the following”:

- 16 - 9 “
Var|Bnisiol = 9 Var[Bnis71 + 5 - Var| Bisi4]

9
24 .
+35 Cov[Bnis7, Pnisial (4)

This variance is then used in computing the significance
of the difference in Bis1o and Brsg10.

Finally, for the NELS students who were interviewed 8
years after high school, I apply the linear extrapolation to
the estimated effects to estimate these effects at 10 years
after high school. I assume that the NELS cohort experi-
ences the same annual change in the effect as observed
for the NLS cohort. The estimate of the effect for the NELS

7 Note that Eq. (4) does not assume zero covariance between the esti-
mates of BNI_W and 3NL514, since the estimates are derived from the same
sample of students. The covariance of these coefficients is estimated using
abootstrapping procedure. I take a bootstrapped sample and estimate the
coefficients, repeat the procedure 500 times, and take the covariance of
the resulting estimates.

8 The method for computing the t-statistics for the differences in the
effects across cohorts is available in the on-line appendix.
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cohort after 10 years is the following:

Bnesio = Bneiss + % -(Bnisia — Brs7) (5)
The variance of Bygisio is the following:

Var[Beisto] = Var| Buewss] + % -Var[Bnisi4 — Puis]

Var|Baeisio] = Var| Buerss] + % -(var|Bnisial (6)

+Var[Bis7] + 2 - Covl Buis7, Bnisial)

This variance is then used in computing the significance
of the difference in ,BNELsm and Bysp1o- Finally, to compare
the NLS and NELS estimates, the NLS estimates are extrapo-
lated forward 1 year, and ,BNLSS is computed and compared
to BNELsg, following similar procedures to those above.

Of course, the assumptions that the annual growth in
the effect for the NLS cohort is constant across the 7 years,
and that this annual growth in the effect has not changed
across the 20 years between the NLS and NELS cohorts, are
strong assumptions that are unlikely to be completely true.
In the on-line appendix, using a parsimonious specification
estimated using data from the Current Population Survey,
[ show that the linear extrapolation approach appears to
be relatively sensible when estimating the effects of years
of education on income. However, since I find increasing
(labor market) returns to education across cohorts, it might
be reasonable to expect the returns to education to rise
faster for the NELS cohort than observed for the NLS cohort.
If so, the resulting estimates of BNELSlO may be underesti-
mated. I now turn to discuss the results.

4. Results

Table 1 presents the estimated effects of years of educa-
tion on various outcomes. For the NLS cohort interviewed
in 1979 (7 years after high school), each additional year of
education had a weakly significant negative effect on their
1978 log-annual earnings (—0.012). However, when inter-
viewed in 1986 (14 years after high school), each year of
educationraised log-annual earnings by a significant 0.062.
Assuming the annual increase in the effect of education on
annual earnings is constant between these two suggests
that the estimated effect would have been 0.020 if they had
been interviewed in 1982 (10 years after high school). For
the HSB cohort, log-annual earnings was increased by 0.040
for each additional year of education. Using the procedures
outlined above, this 0.020 increase in the effect of edu-
cation on log-annual earnings is significant. For the NELS
cohort interviewed in 2000 (8 years after high school), each
additional year of education raised their 1999 log-annual
earnings by 0.047. This effectis not significantly higher than
the estimated effect for the HSB cohort. However, using the
growth in the effect for the NLS cohort, the estimated effect
for the NELS cohort if they had been interviewed in 2002
would be 0.068, which is 0.029 larger than the effect for the
HSB cohort. The difference between BNELS]O and BHSBm is
significant.

In contrast, the effect of education on voter registration
has diminished. For the NLS cohort, each additional year of

education raised the likelihood of being registered to vote
by 3.5 percentage points (for a survey member with mean
characteristics). This effect fell to 2.8 percentage points for
the HSB cohort and 1.8 percentage points for the NELS
cohort.

