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SUMMARY

This dissertation comprises three self-contained chapters that all empirically inves-

tigate determinants of young individuals’ choice of higher education. Investment

in human capital has strong implications for the individuals’ future labor market

outcomes in terms of wages and career prospects. In addition, the society as a whole

gains economically from a highly qualified labor force. It is therefore imperative to

understand how education choices are made, and to uncover the factors contributing

to the decision. This dissertation sheds light on the issue by examining the impact

of select factors on education choices using microeconometric methods. The first

chapter examines whether the introduction of a technical high school program, HTX,

has increased attainment of a high school degree with a view to derived effects on

higher education completion. The second chapter analyzes the impact from local

labor market conditions at the time of high school graduation on subsequent edu-

cation choices. The third and last chapter explores the importance of peers’ ability

on completion of higher education. Overall, this dissertation shows that education

choices made by youth are susceptible to changes in the supply of education choices,

employment prospects, and the academic quality of their peers. These insights are

central to understand how policy makers can design education policies to ensure a

better match between youths’ education choices and future demands of the labor

market.

The first chapter "Vocational High School: The Best of Two Worlds?", written in

collaboration with Katharina Werner, examines whether the introduction of the tech-

nical high school program, HTX, has impacts on education choices made by youth.

HTX was introduced in a period where upper secondary education choices were

comprised of vocational education - with limited opportunities for further advance-

ment in higher education - and a general education high school program preparing

students for university enrollment. HTX was intended to create a midway, and thus

widen the opportunities of students interested in science and technology to obtain

the entry qualifications for higher education enrollment. The analysis exploits the

staggered introduction of HTX schools across years and local areas to estimate the

impacts using a generalized difference-in-difference specification. The results show

a significant impact from having an HTX school introduced within 20 km of resi-

dence on the probability of enrollment and completion of HTX. Meanwhile, in areas

vii



viii SUMMARY

with an HTX school being introduced, we find decreases in vocational education

participation, and a positive effect on the aggregated number of students completing

a high school degree. Motivated by the positive impact on the number of students

obtaining the entry qualifications for higher education, we consider the derived ef-

fects on higher education choices of field and level. The results show a small increase

in completion of a professional bachelor degree which is mainly driven by low-SES

students. In contrast, we find no evidence of a significant impact on university par-

ticipation. Despite the technical orientation of the HTX program, we find a negative

impact from the HTX introduction on the attainment of a STEM (Science, Technology,

Engineering, Mathematics) degree. Yet, this reduction is mainly driven by a shift away

from vocational education. Overall, the introduction of HTX has small aggregated

impacts on education choices. Nevertheless, a considerable number of students are

encouraged by the reform to pursue a high school degree. With 59% of HTX gradu-

ates completing a STEM degree, the program in itself appears successful, however,

the HTX introduction was accompanied with unintended spillover effects on the

population-wide distribution of education choices.

In the second chapter "Adverse Labor Market Conditions at High School Grad-

uation: The Impact on Further Education Choices" I investigate how labor market

conditions affect high school graduates’ subsequent education choices. Previous

research has documented a significant increase in enrollment rates during economic

contractions (e.g. Alessandrini, 2018; Sievertsen, 2016). The countercylical enrollment

rates can be explained theoretically by declining opportunity costs of education as

unemployment rates increase. I extend these findings by showing that labor market

conditions affect choices of education level and field too, and that these impacts have

persistent effects on the highest education completed ten years after high school

graduation. Local labor market conditions are proxied by the unskilled youth unem-

ployment rate measured at municipality level. The analysis is based on a fixed effects

approach which controls for unobserved municipality characteristics that potentially

influence the education choices and local labor market conditions jointly. In addition,

I ensure that endogenous mobility of students across municipalities does not bias

the results. The results show that, when labor market conditions are adverse, high

school graduates opt out of Arts programs and increase participation in Social Sci-

ence and STEM programs. Moreover, male students substitute vocational education

with professional bachelor degrees. In addition, I attempt to characterize the cyclical

variation of education choices by the expected wage returns and unemployment risks

associated with education choices. In line with the research showing that females

are more risk averse on average (Charness and Gneezy, 2012), I show that female

students’ education choices reflect a concern with future labor market outcomes

during economic contractions.

The third and final chapter "The Importance of Peer Quality for Completion of

Higher Education" is written in collaboration with Maria Knoth Humlum, and in
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this chapter we study the impact from peers’ ability on completion of higher educa-

tion. The evidence on peer effects in higher education originates from studies based

on more or less selected samples of the student population. The results from the

peer effect literature is generally mixed (e.g. Brodaty and Gurgand, 2016; Feld and

Zölitz, 2017). This chapter shows that peer effects vary across education level and

field, thus providing a potential explanation for the mixed findings of the literature.

Identification of peer effects is complicated by the endogenous selection into edu-

cation programs and institutions based on individual preferences and abilities. As a

result, the academic quality of peers is not random. The identification is complicated

further by the so-called Reflection Bias (Manski, 1993). We circumvent these issues

by exploiting the idiosyncratic cohort-to-cohort variation in average abilities, and

define ability by the predetermined high school GPA. In practice, we estimate a fixed

effects model that controls for the selection of students into education programs

based on unobserved time-invariant characteristics. Our findings suggest that higher

academic quality of peers increases completion rates. Among university students, we

find that peers’ ability has the strongest impact on completion in STEM programs

whereas no evidence of significant ability peer effects is found among students in

Health. Moreover, our results show that low quality peers have adverse effects on

dropping out while high quality peers have beneficial effects. These effects are more

pronounced for lower ability students.
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DANSK RESUMÉ

Denne afhandling består af tre selvstændige kapitler, der alle empirisk undersøger

hvordan unges valg af videregående uddannelse er påvirkelig. Valg af uddannelse har

en afgørende betydning for individets fremtidige afkast på arbejdsmarkedet i form af

aflønning og karrieremuligheder. Samtidigt har samfundet store økonomiske gevin-

ster ved at have en højt kvalificeret arbejdsstyrke. Af denne grund er det nødvendigt at

forstå hvordan uddannelsesvalg foretages, og hvilke faktorer som påvirker beslutnin-

gen. Denne afhandling belyser problemstillingen ved brug af mikroøkonometriske

metoder til at analysere påvirkningen på unges valg af videregående uddannelse

af nogle udvalgte faktorer. Det første kapitel undersøger om introduktionen af den

tekniske gymnasieuddannelse, HTX, har øget andelen af unge som opnår en stu-

dentereksamen med henblik på afledte effekter på gennemførelse af videregående

uddannelse. Det andet kapital undersøger om arbejdsmarkedstilstandene på tids-

punktet for færdiggørelsen af en gymnasieuddannelse påvirker unges efterfølgende

uddannelsesvalg. Det tredje og sidste kapitel undersøger om medstuderendes fag-

lige niveau i videregående uddannelse påvirker beslutningen om gennemførelse af

uddannelse. Samlet set viser denne afhandling, at unges valg af videregående uddan-

nelse er påvirkelig af ændringer i uddannelsesmuligheder, beskæftigelsesmuligheder

samt af deres medstuderende. Denne indsigt er central for at forstå hvordan politiske

tiltag kan målrettes for at sikre at unges valg af uddannelse matcher fremtidens behov

for kvalificeret arbejdskraft.

Det første kapitel ”Vocational High School: The Best of Two Worlds?”, som er

skrevet i samarbejde med Katharina Werner, undersøger om introduktionen af den

tekniske gymnasieuddannelse, HTX, har påvirket unges uddannelsesvalg. I perioden

omkring introduktionen af HTX var uddannelsesmulighederne efter 9. klasse typisk

erhvervsuddannelse - med begrænset muligheder for fortsættelse i videregående

uddannelse - eller en gymnasial uddannelse med fokus på generel forberedelse til

en universitetsuddannelse. HTX var tiltænkt at skabe en midtvejsløsning og dermed

åbne mulighederne for at flere unge med interesse for teknik og naturvidenskab ville

opnå de nødvendige kvalifikationer for at fortsætte i videregående uddannelse. I ana-

lysen udnytter vi, at udbredelsen af HTX skete forskudt på tværs af år og geografiske

områder til at estimere effekterne ved brug af en generaliseret difference-in-difference

model. Resultaterne viser en signifikant sammenhæng mellem at bo indenfor 20 km

xi



xii DANSK RESUMÉ

af en HTX-skole og sandsynligheden for at påbegynde og afslutte en HTX-uddannelse.

Samtidigt finder vi et fald i antallet af unge i erhvervsuddannelse og en samlet stig-

ning i andelen af en 9. klasses kohorte som færdiggør en studentereksamen. Dernæst

undersøger vi, om denne stigning i antallet af unge med en studentereksamen har

afledte effekter på valg af videregående uddannelse og fagområde. Resultaterne indi-

kerer en lille stigning i færdiggørelsen af professions bachelorer, som i særlig grad er

drevet af unge fra lavtuddannet familier. Vi finder derimod ikke evidens for at intro-

duktionen af HTX har øget antallet med en universitetsuddannelse. På trods af det

tekniske fokus i HTX-uddannelsen finder vi et fald i antallet af unge, som færdiggør

en STEM-uddannelse (Science, Technology, Engineering and Mathematics). Denne

negative effekt skyldes dog i høj grad fravalget af erhvervsuddannelse. Samlet set

har introduktionen af HTX haft meget små aggregerede effekter på unges uddan-

nelsesvalg, men et anseeligt antal af unge er blevet tilskyndet til at gennemføre en

gymnasial uddannelse som følge af reformen. 59% af HTX studenter færdiggør en

STEM-uddannelse, hvilket indikerer at HTX opfylder sit formål. Introduktion af HTX

ser dog ud til samtidigt at være ledsaget af utilsigtet afledte effekter på den samlede

fordeling af uddannelsesvalg.

I det andet kapitel ”Adverse Labor Market Conditions at High School Gradua-

tion: The Impact on Further Education Choices” undersøger jeg hvordan arbejds-

markedstilstandene påvirker gymnasiestudenters efterfølgende uddannelsesvalg.

Tidligere forskning har vist, at unge øger deltagelsen i videregående uddannelse un-

der lavkonjunkturer (fx. Alessandrini, 2018; Sievertsen, 2016). Dette kan teoretisk

forklares af, at alternativomkostningerne ved uddannelse er lavere når arbejdsløs-

heden er høj. Jeg udbygger disse resultater ved at vise, at effekterne fra arbejds-

markedstilstandene breder sig til valget af uddannelsesniveau samt fagområde, og

at disse effekter har vedvarende påvirkninger på den højeste uddannelse gennem-

ført 10 år efter færdiggørelsen af gymnasiet. Til at måle arbejdsmarkedstilstandene

anvendes arbejdsløshedsraten for ufaglærte unge målt på kommuneniveau. Ana-

lysen gennemføres ved hjælp af en fixed effects strategi. Derved kontrolleres der

for ikke-observerbare kommunekarakteristika der både påvirker uddannelsesvalg

samt lokale arbejdsmarkedstilstande. Desuden sikrer jeg, at endogen mobilitet på

tværs af kommuner ikke påvirker resultaterne. Resultaterne viser, at unge fravælger

humanistiske uddannelser når arbejdsløsheden er høj og i højere grad søger over i

samfundsvidenskabelige og STEM-uddannelser. Blandt mænd findes der desuden en

substitution af erhvervsuddannelse med professionsbachelorer. Ydermere forsøger

jeg at karakterisere den cykliske variation i uddannelsesvalg ud fra forventede lønaf-

kast og arbejdsløshedsrisiko forbundet med valget af uddannelse. I tråd med tidligere

forskning, som finder at kvinder i gennemsnit er mere risikoaverse (Charness og

Gneezy, 2012), viser resultaterne af denne øvelse, at især kvinders valg af uddannelse

under lavkonjunkturer afspejler et større fokus på fremtidig lønafkast.

Det tredje og sidste kapital ”The Importance of Peer Quality for Completion of Hig-
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her Education” er skrevet i samarbejde med Maria Knoth Humlum, og vi undersøger

om medstuderendes faglige niveau har betydning for om studerende i videregående

uddannelse gennemfører – også kaldet peer effekter. Tidligere forskning på dette

område er ofte baseret på data fra enkelte universiteter eller specifikke uddannelses-

områder, og resultaterne fra disse undersøgelser er generelt blandet (fx Brodaty og

Gurgand, 2016; Feld og Zölitz, 2017). I dette kapital viser vi, at dette i høj grad kan

skyldes, at peer effekter generelt varierer på tværs af uddannelsesniveau og fagom-

råde. Identifikationen af peer effekter kompliceres af, at studerende selektivt vælger

uddannelse efter præferencer og faglige evner. Det er derfor ikke tilfældigt hvilken

faglig kvalitet ens medstuderende har. Ydermere udfordres identifikationen af peer

effekter af det såkaldte Reflektionsbias (Manski, 1993). For at omgå disse udfordringer

udnytter vi den naturlige variation i det gennemsnitlige faglige niveau af studerende

fra årgang til årgang, og vi anvender de forudbestemte gymnasiekarakterer til at måle

det faglige niveau af studerende. Det betyder konkret, at vi estimerer en fixed effects

model, som kontrollerer for den ikke-observerbare selektion ind i en uddannelse

på baggrund af tidskonstante uddannelseskarakteristika. Vores resultater viser, at et

højere fagligt niveau af ens medstuderende øger sandsynligheden for at gennemføre

uddannelsen. Blandt universitetsstuderende er peer effekter størst i STEM-fag, hvori-

mod vi ikke finder signifikante effekter blandt studerende i uddannelser inden for

sundhedsområdet. Vi viser desuden, at medstuderende med lave faglige kvalifika-

tioner har ugunstige effekter på sandsynligheden for frafald mens højt kvalificeret

medstuderende har gavnelige effekter. Disse effekter er mest udtalt blandt studerende

med lavere faglige kvalifikationer.
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C H A P T E R 1
VOCATIONAL HIGH SCHOOL: THE BEST OF TWO

WORLDS?

Mette Thorsager Jensen
Aarhus University

Katharina Werner
ifo Institute, University of Munich

Abstract

Increases in demand for advanced technical skills in the labor market has sparked a lively de-

bate on the role of education systems to ensure the tech-readiness of students. We investigate a

reform of the Danish education system starting in 1982 that introduced vocationally-oriented

technical education at high school level to improve the availability of technical education

opportunities. We exploit the staggered introduction of a technical track at the high school

level across local areas in Denmark in a generalized difference-in-difference framework. We

find that availability of a technical track decreases enrollment in vocational training programs

and increases upper secondary high school completion, and also weakly increases enrollment

in professional bachelor programs at tertiary level. Despite the focus of the technical track cur-

riculum on scientific and technical subjects, the introduction of a technical track decreases the

share of students enrolling in STEM subjects while increasing enrollment in Arts. Heterogeneity

of estimates by parental background suggests that effects were particularly pronounced for

students from less-educated backgrounds.

Keywords: STEM; Vocational Education, Education Choice.

JEL Classification: I21; I23; I24; I28.
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2 CHAPTER 1

1.1 Introduction

Despite the notable increase in the average length of education throughout devel-

oped economies, the earnings premium for skills has been rising in recent decades

(Cunha et al., 2006). This speaks to the large demand for advanced skills, particularly

technical skills, in modern labor markets. At the same time, research suggests that

individuals face a tradeoff between short-term benefits and long-term disadvantages

of vocational education relative to those with an academic education (see Golsteyn

and Stenberg, 2017; Hanushek et al., 2017). A shift in the distribution of students

between vocational and academic educations thus can lead to long-term labor mar-

ket effects. These developments pose a significant challenge for education systems,

where substantive efforts have been made to expand tertiary education opportuni-

ties to train a new generation of highly-skilled labor market entrants (OECD, 2016).

One promising policy intervention to provide additional education opportunities

is the introduction of secondary schooling with vocational focus that aims to teach

technical skills. Reform proposals to expand opportunities and increase the quality of

vocational education programs have received considerable attention internationally,

for example the introduction of the Switzerland Vocational Federal Program in 1993,

STEM High Schools in the U.S., or Fachoberschulen in Germany in 1969.

In this paper, we study the effects of a reform that introduced technical high

school degrees to Danish upper secondary schools. Before the reform, the Danish

education system was strongly polarized: Students either completed a vocational

education with limited opportunities for future enrollment in higher education, or a

high school degree intended to prepare for university. A technical high school degree

(HTX) was introduced in 1982 to create a midway by offering a high school degree

with a strong focus on technology and science. The aim of the reform was to increase

the share of students in a cohort that obtained a university entrance qualification by

offering alternatives to the traditional academic-track high school degree. A crucial

feature of this reform was that the new technical high school-courses were mostly

offered by vocational education schools, thus lowering the information and travel cost

of enrolling for students who previously planned to enroll in vocational education.

Previous research suggests that lack of information and other non-financial barriers,

like unfamiliarity with the requirements or process, might be important factors in

explaining the differences in education attainment by socioeconomic background

(Bettinger et al., 2012; Hoxby and Turner, 2015). Thus, we are particularly interested

in whether the reform had prepared students for the pursuit of a higher education

in technical majors and increased the propensity of students to obtain high-level

technical skills at university.

Using administrative records of education decisions from 1.5 million Danish

students, we exploit the spatial and temporal variation in roll-out of technical high

school programs to identify the likely effects of the introduction of technical high

schools across local areas. We find that the average distance between students’ post-
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code area and the nearest school offering a technical high school degree declined

from 76 kilometers in 1982 to 12 kilometers in 2005. Our estimates indicate that

introducing an HTX school within 20 kilometers increases the likelihood of attending

a technical high school course by 0.4 percentage points. Consistently, it decreases the

likelihood of being enrolled in vocational education, while the likelihood to attend

other, for example academic, high school programs remains unchanged. Apparently,

the change in enrollment does not increase mismatch between students and pro-

grams, as the the probability of completing a high school degree increases by 1.1

percent, in line with changes in enrollment.

Next, we study whether changes in the share of students that obtain a university

entrance qualification also changed subsequent education decisions. We see sug-

gestive evidence that the reform effects persisted: a decrease in the distance to the

nearest HTX high school program at the time of graduating from grade 9 increases

the probability of obtaining higher education while decreasing the likelihood of being

in vocational education, although the effect is only weakly significant. Further analy-

sis suggests that this is driven almost exclusively by students who choose to attend

professional bachelor programs, rather than more traditional university programs.

Recent research shows that the choice of major explains a share of income in-

equality on par with inequality due to different education degrees (e.g. Kirkeboen

et al., 2016). A key motivation of the introduction of technical high schools was to

build on the students’ interest for scientific and technical subjects and, through

opening additional pathways to university, increase the share of students choosing to

obtain advanced technical skills. Given the high returns to many majors in Science,

Technology, Engineering and Mathematics (STEM), this feature of the reform has

potentially large implications for upward social mobility. Our results show that in

fact, the reform had the opposite effect: with decreasing distance to the nearest high

school offering a technical track, students are significantly less likely to choose an

education in STEM, but are more likely to enroll in and complete an education in the

fields of Arts and Social Science. We see a similar pattern if we only look at higher

education choice. Student are 0.21 percentage points less likely (p < 0.1) to complete

a higher education degree in STEM, but 0.23 percentage point more likely (p < 0.05)

to complete a degree in Arts and 0.17 percentage points more likely (p < 0.15) to

complete a degree in Social Science. Overall, this suggests the reform had unintended

consequences: while it did lead to an increase in the share of students that obtained

higher education, we do not observe that students continued their education in

technical majors.

As a final step, we analyze the effects of the reform for students from different

socioeconomic backgrounds. We would expect the introduction of a technical track at

vocational schools to be most attractive for students from less educated backgrounds,

who would have previously attended vocational education training at those same

schools. Instead, we see that a decrease in the distance to the nearest high school
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with a technical track increases the share of students enrolling for students from all

education backgrounds. Interestingly, a decrease in the distance to a high school

offering the technical track also leads to an increase in the share of students that do

not complete any upper secondary education. This does not seem to be driven by

students that unsuccessfully enroll in the new technical high school program: The

effects are equally negative for enrollment in any upper secondary education, which

could point to competition effects.

If we look at the effects on higher education choices, results vary across socioe-

conomic background. For students from a low-educated background, we observe

a small, but weakly significant, increase in the share of students completing higher

education. The effect is mainly driven by higher shares of students from low-educated

backgrounds obtaining a professional bachelor degree. For students from highly edu-

cated backgrounds we find no significant impacts on higher education attainment.

In addition, results show that the decrease in the share of students choosing STEM

subjects and the concurrent increase in the share of students choosing Arts is sim-

ilar across education background of students. Yet, the increase in Arts attainment

is only significant for students with low-educated background. Overall, the hetero-

geneity of outcomes by educational background of students shows that while the

impacts on upper secondary education choices were equal, the reform has achieved

its aim of fostering higher education attainment only for students with low-educated

background.

Our paper contributes to the literature trying to understand the implications

of differences in the structure of high school tracks. A larger literature has found a

positive association between labor market outcomes and mathematics content in

high school, highlighting the importance of curriculum choices at this stage (Joensen

and Nielsen, 2009; Altonji et al., 2012). Similarly, returns to vocational training seem

to differ depending on the focus of the attended program (LaForest, 2017). Our paper

is closest to a literature that analyses the consequences of education reforms of

upper secondary education tracks. In particular, Bertrand et al. (2019) evaluate the

effects of a reform implemented in Norway that improved the quality of vocational

education and created new pathways for vocational education graduates to continue

to university education. Similarly, Hall (2012) studies a reform introduced in Sweden,

which allowed students from vocational education to obtain university entrance

qualifications. In contrast to the Norwegian and Swedish setting, the HTX reform

in Denmark did not change the quality or content of existing vocational education,

but instead introduced a new, additional high school track with a highly specialized

curriculum. The question of how to encourage more students to obtain technical

education have received rising attention (e.g. Griffith, 2010). Wiswall et al. (2014)

find that attending a STEM high school does not improve high school education

attainment. We extend this literature by paying close attention to the post-high school

outcomes of HTX high school graduates. Finally, we also contribute to a literature
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that investigates the effects from increased availability of new schooling options on

education outcomes. For example, Frenette (2009) find large increases in university

attendance among local youth from the creation of a local university. In a different

setup, Duflo (2001) estimates positive returns to a major primary school construction

program in Indonesia.

The rest of the paper proceeds as follows. Section 1.2 describes the Danish educa-

tion system and the institutional details of the reform. Section 1.3 outlines our data,

while Section 1.4 explains the empirical strategy. Section 1.5 presents the results and

Section 1.6 gives a concluding remark on findings.

1.2 Institutional Background

In Denmark, children typically enter the education system in kindergarten class

(grade 0) the year they turn 6 years.1 Students complete compulsory schooling after

grade 9. Thereafter, they can continue to grade 10, enter the labor market or continue

in further education by enrolling in vocational education or a high school program.

The vast majority of high schools, vocational schools and higher education institu-

tions are public and administered by the Ministry of Education and Science. Typically,

attending a Danish education program is free, and all students above the age of 18

are eligible for student grants. The exact amount of the student grant depends on age,

income, living arrangement and parental income.

Curricula at high schools and vocational schools follow a national standard,

which is specific to the program type. Students qualify for high school or vocational

education if they have completed compulsory schooling with a positive teacher

assessment, or by passing an entry exam. Applicants to vocational education schools

are in addition guaranteed admission if they have an apprenticeship contract with

a company. Vocational education programs are designed to prepare students for

employment in a particular sector and focus on teaching practical skills relevant for

a specific profession. The training is organized as a dual education where school-

based courses are complemented by company-based training. High school programs

have the objective to prepare students for higher education by providing general

education. All applicants to a high school program with the necessary qualifications

are guaranteed admission at a high school in their county and are allocated according

to commuting distance in case of insufficient capacity at their preferred school. In

general, four types of high school programs commonly exist: HF and STX have a

general academic focus, HHX focuses on business and the social sciences, and HTX

focuses on technical and natural science subjects.

After completing a high school degree, students can apply to any higher education

program or vocational education. Most students choose between academy profession

1The cohorts included in our study were not required to attend kindergarten class, but could postpone
school start to grade 1.
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(AP) programs, professional bachelor programs, and university bachelor programs. AP

programs usually take 2 years and professional bachelor degrees, which are university-

level courses with a stronger focus on professional practice, and academic bachelor

degrees typically take 3-4 years. After completing a bachelor’s degree, students are

eligible to enroll in master’s programs that usually run for 2 years.

Applications for higher education are submitted to the Coordinated Enrollment

System where applicants are allocated to programs on the basis of two quotas. Via

Quota 1, applicants are assessed only on the GPA they obtained from high school,

and slots are allocated using a deferred acceptance mechanism. The number of ap-

plicants, program capacity, and applicants’ GPA determine admission. Via Quota

2, education institutions admit applicants based on other qualifications. Each edu-

cational institution sets the criteria for admission and the number of study places

allocated through quota 2 separately for each program. While the number of students

admitted via quota 2 varies across years and educational institutions, the majority

of students are admitted via quota 1. In contrast to a high school degree, vocational

education degrees provide limited opportunities for enrollment in higher education.

