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This paper estimates the effects of educational attainment and school quality on
crime among American women. Using changes in compulsory schooling laws as
instruments and census data, we estimate significant effects of schooling attain-
ment on the probability of incarceration. Using Uniform Crime Reports data, we
estimate that increases in average state schooling levels reduce arrest rates for vio-
lent and property crime but not white collar crime. We find small and mixed direct
effects of school quality on incarceration and arrests. We show that the effects of
education on female crime are mostly related to changes in marital opportunities
and family formation.

I. Introduction

Historically, men have committed crime at much higher rates than women.
As a result, most research on the determinants of and trends in crime has
focused on men. Yet the share of female arrests has increased significantly
in the United States over the past few decades, with women now account-
ing for more than one-third of all arrests for both property and white col-
lar offenses and roughly one-fifth of arrests for violent offenses."

For valuable comments, we thank Isaac Ehrlich, Rodrigo Soares, Steve Machin, partici-
pants at the CESifo Area Conference on Economics of Education, and seminar participants
from the University of Pennsylvania Criminology Department and the Institute of Educa-
tion Sciences. We also thank Jeffrey Lingwall and Mel Stephens for providing us with mea-
sures of school quality for an extended history.

! In 1980, the final year for much of our analysis, women accounted for 36 percent of
arrests for white collar crime, 21 percent of arrests for property crime, and 10 percent of
arrests for violent crime. Violent crimes refer to murder and nonnegligent manslaughter,
robbery, and aggravated assault; property offenses include burglary, larceny-theft, motor ve-
hicle theft, and arson; white collar crimes include forgery and counterfeiting, fraud, and
embezzlement. Statistics from 1980 are from Schwartz and Steffensmeier (2007), while
more recent statistics are from the Federal Bureau of Investigation (FBI) Uniform Crime
Reports (UCRs).
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Given these trends, it is becoming increasingly important to under-
stand the determinants of crime among women as well as men, especially
factors that may be influenced by policy.” This paper studies the extent to
which education policies and schooling attainment discourage criminal
activity among women. Most sociological theories of crime (e.g., strain,
conflict, labeling, and control theories), as well as economic theories based
on human capital and rational choice (Becker 1968; Ehrlich 1975; Free-
man 1996; Lochner 2004), suggest that human capital investments should
reduce (most types of) crime, and there is growing evidence from the
United States and other developed countries that this is the case. However,
nearly all of this evidence is based on studies of men.> While Hjalmarsson,
Holmlund, and Lindquist (2015) and Machin, Marie, and Vuji¢ (2011) at-
tempt to estimate the causal effects of educational attainment on crime for
women as well as for men, the estimated effects for women in both studies
are very imprecise.*

There are many reasons to think that the impacts of education on crime
may differ between men and women. To begin, the nature of many crim-
inal offenses differs by gender: crime tends to be of a more personal na-
ture for women. For example, female homicides are often perpetrated
against their husbands or partners (Steffensmeier and Streifel 1992;
Schwartz and Steffensmeier 2007). This suggests that the extent to which
schooling influences family structure may be particularly important for
women. In addition, women participate much less in the labor market and
are more involved in household production than men, so their opportunity
costs of crime likely differ. On the one hand, the lower employment rates
for women suggest that the wage returns to education may be less relevant
to their decisions to engage in crime. On the other hand, women typically
have higher labor supply elasticities than men (Blundell and MaCurdy
1999).° Women’s traditional role as secondary earners in families suggests
that education’s impact on their marital prospects may be important if fam-
ily resources are an important determinant of crime. Similarly, women’s tra-
ditional role as primary child caregivers (especially in single-parent homes)
means that any effects of schooling on fertility may also be important if
the presence of children factors into decisions to engage in criminal ac-

2 See Steffensmeier and Streifel (1992), Schwartz and Steffensmeier (2007), and Engel-
hardt, Rocheteau, and Rupert (2008) for discussions of the underlying causes of increased
criminal activity by women.

% See Lochner (2010, 2011) and Hjalmarsson and Lochner (2012) for recent surveys.

* Both studies estimate statistically insignificant effects of education on female crime,
with large standard errors relative to the impacts one might expect, given rates of female
offending. In the case of Hjalmarsson et al. (2015), the Swedish schooling reforms they
study had much weaker effects on female education levels, so their instrumental variable
is not as powerful for studying female crime. This is not the case for the increase in the min-
imum schooling age in the United Kingdom studied by Machin et al. (2011). In that study,
standard errors are quite large relative to baseline crime rates among women but not men.

® Lochner and Moretti (2004) argue that the increase in wages associated with education
can explain most of the impacts of education on crime for men.
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tivity (e.g., stronger incentives to avoid incarceration). We consider some
of these possible channels through which education may affect female
crime.

Anyone familiar with Gary Becker’s seminal contributions on human cap-
ital (Becker 1964), crime (Becker 1968), and the family (Becker 1991) will
immediately see the fingerprints of his work throughout our analysis. To
both guide and interpret our empirical approach, we develop a simple
econometric framework based on many of the insights of his research
and the research that has followed. In particular, we consider the possibil-
ity that schooling affects female crime through higher wages, as women
compare the trade-off between spending time in legitimate work versus
criminal activity (including potential time incarcerated). Schooling may
also affect crime by raising household income (through higher wages and
their impacts on work), which may alter both the costs and benefits of crime.
Importantly, household income depends not only on women’s own earn-
ings but also on those of their husbands—more educated women are likely
to marry more educated, and higher-earning, men as a result of positive
assortative mating. Marriage itself may also indirectly affect crime through
fertility choices, as well as directly through the incentives to avoid prison or
through the efficient allocation of time within the household. Finally, we
recognize thata change in education policies not only should affect a wom-
an’s crime rate through changes in her own schooling but might also affect
her decision to marry (and whom to marry) through equilibrium adjust-
ments in marriage markets, since changes in policy affect the entire distri-
butions of male and female schooling. Equilibrium changes in marriage
matching functions can introduce challenges in using schooling-policy
changes as instruments for educational attainment, as is common in the
literature. We discuss the likely bias introduced by these equilibrium adjust-
ments and develop strategies to both quantify and alleviate their impacts.

Estimating the causal effect of education on crime is difficult, because
factors not observed by the researcher may determine both schooling
choices and criminal behavior. For example, individuals with self-control
problems or who discount the future heavily may perform poorly in school
or place little value on the long-run returns to education, and they may also
be more likely to engage in crime. Lochner and Moretti (2004) address
these endogeneity problems by using changes in state-level compulsory
schooling laws over time as instrumental variables (IVs) to estimate the
causal effect of educational attainment on the probability of incarcera-
tion and arrest rates for American men. Their estimates reveal that an
additional year of schooling reduces the probability of incarceration by
slightly more than 0.1 percentage points for white men and 0.4 percent-
age points for black men. These reflect 10-15 percent reductions relative
to baseline incarceration rates for high school dropouts. An additional
year of average schooling levels in a state reduces arrest rates by 11 percent
or more. Other recent studies taking a similar estimation approach reach
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similar conclusions for men in Sweden (Hjalmarsson et al. 2015) and the
United Kingdom (Machin et al. 2011).°

A few studies suggest that improvements in school quality may lead to
reductions in criminal activity during early adulthood. For example, using
randomized school admission lotteries, Cullen, Jacob, and Levitt (2006)
and Deming (2011) find that students who “win” the opportunity to at-
tend better-performing public schools commit less crime during school
and the first few years after leaving school. Weiner, Lutz, and Ludwig
(2009) show that desegregation initiatives in some US states led to sub-
stantial improvements in school quality for blacks. Among blacks experi-
encing desegregation, high school graduation rates increased by a few
percentage points and homicide arrest rates declined by one-third at
ages 15-19. Little is known about the longer-run impacts of school quality
on crime, and there are no studies that examine the effects of more direct
measures of quality.”

Our empirical analysis begins by estimating the effects of state-level com-
pulsory schooling laws and direct measures of elementary and secondary
school quality (pupil/teacher ratios, school term length, and teacher wage
rates) on female incarceration and arrest rates throughout adulthood.
These results suggest that education policies during childhood and adoles-
cence can serve as criminal deterrents later in life. To understand why, we
examine the effects of these policies on educational attainment, family
structure, work behavior, and family earnings. Consistent with prior re-
search, we observe substantial impacts of mandatory schooling laws and
school quality on educational attainment among women. Our estimates
also suggest very small (mostly insignificant) impacts on a woman’s own
work behavior but moderate impacts on marriage, spousal earnings, and
fertility behavior. Thus, schooling policy and educational attainment are
most likely to affect female crime rates through family structure rather
than through the trade-off between work and crime that appears to be im-
portant for men.

Assuming that the impacts of schooling laws on female crime derive
from changes in female education levels, we simultaneously estimate the
effects of educational attainment and school quality on female incarcera-
tion and arrest rates, using changes in compulsory schooling laws as in-

6 Studying more recent American male cohorts, Bell, Costa, and Machin (2016) find
weaker effects of compulsory schooling laws on educational attainment (especially for white
men) but statistically significant impacts on arrests and incarceration.

Evidence on the effects of state-level school quality measures on earnings is mixed
(Card and Krueger 19924; Heckman, Layne-Farrar, and Todd 1996; Hanushek 2002). In
their analysis of state-level school quality on earnings, Heckman et al. (1996) argue that in-
teractions between region of birth and region of residence are important to account for se-
lective migration and the possibility that skills acquired by attending school in one region
may not be rewarded equally in other regions of the country. Although these forces are less
likely to be important for our analysis of criminal behavior, we also consider specifications
that account for these interaction effects.
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struments for attainment.® In examining the impacts of school quality, we
consider both the direct effects, holding schooling attainment constant,
and the indirect effects through increases in attainment. By simultaneously
considering the impacts of attainment and quality, we address important
concerns raised by Stephens and Yang (2014) thatincreases in compulsory
schooling laws are correlated with improvements in school quality in the
United States.’

Based on 1960-80 US census data, our IV estimates suggest that an ad-
ditional year of schooling reduces incarceration rates by 0.04-0.08 per-
centage points for white and black women. These estimates are largely
unaffected by controls for school quality. Notably, we also estimate sig-
nificant (though smaller) effects of schooling on incarceration when we
control (and instrument) for marital status. The direct effects of quality
improvements on incarceration are relatively small and mixed, while the
indirect effects of quality through increased schooling attainment are
mostly positive and modest in size.

A similar picture emerges when we estimate the effects of schooling at-
tainment and quality on state-level arrest rates for women, using data from
the 1960-90 FBI’s UCRs. Regardless of whether we control for school
quality, our IV estimates suggest significant effects of educational attain-
ment on arrest rates for violent and property crime but not white collar
crime. By contrast, school quality improvements have mixed (direct) ef-
fects on state-level female arrest rates.

Like the rest of the literature, our analysis uses indirect measures of
crime: arrests and incarceration. If human capital reduces the probability
of arrest (conditional on crime) and the probability of incarceration or
sentence length (conditional on arrest), our estimates will incorporate
these effects and overstate the impact of education/school quality on
crime itself. While there is little direct evidence on the effect of education
on the probability of arrest, Mustard (2001) and Steffensmeier and De-
muth (2000) estimate negligible effects of defendant education on the
probability of incarceration and sentence lengths, conditional on convic-
tion. Furthermore, Lochner (2004) and Lochner and Moretti (2004) es-
timate similar effects of educational attainment on self-reported crime, ar-
rests, and incarceration (in percentage terms) among men, while Weiner
etal. (2009) estimate significant effects of school desegregation on homi-
cide arrest and victimization rates among young black men.'’ Altogether,

8 We assume throughout that both schooling laws and school quality levels are exoge-
nous with respect to subsequent female crime. See Lochner and Moretti (2004) for evi-
dence on the former and n. 7 for concerns raised in related studies on the impacts of
state-level school quality measures on earnings.

9 We also consider specifications that account for region-specific cohort trends, as sug-
gested by Stephens and Yang (2014).

19 Self-reported crimes and arrests are strongly correlated; however, it is generally agreed
that the two measures provide distinct and complementary information about criminal ac-
tivity, with self-reports typically capturing more minor offenses (Hindelang, Hirschi, and
Weis 1981; Thornberry and Krohn 2000).
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these studies suggest that our findings for arrests and incarceration are
likely to apply more broadly to underlying criminal behavior as well.
This paper proceeds as follows. Section II discusses the economics of
schooling, marriage, and crime, developing a simple econometric frame-
work that guides and aids in interpreting our empirical analysis. In partic-
ular, we discuss several channels through which education policy and
schooling may affect criminal behavior. We also discuss the conditions
under which IV estimates can identify the total effect of education on
crime when the instruments may affect marriage markets and marital
sorting. Section III describes the census and UCR data used in our empir-
ical analysis, along with our state- and cohort-level measures of compul-
sory schooling laws and school quality. The main contribution of this
paper is contained in Sections IV and V. Section IV empirically studies the
effects of state-level schooling laws and quality on female incarceration
and arrest rates. This section also shows how these education policies af-
fect educational attainment, marriage and family structure, employment,
and earnings. In Section V, we estimate the effects of educational attain-
ment and school quality on female incarceration and arrest rates, using
compulsory schooling laws as instruments for attainment. Section VI briefly
discusses the channels through which schooling likely affects female crime.
We summarize our findings and offer concluding thoughts in Section VII.

