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Abstract

Objectives To examine the short-term effects of admission requirements for upper
secondary vocational education and training (VET) on enrollment and criminal
offending among academically low-achieving boys.

Methods We apply multi-group difference-in-differences models to full population
data and analyze an educational policy reform in Denmark (V = 60,759).

Results The reform caused a 16 percentage points lower enrollment in VET among
academically low-achieving boys, and their risk of being charged with a crime
increased by up to two percentage points 9 months after the end of compulsory school.
However, after 12 months, the effect on criminal charges disappeared.

Conclusion In the education-crime nexus, educational enrollment in upper secondary
education is an understudied margin, which has important implications for both
scholars and policy-makers. Limitations include the short follow-up period and that
the analyses examine effects for boys only.

Keywords Difference-in-differences model - Education - Natural experiment - Registry
data - Policy reform

Introduction

Given that educational attainment influences health, employment, and income, it plays
a significant role in determining individuals’ long-term outcomes (e.g., Card 1999;
Oreopoulos and Salvanes 2011). Not surprisingly, there is a large criminological
literature evaluating the effects of, for example, dropout from education on subsequent
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crime. In general, these dropout studies support evidence of the education-crime link
(e.g., Biackman 2017; Elliott and Voss 1974; Farrington et al. 1986; Thornberry et al.
1985), although a few studies find more ambiguous results (Bachman et al. 1978;
Jarjoura 1993) or no long-term effect of dropout on crime (Sweeten et al. 2009).
Missing from these dropout studies, however, is the question of the crime-reducing
benefits of enrolling in education. Thus, as well as other long-term outcomes of
education, it is important to examine the effects of educational enrollment on criminal
behavior in order to achieve a richer scholarly understanding of the potential benefits of
education and of how to prevent criminal careers.

To analyze the education-crime relationship, studies have used a range of method-
ological approaches, such as propensity score matching (e.g., Baickman 2017) and other
advanced quantitative methods (e.g., Bjerk 2012; Sweeten et al. 2009). The present
study contributes to a recent line of research using natural experiments to examine the
effects of education on crime along two lines. First, most of these studies provide
knowledge on the effects of the length of education, school starting age, and school
attendance on criminal behavior (e.g., Bell et al. 2016; Brugard and Falch 2013;
Landersg et al. 2017; Luallen 2006). Therefore, almost all of these studies are based
on comparisons within the population of students who are (or have been) enrolled in
education. However, there can be substantial (unobserved) differences between the
population of adolescents in and outside of the education system, as pointed out by, for
example, Sweeten et al. (2009) and Kirk and Sampson (2013), who document signif-
icant differences between dropouts and students. Hence, we argue that educational
enrollment is a central margin and therefore needs to be a central focus in research on
the effects of education on crime.

Second, the vast majority of studies applying experimental designs focus on the
effects of compulsory schooling (e.g., Beatton et al. 2018; Hjalmarsson et al. 2015;
Lochner and Moretti 2004; Machin et al. 2011). More recently, a new literature
exploiting natural experiments to estimate the effects of upper secondary education
on crime has emerged, and the results obtained support that upper secondary education
reduces crime among men (e.g., Aslund et al. 2018). These studies still do not focus on
the enrollment margin (except for Huttunen et al. 2019, to which we will turn shortly),
although enrollment in upper secondary education occurs at a pivotal time in life
(typically at ages 15-18 in Denmark, the context of our study). This is the years in
which criminal activity peaks (Moffitt 1993; Piquero et al. 2003) and when education
may have a great potential to prevent criminal behavior in the long term (Bell et al.
2018). Given the research findings on the links between education and crime, and the
timing of enrollment in upper secondary education relative to the shape of the age-
crime curve, the absence of studies examining the effects of enrollment in upper
secondary education on crime is striking. One exemption is Huttunen et al. (2019),
who analyze the effects of enrollment by exploiting admission cutoffs for upper
secondary education in Finland. They find that successful applicants are less likely to
commit crime during the first 5 years after admission to secondary education than are
applicants with a grade point average (GPA) just below the admission cutoff.

In this study, we contribute to the existing literature by examining the effects of
enrollment in upper secondary education on the criminal offending of low-achieving
boys. We do this by exploiting a 2015 Danish educational policy reform that introduced
grade-specific admission requirements for vocational education and training (VET).
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Before the reform, all Danish students could enroll in VET if their ninth-grade teacher
evaluated them as sufficiently motivated and skilled. In contrast, after the reform, in
addition to a positive teacher evaluation, enrollment in VET required students to meet
certain GPA levels in math and Danish. Thus, the reform targets only those adolescents
who scored low in their compulsory schooling final exams (hereinafter referred to as
“low-achieving adolescents”). While some low-achieving adolescents may have low
academic abilities, others may be weighed down by contextual factors, and some may
even suffer from both.

As enrollment rates can be low and levels of criminality high among low-achieving
adolescents (e.g., Maguin and Loeber 1996), the question of whether educational
enrollment affects low-achieving boys’ risk of engaging in criminal behavior is partic-
ularly crucial. In Denmark, upper secondary education consists of two tracks, namely, a
VET track and an academic track (i.e., academic high school), with graduation from
one or the other being a prerequisite for entering skilled employment later in life. The
transition to VET may be especially important for low-achieving boys, both as the first
step towards entering skilled employment and because VET is the preferred educational
track in this group.! Although the reform also affects low-achieving girls, this study
does not include girls because the rate of criminal charges among girls in Denmark is so
low that we would not be able to make separate statistical analyses for them.

We expect that the Danish policy reform introducing admission requirements will have
decreased the likelihood of low-achieving boys enrolling in VET, thereby preventing them
from obtaining an upper secondary education. As we explain in detail in the section on
“Context and policy reform,” these boys are essentially pushed out of the upper secondary
education system. Drawing on criminological theory, we argue that if the reform prevents
low-achieving boys from enrolling in upper secondary education, their criminal behavior
may increase. To explain how not enrolling in upper secondary education can affect
criminal behavior, we include the following three theoretical perspectives.