However, vocationally trained students can apply for admission to higher education

via quota 2. Figure A.1 provides a graphical summary of the structure of the Danish

education system.

1.2.1 The Introduction of HTX in 1982

The idea of a technical high school was developed in an attempt to motivate more stu-

dents with interest in technology and natural science to complete higher education.

The prevalent rapid technological development had created a political pressure to

combine vocational educations with general theoretical knowledge, and to widen the

access to technical higher education programs. The new high school program, short-

ened to HTX, was introduced in 1982 as a pilot project, and permanently adopted in

1988. The expeditious political decision to introduce the HTX program characterized

the first years after the initial introduction. As an example of the rapid development

of the program curriculum, teaching plans with statements of aims were announced

four months after the initial cohort of students had enrolled. Even though a national

standard of the program content was issued, the development of HTX was largely

based on learning-by-doing (Nielsen, 2007).

HTX is an entirely school-based program, and compared to vocational education

places greater emphasis on academic courses such as Math, Danish, and English.

Meanwhile, HTX differs from the traditional high school degree (STX) because it has

a focus on practical skills and requires more courses in technology and science. Table

A.1 lists the compulsory courses of HTX, HHX and STX.

At its inception, HTX was designed as a 2-year program that required students

to pass the first year of vocational basic education before admission. This 1-year

vocational basis education was mandatory for all students enrolled in vocational
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education as well, and was offered by vocational schools. In the beginning, the higher

education choices for HTX graduates remained limited. Before 1989, completion of a

HTX degree granted access to studies in engineering, and after one year of relevant

labor market experience graduates could apply to other higher education programs

with a technical focus. Enrollment in other higher education programs was possible

with a dispensation. From 1989 onwards, HTX degrees were recognized as a general

higher education entrance qualification, which allowed HTX graduates to enroll in

any higher education program. In 1995, the HTX program was aligned more closely

to the traditional high school degree in terms of length and access requirements.

From this point onwards, HTX programs take three years and students can apply

immediately after graduating from grade 9.

Initially, only vocational schools were permitted to offer the HTX program (upon

approval from the Ministry of Education and Science) which also implies that HTX

was introduced as an additional education program at preexisting vocational schools.

Following 1992, schools other than vocational schools (e.g. academic high schools)

were allowed to apply for permission to offer the HTX program under certain con-

ditions. Still, vocational schools remained the main provider of the HTX program.

Vocational schools are self-governing institutions receiving grants from the Danish

government by the so called taximeter system.2 Activity-level determined grants are

the primary source of the total funding received by the vocational schools where the

taximeter rates are politically determined in the annual Appropriation Act.

During the years 1982-2005, HTX programs were introduced to schools in 47

postcode areas. As new schools adopted the program, the distance to the nearest

school declined for the average student. Appendix A.3 gives a description of how an

opening of an HTX school in a postcode is defined and lists postcode areas which

had a school offering a HTX program by year. Four cities (Copenhagen, Ballerup,

Aalborg, and Sønderborg) were the first to introduce the new HTX program. Over the

observation period, regional differences in the timing of the introduction create large

variation in the distance to an HTX school for students from different postcode areas.

Figure 1.1 visualizes the spatial and temporal variation of the roll-out of the

HTX program. Darker colours indicate shorter distance between the postcode area

of residence and the closest school offering an HTX degree. In 1988, large parts of

Denmark (especially Jutland) had more than 40 kilometers to the nearest HTX school,

whereas 10 years later the majority of postcode areas had an HTX school located less

than 30 kilometers away. Figure 1.1 also show that the HTX schools are spread across

all of the country, and do not cluster only in large cities.

2The taximeter system was introduced in 1991. In the period leading up, the vocational schools
received state grants based on budget proposals that were assessed within the state’s total financial
framework for educational purposes.
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Figure 1.1 Roll-out of HTX Schools - Distance to Nearest HTX School by Postcode Areas

Notes: These maps plots the distance to the nearest HTX at postcode level in year 1988 and 1998,
respectively. Distance is measured as the fastest route by car from the geographic centroid of a
postcode to the geographic centroid of the nearest postcode with an HTX school.
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1.3 Data

Our empirical analysis is based on Danish register data for the years 1980-2016. Reg-

ister data provides detailed background information, and records of full education

histories of each individual. This allows us to analyze when and where individu-

als pursue their education, and whether individuals successfully complete a given

program.

The data records the population of Danes completing compulsory schooling

(grade 9) for the years 1982-2005. We restrict the sample to individuals between

14-17 years of age in the year of graduation. Information on gender, age, address at

graduation3, and an indicator of non-Western descent are added to the data set. The

structure of the final data set is a repeated cross-section of individuals. 1,516,934 in-

dividuals complete grade 9 during the period 1982-2005, 11,987 of these are excluded

due to the age restriction, and an additional 526 observations do not have valid in-

formation on the postcode. For the majority of the population we can identify at

least one of the parents (99%), and hence observe characteristics of the parent(s). We

include controls for the highest completed education of the parents, family income,

and an indicator of whether parents are of non-Western descent. A missing-indicator

is included for individuals whose parents are not observed.

For each individual we trace the education choices (enrollment, completion and

dropout) after graduating grade 9. We define various measures of education outcomes

in terms of further education enrollment and completion. To measure enrollment

in upper secondary education, i.e. high school and vocational education, we use

an indicator of whether a student enrolls within 3 years of grade 9 graduation. For

completion, we measure if students that enroll within 3 years successfully complete

the degree. For later education outcomes, we define analogous measures, except that

we record enrollment up to 10 years after grade 9 to account for diverse education

biographies.4

The year of grade 9 graduation and the postcode of residence at that time jointly

determine the intensity of exposure to treatment. The intensity of exposure is mea-

sured as the distance to the closest postcode with a school that offers an HTX program.

The distance is measured as the shortest travel distance by car between postcode

areas, meaning all individuals living in the same postcode area in a given year are

assumed to have the same level of exposure to HTX schools.5

Table 1.1 presents descriptive statistics of the full sample. Additionally, it shows

the sociodemographic characteristics of students that attend each of the four types

3Statistics Denmark does not have records of postcode of residence in 1991. For the 1991 cohort
graduating from grade 9, we impute postcode area with the most recent postcode entry.

4For the more recent cohorts, some students are still in education in 2016. For this group, the ongoing
education is treated as completed. We have also tried to record these as uncompleted. Results are invariant
to the specification.

5The distance is measured from the geographic centroid of postcode area A to the geographic centroid
of postcode area B.
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of upper secondary education. For example, while about half of the sample consists

of females, these are heavily underrepresented in HTX programs and vocational

education. Students that attend HTX are also more likely to still live with their parents

and to come from families with some degree of academic training and above aver-

age family income than vocational education students. In general, the descriptive

statistics indicate that HTX students are similar to other types of high school students

in terms of most socioeconomic background characteristics. The main difference

between HTX students and other high school students is that those attending an

HTX program are more likely to have families with vocationally educated parents,

and less likely to have university-educated parents. Table 1.2 shows the choices of

the highest education completed by students in the sample. Again, we see that HTX

graduates are similar to graduates of other high school programs in terms of their

later education choices, with 71% completing a university, professional bachelor or

AP program. However, they are much more likely to specialize in a STEM, with 59%

completing an education degree in this area compared to 16% of other high school

graduates.

Figure 1.2 plots enrollment in each of the four types of upper secondary education

for the period 1982-2005. In general, the figure reveals a period from the mid-1980’s

to mid-1990’s that was characterized by a substantial shift away from vocational

education and increasing enrollments in high school programs.6 During a period in

the early 1990’s, youth unemployment rates were high and apprenticeship positions

were relatively few, which can in part explain the reduction in vocational education

enrollments. Also across this period, the share of youth without enrollment in upper

secondary education decreases – as can be seen by the variable “No/other” – pointing

to a general trend of increases in the education level over time. The HTX program is

small measured by the share of students relative to other upper secondary education

programs. However, enrollment in HTX has steadily increased since the introduction

of the program in 1982 and approaches 5% of a grade 9 cohort in 2000. The trend

stagnates during 2000-2005, which could be due to the closure of several vocational

education schools around the millennium.

1.4 Empirical Strategy

Our empirical strategy exploits the staggered roll-out of HTX programs to vocational

education schools across postcode areas. We employ a generalized difference-in-

difference framework with multiple treated and untreated groups. The staggered

roll-out causes some postcode areas to act as both treated and untreated during the

observation period. Equation (1) states the estimation equation.

yi mt =αm +δt +γDmt +βXi mt +εi mt (1.1)

6Throughout, this category includes STX, HHX, HF, Studenterkursus and iB.
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Table 1.1 Descriptive Statistics

All
HTX

Students

Other
High

School
Students

Vocational
Education
Students

No/Other

Personal and Family Characteristics:

Female 0.49 0.16 0.60 0.39 0.50

Age (years) 16.02 16.04 15.96 16.05 16.06

Non-Western Descenta 0.03 0.03 0.02 0.02 0.06

Living with Parents 0.68 0.78 0.76 0.68 0.52

No. Siblings 1.52 1.40 1.40 1.57 1.70

Parents’ Highest Education:

- High School or Lower 0.23 0.11 0.13 0.29 0.34

- AP or Professional Bachelor 0.24 0.36 0.33 0.16 0.19

- University 0.08 0.08 0.15 0.02 0.05

Family Incomeb 4.97 5.83 5.91 4.37 4.03

Parents non-Western Descenta 0.04 0.03 0.03 0.03 0.07

Parents Unemployed 0.06 0.04 0.04 0.06 0.09

Distance to Upper Secondary Education:

Distance to HTX Schools:

- Less than 20 km 0.57 0.68 0.60 0.52 0.60

- More than 20 km 0.43 0.32 0.40 0.48 0.40

Km to Other High School 6.64 7.28 6.22 7.30 6.15

Km to Vocational School 8.08 8.22 7.76 8.65 7.62

No. observations 1,504,421 28,719 622,602 572,566 280,534

Notes: Sample characteristics measured in the year of grade 9 completion are shown for the full sample (column 1)
and separately for subgroups based on completed upper secondary education. The column “No/Other” constitutes
the group of individuals without a high school degree or vocational education. The sample characteristics are reported
as mean values.
a Countries outside of Europe, USA, Canada, Australia, and New Zealand.
b 100,000 2015-DKK.

where y is the education outcome of individual i graduating grade 9 in year t with

residence in postcode area m, D is an indicator of an HTX school within 20 kilometers,

and X is a vector of personal, family, and postcode specific covariates, including

geographical and demographic controls. α and δ are postcode and year fixed effects,

respectively.

The necessary identifying assumption to allow meaningful interpretation of the

estimated coefficients is that the distance to the nearest HTX program does not

correlate with other trends in a postcode area that might influence our education out-

comes of interest. This would hold, for example, if new HTX programs were opened

conditionally random, and without view to local education trends. The inclusion of

postcode fixed effects remove any time invariant postcode specific characteristics

confounding the enrollment choices, and year fixed effects capture cohort-specific
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Table 1.2 Summary Statistics of Education Choices (Post Upper Secondary)

All
HTX

Students

Other
High

School
Students

Vocational
Education
Students

No/Other

Completion of:

Academy Profession 0.05 0.14 0.06 0.04 0.02

Professional Bachelor 0.14 0.29 0.25 0.06 0.08

University 0.16 0.28 0.35 0.01 0.04

Vocational Education 0.38 0.15 0.18 0.71 0.17

No completion of further educ. 0.27 0.14 0.17 0.17 0.68

STEM 0.27 0.59 0.16 0.46 0.11

Social Science 0.26 0.13 0.34 0.26 0.07

Arts 0.08 0.06 0.15 0.02 0.04

Health 0.13 0.08 0.18 0.09 0.10

No. observations 1,504,421 28,719 622,602 572,566 280,534

Notes: The summary shares are based on the highest education completed with enrollment within 10 years of
graduating grade 9. First column reports the share of the individuals with each education choice for the full sample.
Columns 2-5 report the corresponding values for subsamples grouped by the choice of upper secondary education
(first completed with enrollment within 3 years of grade 9 graduation).

Figure 1.2 Upper Secondary Education Trends

Notes: The figure plots the the share of a grade 9 cohort in each choice of upper secondary
education across years. The graph “No/Other” denotes the share of a grade 9 cohorts without a
high school degree or vocational education.
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general education trends. Thus, the common trends assumption in this case is that

the change in the outcome of interest would have been the same in areas within

20 km of an HTX program as in the other areas in the absence of HTX introduction.

Our preferred specification also includes a variety of controls to account for possible

changes in the composition of postcode areas over time. For example, there is a

large literature showing strong correlations between education choices and parents’

attained education level (Björklund and Salvanes, 2011; Corak, 2013). Therefore, if

different areas saw differential mobility of educated families, this could lead to trends

in education choices of the student generation that could differ systematically on

the postcode area level. To account for concerns of this kind, we include personal

and family controls in our preferred specification.7 Another possible concern is that

the introduction of HTX could take place in areas that generally increase their invest-

ment in upper secondary education institutions. To make sure our findings are not

confounded by such trends, we include geographic controls that include the distance

to the nearest STX high school and vocational school.

Vocational schools are autonomous institutions that can decide to introduce HTX

programs individually, conditional on approval by the Ministry of Education and

Science. A potential concern is that HTX roll-out is determined by time-varying local

trends that also influence education choices as well, which would violate the common

trend assumption. For example, if vocational schools use the introduction of HTX as

a strategic measure to attract more students in areas with decreasing enrollments of

vocational education, the introduction of HTX would be endogenous to education

trends at a local level. In order to cleanly identify the effects of HTX introduction,

we control for factors that might influence the rationale for HTX introduction by

vocational education schools by adding lagged values of postcode characteristics.

These characteristics include the share of 17-25 year olds in vocational education

(high school) to capture differential enrollment trends, the share of the workforce with

a vocational (STEM) degree to capture changing demand for vocational (STEM) skills,

and the average wage of STEM educated workers to capture variations in returns to

STEM education.

In additional robustness checks, we include postcode specific linear time trends

to assess the importance of unobserved trends confounding our results. Our inter-

pretation of the results does not change in this conservative specification. However,

including linear time trends removes much of the variation and is hence not our main

specification.

The parameter of interest, γ, captures the average effect on education outcomes

from changes in the distance to the closest school with an HTX program. In general,

we are not only interested in the enrollment and completion of HTX, but also on

substitution effects for other school types in upper secondary education and further

education choices. We interpret γ as an intention-to-treat effect (ITT) since our

7See table notes for details.
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regressions measure the reduced form impacts of changes in the distance to the

nearest HTX program on the full cohort of students residing in a postcode area.

Distance to the nearest school with an HTX program is measured as the distance

from the geographic centroid of the postcode area of the school with the HTX program

to the geographic centroid of the postcode area of residence. This imprecise measure

will introduce measurement error and could lead to attenuation bias of the estimated

coefficients. We report standard errors clustered at postcode level to account for

correlation between individuals living in the same postcode area throughout.

1.4.1 Evaluating the Identifying Assumptions

As discussed earlier, we can interpret our estimated coefficients as valid measures of

the effect of HTX introduction on education choices if the timing of HTX introduc-

tion in a postcode area is conditionally random. Our preferred specification controls

for postcode characteristics by including fixed effects, and takes into account ad-

ditional time-varying factors that could cause spurious relations with education

outcomes. To provide suggestive evidence of whether the timing of HTX introduction

is conditionally random, we regress the indicator of treatment in year t on individual

and postcode-level sociodemographic covariates measured in year t-1. The results

presented in Table 1.3 show that while there is no correlation between lagged demo-

graphic and labor market characteristics in most cases, HTX introduction is correlated

with the share of the workforce with vocational education, and the average wage of

those with a STEM degree in the postcode area, the shares of young adults enrolled

in different school tracks and the share of the workforce with a STEM degree. We add

these variables as controls in our empirical specification. While unobserved trends

that systematically correlate with HTX introduction remain a threat to identification,

the large number of observed characteristics increases our confidence in the validity

of the conditional randomness assumption.

1.5 Results

We present results in three steps: First, we estimate and discuss the effects of HTX

introduction on upper secondary education outcomes. Second, we investigate how

these effects translate into higher education outcomes later on. Third, we examine

the resulting adjustments in the share of students specializing in STEM.

1.5.1 Upper Secondary Education

1.5.1.1 Main Specification

Table 1.4 shows how the introduction of an HTX school within 20 km impacted upper

secondary education choices. The upper panel presents the effect on the probability

of enrollment in HTX (column 1), other high school programs (column 2), vocational
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Table 1.3 Determinants of HTX Introduction

Outcome:

HTX < 20 KM

Share of women in workforce -0.180

(1.082)

Unemployment rate 0.750

(0.702)

Log median wage level 0.011

(0.199)

Share of workforce with higher education -1.918∗∗
(0.814)

Share of 14-17 year olds -0.640

(1.640)

Number of inhabitants (in thousands) 0.006

(0.011)

Average of GPA of HS graduates -0.001

(0.005)

Share of STEM graduates in unemployment 0.146

(0.573)

Share of 18-20 year olds enrolled in vocational education -0.700∗∗∗
(0.164)

Share of workforce with vocational education 1.771∗∗
(0.780)

Share of 18-20 year olds enrolled in high school -0.307∗
(0.168)

Average wage of STEM graduates 0.642∗∗∗
(0.193)

Share of workforce with STEM degree -4.368∗∗∗
(1.437)

No. observations 1,504,421

Notes: The table reports the results from a regression of the indicator of HTX school within 20 km on
lagged postcode covariates. The regression includes postcode and year fixed effects, and distance to
nearest high school and vocational school. Standard errors clustered at postcode level shown in paren-
theses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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education (column 3), and other programs or no upper secondary education (column

4) within three years of grade 9 completion. Column (5) shows the total impact on

the number of students pursuing a high school diploma by combining enrollment

in HTX and other high school programs. The results in column (1) shows that the

introduction of HTX at a school in the area significantly increases the likelihood

of enrollment in HTX by 0.4 percentage points (p = 0.000). While this is a small ef-

fect overall, the magnitude of the effect is large relative to the baseline share of 1.81

percent of students in the sample who enroll in HTX. Columns (2) and (3) suggest

that increased enrollment in HTX is driven by students who would otherwise have

enrolled in high school or vocational education. Students in areas where HTX was

introduced are 0.1 percentage points (p = 0.791) less likely to enroll in other high

schools and 0.6 percentage points (p = 0.017) less likely to enroll in vocational educa-

tion. Interestingly, the number of students that enroll in other education programs or

no upper secondary education also increases in areas that introduced HTX. Overall,

as column (5) shows, the introduction of HTX is followed by a small, positive increase

(p = 0.165) in the probability of enrollment in any high school program.

The lower panel repeats the analysis for completion of upper secondary education

programs. The differences between enrollment and completion allow us to ascertain

whether the introduction of HTX changed the completion rates of different education

programs. In the lower panel of Table 1.4, we see that the effects on completion mirror

the effects on enrollment closely. The share of a cohort that completes a HTX degree

increases by 0.4 percentage points (p = 0.000) when schools offering HTX are intro-

duced in the vicinity. Overall, this translates into an increase of 0.5 percentage points

(p = 0.021) in the share of a cohort that obtains a high school degree, and hence qual-

ify for higher education. Meanwhile, the number of students that complete vocational

education decreases by 0.8 percentage points (p = 0.001). Hence, it appears that HTX

introduction attracted potential vocational education students into a more academic

track. Column (4) shows that similarly to the findings for enrollment, the share of

students that do not complete upper secondary education also increases (p = 0.059).8

A possible explanation of this observation is that lower-ability students are struggling

with the teaching environment at vocational schools that are increasingly catering to

a student body pursuing high school degrees. This would occur if students striving

for a high school diploma have negative effects on vocational track peers, or if the

introduction of HTX enabled the rise of competitive admission procedures that make

it harder for vocational students to find apprenticeships. The competition effect

arises if an increasing number of high school graduates pursue vocational education

8We conduct further analysis of the education choices summarized in this category in order to
understand the drivers of the significant increase of students not completing an upper secondary education.
Table A.6 presents regressions on subcategories of "No/Other education". It appears that the significant
increase in no completion of upper secondary education stems from more students enrolling in grade 10
(offered by many lower secondary schools and boarding schools) without continuing in upper secondary
education afterwards.
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afterwards.

Table 1.4 The Impact from HTX Introduction on Upper Secondary Education Choice

Outcome Variable:

HTX
Other High

School
Vocational
Education

No Upper
Secondary

Total High
School

(1) (2) (3) (4) (5)

Enrollment:

HTX < 20 km 0.0041∗∗∗ -0.0006 -0.0058∗∗ 0.0023 0.0032

(0.0009) (0.0023) (0.0024) (0.0014) (0.0023)

[0.0000] [0.7906] [0.0168] [0.1041] [0.1645]

Completion:

HTX < 20 km 0.0038∗∗∗ 0.0009 -0.0082∗∗∗ 0.0034∗ 0.0048∗∗

(0.0007) (0.0020) (0.0024) (0.0018) (0.0021)

[0.0000] [0.6412] [0.0008] [0.0593] [0.0209]

Postcode FE X X X X X

Year FE X X X X X

Postcode Controls X X X X X

Individual Controls X X X X X

No. Observations 1,504,421 1,504,421 1,504,421 1,504,421 1,504,421

Notes: This table shows the estimated effect from introduction of an HTX school within 20 km on upper secondary edu-
cation enrollment/completion choices. Each estimate is from a separate regression. Standard errors clustered at postcode
level are shown in parentheses. P-values are reported in the square brackets. Enrollment choices are measured as the first
enrollment in upper secondary education made within three years of grade 9 completion. Completion choices are measured
as the first completion of upper secondary education with enrollment within three years of grade 9 completion. Individual
controls include gender, age, age squared, indicator of non-Western descent, indicator of living with parents, highest edu-
cation of parents, family income, indicator of non-Western descent of parents, and parents’ unemployment rate. Postcode
controls include distance to nearest STX high school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01

Overall, we can conclude from Table 1.4 that the introduction of HTX schools

significantly changed the distributions of students across upper secondary education

choices. The increase in the number of students completing HTX seems to be driven

by students who otherwise would have enrolled in vocational education. This is

also highlighted by the significant increase of students who complete a high school

degree. As a result, a larger share of students in areas with an HTX school obtains a

qualifying exam for higher education. While the effect on enrolling in HTX is large

in comparison to the baseline, the effect on total high school graduation rates is a

smaller relative increase of 1.1% from a baseline of 43 percent.

1.5.1.2 Robustness of Effects on Upper Secondary Education Choice

Next, before investigating how the introduction of HTX impacted higher education

choices, we will test the robustness of the results shown in Table 1.4 to the inclusion of
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linear time trends, other alternative specifications, and semi-parametric estimation.

First, to check whether other unobserved trends drive the differences in education

choices between postcode areas that offer an HTX program, we re-estimate regres-

sions in Table 1.4 including postcode linear time trends. Table A.3 shows that this

alternative specification does not change the interpretation of our results. Second,

we replicate our analysis for a sample of siblings that were differentially exposed to

the HTX program. While we need to assume that families endogenously select into

having more than one child, arguably the reduction to this sample strengthens the

plausibility of comparison between treatment and control groups. Column 1 of Table

A.7 replicates our main results for the reduced sample, while column 2 shows results

with the inclusion of sibling fixed effects. As it turns out, the estimated coefficient

for the reduction in vocational education loses significance in this specification;

although the general conclusion remains unchanged. However, as shown in Table

A.7, the effect on not obtaining any upper secondary education is close to zero once

we control for sibling fixed effects, which suggest we should be careful to interpret

this finding. Third, we confirm that our results hold equally in a sample that excludes

all individuals that move during the year of grade 9 graduation. This suggests that our

results are not driven by selection of individuals to areas that offer a HTX program

and increases our confidence in the necessary common trend assumption. Lastly,

we confirm that alternative specifications of the treatment variable, namely distance

indicators of whether there is an HTX program within 30 km (column 4), as well

as log-distance to nearest school offering a HTX program (column 5). The overall

pattern of results are unaffected by the choice of treatment specification.

Furthermore, we perform a reverse causality check following Autor (2003). We

include lags and leads of the HTX indicator to check whether there is any evidence of

anticipatory effects that might call in question the exogeneity of HTX introduction to

local trends. Positive estimates of lagged values would suggest a growing treatment

effect as time passes, whereas significant leads could be indicative of problems with

reverse causality. This would occur if HTX schools were introduced as a response

to time-varying unobserved preferences of the grade 9 cohorts or regional develop-

ments, which might be related with our outcomes of interest leading to spurious

correlation. Figure 1.3 plots the results of a regression of the indicator for HTX comple-

tion on the lags and leads of the HTX school indicator. The graph shows a significant

positive effect for cohorts where an HTX program was introduced one or two years

after completion of the grade 9. This corroborates the plausibility of our definition of

our outcome variable as the education choice made within 3 years of grade 9 comple-

tion, allowing for students to take a period off or completing grade 10 before making

a final decision on their future education path (indicated by the orange dotted lines).