Additional years of education appear to lead to a delay
in marriage and childbearing. For the NLS cohort, each
additional year of education significantly lowered the
likelihood of marriage by 6.4 percentage points when inter-
viewed in 1979, and 2.5 percentage points in 1986. Since
the effect is eroding over time, it likely indicates that years
of education leads to postponement (rather than suppres-
sion) of marriage. Evaluated at 10-year post-high school,
this marriage postponement effect fell significantly from
—4.7 to —3.1 to —2.7 percentage points. For the NLS cohort,
each additional year of education significantly lowers the
likelihood of having a child by 9.5 percentage points when
interviewed in 1979, and 5.1 percentage points in 1986. The
childbearing postponement effect fell from —7.7 to —6.6
then rebounded to —8.8 percentage points. For all three
cohorts, additional years of education lowered the likeli-
hood of being currently divorced, and there has been no
change in the size of this effect.

Table 2 shows the effects disaggregated by demographic
group, and adds the following outcomes: log couple’s
annual earnings, log hourly earnings, and labor force par-
ticipation. Men experienced a larger increasing effect of
years of education on earnings than for women; evaluated
at 10 years post-high school, the effects increased by 0.058
for men and by 0.024 log-points for women between the
NLS and NELS cohorts. Blacks and Hispanics experienced
greater increasing effects of years of education on log-
annual earnings than whites; the effects increased 0.037 for
whites, 0.098 for Blacks, and 0.119 log-points for Hispanics.
When the sample is split by parent’s socioeconomic sta-
tus (bottom-25%, middle-50%, and top-25%), each SES-level
experienced significant gains in the returns to education
between the NLS and NELS cohorts. Thus, the effects of
years of education on annual earnings are increasing for
every demographic group, but particularly for men, Blacks,
and Hispanics. The pattern of the effects of education on
couple’s annual earnings and own hourly earnings (which
are unfortunately not recorded for the HSB cohort) are sim-
ilar in general to those for own annual earnings.

More education raises the likelihood of labor force par-
ticipation, and there has been no change in this effect over
time. However, there is substantial heterogeneity across
demographic groups. Between the NLS and NELS cohorts,
the effect on labor force participation declined for women
from 3.3 to 2.2 percentage points, and increased for men
from —0.4 to 0.1 percentage points. The effect on labor force
participation increased for Blacks (—0.1 to 1.7 percentage
points) and low-SES children (0.9-3.1 percentage points).
The changes for other groups were insignificant.

There were significant declines between the NLS and
NELS cohorts in the effect of education on delaying mar-
riage for women, whites, Blacks, and high-SES children. For
women, the negative effect of years of education on the
likelihood of marriage 10 years after high school declined
significantly between each cohort, from —6.1 to —4.4 to
—2.6 percentage points. Blacks also experienced a substan-
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tially declining effect, falling from —6.3 to —1.0 to —2.0
percentage points. There were notably increasing nega-
tive effects of education on childbearing for Hispanics and
low-SES children; between the NLS and NELS cohorts these
effects increased from —6.6 to —16.4 percentage points for
Hispanics; and —8.1 to —12.5 percentage points for low-SES
children. The effects of years of education on the likelihood
of being divorced (at age ~32) are negative for all of the
demographic groups. In general, the sizes of these effects
have not changed except for Blacks, which saw a significant
decline between the NLS and NELS cohorts.

Table 3 presents the estimated effects of the index of
college quality on bachelor’s degree attainment and other
outcomes. Evaluated at 10 years post-high school, a one
standard deviation increase in college quality raised the
likelihood of earning a bachelor’s degree by 5.0, 7.4, and
8.5 percentage points for each cohort, respectively, and the
difference between the NLS and NELS cohorts is weakly
significant. Likewise, attending a higher quality college pro-
duced a positive effect on annual earnings for each cohort.
The effect of a one standard deviation increase in college
quality on log-annual earnings increased (insignificantly)
from 0.026 to 0.046 to 0.048 points.

College quality had an insignificant effect on voter reg-
istration for the NLS cohort, but raised the likelihood of
registration for the HSB cohort, and lowered the likelihood
for the NELS cohort.