II. The Economics of Schooling, Marriage, and Crime—
a Simple Econometric Framework

This section develops an econometric framework for estimating the ef-
fects of schooling policy and educational attainment on female crime.
This framework incorporates several important channels by which poli-
cies and education may affect crime, with particular attention paid to
the role of marriage. While our empirical analysis assumes linear relation-
ships between key variables, we take a more general approach here.
Suppose a woman’s crime rate ¢ depends on whether she is married
(m = 1) orsingle (m = 0), her wages w, total family income Y, schooling
attainment s, school quality Q, and an idiosyncratic random shock &:

c=C"(w,Y,s Q) +e

Assume that women’s wages w(s, Q) and earnings y(s, Q) are strictly in-
creasing in their schooling attainment and school quality."' Educational
attainment depends on schooling laws L, school quality Q, and an idio-
syncratic shock 7:

s=S8(L,Q) +n,
where S(L, Q) is strictly increasing in both L and Q.

' For simplicity, we abstract from shocks to wages and earnings; however, it is straightfor-
ward (though a bit cumbersome) to incorporate both.
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To reflect the fact that education policies affect the entire distributions
of educational attainment for men and women, and therefore marriage
markets, let (L, Q) represent a statistic for the joint schooling distribu-
tion for men and women (e.g., relative average education levels) that de-
termines sorting in marriage matching markets. This “matching statistic”
0 can affect both the probability of marriage and the educational attain-
ment of matched spouses. For expositional purposes, we assume that a
single statistic defines all matches; however, it is straightforward to allow
for an entire vector of statistics. Marriage decisions and spousal educa-
tion s depend on a woman’s own schooling as well as marriage markets:

m = 1(m* <0),
m* = M(s,0(L, Q) — &,
5= S8(s,0(L, Q)).

Total household income includes the woman’s and her spouse’s income
(if married):

Y =5(s,Q) +m-50, Q)

where spousal income §(5, Q) depends on school quality Q and is strictly
increasing in the spouse’s education s. We assume that all shocks are
mean zero and independent of both policy variables, (¢,7, &) L (L, Q).
In this sense, the policy variables (L, Q) are exogenous.'”

While we do not explicitly model fertility behavior, which may be influ-
enced by education policies and affect crime, it should enter the problem
in a way qualitatively similar to that of wages or family income, since the
number of children in the household is likely to be affected by schooling
attainment, school quality, and marital status.'” Incorporating the num-
ber of children in the household would not alter our main points and dis-
cussion below, except to add an additional channel through which edu-
cation and education policies may affect crime.

The marginal impact of additional schooling on crime for women with
schooling s under laws L and quality Q depends on their marital status
m € {0, 1}:

dec  3C" 0w dC"dy aC" 3598\ acn
" (s, L == —+ _—Z+ml—= + .
B L Q) = 0= 50 s T av as m(ay 3 as) ds

This includes “substitution effects” of schooling through higher wages,
“income effects” through higher family income, and “direct effects” of

'2 Tt is straightforward to condition the entire analysis on any additional exogenous char-
acteristics; however, we refrain from doing so here to simplify the exposition.

'3 This does not necessarily mean that an increase in the number of children in the house-
hold would have the same effects (or even effects of the same sign) as increases in wages or
family income. Instead, we claim that the expressions related to wages and family income in
the equations that follow could apply equally to the number of children in the household.
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schooling on crime. For married women, it includes an additional in-
come effect that derives from a different match in the marriage market.'*
In the standard economic model of crime, in which committing crime or
incarceration as punishment for crime requires time out of the labor
market, higher wages reduce crime (Ehrlich 1975; Grogger 1998; Free-
man 1999; Lochner 2004). Empirical studies confirm this relationship
(Grogger 1998; Gould, Weinberg, and Mustard 2002; Machin and Meghir
2004). Itis also commonly thought that higher family income leads to less
crime; however, the evidence is largely inconclusive or mixed." The di-
rect effects of schooling on crime may reflect any impacts of education
on preferences (for risk, time discounting, self-control, or sociability) that
may alter incentives to engage in crime.

A standard regression of crime on schooling attainment will produce
inconsistent estimates of 8" (s, L, Q) if eisnotindependent of s, conditional
on (L, Q). Among single women, schooling laws affect crime onlyindirectly
through schooling attainment, suggesting that they may serve as valid in-
struments. This is not necessarily the case for married women, since school-
ing policies may also affect their crime directly through impacts on the dis-
tribution of schooling and marital matching functions if 3S/00 and 86 /0L
are nonzero. To see this, note that the “reduced-form” effects of schooling
laws on crime are given by

de S aC" 3508 90
PR — m . + - L
a =P L Qg m(ay asaoaL)’ M
where m € {0, 1}."° Dividing this by dS/0L yields
de/dl. aC" 050500 /S
= m L + - -
asjpr, - PsLQ) m(ay 3590 9L 6L> (2)

where m € {0,1}. IfE[¢|L, Q, m = 0] = 0, an IVapproach (using school-
ing laws as instruments for schooling attainment) should yield consistent
estimates of the average total effect of education on crime for the sample of
unmarried women. For married women, the second term in equation (2)
reflects the impacts of changes in marital sorting (i.e., spousal education,
conditional on own educational attainment) due to adjustments in the
marriage market. These equilibrium effects can lead to inconsistent IV
estimation of the causal effect of education on crime unless either (1)
income effects on crime are zero (for married women), dC'/dY = 0, or
(2) changes in schooling laws do not alter spousal schooling levels except

* Forsingle women, schooling laws affect crime only through schooling, so the marginal
effect of additional schooling on their crime does not depend on L; i.e., (s, L, Q) =
B(s, )

g‘:’ gee Tittle, Villemez, and Smith (1978) for an influential early meta-analysis of the ef-
fects of social class on crime. More recently, Heller, Jacob, and Ludwig (2011) provide a sur-
vey of the (mostly economics) literature on the effects of family income on crime, focusing
primarily on adolescents and young adults.

Appendix B presents analogous “reduced-form” effects of school quality on crime.
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through changes in women’s own schooling, (85/0)(30/dL) = 0."7 If ei-
ther of these conditions holds and El¢|L, Q, m = 1] = 0, then an IV ap-
proach should yield consistent estimates of the average total effect of ed-
ucation on crime for married women (see app. B for additional details). It
is important to note that our exogeneity assumption ¢ (L, Q) does not
necessarily imply that E[¢|L, Q, m] = 0, in which case any selection intro-
duced by conditioning on marital status would have to be addressed.'” Be-
low, we consider a control function approach.

Finally, consider average crime among all women, regardless of their
marital status. Letting P(s, L, Q) reflect the probability that a woman with
schooling level sunder laws L and quality Qis married, the total effect of
an increase in own schooling on expected crime is

B(s.L. Q) = w

(1= Plo L QIE (L. Q) + P(s, L QB (5,1, Q)
+ %A(w, Y,s, Q),

where A(w, Y, s, Q) = C'(w,Y,s, Q) — C’(w, Y, s, Q) is the effect of mar-
riage on crime (see app. B for further details). In addition to a weighted
average of the effects on single and married women, schooling also affects
expected crime rates through its impact on the probability of marriage.

As described in appendix B, using schooling laws as instruments for ed-
ucational attainmentin the full sample of women has two potential sources
of'bias: (1) changes in the matching function can affect which type of man
any given woman might marry, conditional on her educational attainment;
and (2) changes in the marriage matching function might affect whether
women decide to marry at all (conditional on their education). If family in-
come and marriage both reduce crime and increased mandatory schooling
raises marriage rates and improves the education distribution of spouses,
then estimated (negative) effects of own schooling on crime are likely to
be exaggerated when schooling laws are used as instruments.

It is worth noting that even large effects of schooling laws on male and
female education levels need not affect marital matching functions. For
example, if the ratio of male to female education (e.g., high school grad-
uate rates) determines the likelihood of finding a spouse and the educa-
tion of that spouse, then an increase in compulsory schooling laws that
proportionally affected male and female education levels would have no
effect on marital matching functions. In this case, women who increase
their education would match with more educated men and, perhaps,

7 We have implicitly assumed that spousal education affects crime only through house-
hold income; however, it is possible that a more educated spouse could exert other positive
influences on behavior. This would also lead to bias unless schooling laws had no effect on
marriage matching functions.

'% If marriage shocks are independent of crime shocks, conditional on schooling laws
and quality, £ Le|(L, Q), then E[¢|L, Q, m] = 0.
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marry at higher rates as a result, but there would be no effect on marriage
rates and matches for women who did not adjust their schooling. This
would not create any bias for IV estimation of B (s, L, Q), since the impacts
of schooling laws would come entirely through adjustments in women’s
own schooling attainment.

Appendix B presents a special case in which marriage has no direct
effect on crime. In this special case, if crime is nonincreasing in wages,
household income, and schooling, then a negative IV estimate implies
that B(s, L, Q) < 0, since negative effects from higher spousal income
must be accompanied by negative effects of higher own income. In this
case, we can bound the extent to which any marital matching effects bias
our estimates if there is positive assortative mating.

Altogether, this simple framework suggests that when marriage match-
ing functions are affected by the schooling law instruments, IV estimates
of the effects of crime are likely to be biased toward finding too strong
an effect. In some cases, itis possible to bound the extent of the bias. Better
still, one can estimate the effects of schooling (and school quality) sepa-
rately by marital status, while addressing concerns about selection into
marriage. Alternatively, one could simply control (and instrument) for mar-
ital status along with schooling and school quality. It is useful to remem-
ber, however, that these solutions will produce estimated effects of educa-
tion that omit any impacts that come through changes in marital status.

III. Data

This section provides a brief description of the data and samples used in
our empirical analysis (see app. A for further details). Similar data on in-
carceration, arrests, educational attainment, and compulsory schooling
laws (for men) are used in Lochner and Moretti (2004). Data on school
quality from Card and Krueger (19924; extended by Stephens and Yang
2014) are also incorporated.

A.  Census Data on Incarceration, Education, Family, Work, and Earnings

We use individual-level data from the 1960, 1970, and 1980 US censuses
to study the link between education policy and female incarceration
rates. Table Al presents descriptive statistics for key variables in our sam-
ple of 20-60-year-old women from the US censuses. Over the 1960-80 pe-
riod, about 0.02 percent of white women and 0.1-0.15 percent of black
women were in prison at the time of the censuses. Average education in-
creased by 1.6 years for whites and 2.8 years for blacks.

Table 1 presents the unconditional relationship between schooling
and female incarceration in the census data. Female incarceration rates
are typically more than twice as high for high school dropouts as for those
who finished high school. Incarceration rates are lowest for college grad-
uates. Figure 1 indicates that the relationship between schooling attain-
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TABLE 1
CENSUS INCARCERATION RATES FOR WOMEN (Percent)
All Years 1960 1970 1980

White women:

High school dropouts .04 .03 .03 .05

High school graduates .02 .01 .01 .02

Some college .02 .01 .01 .02

College+ .00 .00 .00 .01
Black women:

High school dropouts .20 17 .15 .22

High school graduates .09 .04 .05 .10

Some college 11 .04 .04 A2

College+ .06 .00 .00 .07

Note.—“High school dropouts” completed less than 12 years of schooling, “high school
graduates” completed exactly 12 years of schooling, “some college” completed 13-15 years
of schooling, and “College+” completed at least 16 years of schooling.

ment and incarceration, conditional on individual characteristics (age,
state of birth, state of residence, cohort of birth, and year), is negative over
most grades, with particularly strong drops in incarceration associated
with high school completion.

We also use a number of other variables available in the censuses to
study key channels through which education policy and education may af-
fect crime. To measure impacts of education and education policy on fam-
ily structure, we use women’s marital status at the time of the survey, as well
as their husband’s educational attainment. For women aged 20-40, we use
the total number of their own children in the household as a measure of
fertility.'" We also create an indicator for teen motherhood by using the
oldest child’s year of birth less the mother’s year of birth. Since we know
this only for children residing in the household, we limit our analysis of
teen motherhood to women aged 20-35. To measure effects on work de-
cisions, we use weeks worked last year and create an indicator variable for
whether women were employed in the previous year (i.e., positive weeks
worked).*” The census data also contain measures of pretax earnings in
the previous year for both respondents and their spouses.

B.  Compulsory Schooling Laws and School Quality Measures

Both compulsory schooling attendance laws (Acemoglu and Angrist 2001)
and school quality (Card and Krueger 1992a) have been shown to affect
educational attainment and subsequent earnings. We use state-year-level
data on these education policy variables to calculate the laws and quality

!9 We limit our analysis of this variable to ages 20-40 in an effort to best capture total fer-
tility to date, since very few women have children after age 40 and most children should still
be living with their parents up to that point. Less than 1 percent of women report 9 or more
children; they are topcoded as having 9.