First, finishing compulsory school and entering upper secondary education is an
important transition in adolescence. According to social bonds theory, the absence of
bonds to certain norms or institutions, such as educational institutions, can decrease
moral attachment to other people and thereby increase criminal behavior (Hirschi
1969). Building on Hirschi’s theory, Laub and Sampson’s (1993) life course theory
focuses on changes in social bonds over the life course. They find that age itself does
not underlie the likelihood of criminal behavior among adolescents: instead, they argue
that changes in social bonds occurring at the age when the crime curve peaks underlie
the increasing risk of adolescent criminal behavior (Laub and Sampson 1993). Hence,
boys who go straight from compulsory schooling to idleness will lack the opportunity
to create stable social bonds in the education system at a critical age. Thus, if the
Danish reform decreases low-achieving boys’ transition to upper secondary education,
this can prevent them from continuing in the education system and hence affect their
social bonds and attachments. Therefore, we expect that the reform has inadvertently
increased the criminal behavior of this group of boys.

! In 2014, the last year before the reform, 80% of adolescents in the lowest percentile of grade point averages
in Danish and math enrolled in the vocational track, 10% enrolled in the academic track, and 10% left the
education system (DEA 2016).
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Second, the new admission requirement introduced by the reform may prevent some
boys who expected to enroll in VET from entering upper secondary education. Because
the boys do not know whether they will fulfill the admission requirements for VET when
they apply for upper secondary education, it is credible that some low-achieving boys did
have realistic expectations of enrolling in VET, and not mere unrealistic aspirations.
Thus, the failure to enroll in VET may lead to a gap between their expected goals and
their achieved goals. According to general strain theory, when others prevent someone
from achieving their expected positively valued goal, the resulting strain may cause
feelings of anger, disappointment, and frustration, which can result in criminal
behavior—especially among adolescents and if the expected goal is realistic to achieve
(Agnew 1992; Agnew et al. 2002). Some empirical studies investigating strain as a
potential explanation of the education-crime link find support of strain theories (e.g.,
Béckman 2017; Elliott and Voss 1974; Jarjoura 1993), while other studies find that other
explanations are more plausible (e.g., Thornberry et al. 1985). We expect that if the
reform prevents low-achieving boys with vocational expectations from enrolling in VET,
these boys will suffer emotional strain, which in turn may lead to criminal behavior.

Third, students spend their days in a classroom under teacher supervision, and
thereby education incapacitates students, potentially preventing them from committing
crime. The lack of such supervision for boys unable to enroll in VET can also play a
role, if the reform leads to an increase in crime rates. According to routine activity
theory, a criminal act may be less likely to occur in the presence of a capable guardian,
for example, a teacher (Cohen and Felson 1979). Empirical research examining the
effects of teachers-in-service days and teacher strikes (Jacob and Lefgren 2003; Luallen
2006) and the effects of extending VET programs (Aslund et al. 2018) find support for
incapacitation effects. Therefore, we can expect that if the reform prevents low-
achieving boys from enrolling in VET and increases their idleness, it can increase the
likelihood of criminal behavior.

To summarize, we argue that the age timing of the reform—which can prevent low-
achieving boys from continuing in the education system—is crucial. Thus, the 2015
reform can prevent transition to upper secondary education for one of the groups that is
most at risk of getting caught up in the criminal justice system: Young and academ-
ically low-achieving boys. To measure the consequences hereof, we use full population
data from Denmark and multi-group difference-in-differences models (N = 60,759).
Our results lead to the overall conclusion that the reform indeed decreased VET
enrollment and in the short-term (although to a lesser degree) increased the risk of
criminal charges among low-achieving boys. We therefore argue that educational
enrollment in upper secondary education is a key margin of the education-crime nexus
that deserves more attention from both research and public policy. Limitations of our
study include the short follow-up period and that analyses include boys only. Yet
despite these limitations, we believe our study provides new knowledge on an espe-
cially important margin of the education-crime link.

Context and policy reform

The Danish educational system has a compulsory 10-year program (grades 0 to 9) with
an optional 11th year, called 10th grade (see Fig. 1 for an illustration of the Danish
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Fig. 1 TIllustration of the Danish Education System

education system, including compulsory school, upper secondary education, and higher
education). In a Danish cohort, every second student enrolls in the optional 10th grade
in compulsory school. Low-achieving students can use 10th grade to prepare for
enrollment in upper secondary education, but 10th grade is also commonly used as a
sabbatical year among middle- and high-achieving students, hence the high percentage.
After completing compulsory school, students can enroll in upper secondary education,
which consists of two tracks: the academic track and vocational education and training
(VET).? The academic track has a duration of 2 to 3 years and qualifies students for
higher education. The vocational track (under analysis here) includes a school-based
basic program (typically 2040 weeks) and a main program, which is a mix of in-
company training and school periods. A VET program typically takes 3% years to
complete and qualifies students to enter skilled employment.” The Danish VET
programs cover about 110 different specializations, e.g., carpenters, hairdressers,
healthcare assistants, and retail workers. Tuition is tax-covered at all levels of the
Danis}tl educational system and students above the age of 18 receive a monthly financial
grant.

2 Educational enrollment after ninth grade for 15—18-year-old boys who had just finished ninth grade in 2014:
34% of the boys entered the academic track, 11% enrolled in the vocational track, 49% continued in 10th
grade, and 6% did not continue in the education system (see Table 4 in the Appendix). For the students who
finish the ninth grade and do not enroll in 10th grade nor upper secondary education, there are three overall
alternatives: (1) they can undertake unskilled employment with low wages, low job security, and limited career
prospects; (2) they can be unemployed or job seeking, which entails low social benefits for people under age
30 and comes with several activity requirements; or (3) they can be self-supporting, which basically implies
being financially dependent on their parents.

* The vocational track qualifies students for some higher education programs as well. However, typically
Danish VET students enter skilled employment directly after graduating VET.

* For students aged 18 to 19, the public financial grant is in the range of USD 150400 per month. Students in
VET programs who have a contract with a private company for an apprenticeship will receive a trainee salary
from the company. The trainee salary typically starts at USD 1400-1900 per month.
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The policy reform

In Denmark, the procedure for transition from compulsory school to upper secondary
education is as follows. Students who are enrolled in ninth grade (or 10th grade) can
apply for an upper secondary education in the beginning of March, the year in which
they finish ninth grade. Final exams take place in June, and shortly after the students
receive their final grades (on a scale from —03 to 12, where the grade 02 corresponds to
“just passed”). At the end of June, students receive notification of whether they have
been admitted to the programs they applied for in March.