Enrolling in a higher quality college appears to lead to
a delay in marriage and childbearing. For the NLS cohort,
a one standard deviation increase in college quality sig-
nificantly lowers the likelihood of being married (having
a child) by 4.0 (3.9) percentage points when interviewed
in 1979, and 0.7 (1.1) percentage points in 1986. Eval-
uated at 10 years post-high school, the postponement
effects on marriage fell from —2.6 to —1.7 then increased
to —6.3 percentage points, while the postponement effect
on childbirth increased from —2.7 to —2.9 to —5.9 percent-
age points. The effect of college quality on divorce was
negative and significant for the NLS cohort, but this effect
disappeared for later cohorts.

Table 4 disaggregates these results by demographic
group. The increasing effect of college quality on bach-
elor's degree attainment was experienced by every
demographic group, and these increases were significant
for low-SES children and Blacks, Hispanics, and Native
Americans—groups who have traditionally been underrep-
resented in colleges.

Males were the only demographic group to experi-
ence an increasing effect on annual earnings, with the
effect rising from 0.009 to 0.080 log-points. The effect
on females’ annual earnings insignificantly declined from
0.045 to 0.018 log-points. For Blacks, Hispanics, and Native
Americans, the estimated effects on log-annual earnings
increased from 0.059 to 0.075, then fell precipitously to an
insignificant —0.010—despite the increasing effect of col-
lege quality on these students’ likelihood of earning a bach-
elor’s degree. These results are, however, somewhat sensi-
tive to the inclusion of individuals who are still enrolled in
college at the time of the interview. Excluding these indi-
viduals, the effect of a one standard deviation increase in
college quality on log-annual earnings rises from 0.024 to

0.069 to 0.071 for males; and 0.026 to 0.058 to 0.052 for
females; but falls from 0.079 to 0.060 to 0.024 for underrep-
resented minorities. The effect of college quality on labor
force participation has been negative and unchanged. How-
ever, excluding those who are currently enrolled in college,
there is no effect on labor force participation—suggesting
that the decreased labor force participation reflects
increased graduate school attendance.

Every demographic group experienced a decline in the
effect of college quality on voter registration between the
HSB and NELS cohorts, and these declines were significant
for females, whites, and mid-SES children. The effect of
college quality on delaying marriage increased more for
men (—2.6 to —8.0 percentage points) than for women
(—2.6 to —4.2) between the NLS and NELS cohorts. The
effects for whites (—2.5 to —6.6) and children of high-SES
parents (—2.1 to —5.9) significantly increased, while there
were insignificant changes for other groups. Likewise,
the effect of college quality on delaying childbirth signif-
icantly increased for men (—1.8 to —5.3), but increased
insignificantly for women (—3.6 to —5.4). Whites (—2.4 to
—4.9), high-SES (-1.0 to —2.8) and mid-SES children (-1.6
to —11.1) experienced significantly increasing effects on
childbearing. Underrepresented minorities were the only
subgroup to experience a significant effect of college qual-
ity on divorce in the NELS cohort (—1.2 percentage points).

In summary, attending a higher quality college appears
to increase the likelihood of earning a bachelor’s degree;
increases hourly, annual, and household earnings; and
delays (or perhaps suppresses) the likelihood of marriage
and childbearing. Moreover, the effect of college quality on
degree attainment, hourly earnings, marriage, and child-
bearing has been increasing. The increasing effects are
largest for men, whose share of college enrollment declined
during this period.

5. Conclusion

Given the tremendous changes in the U.S. economy and
education system in the latter third of the 20th century,
it is fundamentally important to understand how these
changes affected the returns to education and college qual-
ity. Using longitudinal data from three cohorts of students
who were followed in the 1970s, 1980s, and 1990s, this
paper finds increasing labor market returns to both years
of education and college quality. For annual earnings, the
increases in returns to years of education were greatest for
men, Blacks, and Hispanics. Years of education was also
found to increase voter registration, lead to delays in mar-
riage and childbearing, and reduce rates of divorce. The
effect of years of education on marriage delay has declined
overall, and particularly for women, but it remains signif-
icant. Controlling for other variables, attending a higher
quality college raises the likelihood of earning a bachelor’s
degree, raises hourly and annual earnings, and leads to a
delay in marriage and childbearing. These effects of col-
lege quality have been increasing over time. Policymakers
must become even more acutely aware of the importance
of access to high-quality higher education given the appar-
ent demands of the economy for high-skilled workers and
the non-market consequences of educational quality.
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