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Abstract:
This study provides evidence of the importance of cognitive and noncognitive skills to completion of three
types of vocational training (VET): education and health, technical, and business. Math and language exam
scores constitute the key measures of cognitive skills; teacher-assigned grades the key measure of noncognitive
skills. The data consist of two 9-year panels of youth completing compulsory education in Denmark. Estimation
of completion proceeds separately by gender and VET type, controlling for selection and right censoring. The
authors find that all skills are inversely related to VET enrollment, even controlling for family-specific effects.
Estimates for completion vary considerably by program type, demonstrating the methodological importance
of distinguishing among different VET courses. Math scores are positively related to certification for all VET
tracks, though with very different magnitudes; language skills are inversely related for the nonbusiness tracks;
and noncognitive skills appear important primarily for the business track.
Keywords: vocational education, enrollment, completion, vocational certification, ability
JEL classification: I21
DOI: 10.1515/bejeap-2017-0173

1 Introduction

A substantial body of research has examined the impact of cognitive and noncognitive skills on the decisions to
enroll in and to drop out of high school and college. Here we examine dropout from an important alternative
educational route that has received less attention – vocational education and training (VET). While it is well
known that more able individuals are more likely to enroll in academic education, both cognitive and noncog-
nitive ability may still matter for completion of VET. Furthermore, we recognize the heterogeneous nature of
vocational programs and distinguish among three types of VET - education and health, technical, and business
programs. Different skills may matter for different types of VET. We hypothesize that math skills will have
a more significant association with technical and business VET, while language skills may play a role in less
technical VET tracks. As enrollment and completion may depend on the same set of unobservables and VET
programs often attract older students, selection and censoring are also addressed. The analysis of VET com-
pletion that follows proceeds with 9-year panels of Danish register data on two cohorts of compulsory school
graduates.

In Europe, VET programs enroll a significant population and are typically heavily state subsidized. About
33% of persons age 25–64 in the OECD report their highest completed education to be vocational, and 44% of
those enrolled in upper secondary education are enrolled in vocational programs (OECD 2014, Tables A1.5 and
C1.3). In Denmark, the figures are 42% and 46%, respectively. Vocational training is substantially less common
and less centrally organized in the US (Winkelmann 1997), but interest in such programs is rising (Schulze 2016;
Rugaber 2017). The costs associatedwith VET are substantial in both time (most programs take between 3.5 and
4 years to complete) andmoney. Evidence suggests that educational institutions in the OECD on average spend
more annually per VET student than per student in academic upper secondary programs: $10,454 versus $9,645
Leslie S. Stratton is the corresponding author.
© 2018Walter de Gruyter GmbH, Berlin/Boston.
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(OECD 2017, Table B1.1). In addition, firms sponsoring apprentices in Denmark receive government subsidies
(Wolter and Ryan 2010). The Danish Ministry of Finance reports having spent 5.9 billion DKK (USD 1 billion)
or about 17,500 USD per VET pupil in 2008.

Investments in VET do provide a return. Winkelmann (1997) reports returns of between 7% and 14% in
Germany; Andersson, Nabavi, and Wilhelmsson (2014) report average selection-corrected returns of 3% to 8%
in Sweden; and Fersterer, Pischke, and Winter-Ebmer (2008) estimate a return of 2.7% to 3.8% in Austria with
no evidence of selection bias. Expected lifetime returns to an academic degree are generally higher (Wolter and
Ryan 2010), but vocational education can have some short-term benefits (Brunello andRocco 2017; Golsteyn and
Stenberg 2017). Carneiro, Dearden, and Vignoles (2010) and Eichhorst et al. (2015) report higher employment
probabilities for those completing VET as compared to those completing a more academically focused upper
secondary degree. Hanushek et al. (2017) report that this advantage is greater in countries with apprenticeship-
style programs (specifically, Denmark, Germany and Switzerland), but that the advantage wears out over time.
Thus, in general, while more able students have an incentive to pursue an academic degree, there are benefits
to VET as well.

Enrollment, however, does not guarantee completion in either the academic or the vocational track. On-time
graduation rates are actually lower for vocational as compared to academic upper secondary programs in the
OECD (64% versus 76%) and particularly in Denmark (35% versus 81%) (OECD 2014, Table A2.5). While there
is a wealth of evidence linking ability to success in academic education, of interest here is the relation between
ability – both cognitive and noncognitive – and vocational education. The high dropout rate for VET training
could be the result of the selection of less able students into such programswhen abilitymatters for completion.

Both ability and VET are multidimensional. On the ability side we have measures of language and math
skills as well as teacher-assigned grades. We argue that the former, being nationally normed test scores, are
likely to bemore representative of cognitive skills,while the latter aremore representative of noncognitive skills.
In Denmark there are 11main types of VET programs.We recognize three broad groups: EDHR, education and
health-related; TECH or technical; and BUSI or business (see on-line Appendix A). EDHR provides training
for medical assistants, welfare workers, and teaching assistants; TECH for construction, transportation, and
manufacturing workers; BUSI for wholesale and retail purchasing assistants, financial assistants, and general
office assistants. Different skills may matter for completion of different types of VET.

In sum, this research advances the literature on VET in several ways. First, we recognize the heterogeneous
nature of VET and distinguish among three different types of programs. Second, we distinguish among several
different skills, while also including a full complement of control variables. Third, we control for selection
into VET. If the unobservables driving enrollment are correlated with those driving completion, estimates that
ignore selection will be biased. We follow previous literature and use measures of the distance to alternative
educational institutions and peer behavior to identify the enrollment equation. Fourth, we control for right
censoring, i.e. we differentiate between VET students who are still enrolled when last observed and those who
are not. Such censoring is important given that VET is often pursued by older students, and data have a limited
time horizon.

2 Literature Review

According to human capital theory, individuals act to maximize their lifetime utility, attending and continuing
in education if the expected future marginal benefits exceed the expected future marginal costs. Key variables
used tomodel enrollment and persistence (see Bound and Turner 2011; Stratton 2014; for reviews) include prior
academic achievement, parental education, and household income. Generally speaking, more academically
prepared students find the cost of pursuing an academic degree to be lower, students with more educated
parents have more support for and understanding of the educational system, and higher household income
reduces the cost burden of higher education.1

Two concerns less frequently addressed are selection and censoring. Research has demonstrated the impor-
tance of taking into account prior educational decisions when modeling subsequent academic outcomes (see,
for example, Cameron andHeckman 1998; Colding 2006; Colding, Husted, and Hummelgaard 2009; and Holm
and Jæger 2011). Controls for ability also matter in addressing selection (Holm and Jæger 2009). Censoring is
a concern because studies of academic achievement follow individuals for a fixed period of time and typically
assume students complete their studies within that time period. Stratton andWetzel (2013) and Garibaldi et al.
(2012) have shown that a substantial fraction of those who enter tertiary education are still enrolled well after
their expected graduation date. While it is unclear to what extent findings from the literature on academic pro-
grams will apply to the VET sector, censoring in particular is likely to be an issue. On-time VET graduation
rates in Denmark are 35%, with 18% more being certified within another 2 years and even then 20% still en-
rolled. Moreover, VET programs often attract adult learners seeking to update their skills, hence students may
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enter VET many years after completing compulsory education. These late starters may not yet have had time
to complete. We address both selection and censoring in the analysis that follows.