The fourth and fifth lead are close to zero and insignificant. Hence, this test does not

reveal any problems with reverse causality.
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Figure 1.3 Reverse Causality Check

Notes: This figure plots the estimated coefficients from a regression of HTX completion on lagged and lead
indicators of an HTX school within 20 km. The regression includes postcode fixed effects, year fixed effects,
individual controls, and postcode controls. The outcome variable variable is defined as completion of HTX
with enrollment within 3 years of grade 9 completion. The vertical orange lines indicate the three year deci-
sion period.

1.5.2 Higher Education

In this section, we explore to what extent the effects of HTX introduction documented

in the previous section translate into higher education choices. In particular, we are

interested in establishing whether increased enrollment and completion of HTX

programs increases the share of a cohort that pursues academic higher education.

In Table 1.5, we show the effect of HTX introduction on enrollment in higher

education, vocational education, and no further education. We further report effects

for subcategories of higher education, namely enrollment and completion of AP, pro-

fessional bachelor, and university programs. We define enrollments and completions

as the highest education pursued within 10 years of grade 9 completion to avoid

double counting of individuals. Column (1) shows a positive effect (p = 0.082) of HTX

introduction on higher education enrollment and completion. Results in columns

(2)-(4) confirm that while effects are positive in all subcategories, none of them are

large.

In column (5), we test whether the reduction in the probability of pursuing voca-

tional education shown in Table 1.4 persists 10 years past graduation. The outcome

measures if vocational education is the highest enrollment/completion within 10

years of grade 9 completion. Results show that while the effect on vocational edu-

cation participation remains negative, the magnitude of the effect is smaller. This
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would be consistent with the hypothesis that some students chose to continue in

vocational training after completing an HTX degree. HTX schools were introduced

with the intention of motivating more students with interest in STEM subjects to

continue in higher education. The results in columns (1) and (5) suggest that the

introduction of HTX programs seems to have been partially successful in achieving

this goal, but also that in the longer term, the negative substitution effects away from

vocational education are less pronounced. This latter findings has possible long-run

implications for the composition of students in vocational education. If an increasing

number of high school graduates pursues a vocational education, this might shift

the ability distribution of vocational students. While this might increase the average

human capital in vocational occupations, it might also have detrimental impact on

low-ability students who do not obtain a high school degree that would increasingly

have to compete over apprenticeship opportunities with high school graduates. Un-

fortunately, grades obtained in grade 9 are not collected in the education registers

until 2002, which means that for the period of HTX introduction, we cannot observe

changes in the ability distribution of different student bodies in the data.

Finally, column (6) shows a close to zero impact of HTX introduction on the share

of a cohort that does not continue any education above high school level within

10 years of grade 9 completion. Even though Table 1.4 suggested small increases in

number of individuals with no/other education in the short run, this effect is not

transmitted to increasing rates of unskilled youth in the longer run.9

In general, we find positive effects of HTX programs on completing higher ed-

ucation, while the likelihood of acquiring a vocational education degree remains

negatively affected 10 years later. Hence, it would appear that the introduction of

HTX has induced more students to pursue higher education while reducing the share

of students that choose to obtain vocational education. Table A.4 confirms the ro-

bustness of these patterns to the inclusion of postcode linear time trends. The fact

that the effect shrinks over time could indicate that students who enroll in HTX pro-

grams were always likely to continue to higher education in the long run. Additional

robustness checks are provided in Table A.8.

1.5.3 Choice of Specialization

In addition to potential increases in the average education attainment of students,

the strong technical focus of HTX programs might have had a substantial impact

on the specialization of students even within education level. The introduction of

HTX offered students the option to obtain a high school degree with intensive focus

on STEM subjects, which is likely to increase the pool of high school graduates

possessing the required skills to successfully complete a STEM degree at university

9The short-term effect of HTX on no further education attainment also is not robust to changes in
specification (see Section 1.5.1.2).
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level. Therefore, in this section we explore how specialization choices evolved with

the introduction of HTX.

For the purpose of this analysis, we classify students’ choice of subject when

they leave general education as one of four main categories, which are STEM, Social

Science, Arts, or Health. Vocational education students choose an occupation-specific

specialization, whereas high school graduates (including those enrolled in HTX) are

considered unspecialized. High school graduates acquire a specialization when they

choose their major in higher education or when they enter vocational education.10

This allows us to estimate the impact of HTX introduction on the share of students

with STEM specialization both within and across education levels. Table 1.6 shows

the reduced form effects of the HTX introduction on the specialization of the highest

education choice made within 10 years after grade 9 completion. In the first row of

Table 1.6, we report the effect of living within 20 km of a school that offers a HTX

program at the end of grade 9 on choosing each of the four specialization types.

Contrary to our hypothesis, results show a significant reduction in the number of

students enrolling in education programs with a STEM specialization.11

In the second row, we report the effects only for choices of higher education. It

is interesting to see that the magnitude of the estimated negative effects are much

smaller. We run an additional analysis, reported in appendix Table A.10, that shows

the effects of HTX introduction on subcategories of vocational education. These

results confirm that after the introduction of HTX there was a significant decline

in the share of students that chose to pursue a vocational education in the STEM

field. The findings from Table 1.6 illustrate that this is not reversed in the longer

term as students who completed HTX make their further education choices. Rather,

the introduction of HTX led to a persistent decline in the share of STEM-educated

students, in particular for vocational graduates.12

While our results suggest that the introduction of HTX programs attracted a

significant number of students who in control areas would have pursued a STEM

vocational degree, we fail to see that HTX encouraged these students to pursue STEM

subjects differentially at later education stages. Importantly, graduating from a HTX

program grants students full access to higher education programs. Hence, upon

graduation from a HTX program this group of students can update their beliefs and

preferences for higher education, resulting in a specialization choice not necessarily

within STEM. Our findings are consistent with a setting where a substantial fraction

of students with an interest in STEM might choose to attend an HTX program if

offered, but subsequently is more likely to switch to a different specialization than

10Students that enter the labor market directly after grades 9 or 10 and high school graduates that do
not continue in any further education are considered unspecialized.

11It is worth noting that these effects – while still negative - lose significance if we include postcode
linear time trend (shown in Table A.5). This could be an indication of a threat to our identifying common
trend assumption or a result of the loss in variation in this specification.

12Additional robustness checks are presented in Table A.9. These reveal a consistently positive impact
on attainment of Arts programs from an HTX school being introduced in the proximity of residence.
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students who – without the option of attending an HTX program – pursued a less

general STEM-focused vocational education. Thus, while counterintuitive at first

glace, our results are consistent with models of lock-in in a setting where the cost

of switching specialization are lower for high school graduates than for vocational

education students Hanushek et al. (2017).

Importantly, we find negative effects on the overall share of a cohort with STEM

specialization for both enrollment and completion. This implies that the effects are

not driven by, for example, high drop-out rates of HTX graduates at university-level

STEM majors. Instead, students seem to select out of STEM-focused subjects in their

initial education choice. In order to understand this better, we conduct additional

tentative analyses to shed some light on the complier groups that drive this trend. As

mentioned above, one potential channel that leads to a reduction in STEM graduation

is that students are less likely to remain in STEM after HTX introduction than in the

counterfactual scenario. A second potential channel could be that the increasing

share of HTX graduates affects specialization choices made by other high school

students. First, HTX graduates could pose a competitive threat to other students

considering a STEM major in higher education. In this case, non-HTX students would

shy away from enrolling in STEM programs in fear of performing relatively worse than

HTX graduates. Second, the selection of students with a strong interest in STEM into

HTX programs could change the peer composition both for these students and other

high school students. Recent evidence shows that the composition of classrooms can

have effects on children’s later education and labor market outcomes (e.g. Black et al.,

2013; Bifulco et al., 2011; Brenøe and Zölitz, 2018). To provide a tentative analysis of

this potential mechanism, we estimate the effect of HTX introduction on subsamples

of other high school graduates. Descriptive results show that students attending HTX

programs are 84% male, which could affect the gender composition of remaining

high school students. Out of all HTX graduates, 59% choose to specialize in STEM

at later education stages, a number well above the equivalent share among other

high school graduates (16%) and vocational education students (46%). As illustrated

by appendix Table A.11, math track students from other high school programs are

particularly less likely to enroll in a STEM major later, with a larger effect for male

students. The fact that students interested in a STEM degree at a later education

choice might select into HTX programs rather than math tracks at general education

high schools could partly explain these effects. While not in itself conclusive evidence,

these additional analyses suggest that both higher rates of non-STEM major choice

by HTX graduates and deterrence effects contribute to the overall decline in students

with a STEM specialization.

So far, we have shown that the introduction of HTX had significant effects on the

choice of upper secondary education with a significant increase in the number of

students obtaining an entrance qualifications for higher education. However, we find

only weak effects on rates of subsequent higher education completion. Instead, we
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Table 1.6 The Impact from HTX Introduction on Choice of Specialization

STEM
Social

Science
Arts Health

(1) (2) (3) (4)

Enrollment:

Any Education: -0.0077∗∗∗ 0.0031 0.0031∗∗∗ 0.0010

(0.0020) (0.0019) (0.0011) (0.0012)

[0.0001] [0.1036] [0.0066] [0.4319]

Higher Education: -0.0017 0.0019 0.0028∗∗ 0.0010

(0.0012) (0.0012) (0.0011) (0.0012)

[0.1511] [0.1058] [0.0119] [0.3945]

Completion:

Any Education: -0.0076∗∗∗ 0.0036∗ 0.0026∗∗ 0.0016

(0.0019) (0.0020) (0.0010) (0.0012)

[0.0001] [0.0681] [0.0104] [0.1931]

Higher Education: -0.0021∗ 0.0017 0.0023∗∗ 0.0016

(0.0011) (0.0011) (0.0010) (0.0012)

[0.0549] [0.1241] [0.0255] [0.1739]

Postcode FE X X X X

Year FE X X X X

Individual Controls X X X X

Postcode Controls X X X X

No. Observation 1,504,421 1,504,421 1,504,421 1,504,421

Notes: This table shows the reduced form effects from introduction of an HTX school within 20 km on
specialization choices (based on highest education enrolled in/completed with enrollment within 10 years
of grade 9 completion). Each estimate is from separate a regression. Standard errors clustered at postcode
level are shown in parentheses. P-values are reported in the square brackets. Individual controls include
gender, age, age squared, indicator of non-Western descent, indicator of living with parents, highest educa-
tion of parents, family income, indicator of non-Western descent of parents, and parents’ unemployment
rate. Postcode controls include distance to nearest STX high school and vocational school, and lagged de-
mographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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show that the share of students specializing in STEM significantly declines with the

introduction of HTX.

1.5.4 Socioeconomic Heterogeneous Effects

Even though the Danish education system is tuition free and students are eligible

for support through student grants, there is still a strong link between the education

choices made by students and their parents’ education achievement (Landersø and

Heckman, 2017). By creating an additional pathway to higher education, the introduc-

tion of HTX could potentially contribute to higher upward mobility in the education

system. Therefore, in this section, we will focus on potential heterogeneous effects

across socioeconomic background of students.

A crucial feature of the HTX introduction was that the HTX programs were mostly

offered by vocational education schools. This could have crucial implications for

social mobility for at least two reasons: 1) It could lead to a decrease in social seg-

regation, with students that have ambitions for higher education being drawn into

the student peer group at vocational education schools 2) It could increase the share

of students from less educated backgrounds, who are on average more likely to at-

tend vocational schools, that complete high school. Evidence from recent economic

literature suggests that students’ education choices can be heavily constrained by

information frictions and other non-financial barriers, especially for students from

less educated backgrounds (Hoxby and Turner, 2015; Bettinger et al., 2012). Therefore,

in addition to the novelty of their curricula, the introduction of HTX is an interesting

innovation in that they introduced the option of attaining a high school degree in

an environment that was traditionally focused on specialized, vocational education.

Arguably, the (geographical as well as social-cultural) proximity of HTX programs

should increase the palatability of the program to students that might have previ-

ously enrolled in vocational education, with important possible implications for their

future education careers. In the following, we study whether the effects of HTX intro-

duction outlined so far are heterogeneous with respect to socioeconomic background

of students, which we proxy by the highest education completed by parents.

Table 1.7 presents the heterogeneity analysis of the effect of HTX introduction

on upper secondary education choice. Column (1) contains the estimated effects

for the subsample of grade 9 graduates whose parents have a high school degree,

vocational education, or less. Column (2) shows results for those with parents holding

an AP, professional bachelor or university degree. As it turns out, living less than 20

km from a school that introduced the HTX program had a positive effect for both

students from low and high educated backgrounds. Consistently, results also confirm

a positive effect on the overall share of high school completion for students for lower

educated backgrounds, whereas findings indicate that other students substitute HTX

attendance for other high school programs. The reduction in the share that pursue

vocational education is particularly pronounced for students with less educated par-
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Table 1.7 The Impact from HTX Introduction on Upper Secondary Education Choice
by SES

Highest Education of Parents:

Low SES High SES

Completion of:
(Vocational Educ., High

School, or Lower)
(AP, Professional Bachelor,

or University)

HTX 0.0036∗∗∗ 0.0040∗∗∗

(0.0007) (0.0012)

[0.0000] [0.0010]

Other HS 0.0029 -0.0030

(0.0022) (0.0033)

[0.1920] [36.41]

Vocational Educ. -0.0089∗∗∗ -0.0063∗∗

(0.0029) (0.0028)

[0.0025] [0.0263]

No/Other Education 0.0024 0.0054∗∗

(0.0021) (0.0024)

[0.2590] [0.0280]

Total HS 0.0065∗∗∗ 0.0010

(0.0023) (0.0034)

[0.0054] [0.7774]

Postcode FE X X

Year FE X X

Postcode Controls X X

Individual Controls X X

No. Observations 1,027,360 477,057

Notes: This table shows the effect from introduction of an HTX school within 20 km on upper secondary
education completion choices separately by socioeconomic background. Completion choices are measured
as the first completed upper secondary education with enrollment within three years of grade 9 completion.
Each estimate is from a separate regression. Standard errors clustered at postcode level are shown in paren-
theses. P-values are reported in the square brackets. Individual controls include gender, age, age squared, in-
dicator of non-Western descent, indicator of living with parents, highest education of parents, family income,
indicator of non-Western descent of parents, and parents’ unemployment rate. Postcode controls include dis-
tance to nearest STX high school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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ents. While the majority of this effect, about 70%, corresponds to increases in high

school attendance, the remaining 30% seems to be driven by student without any

upper secondary education. Surprisingly, this positive effect of HTX introduction on

non-completion of upper secondary education is even more pronounced for high-

SES students. Overall, one potential explanation could be, that the introduction of

HTX lead to increases in academic standards at vocational education schools - in par-

ticular if an increasing number of high school graduates pursue vocational education

afterwards - and increased competition for apprenticeship contracts, which proved

prohibitive for a small share of the students population. Nonetheless, it seems that

HTX programs were successfully completed by the majority of students that chose to

enroll.

Table 1.8 replicates the analysis on higher education choices within 10 years of

grade 9 completion while allowing heterogeneous effects. Consistent with the hy-

pothesis that the HTX introduction might have led some students likely to limit their

education choice to a program taught at vocational school on a path to higher educa-

tion attainment, Table 1.8 shows that the positive effect of the HTX introduction on

higher education attainment was indeed driven by students from less educated fami-

lies, while we observe no effect for students with higher educated parents. However,

this seems to be largely a result of increased completion of professional bachelor

programs, rather than university degrees. We again find that the effect on vocational

education remains negative, although as previously mentioned the long-term ef-

fect is smaller than the immediate effect, suggesting that some students complete

vocational education after attaining a high school degree. The point estimate of

the likelihood that students from high educated backgrounds do not complete any

higher education is positive in this setting, which could imply that some students

– presumably those unable or unwilling to take advantage of increased education

opportunities, for example due to competition effects – are left worse off after the

introduction of HTX programs. However, these effects are small and well shy of

significance (p = 0.263).

Lastly, we extend the analysis of specialization choices by taking a closer look at

heterogeneities by parental education background. Results are presented in Table

1.9. The reduction in STEM specialization is largest for students from high educated

backgrounds, who, in return, show increases in completing education programs in

the Social Science (p = 0.337) and Arts (p = 0.192). Similar pattern emerges for stu-

dents with low-educated background. While the point estimates are about equal size

across socioeconomic background, students with low-educated parents significantly

increase completion of Arts programs.

Overall, the results presented in this section fail to identify clear distinctions

between students from different family backgrounds, mainly because the size of

the effect appears small. However, results suggest that the positive effects of HTX

introduction seem to have come through a subgroup of students from less educated
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backgrounds that increased their education attainment, while substituting STEM for

other specializations.

Table 1.8 The Impact from HTX Introduction on Higher Education Choice by SES

Highest Parental Education:

Low SES High SES

Completion of:
(Vocational Educ., High

School, or Lower)
(AP, Professional Bachelor,

or University)

Higher Educ. 0.0042∗ 0.0002

(0.0021) (0.0035)

[0.0501] [0.9653]

AP 0.0004 -0.0006

(0.0008) (0.0015)

[0.5989] [0.6665]

Professional Bachelor 0.0028∗ -0.0008

(0.0015) (0.0029)

[0.0597] [0.7772]

University 0.0009 0.0016

(0.0012) (0.0030)

[0.4335] [0.5899]

Vocational Educ. -0.0030 -0.0031

(0.0027) (0.0029)

[0.2601] [0.2811]

No Further Educ. -0.0012 0.0029

(0.0024) (0.0026)

[0.6298] [0.2628]

Postcode FE X X

Year FE X X

Postcode Controls X X

Individual Controls X X

No. Observations 1,027,360 477,057

Notes: This table shows the reduced form effects from introduction of an HTX school within 20 km on higher
education completion choices separately by socioeconomic background. Completion choices are measured
as the highest completed education with enrollment within 10 years of grade 9 completion. Each estimate
is from a separate regression. Standard errors clustered at postcode level are shown in parentheses. P-values
are reported in the square brackets. Individual controls include gender, age, age squared, indicator of non-
Western descent, indicator of living with parents, highest education of parents, family income, indicator of
non-Western descent of parents, and parents’ unemployment rate. Postcode controls include distance to near-
est STX high school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table 1.9 The Impact from HTX Introduction on Choice of Specialization by SES

Highest Parental Education:

Low SES High SES

(Vocational Educ., High
School, or Lower)

(AP, Professional Bachelor,
or University)

Completion Any Education:

STEM -0.0065∗∗∗ -0.0092∗∗

(0.0021) (0.0031)

[0.0024] [0.0028]

Social Science 0.0036 0.0026

(0.0022) (0.0027)

[0.1083] [0.3374]

Arts 0.0020∗∗ 0.0029

(0.0010) (0.0023)

[0.0399] [0.1924]

Health 0.0019 0.0005

(0.0013) (0.0023)

[0.1268] [0.8307]

Completion Higher Education:

STEM -0.0013 -0.0035

(0.0010) (0.0026)

[0.1880] [0.1851]

Social Science 0.0014 0.0013

(0.0011) (0.0021)

[0.2090] [0.5344]

Arts 0.0017∗ 0.0027

(0.0009) (0.0023)

[0.0727] [0.2413]

Health 0.0024∗ -0.0005

(0.0013) (0.0022)

[0.0639] [0.8392]

No. Observations 1,027,360 1,027,360

Notes: This table shows the reduced form effects from introduction of an HTX school within 20 km on special-
ization choices (based on highest education enrolled in/completed with enrollment within 10 years of grade
9 completion) separately by socioeconomic background. Each estimate is from separate a regression. Stan-
dard errors clustered at postcode level are shown in parentheses. P-values are reported in the square brackets.
Individual controls include gender, age, age squared, indicator of non-Western descent, indicator of living
with parents, highest education of parents, family income, indicator of non-Western descent of parents, and
parents’ unemployment rate. Postcode controls include distance to nearest STX high school and vocational
school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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1.6 Conclusion

This study assesses the effects of expanding the upper secondary education options.

The Danish education system offers two types of upper secondary education, voca-

tional education and high school programs. Vocational educations aim to prepare

the students to enter a specific profession, whereas high schools prepare students

for higher education by providing general education. Completion of a high school

degree grants access to a wide range of higher education options. Increasing the

number of students with a high school degree is therefore imperative to raise the rate

of participation in higher education.

Before 1982, the selection of high schools was made up of the traditional academic

high school, and a business-oriented high school (with similar structure to HTX in

terms of length and admission requirement). With the introduction of the technical

high school, additional types of students were targeted by high school programs. Our

study explores the impact of the technical school introduction on the choice of upper

secondary education. We find that proximity to an HTX school increases enrollment

in HTX and reduces enrollment in vocational education. This pattern suggests that

the introduction of HTX led to substitution away from vocational education and

into high school programs. Next, we examine whether the increasing rates of high

school completion has follow-on effects on higher education participation. The

reduced form estimates show a small increase among low-SES students, driven by

significant increases in completion of professional bachelor degrees. Yet, we find that

the reduced enrollment in vocational education persists 10 years after compulsory

schooling completion. This persistent reduction turns out to have additional negative

effects on the number of students completing a STEM education. We find a significant

reduction in the rate of students with a STEM education 10 years after compulsory

schooling completion. The negative effects on STEM participation even extends to

higher education.

The credibility of our findings hinges on the conditional randomness of the

introduction of HTX programs across municipalities and years. Technical schools

needed to be approved by the Ministry of Education and Science before offering

the HTX degree. For that reason, we cannot exclude the influence of unobserved

time-varying characteristics jointly affecting the demand for HTX and location of

schools. However, a number of sensitivity checks and reverse causality checks do

not suggest that the timing of HTX introduction drives our results. In addition, we

add postcode specific linear time trends to check for unobserved enrollment trends

confounding our estimates. This specification reduces the magnitudes of estimated

effects, but does not change the overall pattern of findings.