However, in August 2015, the Danish Government introduced new admission rules
to upper secondary education. The procedure mentioned above was the same before
and after the policy reform, only the admission requirements changed. Before 2015,
ninth-grade teachers subjectively assessed whether a student was qualified for enroll-
ment in upper secondary education, and there were no formal grade-specific require-
ments to enroll in either the academic or the vocational track. In contrast, after August
2015, students who apply for VET programs are required to have an average of
minimum 02 (corresponding to “just passed”) in Danish and an average of minimum
02 in math in their final exams in ninth or 10th grade in order to enroll.

The new admission requirements for the vocational track were part of a compre-
hensive policy reform aimed at making the VET programs more attractive to students
(The Danish Government 2014).” The political parties behind the reform formalized an
agreement on its execution in February 2014, and on May 8, 2014, the Minister of
Children and Education proposed the policy reform (including the admission require-
ment) to the Danish Parliament, which approved the bill on June 11, 2014. The overall
political ambition with the reform was to increase completion rates of the Danish VET
programs, as these programs had had high dropout rates for many years, especially
among low-achieving students (the Danish Ministry of Children and Education 2018).
Specifically, there were three political arguments for introducing the admission re-
quirement: first, to prevent academically low-achieving adolescents from academic
failure because they commenced a VET program that they did not possess sufficient
academic skills to complete; second, to make the vocational track more attractive to
higher-ability students; and third, to ensure a more homogenous group of students (in
relation to academic skills) in order to improve the teaching environment.

Students who do not fulfill the admission requirement when leaving compulsory
school can still enroll in VET if they either have a contract with a private company for
an apprenticeship or pass an admission test (corresponding to a ninth grade exam).
Non-eligible students who applied for admission to a VET program receive an invita-
tion to the admission test and receive the results from the test in July. Students who pass
the test can then enroll in August together with the students who were eligible in the
first place. Official statistics show that application numbers for VET were stable across
2015, the reform year (the Danish Evaluation Institute 2018), and that the admission
test prevented a substantial number of adolescents who applied for VET directly after
finishing compulsory school from enrolling in VET (the Danish Ministry of Children

5 The policy reform of the VET programs also entailed introducing more sport activities, elements supporting
better school environments, and making structural changes to help students navigate between the many
different VET programs.
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and Education 2015). Both statistics indicate that the reform prevented some low-
achieving adolescents who expected to enroll in VET from entering VET programs.

As mentioned above, students take their final exams in June. Thus, when they apply
for upper secondary education in March, they do not know whether or not they are
eligible for VET. In the Danish education system, students receive end-of-year grades
in eighth grade, and in most cases, these grades will be a good benchmark for the
students’ eligibility. Therefore, students in the higher end of the grade scale will
generally know that they are eligible. Some youths, though, find themselves at the
margin of the admission requirement and will thus not know whether they will achieve
high enough grades to be eligible—especially because the admission requirement
involves six different grades in math and Danish.

Data and method
Data

We use register data for the full population of ninth graders in Denmark from 2005 to
2016. Danish register data, available for research through Statistics Denmark, comprise
administrative data from various agencies, such as the Ministry of Education and the
National Police. Information on each resident in Denmark is recorded using a unique
anonymized identification number, which enables researchers to link individual-level
information across registers and time (Andersen 2018).

We merge data on GPA from the ninth grade final exams with data on education
enrollment and data on criminal charges. All relevant registers are available from 2005
to ultimo 2016, except for that on criminal charges, which is available from 2005
through July 2016. In our main sample, we include boys aged 15 to 18 who completed
ninth grade in 2014 or 2015, which gives a total sample of 60,759 boys. This choice of
sample is based on the following considerations: First, we include boys only, as
criminal charges are measured during a 12-month window, and the crime rates of girls
have too little variation to allow estimation of separate statistical models for girls (see
the “Discussion” section for further considerations regarding limitations and future
research). Other empirical studies which examine the effects of education on criminal
behavior find substantially larger effects for males than females (Bennett 2018;
Hjalmarsson et al. 2015; Machin et al. 2012), and they find that dropping out of high
school has no effects for females (Backman 2017). Thus, we could risk underestimating
the policy effect on crime for boys by estimating compound effects for boys and girls,
which is another reason why we focus on boys only in this study. Second, we focus on
boys who finished ninth grade in 2014 and 2015 to ensure a clear distinction between
the control group (pre-reform) and treatment group (post-reform). Boys who finished
ninth grade in 2015, the treatment group, did not have the opportunity to enroll in VET
before the reform, which minimizes the risk of treatment migration. Boys who finished
ninth grade in 2014, the control group, had the opportunity to enroll in VET right after
finishing ninth grade in 2014 without being affected by the reform. The admission
requirement also applies to 10th graders, but boys who finished 10th grade in 2015
could already have enrolled in a VET program in 2014 (before the reform) when they
finished ninth grade.
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Third, we focus on boys age 15 to 18 at the end of ninth grade as this is the age at
which students typically finish ninth grade in Denmark. Fourth, we exclude boys with
missing information on grades from ninth grade final exams.® Even though the ninth
grade is compulsory in Denmark, about 6% in each cohort do not complete their ninth
grade final exams before turning 25 years of age (the Danish Economic Council of the
Labour Movement 2013).” Finally, we exclude boys who emigrated or died before
September the year they finished ninth grade and who, therefore, are no longer “at risk”
of entering upper secondary education or being charged with crimes.

Variables

A binary variable indicates whether a boy finished ninth grade in 2014 (0 = pre-reform
control group) or 2015 (1 = post-reform treatment group).