Linking academic performance to VET completionmay be problematic, but many programs include a class-
room as well as apprenticeship component. Classroom training may be more academic in nature. Furthermore,
as apprenticeships typically require an investment of firm resources (training personnel and materials),2 firms
have an incentive to be selective. Danish firms offering apprenticeships receive a public subsidy for doing so,
but as a key reason students cite for not completing VET in Denmark is the limited number of apprenticeship
slots (Tanggaard 2013; Nielsen 2016), these subsidies must not be sufficient to cover all firm costs. Firms in Den-
mark can easily obtain access to information on student academic and classroom performance and use this to
selectively offer apprenticeships.

Some research finds test scores and grades are related to success in VET. Hanushek et al. (2017) present
some evidence using data from the International Adult Literacy Survey that ability (measured as the average
of test scores in prose, document, and quantitative literacy) is on average lower for those completing vocational
as compared to academic education, but this analysis does not identify those who enroll but fail to complete.
Bertschy, Cattaneo, andWolter (2009) model completion of VET apprenticeships in Switzerland using a sample
of those entering VET and find a positive association with standardized PISA language test scores. Later work
by Mueller and Wolter (2014) using a similar sample includes controls for both PISA language test scores and
grades inmath, language, and science. The authors argue that teacher-assigned grades are not very informative
in Switzerland because the curricula and standards, not to mention the teachers, vary, and indeed find little
association between grades and difficulty completing VET. PISA language test scores, however, while not ob-
served by firms, were added as a proxy for unobserved ability, and students with higher test scores were more
likely to complete.

A strength of the current study is the availability of several excellent measures of student performance. The
use of test scores (SAT, ACT, AFQT) to model student academic outcomes is well established (for example,
Cameron and Heckman 2001; Belley and Lochner 2007; Bound and Turner 2011). A growing literature now fo-
cuses on the role of personality traits or noncognitive skills as well (Heckman and Rubinstein 2001; Jacob 2002;
Heckman, Stixrud, and Urzua 2006; Archibald, Feldman, and McHenry 2015). Data on such are, however, typ-
ically not available in the data sets used by economists to analyze schooling outcomes.3 A common alternative
approach has been to use exam scores to control for cognitive skills and teacher-assigned grades to control for
noncognitive skills (Jacob 2002; Goldin, Katz, and Kuziemko 2006; Archibald, Feldman, and McHenry 2015).

This distinction is, of course, imperfect; each measure incorporates elements of both cognitive and noncog-
nitive ability (see Almlund et al. 2011 for a more in depth discussion). Test scores are viewed as more objective
than grades since they are based on a student’s command of the subject material. Standardized test scores are
also readily compared across individuals and over time.4 On the other hand, test scores reflect performance at
only a single point in time, and that limited observation window could introduce noise. A student could be ill
or temporarily distracted or could have a fear of tests that affects his/her exam performance. Grades reflect per-
formance over a longer time period and many different types of assignments, mitigating this source of error.
However, grades are not normed or standardized – different teachers give different assignments and assign
grades differently, different students take different classes, and grading scales differ across schools and over
time. More importantly, grades likely reflect not just performance but also student behavior and organizational
skills: whether the student turns in assignments on time, disrupts the class, puts forth effort, and so forth.5 Such
components aremore readily related to noncognitive than to cognitive ability.While examperformance has also
been found to be associated with noncognitive ability, relatively speaking grades have a stronger association
(Almlund et al. 2011).

Our rich data include nationally administered and standardized exam scores in mathematics and Danish
obtained at the end of ninth grade or compulsory school, and teacher-assigned grades for the ninth grade.
Thoughmany studies combine math and verbal skills to form a single measure, these subjects are quite distinct
and reflect different skills. The correlation between math and language test scores in Denmark is only 0.54.
Were grades simply an alternative measure of cognitive ability, they should be perfectly correlated with exam
scores. We find a correlation of 0.69 between math exam scores and math-specific grades and a correlation of
0.73 between Danish exam scores and Danish grades. The grades used in this analysis encompass performance
in all subjects, not just math and Danish, and as such include information on ability along other dimensions
like science and foreign languages.

Of particular interest here is whether the skills necessary for success differ by type of VET program. The
Swiss VET studies that control for ability focus primarily on business-related VET programs. There exist many
different types of VET. It seems logical to suppose that both the decision to enter different types of VET pro-
grams and the likelihood of completing may differ for individuals with different abilities and characteristics.
We address this possibility here by estimating separate models for three types of VET: EDHR, TECH, and BUSI.
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TECH VET encompasses such fields as carpentry, plumbing, and manufacturing. Construction-related ap-
prenticeship programs mention the need for algebra, plane geometry, and general math skills (Washington
State Department of Labor and Industries 2017; US Department of Labor 2017). The US Department of Labor
(2017) reports that basic math and computer skills are valuable for manufacturing jobs. Hence, our ex-ante
expectation is that math scores will be positively related to completion of TECH VET. Language skills are not
necessarily unimportant - tradespeople wishing to run their own business, for example, need good communi-
cation skills to serve customers – but may be less important for TECH as compared to math skills. In support
of this hypothesis, the 2016 US Occupational Requirements Survey indicates that literacy is not required for
11% of workers in construction and extraction occupations as compared with 3% of all workers. An apprentice
in BUSI likely needs both math and verbal skills in order to keep appropriate records and provide service to
the community. Apprenticeships in EDHR provide training for positions as home health aides and teaching
assistants that likely require limited skills in general.6 While we anticipate noncognitive skills will also play a
role in VET enrollment and completion, there is no evidence we are aware of regarding how their effect may
vary by program type.

3 Data

The data consist of a population sample of individuals born in Denmark between 1983 and 1989 inclusive, who
complete compulsory education inDenmark in either the 2002 or the 2003 academic yearwhen they are between
the ages of 14 and 18. The sample is further restricted to persons living in Denmark at age 15. These cohorts
were selected because elementary-level exam scores were first recorded in 2002 and many individuals pursue
VET later in life, making a long panel important. First generation immigrants (who may not have completed
all their education in Denmark) and a small number of individuals who report peculiar enrollment patterns
(such as entering tertiary education without any secondary education) or are missing information on maternal
age are excluded, leaving just over 105 thousand persons. The data are truncated in September 2011 for those
graduating from ninth grade in 2002 and in September 2012 for those graduating in 2003 so that the observation
period does not differ by graduation date.

Grades 1 through nine constitute compulsory education in Denmark. Tenth grade is a popular option, par-
ticularly for students who have struggled academically7 or are unsure of which career path to follow. Students
subsequently choose among three tracks: they can leave school, enter vocational education (VET), or enter
academic upper secondary (high school) education. Having successfully completed high school education pro-
vides eligibility for higher or tertiary education (college).8Figure 1 illustrates the month-by-month pattern of
enrollment by general program type for the population. The fraction of the population that is not enrolled is
illustrated first, followed by those in tenth grade, vocational, high school, and tertiary programs.

Figure 1: Enrollment Time-o-Gram.

The illustration shows that youth generally enroll in tenth grade immediately after ninth grade, and that 56%
of these cohorts chose this experience.9 Academic upper secondary education is typically initiated soon there-
after. This is comparable to high school in the US, gymnasium in Germany, and A-levels in the UK. There are
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two main routes in Danish high school: the traditional track (gymnasium) and two more vocationally-oriented
tracks (a business and a technical track). Each normally take 3 years to complete. Only about 4% are enrolled in
high school more than 4 years after completing compulsory education. Enrollment in tertiary education picks
up after students have had the opportunity to complete high school.