20 For 1960 and 1970, weeks worked was reported only in intervals. We use the midpoint
of these categories.
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Figure 1.—Probability of incarceration by years of schooling, conditional on age, state of birth,
state of residence, cohort of birth, and year for white (A) and black (B) females. Regression-
adjusted probability of incarceration is obtained from a regression of an indicator for in-
carceration on indicators for state of residence, state of birth (excluding Alaska and
Hawaii), age (2022, 23-25, ..., 56-58, and 59-60), decade of birth (1914-23, 1924-33, ...,
1964-74), and year. Results are based on a sample of women aged 20-60 in the 1960, 1970,
and 1980 US censuses. The sample size for white females is 3,613,313, and that for black fe-
males is 480,709.
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TABLE 2
FracTiON OF WOMEN FACING DIFFERENT COMPULSORY SCHOOLING L.AwWS BY CENSUS YEAR
White Females Black Females
Compulsory attendance 1960 1970 1980 1960 1970 1980
Up to 8 years 310 .200 145 480 .280 175
(.462) (.400) (.352) (.500) (.449) (.380)
9 years 449 457 405 341 439 450
(.497) (.498) (.491) (.474) (.496) (.497)
10 years .065 .070 .098 .081 .079 .099
(.247) (.256) (.297) (.272) (.270) (.298)
11 or more years 177 273 .353 .098 202 277
(.381) (.446) (.478) (.298) (.402) (.447)
Sample size 366,070 807,787 2,439,456 43,452 96,745 340,512

Note.—Table reports mean (standard deviation) for indicators of different compulsory
schooling requirements based on state of birth and year individuals were age 14. Results
are based on sample of women aged 20-60 in the 1960, 1970, and 1980 US censuses.

measures that applied during the relevant ages for women in our census
samples. We briefly describe these measures here and refer the reader to
appendix A for further details.

Compulsory schooling laws typically require that youth attend school
for a given number of years or specify the ages at which youth must start
and can end their schooling. Following Acemoglu and Angrist (2001)
and Lochner and Moretti (2004), we combine these laws to create three
indicator variables reflecting the minimum number of required years of
schooling: 9years, 10 years, and 11 or more years. These indicators are cre-
ated for individuals on the basis of the laws that applied (in their state of
birth) when they were 14 years old. Table 2 reports the fraction of women
in our sample who experienced different compulsory schooling laws. As
demonstrated in the table, years of compulsory schooling generally in-
creased over time; however, Lochner and Moretti (2004) show that there
is considerable cross-state variation in the time patterns for these laws, with
some states even relaxing compulsory schooling laws during some periods.

Our analysis considers three measures of school quality from Card and
Krueger (1992a), extended by Stephens and Yang (2014): (1) pupil/
teacher ratios, (2) school term lengths, and (3) average teacher salaries.”
In calculating each school quality measure for an individual, we use the
average value in their state of birth over ages 6-17. Since state-level quality
measures are not very reflective of the quality of schools attended by blacks
from most of the cohorts we study (Card and Krueger 19920), we limit our
attention to white women whenever we consider school quality measures.
For expositional purposes, we have scaled these measures so that pupil/
teacher ratios reflect tens of pupils per teacher, term lengths are in hun-
dreds of days, and relative teacher salary reflects state average teacher sal-
ary divided by a measure of national average teacher salary. The evolution

21 We are grateful to Melvin Stephens Jr. and Jeff Lingwall for sharing these data.
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TABLE 3
ScHOOL QUALITY MEASURES BY CENSUS YEAR FOR WHITE WOMEN
Variable 1960 1970 1980
Pupil/teacher ratio (tens of students) 2.943 2.776 2.536
(.479) (.424) (.386)
Term length (hundreds of days) 1.729 1.754 1.774
(.127) (.097) (.059)
Relative teacher wage 1.061 1.050 1.030
(.253) (.222) (.181)
Sample size 333,816 807,787 2,354,186

Note.—Table reports mean (standard deviation) for school quality measures based on sam-
ple of white women aged 20-60 in the 1960, 1970, and 1980 US censuses. Relative teacher
wage reflects the state average salary for teachers divided by the national average of all state
averages of teacher salary.

of these measures over time for our sample of white women is reported
in table 3.

Stephens and Yang (2014) raise concerns about previous studies that
have used compulsory schooling laws as instruments for education without
accounting for accompanying changes in school quality. A strong correla-
tion between these policy variables over time would likely be problematic.
To explore this issue in our context, we examine the correlation between
schooling laws and school quality after conditioning on other regressors in
our empirical analyses. Specifically, table 4 reports the correlation between
residuals obtained from regressions of years of compulsory schooling and
our school quality measures on the main covariates in our empirical anal-
yses below: state of residence, state of birth, age, cohort of birth, year, state-
of-residence-specific year effects, and state-ofresidence-specific age effects.
The first column shows quite small correlations (—0.10 to 0.14) between
the minimum required years of schooling for an individual and all three
school quality measures.

Table 4 also documents the correlations between our three school qual-
ity measures. These range from —0.32 (for term length and pupil/teacher

TABLE 4
CONDITIONAL CORRELATION BETWEEN SCHOOLING LLAWS AND ScHOOL
QUALITY MEASURES FOR WHITE WOMEN

Years of Compulsory Pupil/ Term Relative
Attendance Teacher Ratio  Length  Teacher Wage
Years of compulsory
attendance 1.00
Pupil/teacher ratio —.10 1.00
Term length .08 —.32 1.00
Relative teacher wage 14 .05 .37 1.00

Note.—Table reports correlations between residuals from regressions of reported school-
ing laws and quality measures on indicators for state of residence, state of birth (excluding
Alaska and Hawaii), age group (20-22,23-25, ...,56-58, and 59-60), decade of birth (1914—
23,1924-33, ..., 1964-74), year, state of residence x year, and state of residence x age. Re-
sults are based on sample of white women aged 20-60 in the 1960, 1970, and 1980 US cen-

suses.
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ratio) to 0.37 (term length and relative teacher wage). Interestingly, the
correlation between teacher wages and pupil/teacher ratios of 0.05 sug-
gests that class sizes grow slightly when teacher wages increase. Quality
does not necessarily improve in all dimensions at the same time. In fact,
there is considerable independent variation in all three quality measures.

C. UCR Data on State-Level Arrests

The census data do not allow us to distinguish between different types
of criminal offenses. We therefore turn to the FBI’s 1960, 1970, 1980, and
1990 UCRs for data on female arrests by age, state, year, and criminal of-
fense. We consider violent (murder and nonnegligent manslaughter, rob-
bery, and aggravated assault), property (burglary-breaking or entering,
larceny-theft, motor vehicle theft, and arson), and white collar (forgery
and counterfeiting, fraud, and embezzlement) offenses. Arrest counts for
women aged 20-59, broken into 5-year age groups, are merged with census
data to obtain age-specific arrest rates by state, year, and offense. As dis-
cussed in appendix A, we also use census data to calculate the fraction of
women under different compulsory schooling regimes, average school qual-
ity levels, average educational attainment, and the fraction of women who
are black by corresponding age group, state, and year.

IV. The Effects of Education Policy on Crime
and Various Determinants

We begin our empirical analysis by examining the effects of compulsory
schooling laws and school quality on the probability of incarceration and
state-level arrest rates. Our analysis of incarceration is based on census
data and is at the individual level, while the latter is based on UCR arrest
rates measured at the state-age-year level. We then return to the census
data to examine several of the channels through which education poli-
cies may affect female crime, following Section II. We first examine the
effects of schooling laws and quality on educational attainment. These
specifications effectively serve as first-stage results in our IV analysis of
the effects of schooling attainment and quality on crime reported in Sec-
tion V. We also examine the effects of schooling policy on marriage and
family structure as well as on work and earnings. Throughout our empir-
ical analysis, we estimate linear specifications, which can be viewed as ap-
proximations to the more general functions employed in Section II.

Our estimating equations using 1960, 1970, and 1980 census data will
all be of a similar form:

0; = Loy + Q;;OlQ + Xiox + 83, (3)

where O, is the outcome of interest for individual i observed in year ¢, L, is
a vector of compulsory schooling law indicators, Q is a vector of school
quality measures, and Xj, is a vector of observed covariates that always in-
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cludes indicator variables for state of residence, state of birth, age (20-22,
23-25,..., 56-58, and 59-60), decade of birth (1914-23, 1924-33, ...,
1964-74), and census year.*® Importantly, most specifications control
for state-of-residence-specific year effects, which account for differences
across states over time in terms of their law enforcement and criminal-
Jjustice policies, as well as labor market conditions. Motivated by the analysis
of Stephens and Yang (2014), we also consider a specification that controls
for region-of-birth-specific cohort trends. An alternative set of specifica-
tions controls for state-of-residence-specific age patterns to account for
any differences in policies toward younger versus older offenders. Unless
otherwise noted, our sample includes women aged 20-60 at the time of
the census. Given the differences in incarceration by race, we perform sep-
arate analyses for black and white women. As noted earlier, we limit our
analysis to white women when we explore the role of school quality.

Our analysis of arrest rates is based on a similar specification; however,
the UCR data contain only arrests by state, age group, and year for 10 offense
types. We merge UCR data on female arrests from 1960, 1970, 1980, and
1990 with the corresponding US censuses to study the impacts of education
policies on female arrest rates for property, violent, and white collar of-
fenses (see Sec. III and app. A for greater detail). The basic relationship
we estimate using these data is

InA. = IdizltBL + Q_;ltBQ + X’altBX + Sﬁluu, (4)

where In A, is the natural logarithm of the female arrest rate for offense
cin b-year age group q, state [, and year £; L, and Q , reflect the fraction of
women facing different compulsory schooling laws and average school
quality measures based on age group ain state [ for year ¢ (based on cen-
sus data). Covariates X, include the proportion of women who are black
in age group ain state /in year ¢, obtained from the census, as well as sev-
eral indicator variables to control for unobserved heterogeneity across
states, age groups, criminal offenses, and years. Most notably, we include
state X year indicators (and state X year X offense indicators) to account
for variation in enforcement policies across states and over time (by of-
fense type). Offense-specific age indicators account for well-documented
differences in age profiles by offense type, while age-specific year and state
indicators allow for systematic variation in age-crime profiles over time and
across states.

An important distinction between our UCR-based arrest and census-
based incarceration analyses is the unit of observation. Our UCR analysis
uses state-level averages (rather than individual-level measures) for ar-
rests and schooling policies. Since our individual-based analysis of incar-

2 See Sec. I for a detailed description of the schooling laws and quality measures for
each individual. For black females, the covariates also include state-of-birth dummies inter-
acted with a dummy for black women born in the South who turn age 14 in 1958 or later, to
account for the impact of Brown v. Board of Education.
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ceration enables us to distinguish between state of birth and state of cur-
rent residence, we can freely control for age- and yearspecific effects by
state of residence while still exploiting variation in compulsory schooling
across cohorts and states of birth. This is not possible with our aggre-
gated analysis using the UCR data. Instead, this analysis computes mea-
sures of compulsory schooling and school quality levels that applied to
residents in each state [ from age group « in year ¢ on the basis of those
residents’ state and year of birth. Thus, our schooling law measures L,
now represent the fractions of individuals in age group « living in state
lin year t who were born in states that had compulsory schooling of 9,
10, and 11 or more years when they were age 14.** School quality mea-
sures are calculated in an analogous way (see app. A for details). Because
the policies vary only at the state-cohort level, it is not possible to simul-
taneously control for unrestricted state-age and state-year effects because
of multicollinearity. To flexibly account for different enforcement poli-
cies across states over time, we control for state-year effects; however, we
are then able to control only for broad-age-group (i.e., 20-34, 35—49,
50-60) effects by state.

A. Incarceration and Arrests

We begin by estimating equation (3), using an indicator for imprison-
ment at the time of the census as the dependent variable, reporting esti-
mated effects in percentage terms (i.e., coefficients multiplied by 100).**
Table D-2 (tables D-1-D-10 are available online) reports the estimated ef-
fects of compulsory schooling laws (when school quality measures are
omitted) on the probability of incarceration separately for white and
black women. Unfortunately, the estimates for black women are imprecise
because of their smaller sample size, so we focus our discussion on results
for white women. Unexpectedly, the point estimates for white women sug-
gest that requiring at least 9 years of schooling (insignificantly) increases
the probability of incarceration by 0.002—-0.004 percentage points, relative
to requiring 8 or fewer years; however, requiring at least 11 years of school-
ing reduces the incarceration probability by about 0.01-0.013 percentage
points, relative to a 9-year requirement.”> Among white women, simulta-
neously controlling for both compulsory schooling laws and school quality
produces very similar effects of the schooling laws, as reported in table 5.
Notably, none of the school quality measures are statistically significant (in-
dividually or collectively) in any specification.

?* This approach improves on that of Lochner and Moretti (2004), who use compulsory
schooling laws that applied in state / when the midpoint of age group « in year ¢ was age 14.
The approach taken in this paper accounts for cross-state migration patterns and yields
more powerful instruments.

2‘_‘ All standard errors account for state of birth—year of birth clustering.