As outcome variables, we focus on educational enrollment and criminal charges.
Educational enrollment in VET measures each boy’s education status 3, 6, 9, and 12
months after he finished ninth grade and is based on administrative information on
enrollment date and type of education data from the Danish Ministry of Education. We
have information on criminal charges from official charge records, which the Danish
Central Crime Register of the Danish National Police reports to Statistics Denmark.
This register includes case numbers, charge dates, offense dates, and offense types. The
unique case and individual identifiers allow us to merge one charge record per case to
each charged boy in that case. As we only have fully updated charge data available
through to the end of July 2016, we measure criminal charges for offenses committed
from the (potential) enrollment date to upper secondary education in August to
July 31st the following year (2015 for the pre-reform group, 2016 for the post-reform
group). Importantly, we only include charge records for offenses that were committed
in that period, which ensures that we may interpret charges as a behavioral outcome and
ensures that we do not count offenses that preceded educational enrollment. Charge
records contain official charges for offenses against the criminal code, which includes a
range of different offense types (e.g., assault, robbery, burglary, theft, shoplifting, and
vandalism), but because of the short measurement period, we pool all charges into one
measure. We exclude violations of the Traffic Act, as official records of these offenses
fluctuate greatly with varying police activity.

Finally, we include a range of background characteristics from other registers. From
the demographic registers, we add age and ethnicity, and from the criminal justice
registers, we add criminal history measured as whether the boy has any prior charges.
For each boy, we include information on parents’ employment status and educational
background, as well as parental household income rank.

© The share of boys with missing grade information is stable across the different years: 7% in 2012, 8% in
2013, 8% in 2014, and 7% in 2015.

7 The admission requirement also excludes those without grades from admission to VET, which implies that
we could simply count this group as ineligible for VET after the reform. Here, we would expect boys without
ninth grade final exams to have low educational enrollment and high criminal activity. However, analyses
show that the group is heterogeneous, indicating that missing grades is not exclusively a proxy for not showing
up for the final exams. Information regarding the composition of the group with missing grade information is
available upon request to the corresponding author.
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Method and analytic plan

To analyze the consequences of the 2015 reform, we take three analytical steps. In the
first step, we provide descriptive evidence regarding the impact of the reform. Here, we
describe the development in enrollment rates to VET from 2005 to 2016 for ninth grade
students divided into groups by GPA. We do this to show that the reform was
implemented and that the admission requirements decreased enrollment rates among
low-achieving boys who did not fulfill the new requirements introduced by the reform.
Furthermore, we describe enrollment rates into different types of upper secondary
education to show that the group of boys on which we focus in this study indeed failed
to enroll in any upper secondary education after the reform. Hence, they did not simply
migrate to other educational tracks, which is important if we wish to use the reform to
study the relationship between educational enrollment and crime. We also describe the
development in charge rates from 2005 to 2016 for different GPA groups. We do this to
show that even though the period is characterized by the well-known decline in youth
crime (for Denmark, see Andersen et al. 2016) the descriptive evidence suggests that
the charge rates of low-achieving boys are affected by the reform.

The finding that VET enrollment decreases while the rate of criminal charges
increases is not evidence of a causal link between the two, however. This becomes
evident when we document that the reform also led to a noteworthy change in grading
patterns at ninth grade exams. Grade point averages inflated from 2014 to 2015 in ways
that we do not observe for previous years or for subjects (English and natural sciences)
other than those affected by the reform (math and Danish). This issue challenges our
implicit claim of comparability (also on unobserved factors) between boys before and
after the reform, as it could imply compositional changes to the groups of boys with the
lowest GPA (caused by unobserved selection across the GPA threshold that was
introduced by the reform). We therefore compare average background characteristics
of the pre- and post-reform groups across different GPA groups to determine whether
these compositional changes occur.

In the second analytical step, we turn to a difference-in-differences (DD) framework.
This type of model is one of the most preferred models for measuring program effects
in contexts where general time trends need to be factored out for them not to bias results
(Angrist and Pischke 2008). Because there is a general decline in youth crime in
Denmark across our study period, our empirical setup is exactly the type that calls
for DD estimation. The principle behind the DD approach is that it compares the
change in average outcomes from before the reform (2014) to after the reform (2015)
for boys who were affected by the reform (low-achieving boys) to the same change for
boys who were not affected by the reform (boys who fulfill the policy requirements).
We then assume that the change in average outcomes across the policy reform for boys
who were not affected by the reform expresses what the trends in average outcomes
would have been for the treatment group if they had not been treated (this is the parallel
trends assumption, Angrist and Pischke 2008). For criminal charges, the basic DD
model can be formalized as follows:

pPP = ACHARGES pp- 012~ ACHARGES Gpa>02 (1)
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In our specific empirical setup, however, there is reason to suspect that unobserved
selection across the grade point threshold of 02 may have occurred as a result of the
reform (because of grade inflation as discussed previously and documented in our first
analytical step). Thus, there is a risk of bias in the estimation of pPP in Eq. (1). To
circumvent this risk, we exploit the finding that the grade inflation from 2014 to 2015
did not only occur in the lower tail of the grade point average distribution; even for
higher grade point averages we observe inflation. We now assume that the unobserved
selection which occurs across the 02 threshold is mirrored by similar unobserved
selection across another threshold in the grade point average distribution, the 07
threshold. To reach this end, we split the sample into groups as defined by the grade
point average and set up the following multi-group extension to the DD model:

PP = [ACHARGES GPA< 02~ ACHARGES 02 < Gpa< 04}

2

~ | ACHARGES g4 gpa< 7~ ACHARGES gpa 07| .
The first bracket of Eq. (2) measures the reform effect and the effect of unobserved
selection across the 02 threshold. The second bracket measures the effect of unobserved
selection across the 07 threshold, yet these grade groups were not affected otherwise by
the reform. Subtracting the two brackets then isolates the reform effect (to the degree of
similarity in unobserved selection across the 02 and 07 thresholds). It is important to
note that although the DD setup does not require us to control for background
characteristics, we still do so in order to increase the precision of our estimates. This
means that we, in practice, estimate pPP* using a standard OLS regression model with
robust standard errors.®

In terms of interpretability, our parameter of interest pPP* measures the effect of the
2015 reform for all boys who do not fulfill the admission requirement. It is thus an
intention-to-treat (ITT) estimate (Angrist and Pischke 2008). As was described in the
section about the Danish context, boys who do not fulfill the admission requirement
can still enroll in VET if they either pass an admission test or have a contract with a
private company for an apprenticeship. Some of the low-achieving boys may thus
enroll in VET despite the reform. Moreover, it is important to stress that the alternative
to enrolling in VET is not necessarily idleness. The admission requirements only
pertain to upper secondary vocational education, which implies that the group of boys
who do not fulfill the GPA requirement could pursue other types of education, such as
the optional 10th grade in compulsory school. Consequently, we view our estimates of
the effect of the reform on criminal charges as lower bound.