Of particular interest here is enrollment in VET. Danish VET is generally classified as a mixed or dual sys-
tem (Eichhorst et al. 2015; 2015; Tanggaard 2013, Hanushek et al. 2017) that typically begins with classroom
instruction and progresses to an apprenticeship. Those completing VET receive a certification that is recorded
in the Danish education registers, meets national standards set jointly by industry and state, and is easily veri-
fied by potential employers. While some research suggests that talented students may be drawn into the labor
market before completing their certification (see Hérault and Zakirova 2015 in the case of Australia), surveys in
Denmark indicate that non-completion is driven not by such labor market success, but by distracted students
(drug abuse, family problems, … ) and by the limited number of apprenticeship slots (Nielsen 2016; Tanggaard
2013). Academic ability thusmay be important if firms aremore likely to offer apprenticeship slots to thosewho
perform better in the classroom component and more academically able students fare better in the classroom.

VET enrollment is substantially more diffused as compared to academic enrollment. The fraction enrolled
in VET peaks at 26% inmonth 14, but does not fall below 20% for 5 years and is still 7% 9 years after completing
compulsory education. This last fact demonstrates the importance of addressing right censored observations.

Figure 2 breaks down VET enrollment by type. EDHR enrollment is the smallest and most stable. The frac-
tion enrolled in EDHRhovers between 1.5%and 1.7% for the period 26 to 54months after compulsory schooling,
and remains around 1% through year nine. Enrollment in TECH peaks at almost 18% just over 1 year following
completion of primary school, remains above 12% for 5 years, then drops but is still around 4% after 9 years.
Only 2% are enrolled in a BUSI program in the first years following completion of compulsory schooling, but
enrollment rises and remains around a peak level of 7% for 6 years, likely because about one-quarter of those
enrolling in BUSI complete 3 years of business high school first.10 Enrollment in BUSI is still over 2% after 9
years.

Figure 2: VET Enrollment by Type.

While Figure 2 illustrates enrollment by type of vocational education, it provides an incomplete picture of
such programs as a substantial fraction of those enrolling subsequently drop out. Per our calculations, the frac-
tion of those beginning high school who complete their degree within our 9 year time frame is approximately
85%. Completion or certification rates for VET (see Table 1) range from 64% for EDHR to 43–45% for BUSI and
TECH. These numbers too are misleading given the substantial fraction still enrolled when last observed: 16%
for EDHR and 9% for BUSI and TECH. If those still enrolled 9 years later are unlikely to complete VET, then
treating them as failures is appropriate; however, if they are late starters who are progressing toward certifi-
cation, then treating them as failures will bias the results. The final two columns of Table 1 suggest that they
are late starters. Those still enrolled on average first entered VET training four to 7 years after completing ninth
grade, 2.5 to 4 years later than the average completer, and, while they have been enrolled five to ten months
less than those who have completed, they have been enrolled for a year or more longer than those who are no
longer enrolled. This evidence suggests that controlling for censoring, as well as VET type and selection, could
be important.

Table 1: Educational outcomes.
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% % of Ever enrolled Months prior to attempt Months in training

EDHR training
Ever enrolled 5.38 %
Completed 3.44 % 63.81 % 36.6 24.0
Still enrolled 0.87 % 16.07 % 88.6 19.5
No longer enrolled 1.08 % 20.12 % 49.4 7.8
TECH training
Ever enrolled 38.59 %
Completed 17.54 % 45.46 % 15.7 44.3
Still enrolled 3.40 % 8.80 % 51.0 34.1
No longer enrolled 17.65 % 45.74 % 25.7 12.1
BUSI training
Ever enrolled 22.06 %
Completed 9.61 % 43.57 % 36.3 34.7
Still enrolled 1.97 % 8.94 % 70.1 26.5
No longer enrolled 10.48 % 47.49 % 28.7 14.6
Population size 101,367

Results generated by the authors from the estimation sample.

Our goal here is to model jointly enrollment in and completion of these three types of vocational education,
in order to take into account selection on unobservables. To construct a more homogeneous control population,
we drop the approximately 5% of the sample that is not observed enrolling in any education beyond ninth or
tenth grade, resulting in an estimation sample of 101,367. As students do bounce between VET programs and
between academic high school andVET,we are unable to estimate a single, simplemodel of enrollment choice.11
Instead, we examine each type of VET training separately. The selection effect is estimated by comparing those
ever enrolling in one type of VETwith all others ever enrolling in another type of education.12 The data include
a rich set of covariates. Sample statistics for these variables are reported in Table 2 for the full sample and for
the subsamples who attempt each type of VET we model.

Table 2: Population means.

Full Sample EDHR TECH BUSI
Skill measures
Language exam scores
Lowest 10 % 0.089 0.147 0.180 0.105
11–25 % (Low) 0.167 0.267 0.265 0.234
26–74 % (Modal) 0.454 0.430 0.362 0.480
75–89 % (High) 0.137 0.038 0.043 0.073
Highest 10 % 0.070 0.006 0.011 0.020
Missing 0.082 0.112 0.138 0.087
Math exam scores
Lowest 10 % 0.081 0.214 0.148 0.133
11–25 % (Low) 0.156 0.284 0.228 0.221
26–74 % (Modal) 0.393 0.303 0.364 0.401
75–89 % (High) 0.220 0.060 0.105 0.131
Highest 10 % 0.063 0.003 0.012 0.017
Missing 0.086 0.136 0.143 0.097
Grades
Lowest 10 % 0.082 0.148 0.174 0.110
11–30 % (Low) 0.199 0.372 0.323 0.289
31–69 % (Modal) 0.359 0.319 0.303 0.386
70–89 % (High) 0.187 0.054 0.070 0.108
Highest 10 % 0.096 0.006 0.012 0.026
Missing 0.077 0.102 0.118 0.082
Individual characteristics
Female 0.492 0.901 0.312 0.605
Age - 16 0.070 0.140 0.137 0.086
Attended tenth grade 0.578 0.702 0.610 0.647
Second gen. immigrant 0.036 0.051 0.032 0.052
From non-nuclear family 0.317 0.412 0.384 0.354
Parental characteristics
Mother’s age at birth 28.016 26.593 27.083 27.242
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Father’s age at birth 30.958 2.986 30.216 30.282
Father’s age missing 0.013 0.015 0.014 0.013
Mother’s real income 297.762 259.099 269.662 271.562
Mother’s income missing 0.018 0.018 0.019 0.020
Father’s real income 448.584 366.545 393.829 407.659
Father’s income missing 0.104 0.138 0.121 0.113
Education of most educated parent
Primary 0.062 0.081 0.070 0.081
Vocational 0.409 0.562 0.521 0.525
Academic gymnasium 0.072 0.043 0.059 0.070
Short 0.277 0.168 0.206 0.197
Long 0.111 0.019 0.036 0.033
Missing 0.069 0.126 0.108 0.096
Information regarding primary school peers
% Not enrolled 4.395 5.149 5.027 4.620
% in EDHR VET 1.688 2.014 1.813 1.771
% in technical VET 25.806 28.724 28.680 27.429
% in business VET 8.931 9.858 9.418 9.843
% in academic high school 34.723 30.030 30.007 31.403
% in technical high school 9.779 9.493 9.398 9.804
% in business high school 11.649 10.775 10.960 12.058
Peer info - missing 0.030 0.040 0.047 0.031
Distance to nearest ... :
Academic high school 6.391 5.876 6.514 6.605
Technical high school 9.744 8.926 9.675 9.927
Business high school 8.847 8.037 8.789 0.903
Missing 0.139 0.195 0.187 0.146
Number of observations 101,367 5,457 39,117 22,364

Also included in all equations are 4 controls for region and 1 for cohort.