By the looks of the summary statistics, HTX is a success in itself. 71% of HTX

graduates completes a higher education which is comparable to graduates from other

high school programs. In addition, 59% of HTX graduates specializes in a STEM field,

a number well above any other type of upper secondary education. Yet, our findings
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suggest that the HTX introduction was accompanied by unintended spillover effects

on the population-wide distribution of education choices.
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Appendix

A.1 Overview of the Danish Education System

Figure A.1 Overview of the Danish Education System
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A.2 Compulsory Courses in HTX, STX and HHX

Table A.1 Compulsory Subjects and Levels in HTX, STX and HHX

The Higher General
Examination Program (STX)

The Higher Commercial
Examination Program (HHX)

The Higher Technical
Examination Program (HTX)

• Danish A

• History A

• 2nd Foreign language B (or
A if beginner)

• English B

• Mathematics C

• Classical Studies C

• Physics C

• Physical Education C

• Artistic Subject C

• Religion C

• Social Science C

• At least two of the subjects
biology, chemistry or
natural geography at
C-level

• Danish A

• English A

• 2nd foreign language B (or
A if beginner)

• Marketing B

• International Economics B

• Business Economics B

• Contemporary History B

• Mathematics C

• Commercial Law C

• Social Science C

• Danish A

• Technical Sciences A

• English B

• Physics B

• Chemistry B

• Mathematics B

• Technology B

• History of Technology C

• Biology C

• Communication/IT C

• Social Science C

A = upper level, B = medium level, C = basic level

Notes: The lists are based on compulsory course requirements set by laws of 2004.
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A.3 Determination of HTX Schools and Years of Supply

The opening of an HTX school is determined from the Student Register on enroll-

ments in the HTX program. Each enrollment is linked with an institution identifier

which is linked with the Institution Register. From the Institution Register we obtain

information on geographic placement of the school. Postcode area is the most precise

geographic information available. For each postcode area of institutions, we calculate

the number of HTX enrollments in a given year. If five or more students enroll in an

HTX program at an institution in a given year and postcode, we define this postcode

to have an HTX school. Table A.2 lists all the postcode areas with an HTX school and

the years of supply.
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A.4 Results from Models with Postcode Specific Linear Time
Trends

Table A.3 The Impact from HTX Introduction on Upper Secondary Education Choice - Including
Linear Time Trends

Outcome Variable:

HTX
Other High

School
Vocational
Education

No Upper
Secondary

Total High
School

(1) (2) (3) (4) (5)

Enrollment:

HTX < 20 km 0.0037∗∗∗ 0.0006 -0.0051∗∗ 0.0009 0.0039

(0.0009) (0.0026) (0.0026) (0.0014) (0.0026)

[0.0001] [0.8284] [0.0497] [0.5115] [0.1372]

Completion:

HTX < 20 km 0.0034∗∗∗ 0.0036 -0.0081∗∗∗ 0.0012 0.0069∗∗∗

(0.0007) (0.0024) (0.0027) (0.0019) (0.0024)

[0.0000] [0.1387] [0.0024] [0.5335] [0.0042]

Postcode FE X X X X X

Year FE X X X X X

Postcode Controls X X X X X

Individual Controls X X X X X

Postcode Time Trend X X X X X

No. Observations 1,504,421 1,504,421 1,504,421 1,504,421 1,504,421

Notes: This table shows the estimated effect from introduction of an HTX school within 20 km on upper secondary edu-
cation enrollment/completion choices. Each estimate is from a separate regression. Standard errors clustered at postcode
level are shown in parentheses. P-values are reported in the square brackets. Enrollment choices are measured as the first
enrollment in upper secondary education made within three years of grade 9 completion. Completion choices are measured
as the first completion of upper secondary education with enrollment within three years of grade 9 completion. Individual
controls include gender, age, age squared, indicator of non-Western descent, indicator of living with parents, highest edu-
cation of parents, family income, indicator of non-Western descent of parents, and parents’ unemployment rate. Postcode
controls include distance to nearest STX high school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table A.5 The Impact from HTX Introduction on Choice of Specialization - Including
Linear Time Trends

STEM
Social

Science
Arts Health

(1) (2) (3) (4)

Enrollment:

Any Education: -0.0020 -0.0018 0.0030∗∗ 0.0000

(0.0023) (0.0022) (0.0015) (0.0014)

[0.3829] [0.4164] [0.0444] [0.9760]

Higher Education: 0.0005 -0.0012 0.0025∗ 0.0013

(0.0014) (0.0016) (0.0015) (0.0013)

[0.6933] [0.4454] [0.0900] [0.3313]

Completion:

Any Education: -0.0015 -0.0009 0.0030∗∗ 0.0004

(0.0021) (0.0023) (0.0014) (0.0014)

[0.4730] [0.7078] [0.0318] [0.7710]

Higher Education: 0.0011 -0.0015 0.0023∗ 0.0015

(0.0013) (0.0014) (0.0013) (0.0014)

[0.4059] [0.3047] [0.0861] [0.2801]

Postcode FE X X X X

Year FE X X X X

Individual Controls X X X X

Postcode Controls X X X X

Postcode Time Trend X X X X

No. Observation 1,504,421 1,504,421 1,504,421 1,504,421

Notes: This table shows the reduced form effects from introduction of an HTX school within 20 km on spe-
cialization choices (based on highest education enrolled in/completed with enrollment within 10 years of
grade 9 completion). Each estimate is from separate a regression. Standard errors clustered at postcode level
are shown in parentheses. P-values are reported in the square brackets. Individual controls include gender,
age, age squared, indicator of non-Western descent, indicator of living with parents, highest education of
parents, family income, indicator of non-Western descent of parents, and parents’ unemployment rate. Post-
code controls include distance to nearest STX high school and vocational school, and lagged demographic
postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01



42 CHAPTER 1

A.5 Supporting Tables

Tab
le

A
.6

T
h

e
Im

p
actfro

m
H

T
X

In
tro

d
u

ctio
n

o
n

N
o

n
-U

p
p

er-Seco
n

d
ary

E
d

u
catio

n
C

h
o

ice

G
rad

e
10

P
rep

arato
ry

E
d

u
catio

n
T

I-C
o

u
rse

Q
u

alifyin
g

E
d

u
catio

n
H

igh
er

E
d

u
catio

n
D

ro
p

o
u

ts

(1)
(2)

(3)
(4)

(5)
(6)

H
T

X
<

20
km

0.0019 ∗
0.0003

-0.0002
0.0001

-0.0001
0.0018

(0.0009)
(0.0003)

(0.0002)
(0.0002)

(0.0001)
(0.0014)

[0.0504]
[0.2980]

[0.2157]
[0.7590]

[0.3768]
[0.2181]

Po
stco

d
e

F
E

X
X

X
X

X
X

Year
F

E
X

X
X

X
X

X

In
d

ivid
u

alC
o

n
tro

ls
X

X
X

X
X

X

Po
stco

d
e

C
o

n
tro

ls
X

X
X

X
X

X

N
o.O

b
servatio

n
s

1.504,421
1.504,421

1.504,421
1.504,421

1.504,421
1.504,421

N
o

tes:T
h

is
tab

le
sh

ow
s

th
e

estim
ated

effect
fro

m
in

tro
d

u
ctio

n
o

f
an

H
T

X
sch

o
o

lw
ith

in
20

km
o

n
n

o
n

-u
p

p
er-seco

n
d

ary
ed

u
catio

n
co

m
p

letio
n

.
C

o
lu

m
n

s
(1)-(6)are

su
b

catego
ries

o
fed

u
catio

n
ch

o
ices

m
ad

e
b

y
in

d
ivid

u
als

n
o

tin
u

p
p

erseco
n

d
ary

ed
u

catio
n

w
ith

in
3

years
o

fgrad
e

9
co

m
p

letio
n

.
E

ach
estim

ate
is

fro
m

a
sep

arate
regressio

n
.

Stan
d

ard
erro

rs
clu

stered
at

p
o

stco
d

e
level

are
sh

ow
n

in
p

aren
th

eses.
P-valu

es
are

rep
o

rted
in

th
e

sq
u

are
b

rackets.In
d

ivid
u

alco
n

tro
ls

in
clu

d
e

gen
d

er,age,age
sq

u
ared

,in
d

icato
r

o
f

n
o

n
-W

estern
d

escen
t,in

d
icato

r
o

f
livin

g
w

ith
p

aren
ts,h

igh
est

ed
u

catio
n

o
f

p
aren

ts,
fam

ily
in

co
m

e,
in

d
icato

r
o

f
n

o
n

-W
estern

d
escen

t
o

f
p

aren
ts,

an
d

p
aren

ts’
u

n
em

p
loym

en
t

rate.
Po

stco
d

e
co

n
tro

ls
in

clu
d

e
d

istan
ce

to
n

earestST
X

h
igh

sch
o

o
lan

d
vo

catio
n

alsch
o

o
l,an

d
lagged

d
em

o
grap

h
ic

p
o

stco
d

e
covariates.

∗
p<

0.1, ∗∗
p<

0.05, ∗∗∗
p<

0.01



A.5. SUPPORTING TABLES 43

Table A.7 Robustness Checks: The Impact from HTX Introduction on Upper Secondary
Education Choice

Sibling FE
Sample

Including
Sibling FE

Without
Movers

HTX within
30 km

Log-
Distance to

HTX

Outcome Variable: (1) (2) (3) (4) (5)

Completion:

HTX 0.0037∗∗∗ 0.0034∗∗∗ 0.0039∗∗∗ 0.0033∗∗∗ -0.0015∗∗∗

(0.0008) (0.0010) (0.0008) (0.0006) (0.0003)

[0.0008] [0.0004] [0.0000] [0.0000] [0.0000]

Other HS 0.0008 0.0015 0.0006 0.0021 -0.0005

(0.0022) (0.0033) (0.0020) (0.0020) (0.0006)

[0.7153] [0.6560] [0.7781] [0.3052] [0.3623]

Vocational Educ. -0.0080∗∗∗ -0.0061∗ -0.0078∗∗∗ -0.0043∗ 0.0027∗∗∗

(0.0025) (0.0036) (0.0025) (0.0025) (0.0008)

[0.0017] [0.0916] [0.0015] [0.0847] [0.0007]

No/Other Educ. 0.0035∗ 0.0012 0.0034∗ -0.0011 -0.0006

(0.0019) (0.0028) (0.0018) (0.0018) (0.2959)

[0.0647] [0.6739] [0.0678] [0.5308] [0.2959]

Postcode FE X X X X X

Year FE X X X X X

Individual Controls X X X X X

Postcode Controls X X X X X

No. Observations 1,162,495 1,162,495 1,403,090 1,504,421 1,504,421

Notes: Each entry corresponds to a separate regression. Standard errors clustered at postcode level are shown in paren-
theses. P-values are reported in the square brackets. Completion choices are measured as the first completion of upper
secondary education with enrollment within three years of grade 9 completion. Column (1) estimate the effects of intro-
ducing HTX within 20 km on upper secondary education choices using the subsample of individuals with at least one
sibling. Column (2) repeats regressions in column (1) while including sibling fixed effects. Column (3) uses the subsample
of individuals who do not change postcode area of residence in the year before graduating grade 9. Column (4) uses an
indicator of HTX within 30 km as an alternative measure of exposure to HTX. Column (5) uses log-distance to nearest
HTX school as an alternative measure of distance to HTX. Individual controls include gender, age, age squared, indicator
of non-Western descent, indicator of living with parents, highest education of parents, family income, indicator of non-
Western descent of parents, and parents’ unemployment rate. Postcode controls include distance to nearest STX high
school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table A.8 Robustness Checks: The Impact from HTX Introduction on Higher Education Choice

Sibling FE
Sample

Including
Sibling FE

Without
Movers

HTX within
30 km

Log-
Distance to

HTX

Outcome Variable: (1) (2) (3) (4) (5)

Completion:

Higher Education 0.0034 0.0033 0.0032 0.0018 -0.0013∗∗

(0.0021) (0.0032) (0.0021) (0.0020) (0.0007)

[0.1032] [0.3007] [0.1340] [0.3781] [0.0438]

AP -0.0003 -0.0002 0.0004 -0.0010 -0.0003

(0.0008) (0.0016) (0.0008) (0.0008) (0.0003)

[0.6746] [0.8831] [0.6418] [0.1741] [0.2042]

Prof. Bachelor 0.0021 0.0032 0.0014 0.0017 -0.0009∗∗

(0.0015) (0.0028) (0.0014) (0.0013) (0.0005)

[0.1724] [0.2537] [0.3417] [0.1992] [0.0491]

University 0.0017 0.0004 0.0015 0.0011 -0.0001

(0.0015) (0.0023) (0.0015) (0.0013) (0.0005)

[0.2660] [0.8698] [0.3178] [0.4227] [0.9023]

Vocational Educ. -0.0025 -0.0038 -0.0026 0.0000 0.0013∗

(0.0024) (0.0037) (0.0024) (0.0023) (0.0007)

[0.2969] [0.3051] [0.2869] [0.9876] [0.0872]

No Further Educ. -0.0009 0.0004 -0.0007 -0.0018 0.0001

(0.0021) (0.0032) (0.0021) (0.0019) (0.0007)

[0.6672] [0.8872] [0.7465] [0.3572] [0.9117]

Postcode FE X X X X X

Year FE X X X X X

Individual Controls X X X X X

Postcode Controls X X X X X

No. Observations 1,162,495 1,162,495 1,403,090 1,504,421 1,504,421

Notes: Each entry corresponds to a separate regression. Standard errors clustered at postcode level are shown in paren-
theses. P-values are reported in the square brackets. Completion choices are measured as the highest completion of edu-
cation with enrollment within ten years of grade 9 completion. Column (1) estimate the effects of introducing HTX within
20 km on higher education choices using the subsample of individuals with at least one sibling. Column (2) repeats re-
gressions in column (1) while including sibling fixed effects. Column (3) uses the subsample of individuals who do not
change postcode area of residence in the year before graduating grade 9. Column (4) uses an indicator of HTX within 30
km as an alternative measure of exposure to HTX. Column (5) uses log-distance to nearest HTX school as an alternative
measure of distance to HTX. Individual controls include gender, age, age squared, indicator of non-Western descent, in-
dicator of living with parents, highest education of parents, family income, indicator of non-Western descent of parents,
and parents’ unemployment rate. Postcode controls include distance to nearest STX high school and vocational school,
and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table A.9 Robustness Checks: The Impact from HTX Introduction on Specialization Choice

Sibling FE
Sample

Including
Sibling FE

Without
Movers

HTX within
30 km

Log-
Distance to

HTX

Outcome Variable: (1) (2) (3) (4) (5)

Completion of Any Education:

STEM -0.0069∗∗∗ -0.0036 -0.0073∗∗∗ -0.0058∗∗∗ 0.0023∗∗∗

(0.0019) (0.0033) (0.0020) (0.0019) (0.0007)

[0.0003] [0.2766] [0.0003] [0.0028] [0.0006]

Social Science 0.0042∗ 0.0008 0.0042∗∗ 0.0040∗∗ -0.0007

(0.0022) (0.0034) (0.0021) (0.0019) (0.0006)

[0.0608] [0.8201] [0.0474] [0.0363] [0.2525]

Arts 0.0025∗∗ 0.0028 0.0024∗∗ 0.0027∗∗∗ -0.0012∗∗∗

(0.0011) (0.0022) (0.0011) (0.0010) (0.0003)

[0.0217] [0.2118] [0.0248] [0.0077] [0.0004]

Health 0.0012 -0.0007 0.0013 0.0007 -0.0004

(0.0012) (0.0022) (0.0012) (0.0012) (0.0004)

[0.3455] [0.7645] [0.3143] [0.5351] [0.3581]

Completion of Higher Education:

STEM -0.0020 -0.0012 -0.0018 -0.0012 0.0004

(0.0012) (0.0021) (0.0012) (0.0010) (0.0004)

[0.1056] [0.5817] [0.1290] [0.2381] [0.3286]

Social Science 0.0017 0.0010 0.0017 -0.0005 -0.0002

(0.0013) (0.0022) (0.0012) (0.0011) (0.0004)

[0.1988] [0.6546] [0.1436] [0.6502] [0.6081]

Arts 0.0021∗ 0.0024 0.0021∗ 0.0018∗ -0.0011∗∗∗

(0.0011) (0.0022) (0.0011) (0.0010) (0.0003)

[0.0552] [0.2908] [0.0561] [0.0673] [0.0018]

Health 0.0016 0.0011 0.0012 0.0017 -0.0005

(0.0013) (0.0021) (0.0012) (0.0012) (0.0004)

[0.2055] [0.6041] [0.3271] [0.1748] [0.2463]

Postcode FE X X X X X

Year FE X X X X X

Individual Controls X X X X X

Postcode Controls X X X X X

No. Observations 1,162,495 1,162,495 1,403,090 1,504,421 1,504,421

Notes: Each entry corresponds to a separate regression. Standard errors clustered at postcode level are shown in paren-
theses. P-values are reported in the square brackets. Specialization choices are based on the highest completed education
with enrollment within ten years of grade 9 completion. Column (1) estimate the effects of introducing HTX within 20 km
on specialization choices using the subsample of individuals with at least one sibling. Column (2) repeats regressions in
column (1) while including sibling fixed effects. Column (3) uses the subsample of individuals who do not change post-
code area of residence in the year before graduating grade 9. Column (4) uses an indicator of HTX within 30 km as an
alternative measure of exposure to HTX. Column (5) uses log-distance to nearest HTX school as an alternative measure of
distance to HTX. Individual controls include gender, age, age squared, indicator of non-Western descent, indicator of liv-
ing with parents, highest education of parents, family income, indicator of non-Western descent of parents, and parents’
unemployment rate. Postcode controls include distance to nearest STX high school and vocational school, and lagged
demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table A.10 The Impact from HTX Introduction on Subgroup Choices of Vocational
Education

Voc. STEM
Voc. Social

Science
Voc. Arts Voc. Health

(1) (2) (3) (4)

Enrollment:

HTX < 20 km -0.0079∗∗∗ 0.0013 0.0005∗ 0.0000

(0.0024) (0.0020) (0.0003) (0.0007)

[0.0009] [0.5130] [0.0926] [0.9801]

Completion:

HTX < 20 km -0.0091∗∗∗ 0.0006 -0.0001 0.0002

(0.0023) (0.0021) (0.0001) (0.0007)

[0.0001] [0.7724] [0.2327] [0.7859]

Postcode FE X X X X

Year FE X X X X

Individual Controls X X X X

Postcode Controls X X X X

No. Observations 1,504,421 1,504,421 1,504,421 1,504,421

Notes: This table shows the estimated effect from introduction of an HTX school within 20 km on enroll-
ment in (completion of) vocational education with enrollment within three years of grade 9 completion.
Vocational education is split by field. Each estimate is from a separate regression. Standard errors clustered
at postcode level are shown in parentheses. P-values are reported in the square brackets. Individual con-
trols include gender, age, age squared, indicator of non-Western descent, indicator of living with parents,
highest education of parents, family income, indicator of non-Western descent of parents, and parents’
unemployment rate. Postcode controls include distance to nearest STX high school and vocational school,
and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table A.11 The Impact from HTX Introduction on Higher Education Choices of
Math and Language Track STX Graduates

Higher Educ.
STEM

Higher Educ.
Social

Science

Higher Educ.
Arts

Higher Educ.
Health

Subsample: (1) (2) (3) (4)

Females:

- Math Track -0.0071 -0.0071 0.0040 -0.0012

(0.0055) (0.0044) (0.0043) (0.0055)

[0.2005] [0.1041] [0.3597] [0.8225]

Language Track 0.0011 0.0099∗∗ -0.0057 -0.0097∗

(0.0021) (0.0046) (0.0060) (0.0057)

[0.6077] [0.0334] [0.3423] [0.0914]

Males:

- Math Track -0.0101∗ 0.0012 0.0072∗∗ 0.0037

(0.0058) (0.0061) (0.0036) (0.0031)

[0.0.0844] [0.8400] [0.0469] [0.2360]

Language Track 0.0038 0.0021∗ -0.0170 -0.0067

(0.0049) (0.0112) (0.0110) (0.0061)

[0.4468] [0.0711] [0.1235] [0.2790]

Postcode FE X X X X

Year FE X X X X

Individual Controls X X X X

Postcode Controls X X X X

Notes: This table shows the reduced form effects from introduction of an HTX school within 20 km on
higher education specialization choices (enrollment within 10 years of grade 9 completion) based on the
subsample of graduates from math and language track STX. Each estimate is from a separate regression.
Standard errors clustered at postcode level shown in parentheses. P-values are reported in the square brack-
ets. Column (1) reports the effects on higher education STEM completion for the subsamples male/female
language and math track high school students. Columns (2)-(4) report the effects on higher education So-
cial Science, Arts and Health completion. Individual controls include gender, age, age squared, indicator
of non-Western descent, indicator of living with parents, highest education of parents, family income, in-
dicator of non-Western descent of parents, and parents unemployment rate. Postcode controls include
distance to nearest STX high school and vocational school, and lagged demographic postcode covariates.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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Abstract

Research has shown that enrollment rates fluctuate with unemployment rates. From a sample

of Danish high school graduates in the period 1983-2006, I show that cyclical enrollments are

only part of the effect that labor market conditions have on education choices. In addition

to impacts on enrollments, the local unskilled youth unemployment rate at the time of high

school graduation affects the choice of education field and level. Graduation in a period with

adverse labor market conditions precipitate enrollments in university programs, but there are

no persistent increases in completion. Also, male students substitute vocational education in

STEM and Social Science with higher levels. Female students divert from Arts programs at any

level of education and in general increase demand for education programs associated with

higher wages.
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2.1 Introduction

Graduating from college during a recession has a severe negative and persistent

impact on earnings (Altonji et al., 2016), employment prospects (Raaum and Røed,

2006), and promotion rates (Kwon et al., 2010). Skill mismatch and low quality of

the first employment spell and a prolonged period of job mobility have been shown

to explain much of the earnings loss (Oreopoulos et al., 2012). Meanwhile, Altonji

et al. (2016) find that early careers are less sensitive to labor market conditions at

graduation for students with a high-earnings major. In a similar vein, Liu et al. (2016)

show that college graduates with a major qualifying them for public sectors have

less persistent earnings losses in recessions. This suggests that further education is

not only a shelter from current labor market conditions. If high school graduates

make forward-looking education choices they can also mitigate any potential future

economic loss from graduating in a recession.

In light of the findings of Altonji et al. (2016) on college graduates, I study the

impact of labor market conditions on education choices using a sample of high

school graduates. High school graduates that enter the labor market in a recession are

penalized economically too (Hershbein, 2012; Speer, 2016). Yet, the economic losses

are less severe and less persistent. This group of students has the advantage that in

case of recessions they can continue in further education and shelter themselves

from the negative effects associated with entering the labor market. In addition, they

can adjust their choice of education in terms of length and field in order to maximize

returns when labor markets recover. I use the population of Danish high school

graduates in the period 1983-2006 to study how education choices are affected by

the prevailing local labor market conditions at the time of high school graduation. I

analyze the cyclicality of enrollment and find that enrollments in further education

increase significantly during periods with adverse labor market conditions. However,

the cyclicality of enrollment varies across education fields, and across background

characteristics of the high school graduates. I extend these results by showing that

labor market conditions have persistent effects on the level of completed education.

While cyclicality of enrollment is likely in part explained by timing effects, I show

that completion rates are significantly affected by labor market conditions too. In

particular, I show that adverse labor markets increase female students’ demand

for STEM programs and fields with higher expected wages in general. As a result,

labor market conditions significantly change subsequent education choices made

by high school graduates, and this has potential implications for future labor market

outcomes.

Economic theory suggests that the choice of education field and level is a weigh-

ing of costs and benefits. Substantial literature has shown that family characteristics

and ability are important determinants of education choices (e.g Arcidiacono, 2004;

Björklund and Salvanes, 2011). While personal traits and family background are pre-

dominantly time-invariant, other determinants such as opportunity costs, expected
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returns to education, and financial constraints vary across economic conditions.

Hence, being exposed to adverse labor market conditions can potentially change

education choices. Opportunity costs of education (e.g. foregone earnings) decrease

when labor market prospects are unfavorable. Thus, theory suggests that enrollment

rates increase during economic contractions, i.e. there is a countercyclical enrollment

trend. On the other hand, disruptions in the supply of credit to households as seen in

the Great Recession discourage enrollment due to financial constraints. Procyclical

enrollment prevails if financial concerns dominate opportunity costs. Finally, adverse

labor market conditions can change expected returns to education in either direc-

tion since further education may improve employment opportunities, but economic

contractions may also cause greater uncertainty about future earnings (Kodde, 1988).

Which of these effects dominate is an empirical question.

Economic contractions are recurrent events that are costly to individuals and

society as a whole. Unskilled youth are particularly exposed to income shocks during

recessions (Storesletten et al., 2001). Education can shelter youth from adverse labor

markets, and increase human capital accumulation at the same time. Therefore,

it is important to have a complete understanding of how education choices vary

with fluctuations of the economy. Fluctuating education choices have important

implications for the skill-composition of future labor market entrants. For instance,

cyclical variation in the number of individuals with higher education may affect the

wage structure across cohorts. In addition, it is important to understand the extent to

which youth is harmed by graduating in recessions, and even more, how education

choices can help mitigate such negative exogenous shocks to individual labor market

prospects. If adverse labor market conditions increase human capital accumulation,

both individuals and society as a whole benefit.

A growing empirical literature has shown that business cycle fluctuations have a

significant impact on enrollment rates at high schools, colleges, and graduate schools

(Clark, 2011; Dellas and Sakellaris, 2003; Sievertsen, 2016; Johnson, 2013). The results

from the recent literature are generally revealing a countercyclical enrollment. This

paper contributes to the existing literature in three ways. First, I show that the impacts

of labor market conditions have effects on several dimensions of the education choice.

Previous literature has studied either the choice of education level (e.g. Alessandrini,

2018) or the choice of college major (e.g. Goulas and Megalokonomou, 2019)). I extend

these findings by allowing substitution of educations to occur across the combined

choice of education field and level. In particular, little is known about the choices of

vocational education in response to labor market conditions. I provide evidence on

how students substitute short educations with longer educations in response to labor

market fluctuations. Second, the specific features of the Danish institutional setup

offer an interesting case to explore the cyclicality of education choices. The universal

welfare system1 reduces the importance of financial constraints to a minimum, and

1E.g. education is tuition free, enrolled students receive a student grant covering basic living cost, and
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allows an exploration of the impact from opportunity costs on education choices.

Finally, I contribute to the literature by showing that the cyclicality of education

choices are strongly related to the expected labor market outcome.

The rest of the paper is organized as follows: Section 2.2 reviews the current

literature and Section 2.3 gives a brief description of the Danish institutional set-

ting. In Section 2.4 the estimation strategy is presented along with data. Results on

enrollment, completion, and field of study choices are presented in Section 2.5. Ro-

bustness of the results is discussed in Section 2.6. Finally, Section 2.7 summarizes

and concludes.

2.2 Previous Literature

A rich literature has studied the impact from labor market conditions on school-

ing enrollment. Generally, previous literature has shown a statistically significant

countercyclical link between enrollment and economic conditions. Christian (2007)

and Johnson (2013) find a significant countercyclical college and graduate school

enrollment in the US. Similar results are found for enrollment in higher education in

Spain (Albert, 2000), Italy (Giannelli and Monfardini, 2003), Ireland (Flannery and

O’Donoghue, 2009), Sweden (Fredriksson, 1997), and Denmark (Sievertsen, 2016).

Hence, countercyclical enrollment in higher education appears to be a general result.

The impact from labor market conditions on enrollment rates has also been ex-

plored at lower levels of education. Clark (2011) and Rice (1999) assess the cyclicality

of post-compulsory schooling in the UK, where findings suggest increased enroll-

ment rates during economic contractions. In a Norwegian setting, Reiling and Strøm

(2015) only find a small and insignificant cyclicality of post-compulsory schooling.