? The latter reflects the difference between the coefficients on “compulsory attendance:
>11” and “compulsory attendance: 9.”
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TABLE 5
E¥recTs oF COMPULSORY SCHOOLING Laws (CSLs) AND SCHOOL QUALITY
ON IMPRISONMENT FOR WHITE WOMEN (Percentage)
1) (2) 3) 4) ()
Compulsory attendance: 9 years .003 .003 .008** 005 .005
(.003) (.003) (.004) (.004)  (.003)
Compulsory attendance: 10 years —.004 —.004 —.001 —.003 —.001
(.004) (.004) (.004) (.004)  (.004)
Compulsory attendance: >11 years —.010%%  —.009%*% —.004 —.006  —.005
(.004) (.004) (.004) (.004)  (.004)
Pupil/teacher ratio (tens of students) .008 .011%* .010 .010 .006
(.006) (.006) (.007) (.007)  (.008)
Term length (hundreds of days) —.016 —.012 —.030 -.030 —.032
(.019) (.020) (.025) (.024)  (.024)
Relative teacher wage .007 .006 .005 .007 .000
(.007) (.007) (.008) (.008)  (.008)
Fsstatistic for no CSL effects 5.54 4.45 3.71 2.88 2.87
(p-value) (.00) (.00) (.01) (.03) (.03)
Isstatistic for no school quality effects 1.55 1.76 1.50 1.71 .94
(p-value) (.20) (.15) (.21) (.16) (.42)
Additional controls:
State of residence X year effects Yes Yes Yes Yes
State of residence x age Yes
State of residence x broad age group Yes
Region of birth x cohort trend Yes

Note.—All regressions include dummies for state of residence, dummies for state of birth
(excluding Alaska and Hawaii), dummies for age groups (20-22, 23-25, ..., 56-58, and 59—
60), dummies for decade of birth (1914-23, 192433, ..., 1964—74), and dummies for census
year. “Broad age group” reflects three dummies, for the following age groups: 20-34, 35-49,
and 50-64. [statistics are reported separately for tests of zero effects of all three compulsory
attendance measures and for zero effects for all three school quality measures. The sample
size foris 3,495,789. Exceptas noted, standard errors corrected for state of birth—year of birth
clustering are in parentheses.

# p<.10.

#* p<.05.

Turning to the UCR data on arrests, table 6 reports estimates of equa-
tion (4). Columns 1-3 report results for all arrests, using different sets of co-
variates. Unlike our census results for incarceration, school quality, rather
than compulsory schooling laws, appears to have greater effects on arrest
rates. While compulsory schooling of atleast 11 years significantly reduces
arrest rates (by around 20 percent) in columns 1 and 2, we cannot reject
that all minimum-schooling laws together have no effect. All school qual-
ity measures (individually and collectively) have statistically significant im-
pacts on arrest rates; however, not all suggest that quality improvements
are crime reducing. Adding 10 days to the school year reduces subsequent
female arrest rates by 8—14 percent, and increasing relative teacher pay by
10 percent reduces arrest rates by 4-7 percent. Unexpectedly, increasing
pupil/teacher ratios (i.e., class size) by one student appears to reduce sub-
sequent female arrest rates by 3—4 percent. Columns 4-6 of table 6 reveal
that the effects of schooling policies are generally similar in sign across all
three broad categories of crime—typically, weakest for white collar crime
and strongest for property crime.
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B. Educational Attainment

While the main impacts of compulsory schooling laws on crime are likely
to come through increased educational attainment, improvements in
school quality may have both direct and indirect (i.e., through increases
in completed schooling) effects, as discussed in Section II. Returning to
the census data, we estimate the effects of both types of education policies
on years of completed schooling for white women. Table D-3 shows that
stronger compulsory schooling laws and improvements in school quality
lead to significantly higher levels of educational attainment. Controlling
for state-specific year and age effects (col. 3), we find thatincreasing com-
pulsory schooling from less than 9 to 11 or more years increases com-
pleted schooling by nearly 0.1 years. A similar impact could be achieved
by reducing pupil/teacher ratios by three students, increasing term length
by 50 days, or increasing relative teacher wages by 25 percent.

C.  Other Channels: Family, Work, and Earnings

School policies and educational attainment likely affect female crime rates
via several channels. Using census data, table 7 shows how minimum-
schooling-attendance laws and school quality affect family structure for
white women. Specifically, we estimate the extent to which these policies
affect marriage rates, spousal education, and fertility behavior, using the
same covariates as in column 3 of table 5. The probabilities of marriage
and of marriage to a high school graduate are both generally increasing
in the minimum required years of schooling, pupil /teacher ratios, school
term length, and teacher pay.*® For the sample of all white women (cols. 1
and 4), increasing mandatory schooling from 8 or less to 11 or more years
raised marriage rates by 0.8 percentage points and marriage rates to high
school graduates by 2.3 percentage points.

As discussed in Section II, compulsory schooling laws may affect mari-
tal decisions by increasing a woman’s own education or through changes
in the education distribution and marital matching functions.?” If mari-
tal matching is based primarily on educational attainment, then we can
study the effects of schooling policies on marital matching functions by
looking at the effects separately by female education. Columns 2 and 3
of table 7 show that marriage rates, conditional on the woman’s own ed-
ucation, increased with compulsory schooling nearly as much as they did
unconditionally, suggesting that marriage matching functions were af-
fected. Columns 5 and 6 show that the probability of marrying more
educated men also increased, conditional on female schooling levels;

5 The dependent variable in cols. 4-6 is an indicator variable that is zero for women who
are unmarried or married to high school dropouts.

7 This is also true of school quality; however, we focus on the effects of compulsory
schooling laws here, because we use these laws as instruments for educational attainment
below.

This content downloaded from 099.242.073.002 on July 25, 2020 11:48:22 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



GO > s
0L >4d

‘sasorpuated ur oxe SULIISN[D I JO TeIA—III] JO 2IPIS 10J PIIIILIOD SIOLID pIepuels ‘pajou sk 1dodXY "Gg—(g PISe Uawom A[Uo sopnoul pue pliyd IsIy 19y
Jo own o) 1e 98k Jo s1edk ()g uey) ssof sem Judpuodsar oy J1 ouo 01 [enbo Lwrwnp e st ojqerrea yuspuadop oy ‘g (03 104 ‘0F—(g PSe sa[eway A[uo apnpoul
/, "1O2 UI SUOISSIIZIT A ], "'UONEINPA JO SIBIA JIOW IO Z] YIM UDWOM A[UO SIPN[IUL  PeIS) SH,, PUE ‘UONEINPD JO SIeIA g URY) SSO] IIM UIWIOM A[UO sopnjoul
dox( SH,, ‘UdwoMm [[e SOpNPUI [V, ‘9—] 'S[OI UIYIIM I0U J1 019z pue aenpelsd [ooyds ySiy e st asnods s yuopuodsax oy J1 ouo 01 [enbo ojqerrea Lwrwnyp e st a[qer

-rea yuapuadap ) ‘9— *S[0D 0] JOU JI OIIZ PUL PILLIBW ST JUdPu0odsar a1 J1 ouo 0) [enba Awrwnp e st ajqeLrea juspuadop o) ‘G- 's[0d 10, ‘saanseaw Lirfenb
[002S 2211} [[B 0] $}09JJ2 0I9Z J0J PUE s2INSLIW 20uepualie Arosindwrod 29113 [[& JO $109JJ9 0197 JO $159) 10§ A[9reredas parrodar oxe sonsnelssy -a8e x 20uIpIsax
-JO-91B1S PUE ‘§109JJ9 TLIA X 9IUIPISII-JO-21L1S TedA SNSUD 10J sotuwunp “(F£-F961 < ‘€6—FZ61 ‘SG—F161) UMI] JO 9peIIp J0J sotwrwnp ‘(()9—6G PU. ‘8G—96 63
—£3 ‘35—03) sdnois o8e 10y sorwrwmp ‘ (rremey] pue eyse[y SUpnPXa) Yiig Jo 918)s 10§ SATWWNP ‘DOUIPISAT JO 9)B)S 10§ SATWWNP IPN[IUL SUOISSIIZAT [[Y— 910N

970086 $15°660°3 €0$°3LSG 168788  ¥3ILSF'S  009°869°G  681°L68  68L°G6H'E SUONEBAIISIO
¥LE GOP'1 019 R 61¢ 8¢L’ €9L’ Gl a[qeLres yuapuadap jo ueapy
(000°) (0007) (000°) (0007) (000°) (000°) (000) (000°) (onread)
80¥'8 000¥%¢ 09G°GT 099°61 085°9% G09°L 07583 0091  somseaw Arenb [00yds 10§ oNSNEIS
(¢16°) (¢%0°) (000°) (100) (000°) (¢107) (900°) (100°) (onread)
SLT 08L°% 05001 8¥8'G 099°%1 06¥°¢ 0ST¥ F81°G SOINSLOUI [S7) J0F INSNLISH]
(L10) (3L0) (800°) (£007) (600°) (800°) (£00°) (£00)
¢10°— #4981 #+G60° #4160° #5780" +FT0° #57G0" ##860° a8eMm 1970ed) ANy
(¢%0°) (2817 (330°) (8107 (330°) (610°) (¢107) (910°)
$90"— +¥68" #5690 ¢10° — #%890° #+8G0" 600’ b0 (s&ep jo spaipuny) pSus| W],
(110°) (3%0°) (£00°) (500) (£00) (900°) (500°) (500°)
#5870 — #:698 — #6680 %010 £00° 5L 107 %600 5610 (stuapmis jo sua1) onet 1aydes) /fidng

(£00) (6307) (00°) ($007) (¥00°) (00°) (€00°) (00°)

100° #4690° #4107 #4600° ##660° #4600" 100° #800° sxeaf < :oouepuane Lrosmdwopn
(900°) (30°) (¥00°) (00°) (¥00°) (¥00°) (€00) (600°)

€00’ 910 €00 — 300 — G600’ 100° €00 — 100° sreak ()] :oouepuane A1ospndwo)
(00°) (610°) (00°) (300°) (00°) (300°) (300°) (300°)

€00’ 700 300’ 300" — #00° 100° %900 — 000" — sreak ¢ :oouepuane Lrosmdwop

(8) (L) (9) (9) () (¢) (3) (1)

WO 98euda], PIOY2snO} ur perosH  doig sH nv pero sH  doig sH nv
HIPID RO Jo oN arenpern) [ooyds ySi sy asnodg POLLIBIA

NAWOM ALIHA 04 TANLINALS ATINV,] NO ALI'TVAQ) TOOHDS ANV (SIS)) SMVT ONITOOHOG AMOSTAINOY) A0 SLOTAIT
L ATdVL

This content downloaded from 099.242.073.002 on July 25, 2020 11:48:22 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



210 Journal of Human Capital

however, these effects are much smaller than the unconditional results
for all women. Moreover, much of this effect comes from the increases
in marriage rates reported in columns 2 and 3.

The presence of children in the household requires attention from
mothers at home and likely raises the personal costs associated with in-
carceration. Children may also alter women’s social networks and build
stronger family bonds. The last two columns of table 7 suggest that school-
ing laws and improvements in all measures of school quality led to signif-
icant increases in the number of own children in the household but had
little impact on teen motherhood.*

Finally, we examine the effects of schooling policies on labor market
outcomes and family earnings in table D-4. These results suggest little sys-
tematic impact of compulsory schooling laws on female employment,
weeks worked, and earnings. An increase in school term length led to mod-
est increases in weeks worked and earnings, while increases in teacher
wages and reductions in class size led to small reductions in work and earn-
ings. We also examine the effects of schooling laws and quality on spousal
earnings (set to zero for single women). Our estimates suggest that mov-
ing from less than 9 to 11 or more years of required schooling produces a
$568 increase in spousal earnings. A 20 percentincrease in relative teacher
wages raises spousal earnings by a similar amount, while changes in other
quality measures had statistically and economically insignificant effects.

Altogether, these results suggest that raising compulsory schooling to
11 or more years would lead to moderate increases in marriage rates,
spousal education and earnings, and childbearing. Effects on a woman’s
own work and earnings, as well as teen motherhood, are small in magni-
tude and mostly statistically insignificant. Results are qualitatively similar
when the length of the school year or teacher pay are increased, although
extending the school year has more substantial effects on female earnings.
Reductions in class size (as measured by pupil /teacher ratios) also increase
childbearing as well as teen motherhood; however, they appear to reduce
marriage rates and spousal education.

V. The Effect of Educational Attainment and School Quality
on Female Crime

In this section, we estimate the effects of educational attainment and school
quality on incarceration and arrests, using compulsory schooling laws as
instruments for attainment. This analysis assumes that within-state changes
in both compulsory schooling laws and school quality measures are exog-
enous. Given the impacts of the laws on marriage and concerns that mar-

2 The specification for “number of own children” is estimated on a sample restricted to
women aged 20—40, with the idea that most children should still be living at home. The spec-
ification for “teenage mom” is based on the sample of women aged 20-35 to ensure that
children born when the mother was a teenager would still be in the household.
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riage rates (and, to a lesser extent, spousal education) may have been af-
fected by changes in the education distributions for men and women (al-
tering marriage matching functions), we also use our census data to ex-
plore specifications separately by marital status and specifications that
control for marital status along with schooling attainment and quality, in-
strumenting for both education and marriage.