Of particular interest are our measures of ability. Both grades and exam scores are entered using a set of
six dummy variables identifying: those in the top decile, those in the bottom decile, those in a broad band of
mid-level scores (encompassing half of all exam scores and 40% of all grades), those in additional categories
linking the extremes and themiddle scores (for example, those in the 11th to 30th percentiles of the distribution
for math and Danish exam scores), and those missing values. This measurement scheme is preferred to use of
the underlying continuous measures as it better accommodates nonlinear effects. Results in Table 2 indicate
that those pursuing VET perform less well on both math and language exams than the full cohort; they also
receive lower grades. Those attempting EDHR are least well prepared academically; those attempting BUSI are
the best prepared academically. These figures suggest, as expected, that those with the highest ability go on to
high school.

Rather standard information on nationality, family background, and parental characteristics (age, annual
income in thousands of 2000 DKK, and education) is available. Information on peer enrollment and distance
to high schools is also obtained. Using the sample of students (excluding the respondent him/herself) in the
respondent’s ninth grade class and the two previous graduating classes at the same institution, we identify the
first type of education each student’s peers enroll in within 5 years of completing primary school. Variables
identifying the fraction of peers pursuing EDHR, BUSI, and TECH training as well as the fraction pursuing
a more academic line of study at regular high schools, technical high schools, and business high schools are
created.13 The distance in kilometers from the respondent’s residence when in ninth grade to each of the three
different types of academic high schools is also measured in order to capture one element of the cost associated
with academic education. The distance to different types of vocational schools is not available in our sample.
Dickerson and McIntosh (2013), however, found that distance to the nearest academic high school was a more
significant factor than distance to the nearest vocational school in a study of vocational training using English
data. Further discussion of the peer enrollment and distance measures is provided in the Methodology section
below.

Other variables sometimes included in models of educational enrollment and/or attainment are those re-
lated to local labor market conditions. Such variables capture the opportunity cost of enrollment. Denmark,
though, is a relatively small country geographically and the sample consists of only two cohorts, limiting this
source of variation. Nevertheless, dummy variables identifying cohort year and four geographic regions are
incorporated to control for such market factors.
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4 Methodology

Since individuals may self-select into educational tracks on the basis of traits unobservable to the researcher,
studying completion by limiting the analysis to only those observed enrolling may result in sample selection
bias. For instance, students choosing one VET track may possess more or less of a trait that correlates with
completion of that track, such as diligence or ambition. If this trait is correlated with any observed covariate,
failure to take it into account will seriously bias all the estimates (Heckman 1979; Holm and Jæger 2009).

To control for such sample selection bias, we estimate aHeckman selectionmodel. Both the decision to enroll
in a VET program and the decision to complete or drop-out are binary variables. Thus, the resulting empirical
model is a bivariate probit selection model. This model jointly estimates how factors affect initial enrollment
and dropout. Individuals enroll in a program if: y1* = x1β1 + ε1 > 0, where y1* is the latent propensity to enter a
VET program, x1 is a vector of covariates affecting the propensity to enter a VET program, and β1 is a vector of
regression coefficients. Finally, ε1 is an error term capturing the effect of unobserved factors on the propensity
to enter a VET program. We do not observe y1*, only a binary variable y1 = 1 if y1*> 0 and 0 otherwise. Given
that they enroll, individuals complete if y2* = x2β2 + ε2 > 0, where y2*, x2, 𝛽2 and ε2 are defined similarly. Again,
we do not observe y2*, just the binary variable y2 = 1 if y2* > 0 and 0 otherwise. Completion status is observed if
and only if individuals enroll in the program, i.e. y2 is observed iff y1 = 1. Individuals who are still enrolled (i =
1 to N1) when last observed are treated as censored observations, used to estimate parameters in the enrollment
but not the completion equation. Basically, information on those still enrolled when last observed is not used
to assess the probability of completing.

The log-likelihood function for this model is:

𝑙𝑛𝐿 =
𝑁
∑
𝑖=1

(1 − 𝑦𝑖1)𝑙𝑛 [Φ (−𝑥𝑖1𝛽1)] +
𝑁1
∑
𝑖=1

𝑦𝑖1𝑙𝑛 [Φ (𝑥𝑖1𝛽1)]

+
𝑁
∑

𝑖=𝑁1+1
{𝑦𝑖1𝑦𝑖2𝑙𝑛 [Φ2 (𝑥𝑖1𝛽1, 𝑥𝑖2𝛽2, 𝜌)] + 𝑦𝑖1 (1 − 𝑦𝑖2) 𝑙𝑛 [Φ2 (𝑥𝑖1𝛽1, −𝑥𝑖2𝛽2, −𝜌)]}

where the first element captures those not enrolling in VET, the second element captures those still enrolled/-
censored, and the final element captures those who enrolled and are not censored (i.e. completed or not).Φ rep-
resents the cumulative normal distribution andΦ2 the bivariate normal distribution function. As is indicated in
Table 2, men andwomen are attracted to different types of VET. Approximately 90% of those attempting EDHR
training are women as compared with only 20% of those attempting TECH. Analysis indicates that there are
significant differences by gender,14 hence estimation proceeds separately by gender, except in the case of EDHR
for which the sample of men is too small. In this case, in lieu of presenting results for men alone we pool men
and women and include a dummy variable to identify women.

Identification of this model is achieved without relying solely on the assumption of normality as long as
there is a variable in the selection equation (𝑥1) that does not appear in the outcome equation (𝑥2).We treat select
measures of compulsory school peer behavior and distance to high schools as factors that affect enrollment but
not completion given that one enrolls. Peer behavior may reflect the ability of one’s peers, the quality of the
compulsory school attended, and/or the social and personal aspirations for/of the students. As a consequence,
the fraction attending any type of high school is likely negatively associated with enrollment in VET, with the
exception of business high school which is more closely associated with BUSI VET. In fact, a higher fraction
attending business high school is associated with a significantly higher probability of enrollment in BUSI VET
for bothmen andwomen, while 15 of the remaining 16 coefficients pertaining to peer enrollment in high school
are negative (see on-line Appendix C). The fraction of peers attending the same type of VET is predicted to be
positively related to own enrollment, and that relation is positive and significant in 5 of 6 cases. Greater distances
imply greater costs to attendance and so, particularly for more closely related types of high schools, should be
positively related to enrollment in VET. While distance to business (technical) high school is positively related
to enrollment in BUSI (TECH) VET, these effects are not significant. Indeed, most of the distance coefficients
have no significant association with VET enrollment.

Theoretically many of these factors should not be related to completion once the decision to enroll in VET
is made. The assumption that the behavior of compulsory school peers is not pertinent to completion may
be violated if peers’ enrollment behavior is correlated with peers’ completion behavior. Evidence from Anelli
and Peri (2016) suggests that while high school peers can influence the college major to which students apply,
subsequent performance is primarily a function of one’s own ability, forwhichwedo control. ‘Peers’ also change
over the course of the life cycle, making the behavior of those with whom one attended compulsory school
less relevant over time. Of course, to the extent that peer behavior is indicative of school quality not captured
in individual test scores or to the extent that some former classmates pursue the same type of training, peer
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behavior may still have an impact on an individual’s completion of VET. Thus, when modeling completion
we continue to control for the fraction of peers who enroll in academic high school (which may be correlated
with peer quality in VET) and in similar types of education (e.g. in modeling completion of TECH we include
controls for the fraction of peers enrolling in technical high schools and TECH VET). We find peer enrollment
in academic high school is positively related to completion of all VET programs. Though peer enrollment in
EDHR is unrelated to completion of EDHR, peer enrollment in TECH is positively related to completion of
TECH. In the case of BUSI, peer enrollment in business high school is positively related to completion, while
peer enrollment in BUSI is negatively related to completion, perhaps because the latter route is indicative of
weaker preparation. We find peer enrollment in business programs is also positively related to completion of
TECH. Similarly, the assumption that the distance to the nearest high schools is not pertinent to completion
may be violated if it is not unusual to enroll in high school after VET. However, few students attempt high
school after enrolling in VET.15 Only in the case of TECHVET do we find a significant relation to these distance
measures and then the relation is generally positive and only for more vocationally oriented high schools that
likely are substitutes.