Petrongolo and San Segundo (2002) find evidence of a positive effect from local un-

employment rates on the probability of enrolling in upper secondary education in a

Spanish sample of 16- and 17-year-olds.

The effects on completion of education from labor market fluctuations are far

less researched. In addition to enrollment, Reiling and Strøm (2015) study the impact

from economic conditions on the completion rate of upper-secondary education.

They find that students graduating from compulsory schooling in an economic con-

traction are more likely to complete upper-secondary education. Light and Strayer

(2000) study the determinants of college completion. Their empirical results show a

positive effect from unemployment rates on the probability of completing college.

Sievertsen (2016) shows that adverse labor market conditions are significantly in-

creasing the probability of completing vocational training, but he finds no effect on

college completion.

Few studies have examined how labor market conditions affect preferences for

field of studies. Blom et al. (2015) show that the distribution of US college majors

in case of unemployment, youth are entitled to social security benefits.
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changes substantially in response to labor market conditions. In recessions, prefer-

ences for majors with higher long-term earnings, higher math requirements, and

better career prospects increase. During the recent Great Recession, Greek univer-

sity students reduced the number of applications to majors associated with poor

employment prospects (Goulas and Megalokonomou, 2019).

Several papers have investigated the heterogeneity of the cyclicality of enrollment

across socioeconomic background. From a sample of foreign students attending

universities in the US, Sakellaris and Spilimbergo (2000) show that students from

OECD countries have a countercyclical enrollment pattern, whereas students from

non-OECD countries enrol procyclically. These differences may reflect a dominant

role of borrowing constraints in developing countries. Christian (2007) considers

the importance of financial constraints by estimating the heterogeneous cyclicality

of enrollment across levels of expected family income. While the youth from high-

income families are more likely to enrol during recessions, the rate of enrollment

for low-income families is acyclical. The findings by Christian (2007) and Sakellaris

and Spilimbergo (2000) suggest that socioeconomic variations in cyclicality of en-

rollment are channelled by differences in financial constraints. However, findings

by Taylor and Rampino (2014) suggest that parents’ valuation of education is linked

with cyclicality of enrollment. From a sample of 11- to 15-year-old pupils, Taylor

and Rampino (2014) find that high unemployment rates increase the aspiration for

education among children with highly educated parents. No significant link between

business cycles and education aspirations is found among children with less edu-

cated parents. Alessandrini (2018) also provides evidence that parental education

influences how students respond to labor market fluctuations. She finds that uni-

versity earnings premiums increase when labor market conditions are adverse, and

students from highly educated families, conditional on family income, are more likely

to take advantage of the change.

In sum, previous literature has found consistent evidence of countercyclical en-

rollment rates across education levels and education systems. Yet, low-income fami-

lies, with higher risk of facing liquidity constraints, display less-cyclical enrollment

trends. Conditional on family income, parental education plays an additional role in

how students respond to labor market fluctuations. Hence, the value parents put on

education or the knowledge they have on costs and benefits of education potentially

give rise to differential education responses to adverse labor market conditions.

2.3 Institutional Setting

The Danish education system consists of nine2 years of compulsory schooling, which

generally is completed between the ages 6 to 16 years. Following compulsory school-

ing, individuals can enter the labor market or they may continue their education

2Compulsory schooling was extended to ten years in 2009.
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by entering high school or vocational training programs. The Danish high schools

consist of four program types.3 Each of these program types aims at preparing stu-

dents for higher education, but offers a high school degree with a focus on either

academics (STX and HF), business and economics (HHX), or technology and science

(HTX). Depending on the program type, high schools are two to three years of length.

A range of education possibilities is open for high school graduates. Most com-

monly, high school graduates choose between vocational training programs, academy

profession (AP) programs4, professional bachelor programs5, and university bachelor

programs. Eligibility to higher education is obtained from completing either of the

high school types. The length of AP programs are usually 2 years, whereas profes-

sional bachelor degrees and academic bachelor degrees have a length of 3-4 years.

Having completed a bachelor degree, students are eligible to enroll in master’s degree

programs usually 2 years of length.

Applications for higher education programs are submitted to the Coordinated

Admission System. The applicants submit an application with up to eight ranked

education programs. Slots are allocated using a deferred acceptance mechanism

based on high school GPA. Each individual is offered a maximum of one slot which

must be accepted/rejected. I only use data on enrollments and not applications.

Hence, among non-enrollments there may be individuals who applied for higher

education but rejected their offered slot or did not receive an offer.

Generally, education programs are free, and all students are eligible for student

grants when they turn 18 years. The application for student grants is simple and

almost all (eligible) students receive the grant.

Denmark has a two-tiered unemployment system. Everyone is eligible for social

assistance in case of unemployment. In addition, individuals have the choice of being

member of an unemployment insurance (UI) fund. Unemployed UI-fund members,

who satisfy a number of eligibility requirements, receive the unemployment bene-

fits, which generally are higher than social assistance. Eligibility of unemployment

benefits requires being actively job-seeking and satisfying a set of employment re-

quirements. Having completed vocational or higher education longer than 18 months

will also generate the right to unemployment benefits. However, high school gradu-

ates will typically not satisfy the UI-fund requirements and must therefore rely on

social assistance to cover their basic living costs in case of unemployment. The social

assistance benefits offered to youth are at level with student grants.

In the mid-1990s several labor market reforms were implemented in response

to high unemployment rates. In particular, the Youth Unemployment Program di-

rected towards long-term unemployed, low-educated youth was implemented in

1996. One essential purpose of the reform was to motivate more young, low-educated

3Besides the four major high school types, individuals can obtain a high school degree by completing
the International Baccalaureate and Studenterkursus.

4Short tertiary education which combines theoretical studies with a practice-oriented approach.
5University level courses with a stronger focus on professional practice.
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individuals to undertake education. To do so, unemployed workers under the age of

25 years with an unemployment spell longer than 6 months during the last 9 months

were offered a specially designed vocational education. Refusal to enter the special

vocational education (or the ordinary education system) was followed by a sanction.

The reform was successful in reducing youth unemployment rates (Jensen et al.,

2003). Active labor market policy remains an important element of the Danish labor

market model. That means, the incentives to undertake education when the risk of

unemployment is high have been strengthened by the introduction of active labor

market policy.

2.4 Data and Empirical Strategy

2.4.1 Data Selection

I use Danish register data on the full population of high school graduates in the

period 1983-2006. The population is restricted to first-time high school graduates

who are 18 to 22 years old at the time of graduation. Each observation includes

individual information on high school graduation date and type of high school. These

observations are matched with personal, residential, and parental characteristics.

Residential and parental background characteristics are measured three years prior

to high school graduation. This includes the municipality of residence which is used

to link local labor market characteristics with individual observations. The final data

set is a repeated cross section covering 704,390 high school graduates. For each of

these graduates, I trace their educational careers in the Student Register until 10 years

after high school graduation. This allows me to observe individual enrollment and

completion choices with detailed specification of the education program.

2.4.2 Empirical Strategy

The research design is based on a repeated cross section of high school graduates.

Assume that individual i , living in municipality m, graduating from high school in

year t , have M education choices to choose from. For each alternative education

choice, the utility is assumed to be described by an underlying latent variable as

follows:

y∗
i tm =α+γ1utm +γ2utm ×PEi tm +βXi tm +θZtm +τt +φtm +εi tm (2.1)

where utm is the unskilled youth unemployment in municipality m, Xi tm is a set

of personal and parental controls, and Ztm is a set of cohort-specific municipality

controls. PE is a vector containing three indicators of highest education level of

parents.6 τt is full set of year dummies, and φtm captures municipality fixed effects

6One for high school degree or lower, one for vocational education or professional bachelor degree,
and one for university degree.
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and trends.

We observe y = j if y∗
j = max{y∗

1 , y∗
2 , . . . , y∗

M } since education choices are discrete

outcomes. The marginal effect from u on the probability of making education choice

j , Pr
[

y = j |X , Z
]
, is the parameter of interest. I apply the Multinomial Logit speci-

fication to obtain this measure. In effect, I assume ε follows a type-1 extreme value

distribution such that

Pr
[

y = j |X , Z
]= exp

{
y∗

j

}
∑M

k=1 exp
{

y∗
k

} (2.2)

Using this specification, I can estimate marginal effects of u,

∂p j

∂u
= p j

[(
γ1 j +γ2 j PE

)−∑
k

pk
(
γ1k +γ2k PE

)]
(2.3)

where p j = Pr
[

y = j |X , Z
]
. The marginal effects are the focus of this paper, and there-

fore these will be reported instead of the coefficient estimates. The marginal effects

are reported as the average marginal effect (within subgroups based on parental

education and gender). Equation 2.1 explicitly allows for differential impacts of labor

market conditions on education choices by socioeconomic background (in terms of

parental education). I will estimate the model separately by gender, and by doing so,

sensitivity to labor market conditions can vary by gender too.

To identify the impact from labor market conditions on education choices, I use

the spatial and temporal variation of local unskilled youth unemployment rates. The

variation across municipalities in the youth unemployment rate allows me to control

flexibly for national enrollment trends using year fixed effects. Moreover, there may

potentially exist municipality-level factors that jointly affect education choices and

the local labor market conditions. For example, the existence of higher education

institutions in a municipality affects education choices of local students (Frenette,

2009) and may also attract larger firms demanding high-quality labor. More attractive

local labor markets (in terms of available quality of labor) can encourage more firms

to do business in the area and thereby lead to lower unemployment rates. To account

for permanent differences in the characteristics of municipalities, I add municipality

fixed effects to the model.

Even with year and municipality fixed effects included in the model, one may

be concerned about the existence of trends that correlate with enrollment and local

labor market conditions. Taking the length of my observation period into account, I

therefore include municipality-specific linear time trends in the model to allow for

changes in municipality characteristics over time.

Identification of the parameters of interest, γ1 and γ2, relies on the assumption

that conditional on year and municipality fixed effects, and municipality-specific lin-

ear trends, the variation in unemployment rates is uncorrelated with any unobserved

characteristics affecting education choices. Labor market mobility is a threat to this
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assumption. If high school graduates systematically move to attractive municipal-

ities with low unemployment rates trying to enter the labor market, this results in

endogenous unemployment rates. As a consequence, the municipality of residence

is determined three years prior to high school graduation to avoid any selection

into municipalities based on contemporaneous labor market conditions. Selection

problems, such as neighborhood sorting, may still be an issue. To examine the extent

of unobserved characteristics correlating with local labor market conditions and

education choices, I perform a range of balancing tests in Section 2.4.6.

As stated above, Xi t is a vector of individual controls. The controls include gen-

der, age, indicator of non-Western descent, indicator of living with parents at the

time of high school graduation, highest education of parents, separate indicators of

education fields for mother and father, parents’ income, indicator of non-Western

descent of parents, and employment rate of parents. Education characteristics of

the parents are included to capture the intergenerational transmission of education

preferences. Parents’ earnings and labor market status are included to capture the

financial resources of the family and the ability of parents to support the student in

their pursuit of an education.

Ztm includes time-varying variables of municipality characteristics that poten-

tially affect education choices and local labor market conditions. Empirical evidence

suggests that expected earnings influence the college major choice significantly (Beffy

et al., 2012). Since skilled unemployment rates may co-vary with expected returns

to education and the unemployment rate of unskilled, I include two measures of

skilled unemployment rates: the local unemployment rate of the labor force with

a vocational education and the local unemployment rate of the labor force with a

professional bachelor degree or higher. In addition to the skilled unemployment rates,

I include the municipality-specific unskilled youth population size.7 The variable

is included to control for any supply constraints in jobs or education due to large

youth cohorts. Large cohorts increase competition over jobs in the labor markets and

reduce the chances of being offered a study slot.

Finally, the aggregation of the unskilled youth unemployment rate to the munici-

pality level causes the error term within municipalities to be correlated resulting in

faulty statistical inference (Moulton, 1986). To avoid these problems, the standard

errors are clustered at the municipality level.

2.4.3 Measure of Labor Market Conditions

In the attempt to quantify the cyclicality of schooling, previous literature has pre-

dominantly used unemployment rates as a measure of economic conditions. Yet,

a few studies have included other measures. Dellas and Sakellaris (2003) study the

cyclicality of college enrollment using three measures of business cycle conditions:

7The unskilled youth population is measured as the number of individuals at age 16 to 25 years with a
high school as the highest completed degree.
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national unemployment rate, real GDP growth rate, and a measure of the cyclical

component of GDP. Irrespective of the applied measure, they find a countercyclical

propensity to enroll in college.

Figure 2.1 Local Unskilled Youth Unemployment Rate

The grey lines plot the unskilled youth unemployment rate for each municipality. The black line displays
the national average of the unskilled youth unemployment rate.

Table 2.1 Identifying Variation in Unskilled Youth Unemployment

Raw UE variable
Net of fixed effects and

trends

Mean 0.089 0.000

SD 0.047 0.011

Min 0.007 -0.091

Max 0.284 0.092

No. municipality-year obs 1,942 1,942

This table shows the variation in the unskilled youth unemployment rate. Column (1) reports statistics
for the raw unskilled youth unemployment rate. Column (2) reports statistics for the residual unskilled
youth unemployment rate after removing year and municipality fixed effects, and municipality linear time
trends.

I follow the majority of the empirical literature and use the youth unemployment
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rate as a proxy of labor market conditions. The youth unemployment measure is

advantageous because it directly reflects the opportunity costs of youth and can

be measured at a geographically local level. Specifically, I use the unskilled youth

unemployment rate measured as the percentage of the unskilled youth population

who are unemployed. The unskilled youth population is defined as all individuals at

the age of 16 to 29 with a high school degree or lower. The measure is calculated based

on an unemployment indicator from Statistics Denmark, which is recorded in week

48 each year. Since all high school students graduate in June, the unemployment rate

measured in November year t is linked with students graduating from high school in

year t +1. The unskilled youth unemployment rate is measured at the municipality

level and thus varies across time and municipalities. Following the Structural Reform

of 2007, Denmark is divided into 98 municipalities. I use these municipalities as

the delineation of local labor markets. However, due to the extensive infrastructure,

municipalities in the area of Greater Copenhagen8 have been collapsed to one local

labor market. This gives a total of 79 local labor markets. In the robustness checks, I

consider an alternative specification of local labor markets and check whether results

are robust to the municipality specification of local labor markets.

Figure 2.1 plots the unskilled youth unemployment rate over the period 1980 to

2010. Each grey line displays the municipality-specific rate of unemployment, while

the black line shows the national average. Hence, Figure 2.1 illustrates the variations

in labor market conditions across years and municipalities. Evidently, unskilled youth

unemployment rates have varied substantially over time. Until the mid-1990s many

municipalities suffered from high rates of unemployment with rates approaching

30%. Radical labor market reforms took place in 1994 and 1996, and these contributed

substantially to a decline in youth unemployment rates in the following years (Jensen

et al., 2003). The variation across time reveals several economic downturns and

upturns which is an advantage of the long observation period.

To obtain precise estimates, the identification strategy relies on sufficient vari-

ation in the labor market condition measure after controlling for fixed effects and

trends. Table 2.1 examines residual variation in the unskilled youth unemployment

rate net of year and municipality fixed effects, municipality linear time trends, and

controls. As shown in the first column, the average unemployment rate is 0.09 and

the standard deviation is 0.05. While fixed effects, trends, and controls remove a

substantial amount of variation, one fourth of the variation remains.

2.4.4 Outcome Variables

To study how labor market conditions affect education choices, I use the choice of

education level measured at four levels and the field of studies. The possible educa-

8These include Albertslund, Ballerup, Brøndby, Dragør, Frederiksberg, Furesø, Gentofte, Gladsaxe,
Glostrup, Greve, Herlev, Hvidovre, Høje-Taastrup, Ishøj, København, Lyngby-Taarbæk, Rudersdal, Rødovre,
Tårnby, and Vallensbæk.
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tion level choices are: no education, vocational education9, professional bachelor,

and university. The Danish version of the International Standard Classification of

Education (DISCED) has defined 16 main classifications of education field. Based on

these, I group education programs into four categories of field of study: STEM, Social

Science, Arts and Health.10

The Student Register allows me to distinguish between enrollments and com-

pletions. In the empirical analysis I will consider two specifications of the choice of

education. In the first part, the outcome variable is the first enrollment choice within

two years of high school graduation. This variable has the advantage of capturing

the immediate behavioral response to labor market conditions in terms of choice of

further education. Having considered the cyclical behavior of enrollments, I extend

the analysis by investigating whether the cyclical responses are temporary or have

lasting impacts on completion of further education. That is, in the second specifica-

tion of choice of education, the outcome variable is measured as the highest level of

completed education ten years after high school graduation.

2.4.5 Summary Statistics

Table 2.2 shows key descriptive statistics for the estimation sample by gender. 58% of

high school graduates are women. This overrepresentation is driven by a relatively

larger share of young men pursuing a vocational training programs instead of high

school. High school graduates are about 20 years old at graduation, and male stu-

dents are on average from a higher socioeconomic background (in terms of parental

education and income) compared to their female peers. On average, male high school

graduates have higher academic skills measured by their high school GPA.

Table 2.3 provides means for education choices and demonstrates that on average

education choices differ across gender. Women have higher completion rates of

further education. 25% of male graduates have not completed any further education

ten years after high school graduation, whereas only 19% of female graduates remain

unskilled. Men are more likely to complete a degree in STEM or Social Science,

whereas women complete degrees in Health and Arts at relatively higher rates.

The enrollment patterns suggest that enrollments not necessarily lead to com-

pletion. Whereas 41% of male high school graduates enroll in university within 2

years, only 33% have a university degree ten years later. A similar pattern is shown for

women. However, more students end up with a professional bachelor degree than

initial enrollments predict. This suggests that a sorting with respect to education level

takes place after the initial enrollment into higher education.

9The category also includes the 2-year academy profession programs
10Table A.1 lists the subcategories of each field of studies category.
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Table 2.2 Descriptive Statistics

Male Female

Mean % Missing Mean % Missing

Individual characteristics

Age 19.61 0 19.53 0

Living w. parents 0.75 0 0.73 0

HS GPAa 0.01 0.20 -0.03 0.15

STX 0.59 0 0.60 0

HF 0.09 0 0.18 0

HHX 0.24 0 0.20 0

HTX 0.08 0 0.01 0

Other HS 0.01 0 0.01 0

Family characteristics

Highest parental education: 0.05 0.05

- High School or lower 0.12 0.15

- Prof. bach or Voc. 0.68 0.69

- University 0.15 0.11

Parents unemployed 0.04 0.01 0.04 0.00

Parents’ incomeb 5.88 0.01 5.47 0.00

Parents non-Western 0.03 0.01 0.02 0.00

Local labor market characteristics

Unskilled youth UE 0.09 0 0.09 0

Skilled UE (voc.) 0.06 0 0.06 0

Skilled UE (Higher) 0.03 0 0.03 0

Youth population 24,720.1 0 22,531.3 0

No. of observations 290,833 413,557

Notes: Descriptive statistics by gender are presented as mean values. Individual characteristics are measured in the
year of high school graduation. Family characteristics are measured three years before high school graduation. Local
labor market conditions are measured in November the year before high school graduation.
a High School grades are standardized within year of HS graduation.
b In 100,000 DKK. Incomes are deflated using the Danish CPI to 2015 prices.
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Table 2.3 Summary Values of Education Choices

Male Female

Enrolment Choices:

No enrolment 0.14 0.13

Vocational 0.30 0.29

Professional Bachelor 0.15 0.30

University 0.41 0.29

STEM 0.32 0.13

Social Science 0.38 0.32

Arts 0.12 0.18

Health 0.05 0.25

Completion Choices:

No further education 0.25 0.19

Vocational 0.25 0.26

Professional Bachelor 0.18 0.31

University 0.33 0.24

STEM 0.25 0.09

Social Science 0.36 0.31

Arts 0.09 0.15

Health 0.05 0.25

This table reports the average values of the education choices (in terms of level and field) made by high school
students graduating in the period 1983-2006. Enrollment choices are measured as the first enrollment within
2 years of high school graduation. Completion choices measure the highest completed education 10 years
after high school graduation.

2.4.6 Balancing Tests

The variation in local unemployment rates could occur from changes in cohort sizes,

or local shocks due to regional disparities in the industrial composition of firms.

The interpretation of the marginal effects as causal impacts rests on the assumption

that variations in unskilled youth unemployment rates are as good as random after

controlling for year and municipality fixed effects, and municipality-specific linear

time trends. Specifically, changes in the conditional variation of unskilled youth

unemployment rates must be uncorrelated with unobserved characteristics affect-

ing education choices. Following Lavy and Schlosser (2011), I conduct an informal

test of the identifying assumption by checking whether changes in the unskilled

youth unemployment rate (conditional on fixed effects and trends) correlate with

pre-determined student background characteristics. Zero correlations suggest that

municipality fixed effects and trends capture any systematic selection on observable

student characteristics sufficiently (due to e.g. neighbourhood sorting or endogenous

attrition from/postponement of high school). Further, Altonji et al. (2005) suggest
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that the degree of selection on observables gives a good indication of the degree of

selection on unobservables. Hence, from the check on correlation with observables,

we can also assess the validity of the identifying assumption with respect to selec-

tion on unobservables. I perform the check by regressing various pre-determined

student characteristics on the unskilled youth unemployment rate while controlling

for year and municipality fixed effects, municipality-specific linear time trends, and

time-varying municipality characteristics.

Table 2.4 reports the estimated coefficients on the unskilled youth unemployment

rate from these balancing tests. The estimates detect no significant correlation of un-

skilled youth unemployment with gender, non-Western descent, living with parents,

or the education level of parents. The only exception seems to be an association with

age at high school graduation. The sign of the association suggests that high school

students graduate at a younger age during adverse labor market conditions. The

structure of high school programs does not allow students to postpone/precipitate

courses flexibly. In column (7), I explore whether the negative association with age

is due to students selectively choosing a 2-year high school degree in periods with

high unemployment rates. I find no significant correlation between labor market

conditions and the probability of completing a 2-year high school degree. Since the

practical size of the association with age is small11 and there is no evidence of selec-

tion into shorter high school programs, I suspect that the correlation between age

and unskilled unemployment rate is spurious. I conduct a final balancing test with

respect to high school GPA. Since unemployment rates correlate across time, one

may fear that students increase efforts during high school as a response to adverse

labor market conditions, and any effects on higher education choices may be due

to ability sorting. My estimation model does not control for high school GPA since

the variable is available only for a subgroup of the sample. I perform the balancing

test based on all high school graduates with an observable high school GPA. Again,

I find no significant association between student performance and the local labor

market conditions. Collectively, these balancing tests provide evidence that year and

municipality fixed effects, municipality-specific linear time trends, and municipality

time-varying controls are sufficient to capture unobserved characteristics that affect

both local labor market conditions and education choices.

2.5 Results

The effects from labor market conditions on education choices are potentially mul-

tifaceted. For comparison with other studies, as point of departure, I estimate the

cyclicality of enrollment choices with focus on education level. Next, I show that

labor market conditions have consistent effects on completion of further education.

11A 10 percentage point increase in the unemployment rate is associated with being 0.16 years younger
at high school graduation.
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Once I have established the cyclical impact on chosen education level, I proceed by

exploring the variations across education fields. Finally, to characterize the cyclical

variation of education choices, I construct a measure of expected wages and unem-

ployment risk. These constructs are used to show that labor market prospects of

education fields partly explain the cyclical variation of education choices.

2.5.1 Effects on Enrollment Choices

To begin with, Table 2.5 displays the marginal effects from the unskilled youth un-

employment rate on the enrollment choice with respect to level of the education.

Column (1) reports the marginal effects on the probability of no enrollment, while

columns (2)-(4) report the marginal effects on the probability of enrollment in voca-

tional education, professional bachelor, or university, respectively. Panel A displays

the results from a model assuming that responses to local labor market conditions

are homogeneous (γ2 = 0). The marginal effects suggest that enrollments into profes-

sional bachelor and university programs are countercyclical. That is, enrollment rates

increase in periods with adverse local labor market conditions. The size of the effects

are modest. A one percentage point increase in the unemployment rate increases

the probability of enrollment (in any further education) by 0.6 percentage points.

The estimated effect corresponds to the results of Sievertsen (2016). The homoge-

neous model estimates only a weak short-term effect on enrollments in vocational

education.

Labor market outcomes of men are on average more strongly impacted by cyclical

fluctuations in unemployment rates (Hoynes et al., 2012). These differences may be

generated by men being more often employed in industries sensitive to business

cycles (e.g. manufacturing and construction), while women are more likely to be

employed in less cyclical industries such as service and the public sector. The occupa-

tional gender segregation can give rise to gender differences in opportunity costs of

education if the labor market options of unskilled youth are gender-specific too. Panel

B shows that only minor differences across gender are detected in the cyclicality of

enrollment. Male students are marginally more sensitive to labor market conditions.

This is mainly driven by a stronger cyclicality of enrollment into vocational education

and university.