A.  Incarceration

Using census data, we now estimate the effects of educational attainment
and school quality on the probability of incarceration:

I = sy, + Qivo + Xiyx + i (5)

where 7, is an indicator variable equal to one if individual ¢ observed in
year ¢ is incarcerated and zero otherwise, s, reflects years of completed
schooling for this individual, Q; is the vector of school quality measures,
and X, is a vector of other observed covariates. (We control for the same
set of X, covariates as when estimating eq. [3] above.) As a reminder, con-
trols for state-of-residence-specific time effects account for differences
across states over time in terms of their law enforcement and criminal-
justice policies as well as labor market conditions.* Controls for region-
of-birth-specific cohort trends help address concerns raised in Stephens
and Yang (2014).

We begin by studying the effects of schooling attainment alone, omit-
ting school quality measures. This serves two purposes. First, it allows us
to see how adding controls for school quality measures affects estimated
impacts of educational attainment on crime. Second, it allows us to esti-
mate effects for black women as well as white women. Table 8 reports both
ordinary least squares (OLS) and IV estimates of , (in percentage terms),
the effect of one year of school on the probability of incarceration. Panel A
reports estimates for white women and panel B those for black women.
OLS estimates indicate that an additional year of school, on average, low-
ers incarceration rates by about 0.006 percentage points for white women
and 0.024 percentage points for black women. We account for the endo-
geneity of schooling by using compulsory attendance laws as instruments
for educational attainment. The second row in both panels of table 8 pre-
sents these IV estimates, which indicate that an additional year of school, on
average, reduces incarceration rates by 0.04—0.06 percentage points among
white women and 0.07-0.08 percentage points among black women.*
While the estimated effects for white women are statistically significant

* Lochner and Moretti (2004) also show that changes in schooling laws were not associ-
ated with contemporaneous changes in enforcement expenditures or the number of police.

% First-stage estimates on the excluded instruments are statistically significant, with F-
statistics well above 10, the level below which concerns about weak instruments arise (Staiger
and Stock 1997). Consistent with Sec. IV.B, the estimates indicate that increases in years of
compulsory schooling lead to increases in educational attainment.
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TABLE 8
EFFECT OF YEARS OF EDUCATION ON IMPRISONMENT (Percentage)

(1) (2) (3) (4) (5)
A. White Females

OLS estimates —006% —.006%% —006%F —.006%F —.006%
(.000)  (.000)  (.000)  (.000)  (.000)
IV estimates —035%F  —. 085 — (52FF  — 047FF  — (5O

(.010) (.011) (.021) (.019) (.028)
First stage:

Compulsory attendance: 9 years Jd46%F 137k 064%F  071%F 049%*
(.019) (.019) (.017) (.018) (.014)
Compulsory attendance: 10 years 2207 202%k 118k 136%* (074%*F

(.027) (.026) (.024) (.024) (.020)

Compulsory attendance: >11 years 324k 309k 178%k  200%* [ 129%*
(.025) (.024) (.022) (.024) (.019)
Estatistic for excluded instruments 55.49 53.83 22.75 24.86 15.03

B. Black Females

OLS estimates —.024%%  —.024%*% —.024%*% —.024%F —.024%*
(.002) (.002) (.002) (.002) (.002)
IV estimates —.078%  —.077 —.066 —.080 —.083

(.044) (.047) (.080) (.071) (.106)
First stage:

Compulsory attendance: 9 years B84k 3B8HE Q9B%E 9Bk 174k
(.037) (.036) (.030) (.031) (.030)
Compulsory attendance: 10 years AT 393k 24k 282%%  190**

(.063) (.062) (.054) (.056) (.048)

Compulsory attendance: >11 years AD2¥¥  428%EF  264%F  Z14¥x  2(03%*
(.056) (.055) (.044) (.046) (.044)
Istatistic for excluded instruments 39.22 35.88 19.68 24.33 11.82

Additional Controls

State of residence X year effects Yes Yes Yes Yes
State of residence x age Yes

State of residence x broad age group Yes

Region of birth x cohort trend Yes

Note.—All regressions include dummies for state of residence, dummies for state of birth
(excluding Alaska and Hawaii), dummies for age groups (20-22, 23-25, ..., 5658, and 59—
60), dummies for decade of birth (1914-23, 1924-33, ..., 1964-74), and dummies for cen-
sus year. The regressions for black females also include state-of-birth dummies interacted
with a dummy for black women born in the South who turned age 14 in 1958 or later, to ac-
count for the impact of Brown v. Board of Education. “Broad age group” reflects three dum-
mies, for the following age groups: 20-34, 35-49, and 50-64. The [<test for excluded instru-
ments for white females is distributed F{3 5 055, and for black females is distributed Fs o 565). The
sample size for white females is 3,613,313, and that for black females is 480,709. Standard
errors corrected for state of birth—year of birth clustering are in parentheses.

* p<.10.

* p<.05.

(at the .05 level), they are not for black women, because of the smaller
sample sizes and resulting reduction in precision. The lack of precision
for black women also means that we cannot reject equality of effects across
races (on the basis of the IV estimates). The estimates are quite robust
across specifications and represent sizeable impacts relative to baseline in-
carceration rates for uneducated women.
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The fact that IV estimates are significantly larger (in absolute value)
than OLS estimates for white women is consistent with the findings of Loch-
ner and Moretti (2004) and Machin etal. (2011) for men. This may suggest
that unmeasured factors that lead to higher levels of schooling also lead to
higher rates of incarceration, contrary to most theories of crime. More
likely, the larger IV estimates are due to heterogeneity in the impacts of
additional schooling across individuals and across grade margins. With
both types of heterogeneity, IV estimates will reflect average impacts of an
additional year of school for those women (and grades) affected by the
changing schooling laws, while OLS estimates reflect average effects in
the population (along with any endogeneity bias). For example, IV esti-
mates would be greater than OLS estimates (in the absence of endoge-
neity) if the effects of schooling on crime are greatest among young
women who are most responsive to compulsory schooling laws.*" It may
also be the case that additional schooling at the grade margins affected
by the instrument (i.e., grades 9-12) has particularly strong effects on in-
carceration, as suggested by figure 1. This, too, can lead to larger IV esti-
mates (Lochner and Moretti 2015).%

As discussed in Stephens and Yang (2014), failure to account for changes
in school quality, which are correlated with changes in years of compulsory
schooling (see table 4), maylead to standard omitted-variable bias (for both
OLS and IV estimates). We next incorporate our three measures of quality,
focusing on white women for reasons discussed above. Table 9 reports IV
estimates of the effects of educational attainment, along with estimated
effects of school quality. The estimated impacts of educational attainment
are slightly greater in magnitude than those in table 8. Even though the
first-stage effects of schooling laws are weaker than when we omit quality
measures, they are still significant (with Fstatistics exceeding 10) and sug-
gest that tougher compulsory schooling laws are associated with more
years of education.”

Table 9 suggests little direct effect of school quality on the likelihood of
incarceration. Only coefficients on relative teacher wages are statistically
significant across most specifications; however, they suggest that higher
teacher wages increase the probability of incarceration (holding school-

31 See Imbens and Angrist (1994) for a discussion of local average treatment effects
and IVs.

2 Applying the exogeneity test of Lochner and Moretti (2015), which is robust to hetero-
geneous grade-specific effects, we reject exogeneity of schooling for white women but not
for black women (e.g., p-values of .041 and .564, respectively, for specification 3 in table 8).
This suggests that the difference between OLS and IV estimates for white women is not fully ex-
plained by greater impacts of education at some grade margins than at others.

%3 These results alleviate concerns raised by Stephens and Yang (2014) regarding the abil-
ity to instrument for schooling by using compulsory schooling laws due to contemporaneous
changes in school quality—for white women, at least. The first-stage effects of compulsory
schooling laws on completed schooling are much weaker for white men, with [statistics of
around 10 for specifications reported in cols. 1 and 2 of table 9 and much lower for specifica-
tions reported in cols. 3-5 of the table.
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TABLE 9
IV ESTIMATES OF THE EFFECTS OF EDUCATION AND SCHOOL QUALITY
ON IMPRISONMENT FOR WHITE WOMEN (Percentage)

@ (2) (3) 4) (5)

Years of education —.061%% —.058%** — (094%*% — (078%** — (066%*
(.018) (.018) (.037) (.031) (.038)
Pupil/teacher ratio (tens of students) —.027%%  —.020 —.021 —.021 .001
(.013) (.013) (.015) (.015) (.008)
Term length (hundreds of days) —.008 005 —.004 —.006 —.050%
(.020) (.021) (.027) (.026) (.028)
Relative teacher wage 029 026%% 043%*  038** 017

(.010)  (.010)  (.018)  (.016)  (.013)
First stage:

Compulsory attendance: 9 years .051%% .046%*  .001 .004 .036%*
(.017)  (.017)  (.017)  (.018)  (.013)
Compulsory attendance: 10 years 143% 133%F  070%%F  085%F  .062%*
(.024)  (.023)  (.022)  (.022)  (.018)
Compulsory attendance: >11 years A91#F 186%*F 092%F - 108¥* [ 100%*
(.023)  (.022)  (.021)  (.023)  (.018)
F-statistic for excluded instruments 27.19 28.64 10.1 12.34 11.29
Additional controls:
State of residence X year effects Yes Yes Yes Yes
State of residence x age Yes
State of residence x broad age group Yes
Region of birth x cohort trend Yes

Note.—All regressions include dummies for state of residence, dummies for state of birth
(excluding Alaska and Hawaii), dummies for age groups (20-22, 23-25, ..., 56-58, and
59-60), dummies for decade of birth (1914-23, 1924-33, ..., 1964-74), and dummies for
census year. “Broad age group” reflects three dummies, for the following age groups: 20—

size is 3,495,789. Standard errors corrected for state of birth—year of birth clustering are in
parentheses.

* p<.10.

*p<.05.

ing constant).* One concern is that there may be too little independent
variation in our three measures of school quality to obtain precise esti-
mates of each measure’s effect. We show in appendix D (available online)
thatincluding each quality measure by itself produces results very similar
to those in table 9. Furthermore, including a single factor extracted from
all three quality measures yields negligible effects of this “quality factor.”

Table D-3 shows that improvements in all three quality measures (i.e.,
lower pupil/teacher ratios, longer school terms, and higher teacher wages)
lead to significantly higher levels of educational attainment among white
women.” Thus, school quality improvements indirectly reduce incarcera-
tion rates by increasing schooling attainment. In most specifications, these
indirect effects are stronger than the direct effects for pupil/teacher ratios

** Adding interactions for region of residence x region of birth to specification 2, as
suggested in Heckman et al. (1996), produces very similar results. Results are available
upon request.

% The estimated effect of term length in col. 1 is the sole exception.
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and term length, while they are very similar in magnitude (and of opposite
sign) for teacher wages. On the basis of estimates reported in columns 3
or 4 of tables D-3 and 9, the total effect of a one-student reduction per
teacher or a 10 percent increase in relative teacher pay would be to lower
the probability of incarceration by 0.001 percentage points, while an extra
10 days added to the school year would result in a reduction of slightly
more than twice that size.*

The greatest concern with our IV estimation strategy is the potential ef-
fects of schooling laws on marriage matching functions. We address this
issue in table 10, focusing on specifications that omit the school quality
measures (analogous to col. 3 in table 8), since our attention is on the im-
pacts of schooling attainment (and its estimated effect is not very sensi-
tive to controls for school quality).*” The first two columns report the effects
of schooling obtained from estimating the model separately by marital sta-
tus. The estimated effects are both negative, with larger (and statistically sig-
nificant) effects for single women.

The next two columns of table 10 also estimate our model separately by
marital status but use a control function approach to account for endog-
enous selection. This approach relies on exogenous variation in the prob-
ability of marriage, which we estimate as a function of our exogenous X;
regressors, schooling laws L, and two additional sets of variables: quarter-
of-birth indicators and years of compulsory schooling when women were
age 10. The first of these additional variable sets is assumed to affect both
marriage and educational attainment, while the second is assumed to af-
fect marriage only.”® Marriage laws when women were age 10 should not
affect their schooling, conditional on the laws when they were age 14, L;;
however, they are likely to affect potential spousal education and marriage
decisions, since most women marry men who are a few years older. The es-
timates that correct for selection into marriage are similar to those that
do not (compare the first two columns with the next two in table 10).
An extra year of schooling reduces the probability of incarceration by
about 0.026 percentage points for married women and 0.043 percentage
points for single women, where the former is statistically significant and
the latter is not. The point estimates are quite similar, and one cannot re-
ject that they are the same, given their standard errors.

% Total effects are calculated by summing the direct and indirect effects, where the latter
are obtained by taking the estimated effects of schooling attainment on incarceration from
table 9 and multiplying them by the estimated effects of quality on years of schooling re-
ported in table D-3.

7 Estimated effects of schooling attainment are slightly larger when we control for school
quahty measures. See table D-5.