In the third and final analytical step, we acknowledge that our multi-group DD
model extension relies on an assumption that is not straightforwardly justified. We
therefore run a series of robustness analyses to bolster our claim of measuring the
effects of the reform. Similar to our main model, the robustness analyses include
covariates (for age, ethnicity, socioeconomic background, and criminal history) and
robust standard errors. The robustness analyses are as follows: (A) Instead of focusing
on the group of boys with grades below the 02 threshold, we estimate models by

# As all variables in the model are binary, the linear regression estimates are identical to marginal effects in
nonlinear models (Angrist and Pischke 2008).
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comparing different percentiles in the grade point average distribution. Since the
admission requirement requires minimum 02 in both Danish grade point averages
and math grade point averages, we define GPA as the lowest of either Danish grade
point averages or math grade point averages. We then assume that boys in the lowest
1% of the distribution in 2014 are comparable with boys in the lowest 1% of the
distribution in 2015. Using the DD setup from Eq. (1), we then subtract the general
trend from 2014 to 2015 for boys in the remaining 99% of the distribution from the
trend for the lowest percentile to obtain a more credible estimate of the reform on both
the enrollment rates and charge rates. We repeat this exercise running separate models
for boys who fall below each percentile compared with the boys in the remaining part
of the distribution. If this approach leads to estimates that differ substantially between
boys in the GPA percentiles that the admission requirement affected and boys in the
other percentiles, we interpret this as supporting our main result.

(B) We run a set of placebo tests to see if there are signs of any reform effects during
years in which there was no reform. Here, we estimate multi-group DD models for each
year from 2005 to 2014 (and for VET enrollment in 2016; as mentioned earlier we do
not have charge data for this year). Traces of reform “effects” during these other years
would indicate that our empirical setup could be driving the estimates and not the
reform per se. (C) Instead of relying on the 07 threshold for mirroring potential
unobserved selection across the 02 threshold, we re-estimate Eq. (2) using other
thresholds for comparison. If the reform estimates are stable across these different
definitions of the comparison groups, we may rest assured that the results are not driven
exclusively by our choice of threshold in the multi-group DD models.

Results
Descriptive evidence

Figure 2 shows the proportion of boys aged 15 to 18 who enroll in a VET program
from 2005 to 2016 using four follow-up periods (3, 6, 9, and 12 months after finishing
ninth grade) and for four different GPA groups from ninth grade final exams: below 02,
between 02 and 04, between 04 and 07, and above 07. The group labelled “GPA < 02”
includes boys with an average below 02 in Danish or math. The group “02 < = GPA <
04" includes boys with a GPA between 02 and 04 in Danish and math, the group “04 <
= GPA < 07” includes boys with a GPA between 4 and 7, and the group “GPA > =7"
includes boys with a GPA of at least 7. From 2012 to 2014, about 20% of the boys who
had an average below 02 in Danish or math in their final exams (low-achieving boys)
enrolled in a VET program directly after ninth grade. In 2015, this number dropped to
8% when the admission requirement was introduced, which corresponds to a 62%
decrease. One possible effect of introducing admission requirements is that the reform
merely prevented enrollment in VET among boys who would have dropped out in any
case during the first year. However, we find similar drops in enrollment rates 6, 9, and
12 months after finishing ninth grade (see Fig. 2). This suggests that the reform did
actually affect some low-achieving boys, who would otherwise have continued into
VET. When we broaden the scope and look at all the different types of education, we
can see that this group of low-achieving boys did not enroll in other upper secondary

@ Springer



422 K.S. Larsen et al.

After 3 months After 6 months

w0

o

w

>

£o

B

D

oo

]

Ty

co

E-3

o

o

2

o | 7T o o o e v v v —v——%

S T T T T T T T T T T 1 r T T T T T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

After 9 months After 12 months

0

o

w

>

cs

2,

o°

€

o

co

E]

£

2o

g

ado

< T T T T T T T T T 1 r T T T T T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

|+ GPA <02 —6— 02<=GPA<04—4— 04 <=GPA <07 -9~ GPA >=07 ‘

Fig. 2 Proportion of boys enrolled in VET by time since finishing ninth grade in Denmark and by GPA in
ninth grade final exams in Danish and math

education programs in 2015: only 2% enrolled in the academic track in 2015 (see
Table 4 in the Appendix). In fact, most boys with GPAs below the admission
requirement in 2015 continued into 10th grade (73%). The descriptive statistics also
suggest that the policy reform increased exits from the education system as the last 17%
of the low-achieving boys in 2015 failed to enroll in any type of education after ninth
grade. This is a 52% increase in the proportion of boys who left the education system
from 2014 to 2015.

Figure 3 shows the proportion of boys with at least one criminal charge 3, 6, 9, and
12 months after they finish ninth grade for the four GPA groups (as mentioned above in
Fig. 2) in the years 2005-2015.° The crime rate levels are different for these four
groups, as we would expect, but the overall time trends are the same for the groups in
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Fig. 3 Proportion of boys charged with a criminal offence by time since finishing ninth grade in Denmark and
by GPA in ninth grade final exams in Danish and math
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the years before the implementation of the admission requirement (even across all four
follow-up periods). The downward trend in crime rates reflects the general decline in
youth crime in the period (Andersen et al. 2016). This finding supports the parallel
trends we saw in the enrollment rates for VET in Fig. 2 before the policy reform and
gives descriptive support to the application of the DD design. Moreover, it is notable
that from 2014 (pre-reform) to 2015 (post-reform), the crime rate increases for low-
achieving boys, while the crime rates are rather stable for the other three GPA groups.
Again, this pattern is observable across all follow-up periods, though more pronounced
after 6, 9, and 12 months.