Alessandrini (2018) has studied the role of parental education in terms of cyclical-

ity of enrollment. She finds that parental education (conditional on family income) is

a significant determinant of cyclicality of enrollment in a Canadian context. Her find-

ings suggest that, when unemployment rates increase, the relative share of students

from highly educated families enrolling in university increases. Such enrollment

trends have significant implications for intergenerational mobility. Panel C reports

estimates from the model in Equation 2.1 by gender where enrollment responses to

variations in labor market conditions are allowed to depend on parental education.

Similar to Alessandrini (2018), I find variations in enrollment responses across levels
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Table 2.5 Marginal Effects of Local Unskilled Youth Unemployment on Enrollment
Choice: Level of Education

No
Enrollment

Vocational
Professional

Bachelor
University

Panel A:

Unskilled Youth UE -0.631∗∗∗ 0.119∗ 0.319∗∗∗ 0.194∗∗∗

(0.101) (0.065) (0.071) (0.058)

No. observations: 704,390

Panel B: By gender

Male -0.711∗∗∗ 0.169∗∗ 0.246∗∗∗ 0.295∗∗∗

(0.108) (0.080) (0.069) (0.101)

No. observations: 290,833

Female -0.597∗∗∗ 0.092 0.390∗∗∗ 0.115

(0.116) (0.078) (0.103) (0.074)

No. observations: 413,557

Panel C: By gender and parental education (PE)

Male

- Low PE -0.784∗∗∗ 0.191∗ 0.243∗∗∗ 0.350∗∗∗

(0.121) (0.111) (0.067) (0.115)

- Medium PE -0.760∗∗∗ 0.221∗∗∗ 0.249∗∗∗ 0.290∗∗∗

(0.110) (0.082) (0.070) (0.095)

- High PE -0.342∗∗∗ -0.087∗ 0.108 0.321∗∗∗

(0.111) (0.053) (0.068) (0.125)

Female

- Low PE -0.569∗∗∗ 0.189∗∗ 0.326∗∗∗ 0.054

(0.132) (0.089) (0.122) (0.078)

- Medium PE -0.623∗∗∗ 0.135∗ 0.371∗∗∗ 0.118

(0.116) (0.079) (0.102) (0.077)

- High PE -0.592∗∗∗ -0.169∗∗∗ 0.351∗∗∗ 0.410∗∗∗

(0.126) (0.060) (0.085) (0.113)

The table displays the marginal effects of the unskilled youth unemployment rate on the enrollment
choice probabilities. The respective columns report the marginal effects on the probability of choosing
"No Enrollment", "Vocational Education", "Professional Bachelor", or "University" within two years of
high school graduation. The marginal effects are measured as average marginal effects. Panel A reports
marginal effects from a specification where labor market conditions affect enrollment choices identi-
cally across gender and parental education. Panel B reports the marginal effects based on subsamples
by gender. Panel C shows the marginal effects (by gender) from a model specification where the youth un-
employment rate is allowed to affect enrollment choice differentially by parental education. The model
controls for individual characteristics, family characteristics, time-varying municipality covariates, year
fixed effects, and municipality fixed effects and trends. Parental Education (PE) is measured as the highest
completed education of the parents. Low PE indicates high school degree or lower, Medium PE indicates
vocational training, AP program, or professional bachelor degree, and High PE indicates university degree.
Standard errors clustered at municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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of parental education. However, in terms of enrollments in university programs, I

find countercyclical enrollment patterns across all levels of parental education. Yet,

among female students, I find a pattern corresponding to the results of Alessandrini

(2018). Females with highly educated parents increase enrollments substantially

more than other groups of female students.

Whether a student responds to adverse labor market conditions by enrolling in

vocational education appears to depend on parental education. Students with highly

educated families reduce enrollment into vocational education when unemployment

rates are high, whereas students from lower levels of parental education increase en-

rollments. In Section 2.5.2, I will show that the probability of completing a vocational

education is significantly reduced when labor markets are poor. Hence, students who

increase enrollments in vocational education face a greater risk of non-completion.

It appears that male students from medium- or low-educated families display

substantial cyclical enrollments. A one percentage point increase in the unskilled

youth unemployment rate increases the probability of enrollment in any program by

0.8 percentage points. The sensitivity to labor market conditions appears to affect

enrollments at all levels of further education. The cyclical impact on enrollments

among students from highly educated families is less strong. Hence, fluctuations in

labor market conditions create discrepancies in the student body composition of

male students.

To sum up, corresponding to previous literature, I show that enrollments into fur-

ther education are countercyclical. The size of the cyclical component in enrollment

variations depends on the education level and characteristics of the students. This

suggests that the student body composition within education types varies with fluctu-

ations of the labor market conditions. When unemployment rates are high, students

from less educated families increase enrollments in vocational education relatively

more. Meanwhile, female students from highly educated families increase enroll-

ments in university relatively to other groups of female students. Unlike Alessandrini

(2018), I do not find strong indications, based on enrollments responses, that inter-

generational mobility fluctuates with labor market conditions. Next, I will explore

whether the enrollment responses have persistent effects on completion choices.

2.5.2 Effects on Completion Choices

Sievertsen (2016) found that cyclical enrollments are largely explained by timing

effects. In light of this finding, the results presented in Section 2.5.1 may simply be

due to students advancing enrollment when local labor market conditions are unfa-

vorable. In the following, I explore whether the impacts from labor market conditions

at the time of high school graduation have lasting effects on education choices. Table

2.6 reports the marginal effects on the choice of highest completed education ten

years after high school graduation. Similar to Table 2.5, each column displays the

marginal effect from unskilled youth unemployment on the probability of having
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completed no further education, vocational education, a professional bachelor, or a

university degree, respectively.

The potential problem of this specification is that marginal effects on completion

choices from unskilled youth unemployment rates at the time of high school gradu-

ation may capture the reduced form effects of labor market conditions during the

10-year interim period. Hence, interpretation would depend on how unemployment

rates correlate across time. Table A.2 controls for interim years’ unemployment rates

and demonstrates that the results presented in Table 2.6 are not driven by serially

correlated unemployment rates.

Panel A of Table 2.6 shows that the probability of not having completed any fur-

ther education increases when labor market conditions are adverse. However, the

size of the effect is small. The estimate size suggests that a 10 percentage point in-

crease in unemployment rates increases the probability of not having completed any

further education by 1.4 percentage points. This procyclical completion of further

education appears largely to be due to significantly lower completion rates of voca-

tional education.12 Internships are part of the vocational education program, and

completion generally hinges on having completed the firm-based training. However,

the provision of internships is market-driven, and firms are free to choose whether

they offer internships. Therefore, if the number of internship positions is procyclical,

this would explain the procyclical completion of vocational education.13

Female students are at most risk of not completing any further education if they

graduate from high school during economic downturns as shown in panel B. While

completion of professional bachelor degrees increase significantly, they are less likely

to complete vocational education and university programs. Though, the marginal

effect on university completion is not statistically significant. Meanwhile, male stu-

dents are significantly less likely to complete a university degree during economic

contractions. However, the extensive margin of further education completion is un-

affected which suggests that they substitute university programs with professional

bachelor degrees.

Panel C demonstrates that the results in Panels A and B mask differences across

levels of parental education. Male students from low-educated families substitute

vocational education with higher education levels without the overall number of

students pursuing further education is being affected by labor market conditions.

In contrast, a significantly higher number of male students from higher educated

families do not complete any further education when unemployment rates are high.

The difference can partly be explained by a significant procyclical completion of

12Additional sub-analyses indicate that procyclical completion of vocational education is driven by
completions of Academy Profession (AP) programs. Hence, the difference between my findings and those
of Sievertsen (2016) in terms cyclicality of vocational education is due to the aggregation of vocational
training programs and AP programs in one category.

13School-based practical training was introduced in 1990 to accommodate an increasing shortage of
firm-based internships.
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Table 2.6 Marginal Effects of Local Unskilled Youth Unemployment on Completion
Choice: Level of Education

No
Completion

Vocational
Professional

Bachelor
University

Panel A:

Unskilled Youth UE 0.143∗∗∗ -0.319∗∗∗ 0.297∗∗∗ -0.122∗

(0.049) (0.060) (0.062) (0.063)

No. observations: 668,209

Panel B: by gender

Male 0.077 -0.381∗∗∗ 0.472∗∗∗ -0.167∗∗

(0.075) (0.066) (0.067) (0.083)

No. observations: 274,485

Female 0.163∗∗∗ -0.268∗∗∗ 0.213∗∗ -0.109

(0.058) (0.085) (0.094) (0.087)

No. observations: 393,724

Panel C: by gender and parental education (PE)

Male

- Low PE 0.067 -0.599∗∗∗ 0.413∗∗∗ 0.119

(0.090) (0.095) (0.079) (0.085)

- Medium PE 0.171∗∗ -0.499∗∗∗ 0.461∗∗∗ -0.134∗

(0.075) (0.077) (0.073) (0.075)

- High PE 0.225∗∗∗ -0.297∗∗∗ 0.260∗∗∗ -0.188∗∗

(0.071) (0.055) (0.066) (0.093)

Female

- Low PE 0.164∗∗ -0.337∗∗∗ 0.182∗ -0.009

(0.071) (0.101) (0.106) (0.078)

- Medium PE 0.180∗∗∗ -0.295∗∗∗ 0.185∗ -0.070

(0.049) (0.081) (0.097) (0.089)

- High PE 0.111∗∗ -0.177∗∗∗ 0.243∗∗∗ -0.177∗

(0.045) (0.048) (0.086) (0.102)

The table displays the marginal effects of the unskilled youth unemployment rate on the completion
choice probabilities. The respective columns report the marginal effects on the probability of having com-
pleted "No Completion", "Vocational Education", "Professional Bachelor", or "University" as the highest
education ten years after high school graduation. The marginal effects are measured as average marginal
effects. Panel A reports marginal effects from a specification where labor market conditions affect com-
pletion choices identically across gender and parental education. Panel B reports the marginal effects
based on subsamples by gender. Panel C shows the marginal effects (by gender) from a model specifica-
tion where the youth unemployment rate is allowed to affect completion choice differentially by parental
education. All regressions control for individual characteristics, family characteristics, time-varying mu-
nicipality covariates, year fixed effects, and municipality fixed effects and trends. Parental Education (PE)
is measured as the highest completed education of the parents. Low PE indicates high school degree or
lower, Medium PE indicates vocational training, AP program, or professional bachelor degree, and High
PE indicates university degree. Standard errors clustered at municipality level are reported in parenthe-
ses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01
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university programs.

Among female students, I find general increases in the probability of not com-

pleting any further education when unemployment rates are high. This appears to

be driven by reductions in the completions of vocational education among lower

educated families. Similar to their male counterparts, female students from highly

educated families are less likely to complete university degrees.

It is unlikely that the procyclical completion of further education among students

from highly educated families is driven by financial constraints. One explanation

for the estimated procyclical completion of university degrees could be that adverse

labor market conditions cause students to delay completion of university programs

beyond ten years. In Table A.3, I have extended the observation period to 12 years.

Yet, I still estimate a procyclical university completion. Hence, delays cannot fully

explain why students from higher educated families reduce completion of university

programs in response to adverse labor market conditions. In Section 2.5.3, I will show

that the procyclical completion of university degrees can partly be explained by a

substitution away from Arts programs.

The findings presented in Table 2.6 suggest that highest completed education

ten years after high school graduation is significantly affected by the labor market

conditions which high school students faced at the time of graduation. In Section

2.5.1, I showed that students responded to adverse labor market conditions by inten-

sifying enrollments in further education. However, only the increased enrollments in

professional bachelor programs appear to have had lasting impacts on completion

rates. Meanwhile, significantly fewer high school graduates complete a vocational

education and students from highly educated families are also less likely to com-

plete a university degree. The extensive margin of further education completion is

affected too. The point estimate of the marginal effect on not completing any further

education is small, though. Hence, the impacts on vocational education and profes-

sional bachelor completion appear mainly to be a substitution between the program

types. In sum, labor market conditions affect not only the enrollment decision and

timing thereof, labor market fluctuations also affect the highest level of completed

education.

2.5.3 Effects on Choice of Education Field

It is well known that earnings vary substantially across education fields (e.g. Altonji

et al., 2012; Kirkeboen et al., 2016). In addition, research has shown that the earn-

ings losses from graduating in a recession vary substantially across education fields

(Altonji et al., 2016; Liu et al., 2016). Thus, the margin of education field choice is

potentially affected by economic conditions, too, if students respond to variations in

expected labor market outcome. Recent research on college major choices suggests

that adverse labor market conditions increase preferences for college majors with low

job insecurity (Goulas and Megalokonomou, 2019) and higher earnings (Blom et al.,
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2015). In this section, I explore how the choice of education field is affected by local

labor market conditions when education choices include multiple combinations of

level and field. Within each level of education, study programs are grouped into the

fields: STEM, Social Science, Arts and Health. Hence, 12 indicators of degree-fields

are constructed. I estimate the marginal effects of the unskilled youth unemploy-

ment from 12 separate Logit models corresponding to Equation 2.1.14 To simplify

the presentation of results, I estimate the model separately by gender, but leave out

heterogeneity with respect to parental education. Figure 2.2a displays the marginal

effect on the first enrollment choice within 2 years of high school graduation, and

Figure 2.2b shows the results on the highest completed education choice ten years

later.

Table 2.5 showed that university and professional bachelor enrollments increases

significantly when unemployment rates are high. However, Figure 2.2a reveals differ-

ential cyclical patterns within education levels. Enrollments in Social Science and

STEM programs are driving the countercyclical university enrollments. In contrast,

university Arts and Health programs display procyclical enrollment trends. Mean-

while, the countercyclical enrollments in professional bachelor programs are driven

by enrollments in STEM (mostly male students), Health, and Social Science (mostly

female students).

Interestingly, female students significantly increase enrollments in university

STEM programs when unemployment rates are high. The effect appears to have a

(weakly) persistent impact on completion of university STEM as well. This suggests

that female students have the sufficient skills to pursue STEM programs, but refrain

from doing so when labor market conditions are favorable.

The procyclical enrollments into university Arts have persistent effects on com-

pletion ten years after high school graduation. This suggests that the procyclical

completion of university degrees appears to be driven by a shift away from Arts pro-

grams. Also, fewer students complete lower levels of Arts during economic downturns.

As I will discuss in more detail later, Arts programs are generally associated with lower

wage returns, and this may explain the substitution away from Arts programs during

economic downturns.

Enrollments in Social Science (Uni.) appear strongly countercyclical. However,

the effects are less strong in terms of completion. Hence, timing effects may largely

explain these effects. That is, during economic downturns, students planning to

pursue Social Science programs advance enrollments.

Table 2.6 showed that significantly fewer students complete vocational education

when labor market conditions are adverse. The procyclical completion of vocational

education is particularly strong in STEM (mostly male students), Social Science, and

Arts. Meanwhile, higher levels of Social Science and STEM (professional bachelor

degrees) are reversely affected. In particular, male students appear to opt out of

14Estimation using the Multinomial Logit was infeasible due to concavity problems.
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Figure 2.2 Marginal Effects of Unskilled Youth Unemployment on Field Choices

(a) First enrollment choice

(b) Highest completed choice

The bars display (by gender) the marginal effects of unskilled youth unemployment on the
probability of choosing the respective education fields. Enrollment choices refer to the first
enrollment made within two years of high school graduation. Completion choices refer to the
highest completed education ten years after high school graduation.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.



2.5. RESULTS 73

vocational STEM and increase completion of professional bachelor STEM. Female

students respond to high unemployment rates by reducing completion of vocational

Social Science, and instead they increase completion rates of higher levels of Social

Science.

Two primary findings summarize the results shown in Figure 2.2. First, adverse

labor market conditions persistently divert students from Arts programs at any edu-

cation level. Second, demand for vocational education with specialization in STEM

or Social Science are substituted with higher levels of education. Hence, labor market

conditions have substantial impact on the accumulated human capital of recent high

school graduates and the skill composition they enter the labor market with.

2.5.3.1 Characterization of Field Choices

The findings in Figure 2.2 suggest that, when unemployment rates are high, students

increase preferences for fields that generally are associated with higher wages. In

order to test more directly whether high unemployment rates induce more students

to pursue higher paying education fields, I follow a procedure by Altonji et al. (2016)

to characterize the wage returns of education fields. The idea is to estimate a fixed

effects regression on wages, and use the estimated education fixed effects as measures

of wage returns. I combine the 16 main education fields classified by DISCED with

level of education (vocational education, professional bachelor, and university) to

construct 45 field-by-degree identifiers.15 A separate identifier is included to capture

wages of high school graduates with no further specialization. I regress log hourly

wage on field-by-level fixed effects and controls.16 Th estimated field-by-level fixed

effects are then re-scaled such that the distribution of the 46 estimates have mean

zero and a standard deviation of one. Hence, the fixed effects capture the relative wage

returns to field of study. The estimated standardized field-by-degree fixed effects,

denoted as θ f i eld , are reported in Table A.4.

As expected, university programs are associated with higher wage returns relative

to lower education programs. Within university programs, returns to Business Ad-

ministration and Law, Natural Science, Engineering, Information Technologies and

Health are highest. In comparison, returns to university Arts are low, and even lower

than returns to STEM programs at lower education levels.

I have applied the same method as described above to create a measure of un-

employment risk. I regress individual-specific yearly rate of unemployment on field-

15There are no university programs classified in the fields of Audio-visual techniques and media
production, Services, or Transport services in my observation period.

16For this estimation, I pool data on the population of 40-59-years-old full-time workers with a high
school degree or higher in the period 1980-2006. As controls I include age, gender, indicator of non-Western
descent, occupation level indicators, cubic control for potential experience (years since completion of
highest education), and a full set of year dummies. The age restriction of the sample is chosen to exclude
the high school graduates, reducing any concerns of simultaneity.
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by-level fixed effects and controls.17 The standardized field-by-level fixed effect esti-

mates, denoted by λ f i eld , are used as a measure of the unemployment risk associated

with each education field. Table A.5 reports the fixed effect estimates. We see that

university programs are associated with lower unemployment risk relative to voca-

tional education. Again, large variations across fields are estimated. In general, Arts

programs are associated with higher unemployment risk relative to STEM programs,

and higher risk than all other fields at higher levels.

The estimated wage returns and unemployment risks are linked with both the first

enrollment field-by-degree choice within two years of high school graduation and

the highest completed field-by-degree education ten years later. I characterize the

impacts from labor market conditions on education choices with respect to expected

wage returns and unemployment risk, by regressing θ f i eld andλ f i eld on the unskilled

unemployment rate at the time of high school graduation. The regressions include

the same controls as shown in Equation 2.1. Table 2.7 displays the estimated effects

of labor market conditions on education choices with respect to wage returns and

unemployment risk.

Columns (1)-(2) show how responses in enrollment choices to labor market con-

ditions are associated with wage return and unemployment risk. Column (1) reports

the coefficient on the unskilled youth unemployment rate from a regression of θ f i eld .

A positive effect indicates that students choose education programs associated with

higher wages when unemployment rates are high. Such a cyclicality of enrollment

choices is significantly prevalent for female students. The sign of the effect suggests

that male students also increase demand for high-wage fields during economic con-

tractions. However, the effect is not statistically significant. When the sample is split

by socioeconomic background, the estimates show students from lower educated

families appear to drive the increased demand for education programs with higher

expected wages (only significant for female students with medium educated parents).

While enrollments of students from high-educated families respond significantly to

labor market conditions (shown in Table 2.5), there is no cyclical variation in their

choices of field with respect to expected wages.

Column (2) reports the coefficient on the unskilled youth unemployment rate

from a regression of λ f i eld . For both male and female students, I estimate a negative

effect. This suggests that students increasingly enroll in education programs associ-

ated with low unemployment risk when unemployment rates are high. There are no

detectable differences across parental education in terms of estimate size. Overall, the

immediate enrollment response to labor market conditions displays cyclical variation

in demand for education fields associated with high wages and low unemployment

risks. This suggests that high school students, graduating in periods with high un-

employment rates, are more concerned with future labor market outcomes when

17For this estimation, I pool data on the population of 40-59-year-olds who are part of the labor force
and have at least a high school degree. The data is pooled across 1980-2006.
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Table 2.7 Characterization of Education Choices by Expected Labor Market Outcome

Dependent Variable:

Enrolment Choice: Completion Choice:

θ f i eld λ f i eld θ f i eld λ f i eld

Wage Return
Unemployment

Risk
Wage Return

Unemployment
Risk

Male students

All 0.319∗ -0.463∗∗∗ 0.224 -0.044

(0.185) (0.082) (0.305) (0.079)

Low PE 0.529 -0.339∗ 0.013 0.321

(0.364) (0.185) (0.498) (0.206)

Medium PE 0.343 -0.544∗∗∗ 0.494∗ -0.192∗∗

(0.217) (0.106) (0.289) (0.092)

High PE 0.088 -0.313 -1.110∗∗ 0.364∗∗

(0.382) (0.208) (0.429) (0.174)

No. observations: 290,819 274,422

Female students

All 0.659∗∗∗ -0.331∗∗∗ 0.851∗∗∗ 0.233∗∗∗

(0.215) (0.115) (0.293) (0.076)

Low PE 0.471 -0.445∗∗ 0.880∗∗∗ 0.082

(0.294) (0.212) (0.308) (0.161)

Medium PE 0.857∗∗∗ -0.307∗∗∗ 1.017∗∗∗ 0.338∗∗∗

(0.230) (0.109) (0.291) (0.115)

High PE 0.092 -0.331 -0.204 -0.108

(0.437) (0.226) (0.620) (0.165)

No. observations: 413,530 393,542

The table characterizes the education choices made in response to labor market conditions. Each field-by-level edu-
cation program has been linked with a measure of wage return (column 1 and 3) and unemployment risk (column
2 and 4). Columns (1) and (2) report the coefficient on unskilled youth unemployment rate from a regression of the
enrollment choices characterized by the measures of wage return and unemployment risk. Columns (3) and (4) report
the coefficient on unskilled youth unemployment rate from a regression of the completion choices characterized by
the measures of wage return and unemployment risk. All regressions control for individual characteristics, family char-
acteristics, time-varying municipality covariates, year fixed effects, and municipality fixed effects and trends. Parental
Education (PE) is measured as the highest completed education of the parents. Low PE indicates high school degree or
lower, Medium PE indicates vocational training, AP program, or professional bachelor degree, and High PE indicates
university degree. Standard errors clustered at municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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making their enrollment choice.

In columns (3)-(4), I show the corresponding results for highest completed edu-

cation. The cyclical demand for education programs associated with higher wages,

reflected by enrollment choices, has persistent effects on the highest completed edu-

cation for female students. Among male students there are strong variations across

levels of parental education, where only male students from middle-educated fami-

lies persistently complete education programs associated with higher wages during

economic contractions. In contrast, male students with high-educated parents are

significantly less likely to complete an educated program associated with high wages

if unemployment rates are high at the time of high school graduation. This could be

due to the procyclical completion of university programs as I showed in Table 2.6.

Finally, column (4) shows how the impact from labor market conditions on com-

pleted education choice associates with expected unemployment risk. While the

initial enrollment choices displayed an increased demand for education programs

associated with a high degree of job security during economic contractions, the effect

does not have a lasting impact on the highest education chosen. Female completion

choices are generally associated with higher unemployment risk, and the effect is

mainly driven by students with medium-educated parents. On average, male students’

choice of completed education does not display any cyclical variation in demand for

job security. However, this zero effect masks differences across parental education lev-

els. Male students with middle-educated parents persistently increase completion of

education programs with low unemployment risk when labor market conditions are

adverse, whereas the reverse is found for male students with high-educated parents.

The differences between enrollment and completion choices in terms of demand

for job security suggest that students update their education choices after the ini-

tial enrollment. Research has shown that learning about own ability accounts for a

sizeable share of major switches (Stinebrickner and Stinebrickner, 2012; Arcidiacono

et al., 2016). Hence, initial motivation for enrollment in further education may be

driven by future labor market prospects, but as students learn about own ability and

tastes for field of education, they update their education choice.

Due to the use of older cohorts of workers to measure wage returns and unem-

ployment risk, the measures must be considered long-term labor market outcomes. It

is very likely that students make education choices with short-term labor market out-

comes in consideration. I am not able to capture such choice characteristics unless

they are correlated with long-term labor market outcomes.

Taken together, Figure 2.2 and Table 2.7 provide evidence that choices of educa-

tion field are affected by labor market conditions. The findings suggest that exposure

to adverse labor market conditions increase concerns for future labor market wages

especially for female students. This fits with the literature showing that women on

average are more risk averse (Charness and Gneezy, 2012).
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2.6 Robustness

In the following, I will consider how robust the results are to re-specifications of

the estimation model and variable specifications. Robustness checks have been

performed on the enrollment and completion results. To keep it simple, I report only

the robustness checks of the simple homogeneous model.