8 Our control function approach assumes that mdrrldge is based on a single index model

with m,, = Xjux + Zypz — &4, where marriage is given by the indicator m;, = l(m,, >0),

« W(Xi, Zy), and Z, are exogenous instruments affecting marriage. In practlce we first esti-
mate the probability of marrlage conditional on (X, Z), P,(X, Z), assuming £, ~ N(0, o?).
We then include P, and P} in our incarceration-estimating equation as additional regressors
and perform two-stage least squares (2SLS). See app. C for details.
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TABLE 10
EFFECTS OF EDUCATION AND MARRIAGE ON INCARCERATION
FOR WHITE WOMEN (Percentage)

Selection
Correction

No Selection

Correction . N .
Control for Marriage

and Education

Married Single Married Single

A. IV Estimates

Years of education —.023  —.094% —.026% —.043 —.035%
(.014) (.056) (.014) (.061) (.021)
Married —.069
(.181)
B. First-Stage Estimates
Education Married
Compulsory attendance:
9 years .066%% .052% 054%%F 059%EF 064+ .002
(.016) (.030) (.016) (.029)  (.017) (.002)
Compulsory attendance:
10 years J102%%  156%%  084%%  173%% 118 .004
(.023) (.042) (.022) (.038)  (.024) (.004)
Compulsory attendance:
>11 years 728 212%F 098 1bbHE 178%* L0127
(.022) (.033) (.023) (.034)  (.022) (.003)
Quarter of birth 2 —.043%* 021 .016%* .010%*
(.008) (.016)  (.005) (.001)
Quarter of birth 3 —.000 .043%*  0b5** .010%*
(.008) (.015)  (.004) (.001)
Quarter of birth 4 045%% .062%* 069%* .005%*
(.006) (.011)  (.004) (.001)
Istatistic for excluded
instruments 20.66 15.40 46.14 12.69 60.95 30.69
Observations 2,650,427 962,886 2,633,208 954,665 3,613,313 3,613,313

Note.—All regressions include dummies for state of residence, dummies for state of birth
(excluding Alaska and Hawaii), dummies for age groups (2022, 23-25, ..., 56-58, and 59—
60), dummies for decade of birth (1914-23, 1924-33, ..., 1964-74), dummies for census
year, state of residence X year effects, and state of residence x age. The specifications with
“No Selection Correction” split the sample into married and single women and estimate the
effect of schooling on incarceration by 2SLS. The specifications with “Selection Correction”
split the sample into married and single women and estimate the effect of schooling on in-
carceration by 2SLS and a control function, as described in app. C. Standard errors corrected
for state of birth—year of birth clustering are in parentheses.

* p<.10.

*p<.05.

Finally, we simultaneously control for both marriage and educational
attainment (for the full sample of women) in the final two columns of
table 10. Here, we treat both schooling and marriage as endogenous, using
our compulsory schooling laws and quarter-of-birth indicators as instru-
ments. The table reports first-stage estimates for both endogenous vari-
ables, along with Fstatistics for the excluded instruments. The instruments
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are reasonably strong for both endogenous variables; however, we obtain
precise estimates only of the effect of schooling. The estimated effect of an
extrayear of school is —0.035 percentage points, roughly halfway between
the selection-corrected estimates for married and single women. This es-
timate is about 30 percent smaller than the corresponding estimate in col-
umn 3 of table 8, for two reasons. First, with marital status controlled for,
the estimated effect of education in table 10 does not incorporate any ef-
fects of education on crime resulting from changes in marital status. Sec-
ond, the IV estimate in table 8 may be biased toward finding too large an
effectif changes in schooling laws altered marriage matching functions so
that women were more likely to marry regardless of their schooling (as
suggested by table 7). The similarity in estimates whether we control for
marital status or not suggests that any bias from this is unlikely to be very
large.

B. Avrrest Rales

Next, we use our merged UCR and census data to study the impacts of ed-
ucational attainment and school quality on female arrest rates for property,
violent, and white collar offenses. The basic relationship we estimate is

In Ay = Suds + Qizan + Xlubyx + Sfalty (6)

where In A, is the natural logarithm of the female arrest rate as defined
above, s, and Q,, are average years of schooling and school quality, re-
spectively, for women in age group « living in state / in year {, and X, is
the same vector of covariates used in estimating equation (4) above. These
covariates include the proportion of black females in age group a in state [
in year ¢ as well as indicator variables to control for unobserved heteroge-
neity across states, age groups, criminal offenses, and years. Most notably,
the many fixed effects effectively account for variation in enforcement
policies and labor markets across states and over time (by offense type),
differences in age profiles by offense type, and systematic variation in age-
crime profiles over time and across states.

Recall that because our arrest measures (by offense) are available only
as aggregates at the age, state, and year level, we cannot distinguish be-
tween state of birth and state of residence. By construction, our instru-
ments and quality measures vary only at the state-cohort level, so it is
not possible to control for unrestricted state-age and state-year effects, be-
cause of multicollinearity. To flexibly account for different enforcement
policies across states over time, we control for state-year effects. We also
explore including controls for broad age group (i.e., 20-34, 35—49, 50—
60) effects by state; however, this proves too demanding in most cases.

We begin by considering specifications that do not control for school
quality measures, reporting these results in table 11. The first three col-
umns of the table present OLS estimates of the effects of education on
log arrest rates for all crimes (panel A) and separately for violent, prop-
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TABLE 11
EFFECTS OF AVERAGE SCHOOLING ON LLOG ARREST RATES

OLS Estimates IV Estimates
(1) (2) (3) (4) (5) (6)
A. All Offenses

All offenses —.146%F  — 128%% — 117+% —401%F — 367+ — 491%*
(.056)  (.056)  (.056) A15)  (111)  (.247)
First stage:
Compulsory attendance:
9 years B89FE 391%*  ]79%*
(.056)  (.060)  (.044)
Compulsory attendance:
10 years 4907 492%%  245%%
(.066)  (.070)  (.052)
Compulsory attendance:

>11 years 582¥* - B84FE 294wk
Fstatistic for excluded (.076) (-081) (.061)
instruments 21.88 19.34 7.53
B. Effects by Broad Offense Type
Violent crime —.362%*F  —.306%% —.201%% — 700%* —502%% — 648%*
(.060) (.063) (.062) (.128) (.145) (.252)
Property crime —.139%* —.091 —.082  —.647% —.669%* —.801%*
(.062) (.065) (.063) (.173) (.186) (.287)
White collar crime .059 .002 .019 178 128 .009
(.062) (.058) (.063) (.137) (.134) (.261)
Controls
Age x offense effects Yes Yes Yes Yes Yes Yes
Offense x year effects Yes Yes Yes Yes Yes Yes
Age x year effects Yes Yes Yes Yes Yes Yes
State x year Yes Yes Yes Yes Yes Yes
State x offense effects Yes Yes Yes Yes Yes Yes
State x offense x year effects Yes Yes Yes Yes
State x broad age group Yes Yes

Note.—The dependent variable is the logarithm of the arrest rate by age, type of offense,
state, and year. Average schooling is by age group, state, and year. All models control for
the percentage of black women. There are eight age groups: 20-24, 25-29, 30-34, 35-39,
40-44, 4549, 50-54, and 55-59. There are 50 states, plus the District of Columbia, and four
years: 1960, 1970, 1980, and 1990. All models are weighted by cell size, calculated as the
number of women in each cell from the census. The F-test for excluded instruments is dis-
tributed F; ; 403). Standard errors for state-year-age clustering are in parentheses.

* p<.10.

* p<.05.

erty, and white collar offenses (panel B).* The estimates in panel A indi-
cate that a one-year increase in average years of schooling among women
is associated with a 12-15 percent decline in female arrest rates. Panel B
shows that a one-year increase in average education reduces arrest rates
by about 30 percent for violent crimes (murder, robbery, assault) and
roughly 10 percent for property crimes (burglary, larceny, motor vehicle

9 Estimates using the high school completion rates rather than years of education as the
main variable of interest yield qualitatively similar results and are available upon request.
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theft, arson). Estimated effects of education on arrests for white collar of-
fenses (forgery, fraud, embezzlement) are negligible and statistically in-
significant. Table D-7 examines arrests by more detailed offense types,
estimating separate models (using OLS) for violent offenses, property of-
fenses, and white collar offenses. These estimates reveal strong effects of
education on murder, assault, motor vehicle theft, and embezzlement, all
decreasing more than 30 percent in response to a one-year increase in av-
erage schooling levels. It is also noteworthy that education appears to in-
crease forgery, with estimates statistically significant in the first two spec-
ifications.

Columns 4-6 of table 11 report estimates using the changes in com-
pulsory schooling laws as instruments for educational attainment. The
weaker first-stage effects of compulsory attendance laws on average edu-
cation (compared to the effects reported in table 8 for our individual-
level analysis of incarceration) are not surprising, since our aggregated data
do not allow us to exploit variation in the laws across states of birth within
current state of residence. Still, in columns 4 and 5, which do notinclude
state-specific age-group fixed effects, the first-stage F-statistics for the ex-
cluded instruments satisfy conventional criteria for “strong” instruments
(Staiger and Stock 1997) and yield IV estimates that are precise enough
to rule out small effects for all but white collar crime. For example, col-
umn 5 suggests that a one-year increase in average years of schooling re-
duces arrests for violent crime by about 50 percent and those for property
crime by 67 percent, both statistically significant. Controlling for state-
specific age group effects (col. 6) produces much less precise estimates.
Simultaneously controlling for state-specific year effects and state-specific
age effects leaves little available within-state variation across cohorts, even
when the state-age effects are based on broad age groups of 10-15 years.

We now include our three measures of state- and cohort-specific school
quality in estimating equation (6).* Table 12 reports OLS and IV estimates,
where we estimate the effects of average education on all types of offenses.
Except for columns 3 and 6, which include state-specific age effects, both
OLS and IV estimates of the impact of average educational attainment are
statistically significant and very similar to their counterparts that do not
control for school quality (table 11).*

The effects of school quality on arrest rates are also statistically signifi-
cant for all three measures of quality; however, the estimated effects of pu-
pil/teacher ratios are the opposite of what one might expect. This should
not be surprising, given our findings in table 6. Holding average years of
schooling constant, increases in the pupil/teacher ratio, term length, and
teacher salary all lead to subsequent reductions in female arrest rates. Col-
umns 4 and 5 indicate that a one-student increase per teacher reduces

10 See app. A for details on our treatment of these data.
*! Once we control for state-specific age effects (cols. 3 and 6), compulsory schooling
laws become weak instruments, as evidenced by the low [statistic.
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TABLE 12
EFrECTS OF EDUCATION AND SCHOOL QUALITY ON LOG ARREST RATES
OLS Estimates IV Estimates
(€] (2) 3) (4) ®) (6)
Years of education —.180%* —.147*%* —.065 —.510%*  —.442%% — 330

(.070) (.071)  (.065) (.226) (.218) (.405)
Pupil/teacher ratio (tens
of students) —.510%*  — 440%% — 302%*% — 89k  — T84** — 468
(.118) (.122)  (.143) (.257) (.249) (.288)
Term length (hundreds

of days) —1.330%*% —1.286%* —.885%* —1.203** —1.176%* —.768%*
(.327) (.333)  (.355) (.342) (.325)  (.362)
Relative teacher wage —.656%F  —.639%* —324%%  —520%*F  —517%F — 176

(.171) (.179)  (.163) (.193) (.189)  (.262)
First stage:
Compulsory attendance:
9 years 180%* 180%* .056%*
(.046) (.049)  (.039)
Compulsory attendance:
10 years L2997 300%% | 162%
(.056) (.060)  (.047)
Compulsory attendance:
>11 years .328%% .328%% 084
(.067) (.072)  (.053)
Estatistic for excluded

instruments 10.89 9.50 5.44
Controls:

Age x offense effects Yes Yes Yes Yes Yes Yes
Offense x year effects Yes Yes Yes Yes Yes Yes
Age x year effects Yes Yes Yes Yes Yes Yes
State x Year effects Yes Yes Yes Yes Yes Yes
State x offense effects Yes Yes Yes Yes Yes Yes
State x offense x

year effects Yes Yes Yes Yes
State x broad age group Yes Yes

Note.—The dependent variable is the logarithm of the arrest rate by age, type of offense,
state, and year. Average years of schooling is by age group, state, and year. All models control
for the percentage of black women. There are eight age groups: 20-24, 25-29, 30-34, 35-39,
40-44, 4549, 50-54, and 55-59. There are 50 states, plus the District of Columbia, and four
years: 1960, 1970, 1980, and 1990. All models are weighted by cell size, calculated as the
number of women in each cell from the census. The [-test for excluded instruments is dis-
tributed [7s 1 354 Standard errors for state-year-age clustering are in parentheses.

* p<.10.

wEp<.05.

female arrest rates by 8-9 percent, a 10-day increase in term length re-
duces female arrest rates by about 12 percent, and a 10 percent increase
in teacher wages above the national average reduces female arrest rates by
about 5 percent.*

Table D-8 reports separate IV estimates for each broad type of offense.
The results show that increases in average education significantly reduce
female arrest rates for violent and property offenses but have no signifi-

2 The indirect effects of improvements in quality through increased schooling attain-
ment are all positive but smaller (in absolute value) than the direct effects. Therefore, the
total effect of the pupil/teacher ratio is still of unexpected sign.
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cant effect on arrests for white collar offenses. Increases in term length sig-
nificantly reduce violent crime arrests, increases in teacher wages signifi-
cantly reduce property crime arrests, and increases in the pupil/teacher
ratio significantly reduce arrests for all types of crime.