In addition to these theoretical arguments regarding instrument validity, we report in Table 3 empirical ev-
idence regarding the validity of our instruments. The variables included in the selection but not in the comple-
tion equations are identified with asterisks at the top of the table. The same exclusion restrictions are imposed
for men and women, but differ as discussed above for each type of VET. F-tests of these exclusion restrictions
are reported from an unrestricted model identified only off the assumption of normality. To be valid instru-
ments, these variables should be significantly related to enrollment, but not to completion. They are in every
case significant determinants of enrollment at the 5% level and in every case not significant determinants of
completion at the 10% level. F-tests using Stock, Wright, and Yogo’s (2002) critical values to identify weak in-
struments in the restricted models indicate that the only marginal specification is that for women’s TECH. In
this case, the critical value is 11.6 for a 5% significance test whereas the test statistic is 10.6. The appropriate
critical value for the BUSI and EDHR specifications is no higher than 18 while the test statistics are between 19
and 106. Finally, Table 3 includes estimates of ρ, the correlation term. In five of six specifications, ρ is found to
be statistically significantly different from zero, indicating that failure to control for selection could yield biased
estimates. When significant, ρ is a rather large negative number, suggesting that individuals who enroll in VET
for unobserved reasons are much less likely to complete.

Table 3: Evidence supporting exclusion restrictions identifying selection equations.

Men Women
Possible Instruments: EDHR

(a)
TECH BUSI EDHR TECH BUSI

Information regarding primary school peers
% in EDHR VET * *
% in technical VET * * * *
% in business VET * *
% in academic high school * *
% in technical high school * *
% in business high school
Peer info - missing * * * *
Distance to nearest … :
Academic high school * * * * * *
Technical high school * * * *
Business high school * *
Missing * * * *
Unrestricted specification
Test of instruments in enrollment equa-
tion

25.180 15.350 105.430 17.230 6.870 15.400
(0.001) (0.001) (0.000) (0.016) (0.032) (0.031)

Test of instruments in completion
equation

6.360 0.540 4.600 5.050 0.520 11.030
(0.498) (0.764) (0.708) (0.653) (0.771) (0.137)

Restricted specification
Test of instruments in enrollment equa-
tion

28.990 16.940 106.410 19.570 10.550 19.290
(0.000) (0.000) (0.000) (0.007) (0.005) (0.007)

Rho −0.794
***

−0.591
***

0.375 −0.821
***

−0.924
***

−0.849
***

(0.238) (0.067) (0.247) (0.233) (0.048) (0.065)
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(a) Results are for the combined sample of men and women.
Asterisks identify the instruments, meaning the variables included in the enrollment but not the completion equations, for each model.
The tests constitute F-tests of the significance of these instruments. P-values are reported in parentheses under these test statistics.
Standard errors are reported in parentheses below the estimates of Rho. * Statistically significant at the 10 % level; ** at the 5 % level; *** at
the 1 % level.

Although we control for a broad array of individual and family characteristics, the associations we observe
between ability and both enrollment and completion may not be causal. There may be some unobserved factor
correlated with ability driving these outcomes that even our selection-corrected model does not capture due to
an incorrect functional form or weak exclusion restrictions (Copas and Li 1997). One possibility is that there is a
family-instilled trait, like ambition or persistence, which is positively related to our measures of ability but also
positively related to enrollment and/or completion. We are able to explore this possibility in the case of VET
enrollment by using a subsample of 4814 siblings from 2394 families. There are too few siblings pursuing VET
to address completion. Pooling men and women and combining all types of VET for this sample, we estimate
a linear probability model of enrollment that includes a family fixed effect. As the effects of exam scores and
grades on enrollment are strong and consistent across all types of VET, these fixed effect estimates are likely
to be informative but somewhat noisy. The results reveal a strong negative relation between both exam scores
and grades and VET enrollment (see on-line Appendix B for further details). Siblings with higher ability scores
are less likely to enroll in VET. These results suggest that the relation between ability and VET enrollment
is causal. Failure to take this negative selection into VET into account might bias conclusions regarding the
relation between ability and VET completion.

5 Results

Parameter estimates from a selection-controlled model of completion such as is described above are difficult to
interpret. While we report coefficient estimates for our preferred selection-controlled, censored models in on-
line Appendix C for the enrollment equations and on-line Appendix D for the completion equations, we focus
in the text on the marginal effects. Furthermore, the emphasis here is upon the association between ability and
completion of VET. It is well documented that more able students tend to follow an academic program of study.
Our results confirm this. Students with exam scores and grades above the mean are less likely to enroll in any
type of VET. Those with exam scores and grades below the mean are generally more likely to enroll in VET,
though the effect is not always increasing in magnitude or significant. The one exception to this pattern is that
men with language exam scores below the mean are less likely to enroll in BUSI, significantly so for those in
the lowest decile. Women with language exam scores in the lowest decile are not less likely, but neither are
they significantly more likely to enroll in BUSI. Though this effect appears at the enrollment rather than at the
completion stage, this finding lends some support to our hypothesis that language skills are relatively more
important for BUSI VET.

Focusing now on completion, Table 4 and Table 5 present, for men and women respectively, baseline proba-
bilities and numerical marginal effects for each of our abilitymeasures. To bemore readily comparable, all these
figures are calculated for an individual who has modal exam scores and grades for the entire population, but
otherwise the sample mean or modal characteristics of one who enrolls in some type of VET. These characteris-
tics differ little by gender or type of VET. More specifically, this focal individual has not attended tenth grade,
is Danish, completes primary school at age 16, lives in a nuclear household while in ninth grade with parents
who have at most a vocational education, a father age 46 who earns 400 thousand 2000 Danish kroner annu-
ally, and a mother age 43 who earns 275 thousand 2000 Danish kroner annually. Distance and peer measures
are simple averages for those enrolling in VET. Numerical marginal effects are constructed by comparing the
predicted probability of completing for an individual with these characteristics and the predicted probability
of completing for an individual who differs only in the skill for which the marginal effect is being calculated.
Simulated marginal effects, calculated by comparing the sample average predicted probability of completing
were everyone to have a median skill level with the sample average predicted probability of completing were
everyone to have the skill level of interest, are similar and available upon request. The first third of the table
reports the marginal effects associated with changing the language exam scores, the second third the marginal
effects associated with changing the math exam scores, and the final third the marginal effects associated with
changing the teacher-assigned grades.

Table 4: Men’s marginal effects on completion.