Table 2.8 Robustness Checks of the Cyclicality of Enrollment Choices

No
Enrollment

Vocational
Professional

Bachelor
University

Panel A: Main Model

Unskilled Youth UE -0.631∗∗∗ 0.119∗ 0.319∗∗∗ 0.194∗∗∗

(0.101) (0.065) (0.071) (0.058)

Panel B: Muncipality of residence one year before HS graduation

Unskilled Youth UE -0.631∗∗∗ 0.119∗ 0.301∗∗∗ 0.211∗∗∗

(0.103) (0.061) (0.069) (0.050)

Panel C: Commuting zone as local labour market

Unskilled Youth UE -0.679∗∗∗ 0.124 0.313∗∗∗ 0.242∗∗∗

(0.119) (0.082) (0.073) (0.061)

Panel D: Unskilled youth employment share

Unskilled Youth 0.483∗∗∗ -0.025 -0.366∗∗∗ -0.091∗∗

Employment (0.073) (0.051) (0.032) (0.046)

Panel E: General unemployment rate

General UE rate -0.345 0.299 0.303∗∗ -0.257

(0.242) (0.247) (0.149) (0.170)

The table reports robustness checks of the marginal effects of the unskilled youth unemployment rate on
enrollment choice probabilities. The respective columns report the marginal effects on the probability of
choosing "No Enrollment", "Vocational Education", "Professional Bachelor", or "University" within two
years of high school graduation. The marginal effects are measured as average marginal effects. Panel A
repeats the results from the main model. Panel B reports marginal effects from a specification where mu-
nicipality of residence is measured one year before high school graduation. Panel C shows estimates from
a specification with commuting zones defining the relevant local labor markets (see text for details on cal-
culation). Panel D reports estimates using the unskilled employment share as the proxy for labor market
conditions. Panel E reports estimates using general unemployment rate as the proxy for labor market con-
ditions. All the models control for individual characteristics, family characteristics, time-varying munici-
pality covariates, year fixed effects, and municipality fixed effects and trends. Standard errors clustered at
municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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Table 2.9 Robustness Checks of the Cyclicality of Completion Choices

No
Completion

Vocational
Professional

Bachelor
University

Panel A: Main Model

Unskilled Youth UE 0.143∗∗∗ -0.319∗∗∗ 0.297∗∗∗ -0.122∗

(0.049) (0.060) (0.062) (0.063)

Panel B: Muncipality of residence one year before HS graduation

Unskilled Youth UE 0.139∗∗∗ -0.309∗∗∗ 0.280∗∗∗ -0.110∗

(0.052) (0.058) (0.061) (0.066)

Panel C: Commuting zone as local labour market

Unskilled Youth UE 0.195∗∗∗ -0.348∗∗∗ 0.244∗∗∗ -0.092

(0.047) (0.073) (0.061) (0.059)

Panel D: Unskilled youth employment share

Unskilled Youth -0.149∗∗∗ 0.293∗∗∗ -0.251∗∗∗ 0.106∗∗∗

Employment (0.052) (0.054) (0.029) (0.038)

Panel E: General unemployment rate

General UE rate -0.031 -0.240 0.409∗∗ -0.138

(0.162) (0.186) (0.203) (0.203)

The table reports robustness checks of the marginal effects of unskilled youth unemployment rate on the
completion choice probabilities. The respective columns report the marginal effects on the probability
of having completed "No Completion", "Vocational Education", "Professional Bachelor", or "University"
as the highest education 10 years after high school graduation. The marginal effects are measured as
average marginal effects. Panel A repeats the results from the main model. Panel B reports marginal effects
from a specification where municipality of residence is measured one year before high school graduation.
Panel C shows estimates from a specification with commuting zones defining the relevant local labor
markets (see text for details on calculation). Panel D reports estimates using the unskilled employment
share as the proxy for labor market conditions. Panel E reports estimates using general unemployment
rate as the proxy for labor market conditions. All the models control for individual characteristics, family
characteristics, time-varying municipality covariates, year fixed effects, and municipality fixed effects and
trends. Standard errors clustered at municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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2.6.1 Specification of Municipality of Residence

Recall, the municipality of residence was defined based on the address three years

prior to high school graduation. This specification was chosen to avoid biased esti-

mates due to cross-municipality mobility of students. To evaluate whether the results

are robust to this specification, I have re-estimated the model using municipality of

residence in the year before high school graduation (the same year the unemploy-

ment rate is measured). The enrollment (completion) results are shown in panel B of

Table 2.8 (2.9). Panel A reports the results from the main model for comparison. I do

not find substantial differences in the estimated marginal effects. Hence, the results

are robust to when the specification of local area is recorded.

2.6.2 Specification of Local Labor Market

One concern about the use of municipalities as local labor markets is whether they

precisely reflect the relevant labor market. Since Denmark is a very small country,

there is a substantial amount of commuting across municipality borders. This sug-

gests that municipalities not necessarily reflect the relevant job search areas and that

high school graduates potentially respond to unemployment rates of neighboring

municipalities. To test whether correlation of municipality unemployment rates bias

my estimates, I have constructed commuting zones following the approach of Tolbert

and Sizer (1996). I identify all workers’ municipality of residence and workplace.18

From that I calculate the labor force size19 of each municipality. For each pair of

municipality j and i , I calculate the dissimilarity measure

Di j =
commuter si j

min
(
l abor f or cei , l abor f or ce j

) (2.4)

where commuter s is the sum of workers commuting from residence in municipality

i to workplace in municipality j , and workers commuting from residence in munici-

pality j to workplace in municipality i . A Hierarchical Cluster Analysis is performed

on the dissimilarity matrix, and following Sievertsen (2016), I use a dissimilarity cutoff

of 0.9. I apply the approach on commuting patterns for the period 1983-2004 and

obtain 68 commuting zones. I calculate the unskilled youth unemployment rate at the

commuting zone level and redo the estimations. The enrollment (completion) results

are shown in panel C of Table 2.8 (2.9). Using the commuting zones specification of

local labor markets does not change the estimated marginal effects substantially. In

the completion model, the effect from unskilled youth unemployment on university

completion turns insignificant, but the estimate size is not statistically different from

the effect found using municipalities. Hence, the results are robust to the specification

of local labor markets.

18I use the 271 municipalities existing until the Structural Reform in 2007.
19All employed and unemployed workers age 16 or older.
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2.6.3 Measure of Labor Market Conditions

To proxy the opportunity costs of education most closely, I have used the unskilled

youth unemployment as a measure of labor market conditions. One potential prob-

lem with this measure is that youth may respond to adverse labor market conditions

by leaving the labor force (e.g. enroll in education or move abroad). If so, unem-

ployment rates would not fully reflect the employment opportunities of unskilled

youth. I have tested the robustness of the results by using the employment share of

unskilled youth20 as an alternative measure of opportunity costs. The replication of

the enrollment (completion) model using the employment share to measure labor

market conditions is shown in panel D of Table 2.8 (2.9). As expected, the sign of the

marginal effects is reversed. The pattern of the marginal effects is corresponding to

the findings using the unemployment rate. Similar to previous findings, decreases

in the employment share of unskilled youth (economic contraction) lead to more

enrollments in further education and fewer completions of vocational education and

university degrees.

Another alternative to the unskilled youth unemployment is the general unem-

ployment rate. This measure is a more relevant measure of labor market conditions

if youth generate subjective expectations of current labor market conditions by ob-

serving labor market status of "role models" (Manski, 1993). In addition, the general

unemployment rate potentially reflects business cycle conditions better. Panel E of

Tables 2.8 and 2.9 display the results using the general unemployment as a measure

of labor market conditions.21 The marginal effects differ slightly and are generally

more imprecise. However, the pattern of the effects are generally supportive of the

results. Taken together, this suggest that the results are robust to the measure of labor

market conditions.

2.6.4 Control for Ability

In the empirical analysis, I have assumed that ability is not related to the labor market

conditions, and hence not causing an omitted variable bias. If high school graduates

intensify their study effort as a response to the labor market conditions, and thereby

improve their academic abilities, then we would be concerned about an ability bias.

The balancing tests did not reveal any significant association between local labor

market conditions and HS GPA. Yet, to test more directly whether ability bias are

confounding the results, I have repeated the estimations including HS GPA as a

control for ability. Unfortunately, observations on GPA are not available for all high

school graduates. Hence, to perform the check for ability bias I restrict the sample

to STX graduates (for whom HS GPA is available from 1978 and onwards). This is

20The employment share is calculated as the number of individuals aged 16-29, with a high school
degree at most, in employment relative to total number of unskilled youth (including those in education).

21The general unemployment is measured at the municipality level, and it is calculated as the share of
unemployed workers aged 16-64 years relative to the comparable labor force.
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a selective subgroup of high school graduates comprising 60% of the full sample.

For comparability I have estimated benchmark results using the STX subsample,

and these are shown in the first panel of Table 2.10 separate for enrollments and

completions. In the second panel, I report the results from the models including GPA

as a control variable.

It is evident from the estimates displayed in Panel A that STX students are a

selective group. STX graduates have very strong enrollment responses to labor market

conditions, and these have persistent impacts on completion of further education. In

contrast to the results shown in Table 2.6, STX graduates increase completion rates of

further education if labor market conditions are adverse at the time of graduation.

HS GPA is strongly associated with the enrollment decision and the level of high-

est education chosen. Students with higher academic abilities are significantly more

likely to pursue a university degree. However, including HS GPA as a control has little

impact on the estimated marginal effects from unskilled youth unemployment on

education choices. This suggests that ability is not confounding the results consider-

ably.

In sum, the results have shown to be robust to specifications of the local labor

markets and the timing at which I define the relevant labor market. Taking com-

muting patterns into account had little impact on the estimated marginal effects

from unskilled youth unemployment on education choices. Changing the proxy of

labor market conditions to unskilled employment share or general unemployment

rate returned estimates with a similar pattern of results. Finally, I included HS GPA

to control for any potential ability bias, and this step did not raise any concerns of

confounded estimates. Hence, the results appear very robust to the specification

choices made.

2.7 Conclusion

Previous literature has shown that enrollments into further education display a coun-

tercyclical pattern. That is, enrollment rates increase when labor market conditions

are adverse. In this paper, I have shown that cyclical enrollments are only part of the

effects from labor market conditions on education choices.

I have used the population of Danish high school graduates in the period 1983-

2006 to estimate the impact from local labor market conditions at high school gradu-

ation on subsequent education choices. The comprehensive data available in Danish

register data allows me to calculate labor market conditions in local areas and with

high precision observe education choices with respect to timing of enrollment, com-

pletion, and education level and field.

From a theoretical point of view, education choices can respond to labor market

conditions as a result of fluctuating opportunity costs, expected returns, and financial

constraints. Conditional on controls for expected returns to education, I find that
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Table 2.10 Robustness Checks of Marginal Effect of Unskilled Youth Unemployment on
Enrollment/Completion Choices: Control for Ability

No
Completion/
Enrollment

Vocational
Professional

Bachelor
University

Panel A: Subsample with Observable GPA

Enrollment:

Unskilled Youth UE -1.030∗∗∗ 0.351∗∗∗ 0.405∗∗∗ 0.274∗∗∗

(0.151) (0.086) (0.095) (0.098)

No. observations 416,600

Completion:

Unskilled Youth UE -0.137∗∗ -0.189∗∗∗ 0.420∗∗∗ -0.094

(0.063) (0.073) (0.073) (0.098)

No. observations 393,092

Panel B: Subsample with Observable GPA - Add Control for Ability

Enrollment:

Unskilled Youth UE -1.017∗∗∗ 0.340∗∗∗ 0.422∗∗∗ 0.255∗∗

(0.147) (0.095) (0.097) (0.115)

HS GPA -0.099∗∗∗ -0.077∗∗∗ -0.033∗∗∗ 0.209∗∗∗

(0.002) (0.001) (0.002) (0.001)

No. observations 416,600

Completion:

Unskilled Youth UE -0.133∗∗ -0.203∗∗ 0.448∗∗∗ -0.112

(0.064) (0.085) (0.074) (0.119)

HS GPA -0.044∗∗∗ -0.095∗∗∗ -0.060∗∗∗ 0.199∗∗∗

(0.003) (0.001) (0.003) (0.001)

No. observations 393,092

The table reports a robustness checks of the results with respect to ability bias. Each column displays the
marginal effects of the unskilled youth unemployment rate on the completion/ enrollment choice probabil-
ities. The respective columns report the marginal effects on the probability of choosing "No Completion/
Enrollment", "Vocational Education", "Professional Bachelor", or "University". Enrollment choices are mea-
sured as the first enrollment within two years of HS graduation. Completion choices are measured as the
highest completed education ten years after HS graduation. The marginal effects are measured as average
marginal effects. Panel A estimates a benchmark model using the subsample of STX high school graduates.
HS GPA is the high school grade point average standardized within year of high school graduation. Panel B
includes HS GPA as a control for ability. All regressions control for individual characteristics, family charac-
teristics, time-varying municipality covariates, year fixed effects, and municipality fixed effects and trends.
Standard errors clustered at municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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high school graduates intensify enrollments in further education when labor market

conditions are adverse. This suggests that financial constraints have little influence

on education choices made by high school graduates. Meanwhile, the results pro-

vide evidence that opportunity costs of education are an important determinant of

enrollment decisions.

Labor market conditions have persistent impacts on the highest completed edu-

cation level ten years after high school graduation. Adverse labor markets give rise to a

significant substitution of vocational education with professional bachelor programs.

This substitution of education level is particularly strong in the fields of STEM and

Social Science. At the same time, the likelihood of completing a university degree

decreases during economic contractions. Yet, the procyclical completion of university

programs is limited to Arts programs.

The cyclical variations in education choices indicate that students increase de-

mand for higher levels of STEM and Social Science programs during economic con-

tractions. In particular, female students persistently increase university STEM partici-

pation. Motivated by these findings, I have constructed a measure of field-by-level

specific wage returns and unemployment risks. Based on these constructs, I show

that female students significantly increase demand for education fields with higher

expected wages when labor market prospects are poor. The cyclical variation of

education choices made by male students is less associated with expected wage

returns.

Taken together, high school students respond to the labor market conditions

prevailing at graduation by altering their education choices. In addition to the coun-

tercyclical enrollment trends established in the literature, I show that choices of

education fields are affected too. This finding implies that the skill composition of

future labor market entrants fluctuates with the economic conditions. The variations

in field demand can be characterized by the wage returns and unemployment risk.

My findings suggest that female students are particularly concerned with future labor

market outcomes when deciding on education types, which correspond to the liter-

ature showing that woman are more risk averse on average. These insights suggest

that policy makers can alter education choices by adjustments of the attractiveness

of youth unemployment. In particular, increases of female participation in STEM can

potentially be reached by enhancing awareness of potential labor market prospects.
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Appendix

A.1 Field of Studies Categorization

Table A.1 Field of Studies Categorization - 2-digit DISCED codes

STEM Social Science Arts Health

45 Natural Sciences
50 Information and
Communication
Technologies
55 Engineering,
engineering trades
and manufacturing
57 Mechanics and
metal trades
58 Architecture and
construction
60 Agriculture,
forestry and
fisheries
80 Transport
services

35 Social Science
40 Business,
administration and
law
70 Services
75 Security services

20 Education
25 Humanities
27 Audio-visual
techniques and
media production
30 Arts

65 Health and
welfare
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A.2 Extensions of the Completion Model

Table A.2 Marginal Effects of Unskilled Youth Unemployment on Completion
Choices with Interim Years’ Unemployment as Controls

No
Completion

Vocational
Professional

Bachelor
University

Panel A:

Unskilled Youth UE 0.151∗∗∗ -0.304∗∗∗ 0.295∗∗∗ -0.142∗∗

(0.053) (0.054) (0.058) (0.057)

Panel B: by gender

Male 0.092 -0.365∗∗∗ 0.469∗∗∗ -0.196∗∗

(0.081) (0.066) (0.068) (0.085)

Female 0.165∗∗ -0.255∗∗∗ 0.214∗∗ -0.124

(0.066) (0.080) (0.085) (0.077)

Panel C: by gender and parental education (PE)

Male

- Low PE -0.100 -0.440∗∗∗ 0.496∗∗∗ 0.043

(0.105) (0.097) (0.080) (0.089)

- Medium PE 0.071 -0.396∗∗∗ 0.500∗∗∗ -0.175∗∗

(0.079) (0.072) (0.074) (0.085)

- High PE 0.398∗∗∗ -0.258∗∗∗ 0.242∗∗∗ -0.383∗∗∗

(0.071) (0.051) (0.063) (0.107)

Female

- Low PE 0.089 -0.289∗∗∗ 0.214∗∗ -0.013

(0.079) (0.102) (0.090) (0.071)

- Medium PE 0.165∗∗ -0.265∗∗∗ 0.191∗∗ -0.091

(0.067) (0.085) (0.091) (0.080)

- High PE 0.297∗∗∗ -0.153∗∗∗ 0.210∗∗∗ -0.354∗∗∗

(0.073) (0.048) (0.078) (0.110)

The table displays the marginal effects of the unskilled youth unemployment rate on the completion
choice probabilities. The respective columns report the marginal effects on the probability of having
completed "No Completion", "Vocational Education", "Professional Bachelor", or "University" as the
highest education ten years after high school graduation. The marginal effects are measured as average
marginal effects. Panel A reports marginal effects from a specification where labor market conditions af-
fect completion choices identically across gender and parental education. Panel B reports the marginal
effects based on subsamples by gender. Panel C shows the marginal effects (by gender) from a model
specification where the youth unemployment rate is allowed to affect completion choice differentially
by parental education. The models control for individual characteristics, family characteristics, time-
varying municipality covariates, year fixed effects, municipality fixed effects and trends, and interim
years’ unskilled unemployment rates. Parental Education (PE) is measured as the highest completed
education of the parents. Low PE indicates high school degree or lower, Medium PE indicates voca-
tional training, AP programme, or professional bachelor degree, and High PE indicates university de-
gree. Standard errors clustered at municipality level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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Table A.3 Marginal Effects of Unskilled Youth Unemployment on Completion
Choices after 12 Years

No
Completion

Vocational
Professional

Bachelor
University

Panel A:

Unskilled Youth UE 0.190∗∗∗ -0.369∗∗∗ 0.278∗∗∗ -0.100∗∗

(0.044) (0.058) (0.062) (0.051)

Panel B: by gender

Male 0.166∗∗ -0.470∗∗∗ 0.430∗∗∗ -0.127∗

(0.073) (0.070) (0.065) (0.076)

Female 0.177∗∗∗ -0.291 0.208∗∗ -0.094

(0.049) (0.078) (0.094) (0.085)

Panel C: by gender and parental education (PE)

Male

- Low PE -0.100 -0.440∗∗∗ 0.496∗∗∗ 0.043

(0.105) (0.097) (0.080) (0.089)

- Medium PE 0.071 -0.396∗∗∗ 0.500∗∗∗ -0.175∗∗

(0.079) (0.072) (0.074) (0.085)

- High PE 0.398∗∗∗ -0.258∗∗∗ 0.242∗∗∗ -0.383∗∗∗

(0.071) (0.051) (0.063) (0.107)

Female

- Low PE 0.089 -0.289∗∗∗ 0.214∗∗ -0.013

(0.079) (0.102) (0.090) (0.071)

- Medium PE 0.165∗∗ -0.265∗∗∗ 0.191∗∗ -0.091

(0.067) (0.085) (0.091) (0.080)

- High PE 0.297∗∗∗ -0.153∗∗∗ 0.210∗∗∗ -0.354∗∗∗

(0.073) (0.048) (0.078) (0.110)

The table displays the marginal effects of the unskilled youth unemployment rate on the completion
choice probabilities. The respective columns report the marginal effects on the probability of having
completed "No Completion", "Vocational Education", "Professional Bachelor", or "University" as the
highest education 12 years after high school graduation. The marginal effects are measured as average
marginal effects. Panel A reports marginal effects from a specification where labor market conditions af-
fect completion choices identically across gender and parental education. Panel B reports the marginal
effects based on subsamples by gender. Panel C shows the marginal effects (by gender) from a model
specification where the youth unemployment rate is allowed to affect completion choice differentially
by parental education. All regressions control for individual characteristics, family characteristics, time-
varying municipality covariates, year fixed effects, and municipality fixed effects and trends. Parental
Education (PE) is measured as the highest completed education of the parents. Low PE indicates high
school degree or lower, Medium PE indicates vocational training, AP program, or professional bachelor
degree, and High PE indicates university degree. Standard errors clustered at municipality level are re-
ported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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A.3 Wage Returns and Unemployment Risk for Field-by-Degree
Categories

Table A.4 Standardized Wage Returns by Field-by-degree Categories

θ f i eld

Vocational
Professional

Bachelor
University

Education -1.512 -1.030 0.133

Humanities -0.193 0.020 0.029

Audio-visual techniques and
media production

0.386 0.952

Arts -0.911 -0.516 -0.693

Social Science -0.152 -0.223 0.687

Business administration and
law

-0.942 1.466 1.350

Natural sciences -0.894 -0.351 0.864

Information and
communication technologies

0.970 1.052 1.779

Engineering, engineering
trades and manufacturing

-0.755 0.697 1.625

Mechanics and metal trades -0.863 0.966 1.642

Architecture and
construction

-1.098 0.213 0.326

Agriculture, forestry and
fisheries

-1.413 -0.780 0.420

Health and welfare -1.431 -1.130 2.299

Services -1.327 0.850

Security services -0.717 -1.080 0.883

Transport services -0.561 -0.699

HS - no specialization -0.338

θ f i eld is a measure of the standardized wage premium associated with the field-by-degree education pro-
gram. The wage premiums are the estimated fixed effects from a regression of log hourly wages on 46 field-
by-degree indicators including controls for age, gender, indicator of non-Western descent, occupation level
indicators, cubic control for potential experience, and a full set of year dummies. The regression is performed
on the full population of 40-59-years-old full-time workers with a high school degree or higher in the period
1980-2006. The 46 estimated field-by-degree fixed effects are normalized to mean zero and standard deviation
one.
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Table A.5 Standardized Unemployment Risks by Field-by-degree Categories

λ f i eld

Vocational
Professional

Bachelor
University

Education -1.110 -0.818 -1.209

Humanities -0.012 -0.134 -0.094

Audio-visual techniques and
media production

0.700 0.848

Arts 0.440 1.949 1.125

Social Science 1.020 -0.150 -0.239

Business administration and
law

0.111 -0.600 -0.441

Natural sciences -0.139 -0.412 -0.509

Information and
communication technologies

-0.058 -0.334 -0.713

Engineering, engineering
trades and manufacturing

0.205 -0.358 -0.603

Mechanics and metal trades 0.172 -0.226 -0.409

Architecture and
construction

0.731 -0.225 0.335

Agriculture, forestry and
fisheries

0.132 -0.368 -0.666

Health and welfare -0.597 -0.797 -1.010

Services 0.738 5.036

Security services -0.771 -0.812 -0.850

Transport services 0.413 0.304

HS - no specialization 0.403

λ f i eld is a measure of the standardized unemployment risk associated with the field-by-degree education
program. The unemployment risks are the estimated fixed effects from a regression of individual-specific
yearly rate of unemployment on 46 field-by-degree indicators including controls for age, gender, indicator
of non-Western descent, cubic control for potential experience, and a full set of year dummies. The regres-
sion is performed on the full population of 40-59-year-olds who are part of the labor force and have at least a
high school degree. The 46 estimated field-by-degree fixed effects are normalized to mean zero and standard
deviation one.
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Abstract

Using detailed Danish administrative data covering the entire population of students entering

higher education in the period 1985 to 2010, we investigate the importance of a student’s peers

in higher education for the decision to drop out. We use high school GPA as a predetermined

measure of student ability and idiosyncratic variation in peer composition across cohorts

within the same education and institution. Our findings suggest that peer ability is an important

determinant of students’ drop out decisions. Overall, we find that a one standard deviation

increase in peers’ high school GPA reduces the probability of dropping out by 6.8 percentage

points. This number masks considerable heterogeneity by level and field of study. Allowing

for a more flexible specification, we find that low quality peers have adverse effects on the

probability of dropping out while high quality peers have beneficial effects. These effects are

more pronounced for lower ability students.
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3.1 Introduction

In the OECD countries, about 31 percent of the students that enroll in tertiary educa-

tion later drop out (OECD, 2009). Policy makers are encouraged to reduce dropout

while ensuring that student dropout does not lead to increased inequalities in educa-

tional attainment across students with differential background, for example, in terms

of socioeconomic characteristics (OECD, 2008). It has also been highlighted that

student composition may be an important factor in explaining increasing dropout

rates in the United States (Bound et al., 2010), making it important for policy makers

to understand the relevant mechanisms. Policy makers often apply policy levers

that affect the student composition in higher education, for example through entry

requirements and quotas. When considering the implementation of such policies, it

may also be relevant to consider whether a given policy has implications for student

composition and as a result possibly student dropout behavior.

The existence of peer effects has been analyzed in many different educational

contexts. In higher education, the evidence is characterized by originating from

various more or less selected samples of the general population of students in higher

education: freshmen at Darthmouth college (Sacerdote, 2001), undergraduates in

economics and business at the University of Amsterdam (Booij et al., 2017), freshmen

at the United States Airforce Academy (Carrell et al., 2013), and first-year students in

a public Italian university (Brunello et al., 2010) are just some of the specific groups

of students where peer dynamics have been investigated.