VI. Why Does Education Reduce Female Crime?

As discussed in Section II, education and school quality affect many as-
pects of life that may lead to reductions in crime. By raising skill levels,
they can improve labor market opportunities. They may also affect family
structure via marriage opportunities and childbearing decisions.” The
results in Section IV.C suggest that impacts on family structure are likely
to be particularly strong for women.

Using our census data, we estimate the effects of school quality and at-
tainment on these different intermediate outcomes for white women on
the basis of IV specifications analogous to those reported in column 3 of
table 9. Compulsory schooling laws serve as instruments for educational
attainment, while school quality measures are assumed to be exogenous.
By examining the effects of both quality and attainment simultaneously,
our effects of the former now reflect direct impacts holding attainment
constant.

We begin with a discussion of female labor supply decisions and earn-
ings. Table 13 shows modest (but statistically significant) negative effects
of schooling attainment on labor supply and statistically insignificant neg-
ative effects on earnings. Changes in school quality have no direct effects
on employment decisions, while a 10-day increase in school term length
would lead to a modest (but statistically significant) increase in weeks
worked and earnings. During our sample period (1960-80), itappears un-
likely that education reduced crime among women by encouraging them
to participate more in the labor market.

As aresult of assortative mating in marriage markets (Becker 1991), ed-
ucation should improve women’s marital prospects. Evidence from twin
studies suggests that an additional year of schooling raises that of a
woman’s spouse by 0.2-0.4 years (Behrman and Rosenzweig 2002; Ore-
opoulos and Salvanes 2011). Using quarter of birth as an instrument for
own schooling attainment, Lefgren and McIntyre (2006) estimate negligi-
ble effects of women’s schooling on the likelihood of marriage but signif-
icantly positive effects on husband’s earnings. An extra year of education
results in an additional $4,000 in spousal earnings. These additional re-
sources and the family stability that likely comes with them may help ex-
plain the significant reductions in crime associated with educational attain-
ment among women. The effects of education on spousal quality may also

1 Schooling may also alter preferences for risk, self-control, or time discounting. See
Oreopoulos and Salvanes (2011) for a recent survey of evidence on the broad-ranging im-
pacts of education on individuals.
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be important because of changes in social networks, creation of social bonds,
and/or exercise of informal social control (Sampson and Laub 1990; Laub,
Nagin, and Sampson 1998; Warr 1998; Sampson, Laub, and Wimer 2006).

Table 13 reports estimated effects of women’s schooling and school
quality on the probability of marriage, whether they are married to a high
school graduate, and spousal earnings (set to zero if a woman is single),
using compulsory schooling laws as instruments for attainment. The esti-
mated effects of attainment are quite large, suggesting that an additional
year of schooling increases the probability of marriage by 7.5 percentage
points, the probability of marrying a high school graduate by 16.5 per-
centage points, and spousal earnings by over $6,500 per year; however,
they should be read as upper bounds on the true effects. Because changes
in the schooling laws affected marriage matching functions (see Sec. IV.C),
especially the probability of marriage, the estimated effects on these mea-
sures are likely to be biased upward. On the basis of the findings reported
in table 7, the bias for marriage is likely to be sizeable; however, the bias for
spousal education should be more modest, given the small effects of school-
ing laws on spousal education, conditional on a woman’s own schooling.
Comparing our estimated effect on spousal earnings with that of Lefgren
and McIntyre (2006) also suggests an upward bias. School quality measures
have mixed effects on marriage outcomes, with reductions in pupil /teacher
ratios lowering marriage rates and the probability of marrying a high school
graduate, while increasing term length has the opposite effects.

Finally, we explore the effects of schooling attainment and quality on
fertility behavior. The IVresults in table 13 indicate that an additional year
of schooling significantly increases the number of own children in the
household by 0.42 for white women. Reductions in class size also increase
the number of children in the household. We find no effect of educational
attainment on the likelihood of becoming a teenage mother; however, re-
ductions in pupil/teacher ratios appears to increase the probability.**

VII. Conclusions

This paper provides some of the first evidence that increases in compul-
sory schooling laws, school quality (as measured by pupil/teacher ratios,
term length, and teacher wage rates), and educational attainment can
lead to significant reductions in female crime. Using compulsory school-
ing laws as instruments for education, we show that an additional year of
schooling reduces the probability of incarceration by 0.05-0.09 percent-
age points among white women. We also estimate that a one-year increase
in average schooling levels reduces female arrest rates for both violent

** Estimates for the number of children in the household are based on women aged 20—
40 to measure cumulative fertility while ensuring that the vast majority of children should
still be living at home. Estimates for teen motherhood are based on women aged 20-35 to
ensure that children born when mothers were teenagers would still be living at home.
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and property crime by more than 50 percent, while there is little impact
on white collar crime. The estimated direct effects of school quality mea-
sures are more mixed, depending on the measure of quality and whether
we look at arrests or incarceration. The indirect effects of quality im-
provements through increased schooling are positive for all quality mea-
sures but are generally modest in size.

Our IV estimates of the impacts of educational attainment are quite
large, much larger than analogous OLS estimates. This is somewhat sur-
prising, since most theories of crime suggest that OLS estimates should
be biased toward finding too large an effect. One important concern is
the possibility that changes in schooling laws were contemporaneous with
other major changes in the education system, which could bias our IV
estimates (Stephens and Yang 2014). Fortunately, our main IV estimates
are very similar whether or not we control for state- and cohort-specific
school quality levels, as measured by pupil/teacher ratios, term length, and
teacher pay. Furthermore, we account for any differences in enforcement
policies and labor market conditions across states over time by controlling
for state-specific year effects. While our IV estimates are likely inflated as
aresult of effects of minimum-schooling laws on marriage markets (via in-
creases in aggregate education levels among both men and women), our
estimates that control for direct impacts of marriage on incarceration sug-
gest that any bias from this is likely to be quite modest. Instead, the much
stronger effects of education on crime obtained with IV rather than OLS
estimation are most likely due to heterogeneity in effects of schooling
across individuals and grade levels. Our results are consistent with partic-
ularly strong impacts of schooling on crime among women who are most
responsive to changes in schooling laws, especially those who would oth-
erwise drop out of high school.*

Itis interesting to compare our results with the estimated impacts of ed-
ucation on incarceration and arrests among men. Analogous IV estimates
of the impact of an additional year of schooling on the probability of in-
carceration are about four times higher for men than women, while base-
line incarceration rates are roughly 20 times higher for low-educated men
than for women. Thus, the impact of education on imprisonment is much
stronger for women in percentage terms. This is also true for arrest rates,
where analogous IV estimates for men suggest that a one-year increase
in average education levels would reduce arrests by only 5-10 percent.*®

* It is also possible that education reduces the probability of arrest (conditional on
crime). Our results would incorporate these additional effects, causing us to overstate
the effects of education on crime itself. While previous studies find little difference between
estimated effects of schooling on arrests and crime among men (Lochner and Moretti 2004;
Weiner et al. 2009), it is possible that such discrepancies are greater for women because of
their differing offending patterns.

% See tables D9 and D-10 for estimated effects of schooling on male incarceration and
arrests, respectively, analogous to those reported in tables 8 and 11. Also see Lochner and
Moretti (2004) for related results for men.
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Given the low baseline crime rates among women, a policy aimed at rais-
ing male education levels would have a greater impact on aggregate crime
rates than one targeting female education. However, the latter is likely to
be more transformative for women as a group than the former would be
for men.

Finally, we explore the channels through which education may affect
female crime. Lochner and Moretti (2004) argue that, among men, most
of the effect of education on crime can be explained by increases in wages
and greater labor market participation."” Our results suggest that this is
not the case for women (at least from 1960 to 1980), since we find little
effect of schooling on female labor supply behavior. Instead, education
appears to improve the marital prospects of women. The accompanying
increases in marriage likely reduce crime by strengthening family bonds,
while increases in spousal education and family resources may limit the
incentives for women to turn to crime in order to support the family. Still,
we find that education reduces incarceration even when conditioning on
marital status, so other channels are also important. We find thatincreased
schooling causes women to have more children, which may discourage
crime by raising the personal costs of time in prison and strengthening fam-
ily/social bonds. Education may also reduce crime by changing women’s
preferences for risk or self-control.

Of course, the channels through which education affects female crime
may have changed in more recent decades as women have increasingly
entered the labor market, reduced their time at home, and raised fewer
children. This is an interesting avenue for future research.

Appendix A
Detailed Data Description
Al.  Analysis of Education and Incarceration

For our analysis of incarceration, we use census data from the 1960, 1970, and 1980
US censuses. The census data were obtained from the Integrated Public Use
Microdata Series (IPUMS): (1) 1 percent sample of the 1960 census, (2) 1 percent
state samples of the 1970 census, Form 1 and Form 2, and (3) 5 percent state sam-
ple of the 1980 census.

The sample includes only black or white females aged 20-60 who were born in
the 48 contiguous states (i.e., excluding Alaska and Hawaii). The indicator for in-
carceration is based on the variable for the group-quarters type, set to one if the
respondent is in a correctional institution and zero otherwise. Years of schooling
are based on the highest grade of schooling completed (nursery and kindergar-
ten are considered as zero years of schooling).

47 IV estimates for men analogous to those reported in table 13 (without school quality
controls) suggest that an additional year of schooling raises their employmentrate by 3.6 per-
centage points, weeks worked by 3.1, and annual earnings by $4,811 (all statistically signifi-
cant), while it has no significant effect on spousal earnings.
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Table Al presents descriptive statistics for key variables in our sample of 20-60-
year-old women from the US censuses. Over the 1960-80 period, about 0.02 per-
cent of white women and 0.1-0.15 percent of black women were in prison at the
time of the census. Average education increased by 1.6 years for white women and
2.8 years for black women.

TABLE Al
DESCRIPTIVE STATISTICS FOR CENSUS DATA BY YEAR
White Females Black Females

Variable 1960 1970 1980 1960 1970 1980
Incarcerated (%) .019 .015 .022 131 107 145
(1.363) (1.219) (1.490) (3.620) (3.277) (3.810)
Years of schooling 10.854 11.593 12.431 8.707 10.057 11.528
(2.893) (2.737) (2.625) (3.588) (3.300) (2.938)
High school graduate 547 672 795 271 424 .634
(.498) (.469) (.404) (.445) (.494) (.482)
Age 38.953 38.685 37.530 38.035 37.583 36.149
(11.226) (12.066) (12.089) (11.255) (11.799) (11.812)
Sample size 366,070 807,787 2,439,456 43,452 96,745 340,512

Note.—Table reports mean (standard deviation). Census data were obtained from the
IPUMS, using the US censuses of 1960 (1 percent sample), 1970 (Form 1 and Form 2 state
1 percent samples), and 1980 (5 percent sample).

The analysis includes dummies for 14 age groups: 20-22, 23-25, ..., 56-58, and
59-60. When we control for state-specific broad age categories, these are based
on ages 20-34, 35—49, and 50-60. We also include six birth cohort dummies for
women born in 1914-23, 1924-33, 1934-43, 1944-53, 195463, and 1964-74.

These data are merged with data on compulsory attendance laws based on two
variables: (1) the state of birth of the respondent and (2) the year in which the re-
spondent was age 14. As in Acemoglu and Angrist (2001) and Lochner and Mo-
retti (2004), we define compulsory attendance as the maximum between (1) the
minimum number of years that a child is required to stay in school and (2) the
difference between the earliest age at which she is required to be in school and
the latest age at which she is required to enroll. We create three indicator varia-
bles, for states with compulsory schooling laws that require (1) 9 years of schooling,
(2) 10 years of schooling, and (3) 11 or more years of schooling. The omitted cate-
goryin the analysis is those states requiring 8 or less years of schooling. For further
details about these data, see Acemoglu and Angrist (2001) and Lochner and Mo-
retti (2004).

Finally, these data are merged with measures of school quality based on two var-
iables: (1) the state of birth of the respondent and (2) the year of birth of the re-
spondent. The measures of quality are (1) pupil/teacher ratios, (2) school term
length, and (3) relative teacher salaries. Pupil/teacher ratios are rescaled to re-
flect the number of pupils per teacher divided by 10. School term length is scaled
to reflect hundreds of days. Teacher salaries are relative to the national average
teacher salary, which is obtained for each year by taking a simple average over
all state average salaries. For each year of birth, these measures correspond to av-
erage quality for public schools in their state of birth over the years in which the
respondent was aged 6-17 (elementary and secondary school). For further de-
tails on these data, see Card and Krueger (1992a) and Stephens and Yang (2014).
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A2.  Data for Analysis of Education and Arrest Rates

The data on female arrests were obtained from the FBI UCR:s for years 1960, 1970,
1980, and 1990. We compute the arrest counts by state, year, offense, and age
group for females. The offenses considered in the analysis are those for violent,
property, and white collar crimes. The violent crime offenses considered in the
analysis include murder and nonnegligent manslaughter, robbery, and aggravated
assault. The property crime offenses considered include burglary-breaking or en-
tering, larceny-theft (except motor vehicle), motor vehicle theft, and arson. The
white collar crime offenses considered include forgery and counterfeiting, fraud,
and embezzlement. We use arrest counts for women aged 20-59, grouped as fol-
lows: 2024, 25-29, ..., 55-59. Since the UCR data contain only population counts
by state and year (not separately by age group), we must merge these data with cen-
sus data to determine age-specific arrest rates.