All VET All VET EDHR TECH BUSI
(a) (b) (c)
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Magnitude Magnitude Magnitude Magnitude Magnitude

Language scores
Probability of
completing

0.6738 0.7675 0.7880 0.7281 0.6889

(0.0087) (0.0086) (0.1471) (0.0162) (0.1432)
Marginal effect
Lowest 10 % 0.0005 0.0661 *** 0.0371 0.0875 *** 0.0079

(0.0072) (0.0069) (0.0338) (0.0115) (0.0230)
11–25 % 0.0214 *** 0.0453 *** 0.0168 0.0570 *** −0.0110

(0.0067) (0.0062) (0.0242) (0.0098) (0.0143)
75–89 % −0.0593 *** −0.0625 *** −0.0638 −0.0961 *** 0.0347

(0.0145) (0.0148) (0.0787) (0.0238) (0.0230)
Highest 10 % −0.0728 ** −0.0888 *** −0.2119 −0.0750 * −0.0315

(0.0302) (0.0319) (0.1893) (0.0431) (0.0569)
Math scores
Probability of
completing

0.7246

(0.0080)
Marginal effect
Lowest 10 % −0.1352 *** −0.1339 *** −0.0297 * −0.1441 *** −0.1269 ***

(0.0077) (0.0093) (0.0179) (0.0114) (0.0213)
11–25 % −0.0483 *** −0.0560 *** −0.0174 −0.0603 *** −0.0771 ***

(0.0075) (0.0080) (0.0173) (0.0095) (0.0168)
75–89 % −0.0006 0.0166 ** 0.0756 *** 0.0211 ** 0.0480 ***

(0.0080) (0.0082) (0.0239) (0.0103) (0.0171)
Highest 10 % −0.0459 ** −0.0041 0.1289 * 0.0378 0.0139

(0.0212) (0.0216) (0.0751) (0.0263) (0.0474)
Grades
Probability of
completing

0.7045

(0.0085)
Marginal effect
Lowest 10 % −0.1003 *** −0.0840 *** −0.0822 *** −0.0697 *** −0.1944 ***

(0.0079) (0.0102) (0.0234) (0.0127) (0.0230)
11–30 % −0.0086 −0.0215 *** 0.0180 −0.0137 −0.1322 ***

(0.0065) (0.0070) (0.0150) (0.0096) (0.0154)
70–89 % −0.0348 *** −0.0103 −0.0047 −0.0149 0.0509 **

(0.0111) (0.0116) (0.0306) (0.0172) (0.0206)
Highest 10 % −0.0701 ** −0.0131 −0.2473 ** −0.0701 0.1166 ***

(0.0310) (0.0309) (0.1168) (0.0502) (0.0445)

Calculated for a person with population average ability but with the mean distance and peer measures and modal characteristics of those
enrolling in VET: a Dane who did not attend tenth grade, lives in a nuclear family with parents having no more than a vocational
education, a father age 46 who earned 400K DKK and a mother age 43 who earned 275K DKK when he/she was 16 and graduated from
ninth grade.
The All VET results derive from a simple, uncensored probit of completion conditional on enrollment that includes the full set of
covariates.
The EDHR, TECH, and BUSI results derive from censored and selection-controlled models of completion.
Standard errors are reported in parenthesis. * Statistically significant at the 10 % level; ** at the 5 % level; *** at the 1 % level.
(a) Controlling only for a single ability measure.
(b) Controlling for all three ability measures.
(c) EDHR results are for the combined sample of men and women.

Table 5: Women’s marginal effects on completion.

All VET All VET EDHR TECH BUSI
(a) (b)
Magnitude Magnitude Magnitude Magnitude Magnitude

Language scores
Probability of
completing

0.6145 0.7058 0.8478 0.3697 0.6641

(0.0100) (0.0105) (0.0474) (0.0512) (0.0197)
Marginal effect
Lowest 10 % 0.0038 0.0652 *** 0.0326 0.1312 *** 0.0184

(0.0107) (0.0105) (0.0245) (0.0384) (0.0162)
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11–25 % 0.0064 0.0326 *** 0.0155 0.0533 ** −0.0138
(0.0084) (0.0083) (0.0190) (0.0235) (0.0120)

75–89 % −0.0160 −0.0260 ** −0.0431 −0.0159 0.0346 **
(0.0121) (0.0128) (0.0582) (0.0228) (0.0158)

Highest 10 % −0.1051 *** −0.1200 *** −0.1562 −0.1063 ** −0.0297
(0.0214) (0.0242) (0.1583) (0.0426) (0.0321)

Math scores
Probability of
completing

0.6369

(0.0102)
Marginal effect
Lowest 10 % −0.0609 *** −0.0549 *** −0.0283 −0.1179 *** −0.1014 ***

(0.0089) (0.0106) (0.0182) (0.0151) (0.0156)
11–25 % −0.0235 ** −0.0330 *** −0.0283 * −0.0830 *** −0.0463 ***

(0.0092) (0.0096) (0.0168) (0.0146) (0.0132)
75–89 % 0.0105 0.0339 *** 0.0330 0.0414 ** 0.0543 ***

(0.0103) (0.0103) (0.0220) (0.0182) (0.0134)
Highest 10 % −0.0223 0.0365 0.1204 ** 0.0089 0.0944 ***

(0.0270) (0.0267) (0.0525) (0.0535) (0.0318)
Grades
Probability of
completing

0.7045

(0.0085)
Marginal effect
Lowest 10 % −0.1003 *** −0.1180 *** −0.0641 ** −0.0972 *** −0.1548 ***

(0.0079) (0.0143) (0.0257) (0.0208) (0.0221)
11–30 % −0.0086 −0.0182 ** 0.0118 −0.0277 * −0.0843 ***

(0.0065) (0.0088) (0.0226) (0.0168) (0.0123)
70–89 % −0.0348 *** −0.0195 * 0.0017 −0.0127 0.0462 ***

(0.0111) (0.0118) (0.0366) (0.0249) (0.0147)
Highest 10 % −0.0701 ** −0.0360 −0.0437 −0.0159 0.0322

(0.0310) (0.0262) (0.1298) (0.0554) (0.0330)

Calculated for a person with population average ability but with the mean distance and peer measures and modal characteristics of those
enrolling in VET: a Dane who did not attend tenth grade, lives in a nuclear family with parents having no more than a vocational
education, a father age 46 who earned 400K DKK and a mother age 43 who earned 275K DKK when he/she was 16 and graduated from
ninth grade.
The All VET results derive from a simple, uncensored probit of completion conditional on enrollment that includes the full set of
covariates.
The EDHR, TECH, and BUSI results derive from censored and selection-controlled models of completion.
Standard errors are reported in parenthesis. * Statistically significant at the 10 % level; ** at the 5 % level; *** at the 1 % level.
(a) Controlling only for a single ability measure.
(b) Controlling for all three ability measures.

The first two columns show the results from simple probits of VET completion conditional on enrollment
that do not distinguish among program type. These specifications do not correct for either selection or cen-
soring, and include the full set of covariates – all distance and peer measures. As many prior studies of VET
completion controlled for only a single measure of ability (typically language related), the first column presents
results from specifications in which only one ability measure is included at a time. The results in the second
column derive from a specification in which all three ability measures are included simultaneously.16 These re-
sults are presented in order to mimic results obtained from earlier studies and illustrate better the advantages
of distinguishing among different ability measures and different types of VET. Marginal effects conditional
upon enrollment from our preferred selection- and censor-controlled models for EDHR, TECH, and BUSI are
presented in columns three through five.

The results from column one indicate that each skill taken separately has significant and substantial
marginal effects on completion. Language skills are negatively related to completion; both math scores and
teacher-assigned grades have a non-linear relation wherein both low and high values are associated with a
lower probability of completing. These marginal effects are significant and as large as 10% points in four cases
and over 5% points in eight cases.