Table 1 presents VET program enrollment rates and the cumulative proportion of
boys with a criminal charge 3, 6, 9, and 12 months after finishing ninth grade for boys
who did not fulfill the admission requirement and boys who fulfilled the admission
requirement in 2014 and 2015. Similarly to Fig. 2, for low-achieving boys, we see a
significant and substantial drop in enrollment in VET from 2014 to 2015 for all months,
but for boys who fulfill the admission requirement, Table 1 shows no substantial
differences in enrollment rates in 2014 and 2015.'° In addition, the table reveals more
clearly than Fig. 2 that for both GPA groups the enrollment rates drop from 9 to 12
months in both 2014 and 2015. This decrease happens when some boys have a summer
break in-between the basic program and the main program of their VET, and therefore,
they are not formally enrolled in education. For low-achieving boys, the proportion
with criminal charges does not differ 3 months after finishing ninth grade. But we do
observe an increase in the cumulative proportion that had been charged with a crime
after 6 and 9 months. This difference, however, fades almost completely after 12
months (and is only statistically significant at the 10% level). For boys who fulfill
the admission requirements, we also observe differences across the 2 years, but these
differences are comparatively small.

At face value, the descriptive results point to a possible criminogenic effect of
the reform for boys who do not fulfill the admission requirements—but only 6 and 9
months after they finish ninth grade. However, such a conclusion could be too
hasty, as the policy reform may have diverted effects that challenge simple pre- and
post-reform comparisons. The left side of Fig. 4 illustrates the (cumulative) pro-
portion of boys who got a specific GPA in ninth grade final exams in the subjects
Danish and math among all 15- to 18-year-old boys, who finished ninth grade in the
respective years from 2010 to 2016. The figure shows a general trend towards
higher grade point averages in Danish and math over the years 2010-2015. In
particular, 2015 stands out with an increase in grades over the entire scale, which
we do not observe for previous years or for subjects (English and Natural Sci-
ences'') that the reform does not affect. We interpret the inflation of grades in
Danish and math across the reform year to imply that some boys “migrated” from a
lower to a higher grade group because of the reform, which may challenge the
comparability of the pre- and post-reform groups with grades below 02.

19 The table shows a significant increase in enrolment rates from 2014 to 2015 among boys who fulfil the
admission requirement, but the sizes of the differences are small.
' Results are available upon request to the corresponding author.
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Table 1 The proportion of boys with VET enrollment or a criminal charge 3, 6, 9, and 12 months after
finishing ninth grade in 2014 and in 2015, divided by fulfillment of the admission requirement

Months Do not fulfill Do fulfill

2014 2015 2014 2015

VET enrollment

3 21.3 7.6 ek 8.5 9.5 otk
6 22.5 8.5 sk 8.6 9.6 otk
9 20.4 8.0 el 8.4 9.2 otk
12 14.8 6.2 el 6.0 5.8

N 2018 1343 28,288 29,110

Criminal charges

3 33 3.9 0.8 0.9

6 52 7.3 ok 1.4 1.8 ok
9 7.2 10.3 ek 2.0 2.5 otk
12 9.6 11.6 * 2.6 33 otk
N 2018 1343 28,288 29,110

Source: Administrative register data from Statistics Denmark.
*p < 0.10; **p < 0.05; ***p < 0.01 for ¢ test of difference between 2014 and 2015

We use the wide range of information available from the administrative registers for
the population of ninth grade students to explore whether the inflation of grades
influences the compositions of students in the pre- and post-reform groups across the
different GPA groups. Table 2 shows characteristics of the student body in four GPA
groups before and after the introduction of the admission requirement. Across the four
groups, we see a general change from 2014 to 2015 with an increase of students with
lower socioeconomic backgrounds in groups with higher GPAs. These descriptive
findings support our initial conclusion that the grade inflation from 2014 to 2015
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Fig. 4 GPAs in Danish and math final exams in ninth grade (only boys). Cumulative distribution in 2010—
2016 (left figure) and histogram in 2014 and 2015 (right figure)
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affected the entire scale (i.c., all boys received slightly higher grades after the reform
than they would have received before). As mentioned in the “Data and methods”
sections, we therefore next apply a multi-group DD design in which we exploit the
change in another part of the grade scale to take unobserved selection into account.

Results from DD regression

Table 3 presents the results from the multi-group DD regression models on enrollment
in upper secondary vocational education and on the cumulative criminal charge rate 3,
6, 9, and 12 months after finishing ninth grade. The DD models for enrollment show
significant differences in enrollment rates in VET programs between boys finishing
ninth grade with a GPA below 02 before and after the introduction of the admission
requirement. Low-achieving boys who finish ninth grade in 2015 are 16 percentage
points less likely to enter vocational education when compared with similar boys
finishing ninth grade in 2014 (before the reform).

The DD models for criminal charges show an interesting pattern. First, although the
point estimates increase in size with time after finishing ninth grade, we fail to detect a
significant effect of the reform on cumulative charge rates the first 6 months after ninth
grade. After 9 months, though, the difference reaches significance and is of a substan-
tial magnitude. Boys who finished ninth grade in 2015 and did not fulfill the admission
requirement to upper secondary education are 2.0 percentage points more likely to have
been charged with a criminal offense 9 months after. If we compare the DD findings of
the two outcomes and calculate the elasticity between enrollment rates and charge rates,
our results suggest that a 1% decrease in enrollment rates to VET leads to a 0.69%
increase in criminal charges among low-achieving boys after 9 months.'> However,
when we look at the two groups 12 months after they finished ninth grade, the
difference has disappeared, both in terms of estimate size (0.4 percentage points) and
statistical significance. We thus find an increasing reform effect on criminally
offending for boys with the lowest grade point averages throughout the middle of the
school year, but not at the end of the school year. The inclusion of covariates in the
regression models does not change this overall conclusion.

Results from robustness analyses

Figure 5 shows the results from 99 separate DD regression models for subsamples
divided by the different percentiles in the grade point averages distribution, as was laid
out in the “Data and methods” section. The DD estimates represent the difference
between, for example, the lowest percentile and the remaining 99% of the boys in 2014
and 2015 on the probability of enrolling in a vocational education/having a criminal
charge 3, 6, 9, and 12 months after finishing ninth grade by percentiles of the lowest
GPA in Danish or math final exams. The marks (in black) highlight point estimates
from the DD regressions where more than 50% of the boys in that percentile had an
absolute GPA below 02 (more than half of the post-reform observations behind the
dark marks were thus affected by the reform). Overall, the results from this robustness

.. » 5 in ch »  fior 01030072
12 ElaSthlty __ _Percent change in charge rate because of reform __ o575 — 0.689.