The data on arrest counts are merged with census data for years 1960, 1970,
1980, and 1990. The census data for 1960-80 correspond to the same samples ex-
plained in Section Al, while we use the 5 percent sample (with sample weights)
for 1990. From the censuses, we can compute the age distribution among the rel-
evant female population, which can then be multiplied by the population covered
by state-year in the UCRSs to calculate population counts by age, state, and year. We
then divide the UCR arrest counts (by offense, age, state, and year) by the popu-
lation counts (by age, state, and year) to create the arrest rate measures used in our
analysis.

From the census data, we obtain measures of average years of completed edu-
cation, high school graduation rates, and the fraction black by year, state, and age
group, where the age groups match those from the UCR data. These measures are
unweighted for the years 1960, 1970, and 1980 and are weighted by the census
sampling weights for 1990. Females from all races are included when computing
these measures. Since schooling is reported only in intervals for grades 1-4 and
5-8 in the 1990 census, we use average years of schooling within these categories
from the 1980 census to assign years of schooling for 1990 respondents in these
two categories.

To incorporate compulsory attendance laws and school quality into the analysis
of arrest rates, we merge the census data at the individual level with the compul-
sory attendance laws and with the school quality data, following exactly the same
procedure as described in Section Al. That is, we assign compulsory attendance
laws for each woman based on the year in which she was age 14 and her state of
birth. Similarly, we assign school quality measures for each woman based on her
year of birth and her state of birth. Once these measures are assigned to the female
respondents in the census, we obtain averages of these measures by year, state of
residence, and age group. Note that in this case, the compulsory attendance laws
are no longer indicator variables. Instead, they reflect the probability thata women
from age group « living in state /in year { was born in a state that had a specific
schooling law when she was age 14. In this way, we account for interstate migration
patterns and exploit the actual experiences of women in terms of their schooling
laws and school quality.

Finally, the UCR arrest data are merged with the averaged census data (which
contain the averaged compulsory attendance laws and school quality measures)
by year, state, and age group. The census data also contain the number of females
in each cell, which is used as a weight in all regressions.
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Appendix B
Additional Model Details

This appendix provides additional details for the model described in Section II.

Bl.  Reduced-Form Effects of School Quality

The reduced-form effects of school quality on crime for women are given by

Y 8390 0Q

as (ac%wa&ao) aC" dw  AC™ Jy . IC”
+ — + — +

de .
Eé——ﬁ(&nygg**m dw 0Q Y aQ  4Q’

where m € {0, 1}. The effects of changes in school quality are similar to those of
schooling laws, with the addition of more direct effects of quality on crime that do
not come through schooling (i.e., the final three terms above).

B2. IV Estimation

For single women, if E[¢|L, Q, m = 0] = 0, an IV approach should yield consis-
tent estimates of the average total effect of education on crime for single women,
since

E[(de/dL)|L, Q, m = 0]
E[(ds/dL)|L, Q, m = 0]

= E[6"(s, L, Q)|L, Q. m = 0].

For married women, if either (1) the income effects on crime are zero, dC'/
dY = 0, or (2) changes in schooling laws do not alter spousal schooling levels
except through changes in women’s own schooling, (85/80)(30/dL) = 0, and if
Ele|L, Q, m = 1] = 0, then

E[(dc/dL)|L, Q, m = 1]

ﬂwmmggm:u:Em“LQmQM:”’

and an IVapproach should yield consistent estimates of the average total effect of
education on crime.

Next, consider average crime among all women regardless of their marital sta-
tus. For £ ~ F;(-) (probability density function given by f(-)), the probability a
woman with schooling level s under laws L and quality Q is married is given by

P(s, L, Q) = F(M(s,0(L, Q))).

The total effect of a change in schooling laws on the marriage probability for
someone is given by

AP _ (M OM WY _opos oM %
a ds 0L 30 AL dsaL 7t 80 oL’

where dP/ds = f;(M)(0M/ds) reflects the partial effect of changing a woman’s
schooling on her probability of marriage. The difference between the total and
partial effects captures the influence of schooling laws on the equilibrium match-
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ing function through changes in the distributions of schooling among men and
women.
The effect of a change in schooling laws on crime is given by*®
dE[¢|L, Q]

_ aS
—a E[B|L, Q]ﬁ

aC' 3ydS oM a0
+ E|P(s, L, Q)B_Yﬁﬁ +]§(M)¥A(w, Y,s,Q)|L, Q A

The last term reflects two potential sources of bias that can arise when schooling
laws are used as an instrument for schooling in our context. Both derive from im-
pacts of schooling laws on the distribution of education for men and women, which
may alter the marriage market matching function. First, changes in the matching
function can affect which type of man any given woman might marry, conditional
on her educational attainment. Second, changes in the marriage matching func-
tion might affect whether women decide to marry at all (conditional on their edu-
cation). If family income and marriage both reduce crime (C'/0Y < 0 and A < 0)
and increased mandatory schooling raises marriage rates and improves the educa-
tion distribution of spouses, then estimated (negative) effects of own schooling on
crime are likely to be exaggerated when schooling laws are used as instruments.

The following assumptions eliminate bias due to schooling’s effect on mar-
riage rates through changes in marriage markets.

AssuMpTION 1. (a) dC'/dY = 0 (no income effects on crime for married
women), and/or (b) (35/30)(80/dL) = 0 (no effect of schooling laws on marriage
matching functions).

AssumPTION 2.  (a) A(w, Y, s, Q) = 0 (nodirecteffects of marriage on crime),
and/or (b) (dM/06)(30/0L) = 0 (no effect of schooling laws on marriage rates).

Assumption 1 is specific to the bias that arises from the subsample of married
women, whereas assumption 2 is for the bias in the full sample of women. Together,
assumptions 1 and 2 yield

El(dc/dL)|L, Q]

E[(ds/dL)|L, Q] ~ E[B|L, Q].

IV estimation (using schooling laws as instruments) will produce consistent esti-
mates of the average total effect of own schooling on crime if marital decisions are
unaffected by changes in schooling distributions (i.e., 30/dL = 0) or if there are
no income or marriage effects on crime.

B3.  Special Case: No Lffects of Marriage on Crime

The special case where marriage itself has no direct effects on crime (i.e.,
CHw, Y,s,Q) = Cw,Y,s,Q) = Clw, Y, s, Q)) allows for some additional sim-
plifications and a useful bound expression for the IV bias. In this case,

aC 8708

B'(s, L, Q) = B'(s, Q) Y

8 Asabove, the effects of changes in school quality would be similar to those of schooling
laws, with the addition of more direct effects of quality on crime that do not come through
schooling.
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and

) ; aC 3y9S
B(s, L, Q) = B'(s, Q) + P(s, L, Q)ﬁa%a'

Assuming that crime is weakly decreasing in family income (8C/dY < 0) and that
spousal education is weakly increasing in own education (3S/ds > 0), we can or-
der the total effects on crime as follows: 8'(s, L, Q) < B(s, L, Q) < £°(s, Q). When
marriage has no direct effect on crime, schooling should have stronger negative
effects on married than on single women—the difference reflects the impact of
higher family income from a more educated spouse.*’

The IV estimator (using schooling laws as instruments) now identifies

aC 3ydS 80/3L

P~ BB 1 QL Q)+ [Pl L) L 2 0 T

El(ds/dL)|L, Q]

which may still be biased because of changes in spousal income coming from im-
pacts of schooling laws on marriage matching functions. The “income effect” on
crime is inflated when the laws lead to higher spousal education, conditional on
the woman’s own education. This bias should be small when marriage rates are
low, changes in marital sorting patterns are modest, or the effects of schooling
on male earnings are weak.

If C is nonincreasing in wages, household income, and schooling, then a neg-
ative IV estimate implies that (s, L, Q) < 0, since negative effects from higher
spousal income must be accompanied by negative effects of higher own income.
Indeed, we can bound the extent to which any marital matching effects bias our
estimates if there is positive assortative mating (i.e., 3S/ds > 0).

To see this, first assume that wages and education have no direct effects on
crime (i.e.,dC/dw = dC/ds = 0), so schooling affects female crime only through
family income. Then, the total effect of schooling on expected crime reduces to

Bs 1,Q) = 2C (";MP( L, Q)f;yf,‘j)

Finally, if BC/BY does not vary, conditional on (L, Q), then
E[(de/dL)|L, Q/E[(ds/dL)|L, Q]
E[(s, L, Q)|L, Q]
LE [P(s, L, Q)(87/05)(35/00)|L, Q] [(6?/6L) /(8S/dL)]
E[(3y/3s) + P(s, L, Q)(8y/95)(3S/0s)|L, Q]
dE[m - j|L, Q}/dL
dE[y|L, Q)/dL

The effect of schooling laws on expected spousal earnings (including zeros for
single women) relative to own earnings can be used to bound the bias factor—

* The result that 8' < ° holds more generally as long as A(w, Y,s,Q) = Ais a con-
stant; however, f need not be a weighted average of 8° and ' in this case.
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the ratio of the IV estimator to the true total effect of education on crime.” If
wages and education reduce crime, including these additional terms would only
increase |6(s, L, Q)|, so this bound would continue to apply.

Appendix C

Addressing Endogeneity and Sample Selection Using 2SLS
and Control Functions

In this appendix, we combine the use of IVs and a control function approach to
address endogenous schooling and self-selection into marriage.”
Consider the following system of equations:

I = sy, + }(i/'YX + &, (C1)
S = S(X;, Zu) + 1, (C2)
m; = 1(& < M(X, Z)), (C3)

where Z ¢ Z and (g, 7, £) L(X, Z). Denote the cumulative distribution function
for &, by Fi(-).”®

We are mainly interested in estimating v,, where we want to do this for a sample
conditional on m; = 1. Consider the main equations for 2SLS:

E[I|X,Z,m =1] = X'yx + E[s|X, Z,m = 1]y, + E[¢|X, Z, m = 1],
E[s|X,Z,m = 1] = S(X, Z) + E[g|X, Z,m = 1].
Since (e, 1, £) W(X, Z)
Ele|X, Z, K (§) < B(M(X, Z))] = E[e|P(X, Z)] = Ki[P(X, Z)],
E|X, Z, F(§) < E(M(X, 2))] = En|P(X, 2)] = a[P(X, Z)],

where P(X,Z) = F,(M(X, Z)) is the propensity score. Defining % (X, Z) =
E[s|X, Z, m = 1], we can further write

>

E[I|X, Z,m = 1] = X'yy + %(X, Z)y, + K[P(X, Z)],
%(X,2) = S(X, Z) + a[P(X, 7).

Identification of vy, requires X'yy + 5 (X, Z)y, # NK[P(X, Z)] for any scalar \.
Substituting for (X, Z), identification requires

{X'vx + S(X, Z)v,} + &a[P(X, 2)ly. # NK [P(X, Z)].

%0 The inequality follows from 3S/ds > 0 and

dE[m -j|L, Q] 6y65 3708 a0

A = plr 5| v Ere Lo e 5.
dE[y|L, Q] _ {6” ] N
dL L’

51 See Heckman and Robb (1985, 1986) for a general treatment of control functions.

%2 In our empirical analysis, we include quality Q;in X, along with all other covariates. Our
schooling laws (when women were age 14) L;and quarter-of-birth indicators are included in
both Z and Z, while Z also includes schooling laws when women were age 10.

This content downloaded from 099.242.073.002 on July 25, 2020 11:48:22 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



Education, School Quality, and Female Crime 233

This would be satisfied if we can independently vary the terms in braces by vary-
ing Xand Z while holding P(X, Z), and therefore gi[P(X, Z)] and Ki[P(X, Z)],
constant.”

In practice, these assumptions allow us to estimate v, using a modified 2SLS
approach, as follows.

1. Preliminary. Estimate P(X, Z) on the basis of equation (C3) for the full sam-
ple. In practice, we specify this as a probit (i.e., £ ~ N(0, 0f)) with index
M(X,7) = X'px + Z'py.

2. First stage. Using the sample with m = 1, obtain % (X, Z) from a regression
of son (X, Z) and a polynomial in P(X, Z). Thisis a simple linear regression
if S(X,Z) = X'¥x + ZY,, which we use in practice.

3. Second stage. Using the sample with m = 1, regress Jon X, % (X, Z), and a
polynomial in P(X, Z).

Thus, after obtaining estimates P(X, Z) from the full sample, one can simply use a
2SLS approach on the selected sample where 7is regressed on X, §, and a poly-
nomial in P, using the instruments X, Z, and polynomial in P. Note that in esti-
mating P, the full set of instruments (X, Z) are used, where Z ideally contains
some excluded variables not in Z,.
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