Including all three ability measures simultaneously (column two) modifies the observed relations between
completion and exam scores. The marginal effect of language scores on the predicted probability of completion
strengthens, becoming significant for every measure with those scoring in the lowest decile predicted to be
about 6.5% points more likely to complete VET and those in the highest decile predicted to be between 9% and
12% points less likely to complete VET. Math scores and teacher-assigned grades now have only a weakly non-
linear association with completion. Low math scores and grades are still associated with a significantly lower
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probability of completing, but those in the top decile are not significantly more or less likely to complete than
those with median scores. Controlling for only a single measure of ability, when each has a different impact but
all are correlated, yields biased estimates.

Modeling completion separately by type of VET, controlling for selection and censoring, yields substan-
tially different results. As the objective is to measure the average treatment effect of the treated, the association
between ability and completion of VET for those who enroll in VET, the marginal effects reported for these
more complex models are marginal effects conditional upon enrolling. The relevant equation for the analytic
marginal effect (Greene 1996) is:

𝛽2𝐴

𝜑(𝑋2𝛽2)Φ[𝑋1𝛽1−𝜌𝑋2𝛽2
(1−𝜌2) ]

Φ [𝑋1𝛽1]
+ 𝛽1𝐴

Φ [𝑋1𝛽1] 𝜑 (𝑋1𝛽1)Φ [𝑋2𝛽2−𝜌𝑋1𝛽1
(1−𝜌2) ] − Ω (𝑋1𝛽1, 𝑋2𝛽2, 𝜌) 𝜑 (𝑋1𝛽1)

Φ[𝑋1𝛽1]
2

where subscript 1 refers to the enrollment equation, subscript 2 refers to the completion equation, and subscript
A refers to the particular ability measure for which the conditional marginal effect is being calculated. The
function φ refers to the probability density function,Φ to the cumulative density function, andΩ to the bivariate
normal cumulative density function. Notably, Φ [𝑋1𝛽1] denotes the probability of enrolling. If ρwere zero, this
expression would simplify to β2Aφ(X2β2) or the analytic marginal effect from a simple probit on completion.
The more ρ differs from zero and the more the effect of the covariates on enrollment and completion diverges,
the more the marginal effects based on the selection model will deviate from the marginal effects based on a
simple probit model. Thus, this equation illustrates the importance of controlling for selection.

While the predicted marginal effects of language ability were strongly significant at all levels when mod-
eling all VET jointly, the negative association between language scores and completion is significant only for
completion of TECH. The association with EDHR is also negative but not statistically significant. The predicted
marginal effects of language scores on completion of BUSI are generally small (less than 4% points) and only
significant for women scoring somewhat above average, in which case there is a positive association with com-
pletion. These results are markedly different from those obtained treating all VET alike.

The pattern of marginal effects for math scores also differs by type of VET, though generally indicative
of a positive association with completion. Lower than average math scores are associated with much lower
probabilities of completing both TECH and BUSI for both men and women, with those scoring in the lowest
decile predicted to have a 10% to 14% point disadvantage. Low math scores are associated with only a 2% to
3% point lower probability of completing EDHR, and this difference is only marginally significant. By contrast,
high math scores are associated with a much higher predicted probability of completing EDHR VET (12% to
13% points in the case of scores in the highest decile) but men with higher math scores have only a 1% to 4%
point higher probability of completing TECH or BUSI VET. Higher math scores are associated with a higher
probability of completing BUSI for women with a magnitude of 5% to 9% points.

Teacher-assigned grades also have a differential effect by type ofVET. Bothmen andwomen receiving grades
in the lowest decile have a significantly lower predicted probability of completing all types of VET, with a
magnitude of 6.5% to 9.7% points for EDHR and TECH, and of 15% to 19% points for BUSI. As was the case
when not distinguishing between types of VET, the predicted probability of completing EDHR and TECH is
highest for those with average grades but only in the EDHR combined sample is the predicted probability of
completing significantly lower for those receiving grades higher than average. However, for men in particular
there is a strong positive association between completing BUSI VET and higher than average teacher-assigned
grades. Men receiving grades in the top decile were 11.7% points more likely to complete BUSI VET.

Even thoughmen andwomen likely choose different specializationswithinVET types, differences by gender
are modest. In general, the key takeaway is that the probability an individual completes VET training varies
depending upon both the type of skills the individual possesses and the type of VET attempted.

6 Sensitivity Analysis

In this section, we examine the sensitivity of our results to first the specification then the sample. We have
already demonstrated the importance of controlling for multiple ability measures and differentiating among
VETprograms.As research advances in this field, it is of interest to knowhow important selection and censoring
are relative to differentiating among VET programs and ability measures.

Estimated marginal effects frommodels that do not control for censoring, do not control for selection, or do
not control for either censoring or selection (available upon request) clearly indicate that distinguishing among
program types is farmore important than controlling for either selection or censoring. In general, while the con-
fidence intervals associated with the estimated marginal effects are often small enough to exclude zero, they
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are large enough to make identifying significant differences across specifications difficult. The most notable
difference in the selection models is that failing to control for selection significantly understates the associ-
ation between math exam scores and completion of TECH for women. The key difference between censored
and uncensoredmodel results appears in the baseline conditional probability of completing. In the uncensored
models, those still enrolled are treated like failures, reducing the predicted probability of completing; in the
censored models, those still enrolled do not enter the calculations. Differences in the baseline conditional prob-
ability of completing range from 10% points for EDHR to between 4% and 6% points for TECH and BUSI. As
the estimated marginal effects are of a similar magnitude in censored and uncensored models, the uncensored
marginal effects are substantially larger relative to the baseline probability. An important conclusion here is
that, even though technically we find selection has a significant effect, there is more to gain by distinguishing
among different types of VET and ability, and perhaps addressing censoring, when examining VET completion,
than by controlling for selection.17

A lingering concern is that our ability measures constitute exam scores and grades recorded at the end
of compulsory schooling, while our outcome measures span the subsequent 9 years. As noted earlier, these
ability measures are imperfect as sickness, random chance, a myriad of other factors could influence them. It is
also true that ability can change over time.18 Performance in primary school may be a more accurate measure
of ability, and hence potentially more closely linked to completion of VET, for persons who enter VET soon
after completing primary school. Excluding censored observations from the model of completion does in part
mitigate the error introduced by treating these ability measures as invariant over time, as individuals who are
still enrolled in year nine on average first enrolled in VET much later (between 34 and 52 months later) than
those who successfully completed VET. As noted above, however, the differences between the marginal effects
obtained from censored and uncensored models are modest.

To gauge further the sensitivity of our results to the time elapsed since ability was measured, we took ad-
vantage of the finding that our results are not particularly sensitive to selection controls and estimated censored
probit models of completion separately for those entering VET earlier and later, splitting the samples at around
the median entry point. For men and women pursuing BUSI education and for women pursuing TECH, the
median point was approximately 2 years. For men entering TECH fifty percent did so within 1 year, while the
long slow entry into EDHR left fifty percent entering up to 4 years following completion of ninth grade.

Estimated marginal effects (available upon request) indicate that only in the case of those entering EDHR
late is ability unrelated to the probability of completion. Skill is significantly associated with completion for
every other sample/VET program, perhaps because the elapsed time is shorter than for those entering EDHR
late. However, it is also not the case that skill always has a greater marginal effect for early rather than late
entrants, as would be predicted if these skill measures were more accurate for early entrants. Indeed all the
significant differences suggest that these skill measures are more substantial determinants of completion for
later entrants.