Percent change in enrollment rate because of reform — 02000080
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Table 3 Estimated reform effects on VET enrollment and criminal charges for boys who do not fulfill the
admission requirement. Results from multi-group difference-in-differences models

pbD* SE Control variables N
Enrollment in vocational education 3 months —0.163***  (0.014) No 60,759
—0.164*%  (0.014)  Yes 60,759
6 months —0.171%#  (0.015) No 60,759
—0.171%  (0.015)  Yes 60,759
9 months —0.151%  (0.014) No 60,759
—0.151#%  (0.014)  Yes 60,759
12 months ~ — 0.079***  (0.012) No 60,759
= 0.079%*%%  (0.012)  Yes 60,759
Charged with crime 3 months 0.003 (0.007)  No 60,759
0.003 (0.007)  Yes 60,759
6 months 0.013 (0.009) No 60,759
0.014 (0.009)  Yes 60,759
9 months 0.019* (0.011)  No 60,759
0.020%* (0.011)  Yes 60,759
12 months  0.004 (0.012) No 60,759
0.004 (0.011)  Yes 60,759

Source: Administrative register data from Statistics Denmark
*p < 0.10; *#p < 0.05; ***p < 0.01 (two-tailed)

check support that the reform had an impact on VET enrollment rates and the rate of
criminal charges among low-achieving boys in the first 9 months.

In the second robustness check, we reran our DD multi-group regression models on
enrollment rates for years 2005-2016 and on crime rates for years 20052014 (Table 5,
robustness check B). The results from these “pseudo-reform samples” support our main
findings, as there are no differences in enrollment or crime rates for low-achieving boys
in the majority of years with no reform. Although we do observe some statistically
significant reform effects on VET enrollment in years when there was no reform, these
estimates are either of opposite direction or they are numerically small compared with
our main estimates. For criminal charges, the overall take-away from this robustness
check is similar, as we observe the strongest response to the reform in the years that the
reform took place. Again, while we do also find reform effects on charges in a few of
the “pseudo-reform samples,” these estimates are either of the opposite direction or
substantially smaller than our main results."

'3 There is one exception, namely, the pseudo-reform sample covering 2009/2010. Here, results point to
decreasing VET enrollment and increasing charge rates. Estimates for VET enrollment are much smaller than
in the true reform sample, whereas estimates for charges are somewhat similar to what we found for the true
reform sample. This baffling result may, however, be due to the substantial general increase in criminal
charges in Denmark from 2009 to 2010 (results available upon request to the corresponding author), and we
therefore do not regard it as evidence against our main result (especially considering the low impact on VET
enrollment rates).
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The results from our last robustness check also support our main conclusions. Here,
we investigate whether our main results from the multi-group DD regression models
depend on the specific (and somewhat arbitrary) choice of threshold for the comparison
group, as explained in the “Data and methods” section. As the results are similar across
the different thresholds, there are no signs that the findings are dependent on model
specifications (Table 6, robustness check C).

Discussion

Research on the relationship between education and crime has typically focused on the
consequences of dropping out of education for the risk of criminal involvement. More
recent studies exploit natural experiments to examine the effects of the length of
education, school starting age, and school attendance on criminal behavior. With this
paper, we directed attention to a largely overlooked margin of the educational system,
namely, enrollment in upper secondary education. Specifically, we focused on enroll-
ment in vocational education and training (VET), which traditionally has been the
predominant choice of upper secondary education for boys with low academic achieve-
ment in Denmark. We claim that the strong association between low academic
achievement and the risk of coming into contact with the criminal justice system
(e.g., Maguin and Loeber 1996) makes the enrollment margin of upper secondary
education in general—and VET in particular—relevant for understanding the relation-
ship between education and crime.

Results from our empirical analyses, which exploit an educational policy reform
for identification, partly support the claim by identifying an effect preventing low-
achieving boys from enrolling in upper secondary education after finishing ninth
grade and a short-term increase in criminal charges. More specifically, we estimate
that the reform decreased the enrollment rates for VET among low-achieving boys
by 16 percentage points 3 months after finishing ninth grade, a substantial decline
that was not reflected by any increased uptake in other tracks of upper secondary
education. Focusing on potential criminogenic effects of the reform, our empirical
results suggest that the reform led to a 2 percentage points higher cumulative rate of
criminal charges 9 months after finishing ninth grade (from a baseline of 7.2% in
the pre-reform group, corresponding to a 28% relative increase in criminal charges).
However, we find no reform effect on cumulative offending rates after 12 months.
Therefore, our results suggest that educational enrollment itself may decrease
criminal behavior among low-achieving boys in the very short run (in the middle
of the school year) but not in the slightly longer run (towards the end of the school
year). In conjunction with a series of robustness checks, which support our main
results, we argue that there is a short-term impact of the 2015 reform on criminal
charges—although statistically small.

The policy reform affected VET enrollment to a far greater degree than it affected
criminal charges. At first glance, this finding implies a low elasticity between VET
enrollment and criminal charges, something that does not seem to echo findings from
research on the crime consequences of dropping out of education, which generally finds
larger effects. One exception is Sweeten et al. (2009), who find no long-term effects of
dropping out on either the prevalence or variety of boys’ delinquency, and only small
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<« Fig. 5 Results from robustness check A: Point estimates from separate DD models by GPA percentiles for
enrollment in vocational education and criminal charges 3, 6, 9, and 12 months after finishing ninth grade

short-term crime effects of dropping out for economic or unclassifiable reasons.'* Yet
here, three important points of attention should be noted. First, our empirical setup and
data availability allow us to measure criminal charges for offenses committed during a
short follow-up period only, up to 12 months after the boys finished ninth grade.
Aslund et al. (2018) find that the effects on crime of an extension of the length of VET
programs mainly appear at the third year after enrollment, which could suggest that
later reform effects on crime could also occur in our context. Hence, the small short-
term effect of the reform on criminal charges in the first 9 months could cumulate into a
substantial size over a longer haul. Bell et al. (2018), for example, find that keeping
youths in school not only prevents criminal offending during school years, it also has a
preventive effect in the long run after leaving school—a dynamic incapacitation effect,
as they call it. This, of course, is merely a hypothesis in need of further empirical
testing, as, for example, Huttunen et al. (2019) find effects of secondary education on
crime only 5 years after admission, but no effect after 6 years in Finland.