7 Discussion and Conclusion

The aim of this paper is to shed light on the relation between skills and the probability of completing vocational
training (VET), recognizing the heterogeneous nature of both. To this end, we use 9 years of register data on
two cohorts of graduates from compulsory school in Denmark to track enrollment in and graduation fromVET.
We distinguish among three types of VET programs: business (BUSI), technical (TECH), and education/health
related (EDHR), providing some discussion ex-ante that these professions rely differentially on language and
math skills. We allow for further heterogeneity by modeling completion separately by gender by program.
Following common practice in the literature, we use nationally administered and normed math and language
exam scores as measures of cognitive skills and teacher-assigned grades as measures of noncognitive skills.
Our results indicate that recognizing the heterogeneity of both VET programs and skills is very important.

When conducting this analysis, we control for selection and censoring. Thirty-six to fifty-five percent of
those attempting VET have not completed the qualification 9 years after completing compulsory schooling;
16% to 44% percent of these are still enrolled. Treating those who are still enrolled as failures biases the results,
significantly influencing the estimated probability of completing. While technically there is evidence that our
controls for enrollment are reasonable and necessary to address selection bias, the marginal effect of ability on
completion is not very sensitive to this adjustment, suggesting that researchers examining VET completionmay
be able to obtain viable results without controlling for selection. This is an important conclusion given the data
requirements associated with selection models.

We hypothesized that math skills would be particularly important for completing TECH, while both lan-
guage and math skills would be important for BUSI. The importance of either for EDHR was not obvious
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ex-ante. We felt noncognitive skills such as conscientiousness would likely be positively related to completion
of any program.

Our findings indicate a positive association between math scores and completion of all types of VET con-
ditional upon enrolling, but one that is weakest for those seeking a certification in EDHR, results supporting
our ex-ante hypothesis. Language scores, on the other hand, have a strong negative association with the condi-
tional probability of completing TECH, a weak negative association with EDHR, and no significant association
with BUSI. Individuals with better verbal skills may either discover VET training is not their true calling or
may discover their returns are higher elsewhere. Language skills may be important enough in BUSI to offset
such a negative selection effect, but not in TECH and only modestly so in EDHR. Previous work had found a
positive association between language skills and completion of BUSI VET in Switzerland (Bertschy, Cattaneo,
and Wolter 2009; Mueller and Wolter 2014), so our finding may be country-specific, perhaps because our mea-
sure of language skills measured ability in Danish whereas in a small country such as Denmark a substantial
amount of business is conducted in English. We find that grades (our best available measure of noncognitive
skills) are strongly positively associated with the conditional probability of completing BUSI, but have an in-
verse U-shaped association with completion of TECH and EDHR that is significant for EDHR. Those with the
highest noncognitive skills likely pursue an academic degree for its higher rewards, but noncognitive skills are
still important for completing vocational training. Such skills may bemost important for BUSI becausemany ac-
quiring a business certification have attended a business high school and grades have been shown to be strongly
associated with success in academic programs of study. BUSI majors are also more likely to engage in inter-
personal interactions where noncognitive (sometimes called ‘soft’) skills are more important. Interestingly, the
associations between both the cognitive and noncognitive skills measured in ninth grade and completion are
of a greater magnitude for those entering BUSI VET later rather than earlier suggesting these measures have
some enduring power,

In conclusion, this paper makes substantial contributions to the study of vocational education and training.
The implications are threefold. First, cognitive and noncognitive skills are important not just for those pursu-
ing academic education, but also for those pursuing VET. Math skills in particular are highly correlated with
the probability of becoming VET certified conditional upon attempting. Second, researchers should proceed
by distinguishing between those who have failed to obtain certification and those who are still enrolled, but
controlling for selection may not be essential. Third and most importantly, VET programs are heterogeneous.
We provide strong evidence that different programs require different skills and employing a one-size-fits-all
approach to an analysis of student persistence in VET is inappropriate. Future research should take these re-
sults into account in order to model VET better and to aid decisionmaking by students, parents, educators, and
policy makers. It is notable that enrollment in VET in Denmark has been, since 2015, contingent on achieving
a minimum exam grade in language (Danish) and math. Our results suggest that a better policy, and one with
merit internationally, would be to adopt different minimum requirements for students entering different VET
programs.
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Notes
1 In this analysis, household income is likely to play a much smaller role as higher education is fully subsidized in Denmark.
2 Wolter and Ryan (2010) report that on average apprenticeship programs cost firms money in Germany, though not Switzerland.
3 An exception is information on locus of control and self-esteem (Heckman, Stixrud, and Urzua 2006; Archibald, Feldman, andMcHenry
2015).
4 Danish exams are graded in part by the student’s teacher and in part by an external reviewer, with the external reviewer’s assessment
given priority.
5 Rangvid (2015) reports that by law grades in Denmark should, like exams, reflect student knowledge not effort. This would suggest that
both reflect only cognitive skills. However, she also acknowledges that grades are more subjective than exam scores and finds significant
differences between the two.
6 For example, information posted by SOSU-C (2018) (one of the largest EDHR VET providers) mentions “assisting … elderly people
in practical and personal tasks and basic hygiene” and childcare as jobs for which EDHR provides training. These are not nurses, just
assistants. They cannot administer medications. Language classes are discussed, but not math skills.
7 We find a negative correlation between attending tenth grade and both grades (−0.24) and exam scores (−0.20 for bothmath andDanish).
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8 It is possible but very rare for VET students to continue on to higher education without acquiring an upper secondary degree.
9 Enrollment in tenth grade may be an indicator of skill, much like exam scores and grades, but how such enrollment should be analyzed
is not clear. Tenth grade may enable less prepared students to catch up. If so, this indicator may, controlling for prior performance, be a
positive indicator of skill. If, however, these students do not catch up or are enrolled for some other reason (for example, because they
are uncertain what path to pursue), then this indicator may be unrelated or even negatively related to completion of VET. In light of this
uncertainty, we choose not to focus on this measure. However, while attending tenth grade is a choice, it is a choice that precedes the
decision to pursue VET or academic high school, so we do include a control variable identifying those who enrolled in tenth grade in our
analyses.
10 Academic ability may be particularly important for BUSI VET given this entry path.
11 Of those ever attempting VET, at least seven percent attempt multiple types of VET and 35 % attempt academic high school. Less than
12 % of those attempting EDHR or TECH VET complete academic high school, however, as noted above, about 25 % of those attempting
BUSI VET first complete academic business high school.
12 As the control population includes persons pursuing other types of VET as well as high school, this approach will underestimate the
relation between skills and enrollment. To the extent that selection is between high school and VET more broadly, this approach will bias
our results toward not finding a selection effect. Results obtained by excluding those who only enroll in a different type of VET from the
control population are available upon request. These results indicate that the importance of exam scores and grades for selection into VET
is indeed underestimated, particularly for those performing below average, but results regarding completion are very similar.
13 Enrollment in tenth grade is ignored. The baseline constitutes the fraction pursuing no further education. Controls for peer behavior
are not constructed for individuals who appear to have been home schooled or enrolled in primary schools with fewer than ten students
per graduating class. We use a dummy variable to identify these students.
14 P-values for these tests are 0.0000 for each type of program. Gender differences are likely to arise here in part because men and women
pursue different types of VET even within these separate tracks.
15 Tabulations indicate that fewer than two percent of those who attempt (or complete) a VET certification subsequently complete a high
school degree.
16 Note that only in the first columns of Table 4 and Table 5 do the baseline probabilities of completing differ with the ability measure, as
only in the case of the first column are different models estimated for each ability measure.
17 Polidano andMavromaras (2011) similarly find that though enrollment and completion in VET are correlated, selection has little impact
on the results. Their analysis focuses on disabled persons in Australia.
18 Although beyond the scope of this study to explore, it is furthermore the case that neither changes in ability (likely the consequence of
individual investment decisions) nor the timing of enrollment in VET are necessarily exogenously determined.
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