One additional limitation of this study, caused by the short follow-up period, is that
we can only analyze reform effects for the population of boys. The rate of criminal
charges among girls in Denmark is too low for us to estimate separate statistical models
of the crime effects for girls. As previous studies find different effects of education on
criminal behavior for girls, it will be important for future studies to investigate the
crime effects of educational enrollment for girls.

The second point of attention is that, although effects are statistically small, looking
at short-term effects is important for understanding how the link between education and
crime unfolds. When we find policy effects on criminal charges after 9 months, but not
after 12 months, this can indicate that incapacitation may be at play in the short-term.
After 9 months, those enrolled in VET are still in school; after 12 months, some boys
are on summer break in-between the basic program and the main program of their VET,
where incapacitation is arguably lower. Moreover, it is important to recall that the 2
percentage point increase in criminal charges after 9 months is driven not by all low-
achieving boys in our sample but only by those who would have enrolled in VET were
it not for the reform (the compliers). Among the low-achieving boys, 73% continued
into the optional 10th grade in compulsory school. These descriptive results may help
us explain the small effects we find compared with other similar research results.
Because the majority of low-achieving boys continued into 10th grade, they were still
in school, despite being pushed out of upper secondary education, and they were
thereby incapacitated. This incapacitation in 10th grade may have diminished the effect
size of the policy reform on criminal behavior.

Incapacitation is not the only possible interpretation of our findings, however. In
support of strain theory, the reform prevented some boys who expected to enroll in

14 Sweeten et al. (2009) find that while dropping out for unclassified reasons leads to an increase in the
prevalence of delinquency and crime variety, dropping out for financial reasons leads to a decrease in the
prevalence of delinquency and crime variety.
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VET from achieving their goal. Furthermore, the abrupt nature of the reform could
potentially push some of the marginal boys into criminal behavior because they felt that
odds were turned against them by the reform. In both cases, we would expect effects on
crime to occur as an immediate response to the “new” circumstances. In support of
social bonds theories, we find that the reform increased low-achieving boys’ idleness
by 52%, and the potential loss of social bonds caused by leaving the education system
can contribute to explain the short-term crime effects. As such, our results support
different theoretical lines of work and our results cannot unambiguously reject any of
the theories (indeed, all three mechanisms could potentially be at play at the same time).

The third point of attention concerns the issue that low-achieving boys who did not
enroll in VET because of the admission requirements might eventually have dropped
out of education even in the absence of the reform, implying that the consequences of
no educational enrollment for criminal behavior could simply be a matter of timing.
The disappearance of a significant effect from 9 months to 12 months could thus
indicate that a push out of the education system causes some boys to commit crime
earlier than they would otherwise have (results from our descriptive analyses of
enrollment rates after 6, 9, and 12 months do not indicate that this is the case, however).
On the one hand, this interpretation of boys dropping out can support routine activity
theory, as education then does not incapacitate the boys (as was just discussed).
Considering the association between age at criminal onset and a person’s criminal
trajectory (e.g., Liberman et al. 2014), such a finding would seem to make it even more
important to focus on educational enrollment to inhibit or incapacitate criminal careers.
On the other hand, dropping out of VET could also lead to the loss of social bonds. In
such a case, the reform can contribute to the loss of social bonds to occur earlier than in
the absence of the reform, and entailing earlier criminal behavior.

With the empirical setup presented in this paper, we also direct attention to the
nature of natural experiments, which should be of interest to policy evaluators more
broadly. Ideally, the 2015 reform simply and exogenously changed boy’s enrollment in
VET, and we could compare enrollment and crime rates among low-achieving boys
who finished ninth grade before and after the reform. Yet, our descriptive legwork
revealed a feature that often accompanies natural experiments, namely, that legal
reforms can offset responses along several margins that were either intended or
unintended (Dunning 2012). In terms of natural experiments’ potential for providing
valid research designs capable of identifying causal effects, our study represents a
textbook example of a natural experiment that is not flawless. One key consequence of
introducing grade-specific requirements for VET enrollment was, as we have shown,
substantial grade inflation. Such grade inflation could reflect ninth-grade teachers
helping marginal students to live up to the requirements, or it could reflect marginal
students making an extra effort to squeeze themselves above the grade threshold; either
way, such a response challenges the natural experiment’s suitability for causal infer-
ence. We approach this challenge by exploiting the level of detail of register data from
Denmark to tailor a multi-group difference-in-differences empirical model, which
explicitly aims to take the grade inflation (and the unobserved correlates hereof) into
account in the estimations. Even though our empirical model rests on untestable
assumptions, we still believe this exercise should invite other researchers to consider
carefully the full range of responses to the natural experiments that they analyze instead
of merely assuming “perfect” natural experiments.
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Concentrating on outcomes, although small, the short-term effect on criminal
charges that we have identified in this paper were most likely not intended by the
policy-makers behind the reform; as mentioned, they aimed to increase the quality of
VET programs. This shows that reforms may produce undesired outcomes—especially
when the flipside of policy reforms affects the life chances of vulnerable groups.

Appendix

Table 4 Educational enrollment in August—September for boys who do not fulfill the admission requirements
in 2014 and 2015 and all boys who finish ninth grade in 2014 and 2015

Educational enrollment GPA below 02 All boys
2014 2015 Diff Diff (%) 2014 2015 Diff  Diff (%)
Continue in 10th grade 65.1 72.8 7.8 12 ek 49.0 49.3 0.2 0
The academic track 1.2 1.8 06 50 33.7 35.0 1.4 4 ok
Vocational upper 204 76 —128 —-63 #EEO111 10.6 -05 —4 woE
secondary education
Other education 24 12 -12 =51 0.7 0.3 -05 —64 ok
No enrollment in 109 166 5.7 52 k55 4.8 -06 —11 ok
upper secondary
education
N 2018 1343 30,306 30,453

Source: Administrative register data from Statistics Denmark
*p < 0.10; *¥p < 0.05; ***p < 0.01
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