It is plausible that peer dynamics in higher education differ depending on the

context, for example, the field of study (Brunello et al., 2010), but given the scattered

coverage of the existing peer effect studies, it is hard to obtain a unified pattern of

the effects. We remedy this by using rich administrative data covering the universe of

enrollments in higher education in Denmark in the period 1985-2010. Our sample

thus consists of more than one million separate enrollments. The universal coverage

and large sample size allow us to compare effects across various subgroups of interest,

such as field of study and selectivity of the education program, and to allow for non-

linear peer effects. Identification of peer effects in this setting relies on idiosyncratic

variation within institutions and education programs over time. To the extent that

peer effects may differ across subpopulations, our approach will allow us to estimate

peer effects for different subgroups in the same institutional context.

We focus on the effects of peer ability on the students’ decision to drop out of

higher education which is highly relevant for policy makers. In Denmark, dropout

rates in higher education are about 30% and reducing dropout rates is a continuing

concern.1

The academic ability of peers may influence the dropout decision through two

primary channels. First, peer ability may affect a student’s own ability which in turn

1An official aim of the Danish government is that 50% of 30-year-old individuals should have com-
pleted a higher education.
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may decrease the probability of dropping out. For example, better peers may help

improve the understanding of curriculum through interactions among students.

This can happen as a result of discussions or questions during lectures, classroom

seminars or even outside of teaching. Second, peer ability can affect other dimensions

such as the behavior of a student. For example, students may change the amount

of effort they exert with respect to their studies, or change the nature of their study

habits by observing peers with high cognitive and non-cognitive skills. It is important

to keep in mind that student dropout may occur for many different reasons and the

decision to drop out may be optimal – not only from the perspective of the individual,

but also from the perspective of society.

This paper investigates the importance of peer ability for the decision to drop

out of higher education. We take advantage of rich administrative data on the uni-

verse of students enrolling in higher education in Denmark in the period 1985-2010.

The identification strategy relies on idiosyncratic variation across cohorts within

education-by-institution cells. To circumvent the reflection problem, Manski (1993),

we use students’ high school GPA as a measure of student quality. Thus, our measure

of student quality is predetermined. First, our empirical study applies the linear-in-

means model to explore the varying peer effect estimates across several educational

contexts. Next, we exploit the availability of the full distribution of high school GPAs

to estimate heterogeneous non-linear peer effects. We find that a one standard de-

viation increase in peers’ high school GPA reduces the probability of dropping out

by 6.8 percentage points. In subsequent analyses, we find that there is considerable

heterogeneity in the effects, for example by level, field of study, and the selectivity

of the education program. In a specification that allows for nonlinearities and inter-

actions between own and peer ability, we find that low quality peers have adverse

effects on the probability of dropping out while high quality peers have beneficial

effects. Results show that these effects are strongest for lower ability students.

The paper is organized as follows. Section 3.2 provides a brief overview of the

relevant literature. The institutional settings are briefly described in Section 3.3. The

empirical strategy is introduced in Section 3.4. In Section 3.5, the data is presented

along with some descriptive statistics. Section 3.6 discusses and evaluates the pro-

posed identification strategy. This is followed by the presentation of the results in

Section 3.7. Section 3.8 concludes.

3.2 Previous Literature

The literature on peer effects is growing rapidly and many studies exist on peer effects

in education in general.2 In this section, we review selected papers where the focus is

on peer effects in higher education. One of the main challenges in the peer effects

2For more general surveys of empirical evidence on peer effects in education, see Epple and Romano
(2011); Sacerdote (2011, 2014).
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literature is to find exogenous variation in peer composition. In higher education,

random assignment of students to housing units (Sacerdote, 2001; Zimmerman, 2003;

Stinebrickner and Stinebrickner, 2006; Foster, 2006; Brunello et al., 2010; Griffith and

Rask, 2014) and random allocation to classes or groups (De Paola and Scoppa, 2010;

Brodaty and Gurgand, 2016; Feld and Zölitz, 2017; Booij et al., 2017) have been used

as plausible identification of peer effects. The resulting estimated effects are generally

small and not always statistically significant. The random allocation of peers provides

a credible identification strategy; however, Angrist (2014) argues that the roommate

strategy suffers from weak instrument bias.

Sacerdote (2001) and Zimmerman (2003) are the first to exploit the random alloca-

tion of students to roommates to study peer effects among college roommates. They

find no linear impact of roommate ability on first-year college GPA. However, with

a non-linear specification Sacerdote (2001) reveals beneficial impacts from having

a high-ability roommate, and Zimmerman (2003) finds that low-ability roommates

are harmful. Other studies applying the roommate strategy find that peer effects are

limited to female students (Stinebrickner and Stinebrickner, 2006), smaller colleges

(Griffith and Rask, 2014), or students in hard sciences (Brunello et al., 2010).

Another strand of the literature exploits the random allocation of students to

teaching classes or study groups to estimate peer effects among students sharing the

same teaching environment. De Paola and Scoppa (2010) use data from the University

of Calabria. The randomly generated peer groups in compulsory courses during

First Level Degree are used to instrument teaching classes during the Second Level

Degree. They find that sharing teaching classes with high-ability students significantly

improves exam grades. Similar results are found by Feld and Zölitz (2017) in their

empirical study using random assignment of students to within-course sections

at Maastricht University. Other studies exploiting random allocation to teaching

classes find that peer effects are gender-specific. Fischer (2017) finds that women are

less likely to graduate with a STEM degree when grouped with higher ability peers,

whereas Ficano (2012) finds that male students’ academic achievement is positively

affected by the ability of their male peers.

Meanwhile, no such effects are found by Brodaty and Gurgand (2016). Their

study uses data from an elite French university where all teaching take place in small

classes to which students are randomly allocated. Even though students share all their

teaching, no significant impact from high-ability peers on student performance is

detected when accounting for teacher effects. Feld and Zölitz (2017) also account for

teacher effects, however, their estimate of peer effects remains statistically significant.

There is no immediate explanation to reconcile the difference in findings of Brodaty

and Gurgand (2016) versus Feld and Zölitz (2017) and De Paola and Scoppa (2010),

except that these studies are all based on data from single universities, and peer

effects may differ across institutions as shown by Griffith and Rask (2014).

When random allocation of peers is not generally feasible, other approaches have
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been used that take advantage of the data structure. For example, one can exploit the

natural variation in average ability across years within institutions. Arcidiacono and

Nicholson (2005) use this approach to estimate peer effects among the universe of

medical students graduating from US medical schools. They include medical school

fixed effects and thus use variation across years in within-school average ability

to identify the effect of peer ability on the exam results. They find no statistically

significant effects.

Arcidiacono et al. (2012) present a new empirical method operating through

unobserved fixed effects. Under a set of assumptions, they estimate peer effects from

a linear combination of individual fixed effects. Hence, their approach accounts

for unobserved abilities. Their approach is applied to data from the University of

Maryland, and they find small positive peer effects on grades.

Few studies have explored whether the ability level of peers has impacts on the

decision to drop out from higher education. Luppino and Sander (2015) study the

impact of peer quality on attrition from sciences. They find that students attending

campuses with stronger peers in sciences are far less likely to graduate with a science

degree. Fischer (2017) finds a similar result, however, the effect is limited to female

students. Meanwhile, stronger peers in non-science courses increase graduation

rates in both science and non-science majors. The authors argue that these pattens

are due to positive peer effects on performance in non-science courses and peer

competition in science courses. In a similar framework Arcidiacono et al. (2016) show

that better matches of own ability to that of peers are important for persistence in

STEM fields among minority students. Booij et al. (2017) find that low- and medium-

ability students have lower dropout rates when the composition of tutorial groups

switches from mixing to three-way tracking in a sample of undergraduate students in

economics. Meanwhile, they find no evidence that high-ability students are affected

by the quality of their peers.

In conclusion, the results from the peer effects literature are mixed. Many studies,

especially those focusing on elite schools find only very small or no peer effects. The

studies are mainly based on students from only one school or a few schools limiting

the possible heterogeneities that can be explored and the external validity of the

conclusions.

3.3 Institutional Setting

Denmark is a Scandinavian welfare state, and higher education is generally publicly

provided and tuition free. In addition, the Danish state provides generous student

grants. Upon completion of high school, a student can apply for a slot in higher

education (university or professional bachelor’s programs).3 A high school degree is a

3Higher education in Denmark consists mainly of university and professional bachelor’s programs.
There are also some shorter programs which we do not include in the present description or analysis.
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prerequisite for university programs and for most professional bachelor’s programs.

Admission to higher education is mainly based on the grade point average from

high school. Applicants submit an application to the Coordinated Enrollment Sys-

tem where they can rank up to eight education-by-institution programs. Slots are

allocated using a deferred acceptance mechanism. The GPA cutoff for each program

will depend on the number of applicants, their GPA, their ranked list of programs,

and the number of slots. Students are offered one slot. Students do not know the GPA

cutoff in advance and therefore neither the ability of their fellow students.4

It is also possible to apply for higher education without a high school degree.

There is a separate application process for students who want to apply for a slot

based on other criteria than the high school GPA. Students are assessed based on

other criteria such as non-high school degrees, for example, vocational education,

and prior work experience. The institutions individually set the number of students

admitted in this way.

The teaching structure at higher educations is specific to the education program.

In general, most education programs use a combination of lectures for the entire

student cohort, and smaller classroom-based seminars with 20-30 students. In most

education programs, the cohort of students starting at the same time follow the

same set of courses for the first couple of years of their education. At the universities,

students typically enrol in a bachelor’s program with a duration of three years and

subsequently enrol in a master’s program with a duration of two years. The profes-

sional bachelor programs at the university colleges have a duration of 3-4 years. For

the remainder of the paper, we will refer to the professional bachelor enrollments as

the college sample, and university enrollments as the university sample.

3.4 Empirical Strategy

Peer composition in higher education is not random given that students sort into ed-

ucation programs and institutions based on numerous unobservable characteristics.

To avoid the selection bias created by the sorting of students, our empirical approach

exploits the natural variation in cohort composition within institutions and educa-

tion programs across years to identify peer effects. This approach allows for students

to sort into education-by-institutions based on average education-by-institution

attributes, but not based on cohort-specific deviations. This type of strategy has been

applied to identify peer effects in several related contexts; Norwegian adolescents,

Black et al. (2013), U.S. medical school students, Arcidiacono and Nicholson (2005),

and Texan school children, Hoxby (2000). The key identifying assumption is that

the variation in peer composition is exogenous after controlling for education-by-

institution fixed effects.

4Humlum et al. (2017) provide a more detailed description of the Coordinated Enrollment System and
document the variation in GPA cutoffs over time.
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Consider an individual i enrolled at education-by-institution s in year t. Let yi st

be an indicator of dropout. The structure of the model is as follows:

yi st = Xi stβ+ g (Ai st )+ Z̄−i
i stδ+ f (A−i

i st )+µt +θst +εi st (3.1)

where Xi st is a vector of individual background characteristics, Z̄i st is a vector of peers’

background characteristics, and g (Ai st ) and f (A−i
i st ) are functional forms of own and

peers’ high school achievement, respectively. µt and θst capture cohort fixed effects

and education-by-institution fixed effects, respectively. The individual characteristics

are observed at age 16 and include controls for gender, age at enrollment, indicator of

non-Western descent, number of siblings, highest parental education, and parental

income. The peer characteristics are average values of the individual characteristics

within a peer group (omitting own value of the variable in calculation of the mean).

We also include controls for the number of prior enrollments, cohort size, high school

type completed, and year of high school graduation.

We remove any potential effects stemming from old peers, that is peers from a

student’s high school that also enter the student’s peer group in higher education.

That is, we calculate the ability measure for peers that also come from the same high

school graduation cohort, and add this as a control in our estimation.

The parameterization of θst governs the identification of the peer effect. In the

simplest form, θst is parameterized as education-by-institution fixed effects. Such a

specification captures the unobserved time-invariant selective distribution of stu-

dents across education programs and institutions. For this specification to identify

the causal peer effect, we must assume that, conditional on education-by-institution

fixed effects, the variation in peer characteristics across cohorts is random. The great-

est threat to this identification assumption is the potential presence of education-

by-institution specific trends affecting both the peer composition and the dropout

decision. In Section 3.7.4, we show that our results are robust to the inclusion of

education-by-institution specific linear time trends.

For the standard linear-in-means model, f (A−i
i st ) =λĀ−i

i st , λ is the main parameter

of interest. Assuming the key identifying assumption is not violated, λ captures the

causal effect from the academic ability of peers on students’ dropout decision. The

reduced-form estimation of λ possibly captures both contextual and endogenous

peer effects. Very few studies have attempted to separate these. Such an attempt

requires additional assumptions and exogenous variation in both contextual and

endogenous characteristics of peers, see, for example, Bramoullé et al. (2009). Our

analysis will document the existence of peer effects without making further attempt

to separate the effects.

The idea behind this strategy is to exploit the lack of Law of Large Number which

is likely prevalent in small cohorts. Even in larger cohorts we may observe cohort-

to-cohort variation in average ability of peers for a number of reasons. First, the

individual education institutions are at discretion to decide the relative admission

numbers of quota 1 and quota 2 applicants. Quota 2 applicants are assessed on other
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characteristics (such as previous work experience, stays abroad etc) if they do not

qualify based on high school GPA. Hence, quota 2 applicants are generally of lower

academic ability meaning an increase in quota 2 intake lowers the average academic

ability of a cohort. Second, the demand for higher education or specific education

programs varies with the size of youth cohorts, fluctuating returns to education,

or trends in education preferences. Due to the deferred acceptance mechanism,

increasing demand likely increases the average ability of a cohort. Finally, the supply

of available slots can be regulated, and new study programs may open.

3.5 Data

We exploit information on the universe of higher education enrollments in the period

1985-2010 in Denmark. We link several administrative registers to obtain a rich data

set with background information about enrolling students, students’ peers and stu-

dents’ parents. For each enrolling student, we have information about the institution

and the education program. Usually, an education program, for example, Medicine,

will be supplied by more than one institution. Students can be followed over time

such that we observe whether students eventually drop out or complete the education

program they enrol in.

3.5.1 Definition of Peer Groups

It is not trivial to define a relevant peer group for a given student. The definition of

peer groups is widely discussed in the literature, and several different definitions

have been applied. Within the literature of peer effects in higher education, there

has been a particular focus on students sharing housing units. As pointed out by

Stinebrickner and Stinebrickner (2006), flatmates have the potential to affect time-use

and study habits. Hence, residential peers and their effects on student performance

are of interest. However, the flatmate-definition of peer groups is not capturing the

likely peer effects present among students sharing a teaching environment.

We define students that enrol in the same education program in the same in-

stitution in the same year as a peer group. In other words, peer groups are defined

based on education-by-institution cells in the year of enrollment. A smaller fraction

of education programs have new intake of students twice a year (September and

February). For these education-by-institution cohorts, the peer group is separated

according to when enrollment occurs.

The size of the peer groups varies substantially across education programs. We

have restricted the sample to include peer groups with a minimum size of four

students i.e. minimum three peers. As a consequence of the peer group definition, a

number of popular education programs have very large peer groups. In the largest

cohort, there are 1,924 students in a peer group. Most likely, not all students in

the largest peer groups represent a peer with important influence, but we are not
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able to observe smaller peer groups such as study groups or classrooms. Even if we

could identify teaching classes, it is not obvious whether this information would

improve the peer group precision. It is likely that students form smaller subgroups

within classes or cohorts unobservable to the researcher. In addition, many education

programs, provide shared lectures for the entire cohort of students. Hence, using the

education-by-institution cohort of students to define the peer group captures peers

that students interact with by sharing a teaching environment.

3.5.2 Measure of Peer Ability

Measuring peer effects is complicated by peers simultaneously affecting each other.

This is commonly referred to as the problem of reflection bias (Manski, 1993). Fol-

lowing Lavy et al. (2012) who study peer effects in English secondary schools, we

circumvent the reflection problem by using a predetermined measure of ability - high

school grades that are determined prior to enrollment in higher education. At high

school (HS) graduation, grades from courses completed in high school are averaged

to a high school GPA. The availability of HS GPA varies for graduates across the types

of high school program.5

High school GPAs are standardized within year of high school graduation to

account for potential grade inflation. We calculate the peer group average of the

standardized values of GPA omitting own HS GPA to obtain the leave-one-out average.

Also, for each year of high school graduation, we use the distribution of high school

GPAs to calculate the decile of an individual’s GPA and define indicators of which

decile a student’s grade is in. We then use these indicators to calculate the share of

peers in each decile (again adjusting for own value).

Not all students in higher education have completed a high school degree, and

high school degrees completed before 1978 are not observed perfectly. Therefore, 29%

of students in our sample do not have an (observable) high school degree recorded.

For students without an observable value of own HS GPA, we impute the peer ability

measure with the peer group average HS GPA (of observable values) instead of the

leave-one-out-average. In the regressions, own HS GPA is set to zero if missing, and a

dummy variable is included to control for the missing HS GPA score.

3.5.3 Estimation Sample

In the period 1985-2010, we observe 1,203,232 enrollments in higher education

distributed across 822,664 individuals. We delete 9,654 observations where the peer

group consists of three students or less. We exclude 2,847 observations where there

is no observable value of peer group ability. We observe 2,604 enrollments in an

education-by-institution combination that only exist for one particular cohort. Since

5HS GPA is available for STX and HF graduates from 1978 and forward. HTX and HHX graduates have
observable HS GPA from 1999 and forward.
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we rely on year-to-year variation within education-by-institutions, these observations

are dropped from the sample. Finally, we exclude 3,925 enrollments where there is

only one observable high school GPA for the peer group. The estimation sample

comprises 1,184,202 enrollments (813,397 individuals) across 1,190 education-by-

institution combinations.

3.5.4 Summary Statistics

Table 3.1 shows key descriptive statistics for the estimation sample.6 The first column

shows the average values of characteristics for the sample of university students while

the second column shows the averages for college students. 51% of the university

students are women, while the female share of college students is 67%. Women are

overrepresented in higher education in Denmark compared to men. This is driven

by high proportions of female students in Arts and Health. Students are about 25

years old on average when they enter higher education. The median age at entry is

23 years. The students generally tend to have favorable socioeconomic background

characteristics in terms of parental education. 45% of university students have parents

with a high education level. The average dropout rate from university is 33% and

varies from 21% in Health at university to 42% in Arts at university. College students

have lower rates of dropout on average. The median number of peers in university is

123 reflecting that the peer group is defined in relatively broad terms as the entire

entry cohort of the education in a particular institution. Peer groups are slightly

smaller in college programs.

Table 3.2 describes the peer ability distribution across university and college.7

There is substantial variation across the two education programs. In total 5% of

university students are in the bottom 20% (as ranked by their high school GPA in

their high school graduation cohort) and 27% are in the top 20%. College programs

enrol more students from the bottom 20%, and fewer from the top 20%. In general,

the distribution of students’ ability is skewed to the left for university programs,

and to the right for college programs. University Health programs vary substantially

from other university fields. 46% of university Health students are in top 20%, while

the corresponding number is 26% in STEM, 25% in Social Science and 23% in Arts.

There is also substantial variation across college fields; in college Social Science

programs, 13% of the students were in the top 20% and 11% were in the bottom 20%

whereas in college Health 17% of students were in the bottom 20% and only 4% of

students were in the top 20%. It is clear from Table 3.2, that university students are

characterized by higher levels of academic ability. Also, GPA is missing for 23% of

university enrollments, compared to 38% of college enrollments. These differences

suggest that peer effects may vary across level of education.

6See summary statistics separately for field of study in Table A.2 (university) and Table A.3 (college).
7See footnote 6.
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Table 3.1 Descriptive Statistics

University College

Mean (Std. Dev.) Mean (Std. Dev.)

Personal characteristics

Female 0.51 0.67

Age 24.48 (6.07) 25.71 (6.33)

Non-Western Descent 0.04 0.04

No. siblings 1.38 (1.39) 1.49 (1.60)

Low educated parents 0.06 0.11

Short educated parents 0.29 0.37

High educated parents 0.45 0.27

Parents’ incomea 4.42 (3.74) 3.41 (3.01)

High school degree 0.85 0.68

Education characteristics

Average peer ability 0.52 (0.46) -0.32 (0.38)

Median no. of peers 123 89

Dropout 0.33 0.26

First enrollment 0.56 0.79

No. of observations 696,667 487,535

This table displays summary statistics separately for university and college enrollments. Average values of
individual and education characteristics are reported.
a In 100,000 DKK. Incomes are deflated using the Danish CPI to 2015 prices.

3.5.5 Dropout and Ability Trends

Dropout rates vary across time and across education programs. Figure 3.1 plots

the differential dropout trends for first-time enrollments in university and college

programs. Rates of dropout from university programs have been decreasing over the

sample period. Meanwhile, dropout rates from college programs have been increasing

since 1995. Yet, during the period 1985-2010, the average dropout rate from college

has been lower in each of the years compared to university dropout rates.

Figure 3.1 also plots the average academic ability (measured by HS GPA) of first-

time enrollments across the sample period. The average ability of university students

varied substantially in late 1980s and early 1990s. In 1988, a large reform of the Danish

Government Grant Policy took place where the student grant amount more than

doubled. Though, the reform had small impacts on enrollment rates (Nielsen et al.,

2010). If the supply of study slots was fixed in short run, this may explain the small

effect on enrollment rates, and the spike in academic ability of university students in

1989 reflects the higher probability of enrollment for students with higher HS GPA
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Table 3.2 Distribution of Peer Quality

University College

Distribution of HS GPA

Share in decile 1 0.02 0.08

Share in decile 2 0.03 0.08

Share in decile 3 0.04 0.08

Share in decile 4 0.05 0.07

Share in decile 5 0.07 0.07

Share in decile 6 0.09 0.07

Share in decile 7 0.10 0.06

Share in decile 8 0.11 0.05

Share in decile 9 0.13 0.03

Share in decile 10 0.14 0.02

Missing GPA 0.23 0.38

This table shows the distribution of students based on their HS GPA. Decile 1 is the lowest 10th per-
centile of HS GPA, and decile 10 is the top 10th percentile. Students’ ability decile is determined using
own high school GPA and the distribution of GPA scores in the year of high school graduation.

scores. In more recent years, the ability of university enrollments has stabilized, but

still displays variation from year to year. Among college enrollments, there has been

an overall downward trend in the average ability of college students.

3.6 Evaluation of the Identification Strategy

Our identification of credible peer effects hinges on two things. First, we need suf-

ficient variation in the peer ability measure to identify peer effects. In Table 3.3, we

have decomposed the education-by-institution mean ability to describe the identi-

fying variation in the data. Following Ammermueller and Pischke (2009), we adjust

the between component for the decomposition to add to the total variance in an

unbalanced panel. The upper panel of the Table shows the decomposition of the

variation using the raw data. The decomposition into overall, between and within

variance has been performed for the full sample, and separately for the college and

university samples. As one would expect, the within variation constitutes a smaller

share of the total variation than the between variation. About 20% of the total vari-

ation constitutes variation within education-by-institution cells in the full sample.

The within variance constitutes an even higher share in the subsamples of univer-

sity and college students. The lower panel of Table 3.3 demonstrates that including

education-by-institution and year fixed effects successfully eliminate the between

variance while a non-negligible amount of within variance remains.

Second, changes in the peer ability measure within education-by-institutions

must be uncorrelated with unobserved factors that affect student’s achievement. We
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Figure 3.1 Dropout and Ability Trends

(a) University Enrollments

(b) College Enrollments

The blue lines show the dropout rates from first-time enrollments in higher education programs
across years. The red lines plot the average academic ability (measured by the standardized HS
GPA) of first-time enrollments in higher education programs.
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Table 3.3 Decomposition of Variance in Cohort-level Means

All University College

Raw Variation
Mean HS GPA 0.228 0.504 -0.275

Within variation 0.083 0.089 0.072

Between variation 0.284 0.160 0.119

Total variation 0.367 0.249 0.191

Net of Fixed Effects

Mean HS GPA 0.010 0.015 -0.003

Within variation 0.081 0.087 0.070

Between variation 0.005 0.006 0.003

Total variation 0.086 0.092 0.073

The table shows a within-between decomposition of the variance in the education-by-institution
cohort-level average HS GPA. Following Ammermueller and Pischke (2009), we have weighted the
between component by the number of cohorts for the decomposition to add to the total variance
in an unbalanced panel.

assess the validity of this assumption from a balancing test approach following Lavy

and Schlosser (2011). We check whether the within education-by-institution variation

in the peer ability measure is correlated with background characteristics of students

or characteristics of the peer cohort. If the within education-by-institution variation

in the peer ability measure is uncorrelated with selection into cohorts, we would

expect to estimate zero correlations. Table 3.4 reports the results of the balancing

tests from regressions of various student characteristics on the peer ability measure

including education-by-institutions fixed effects, year fixed effects, and controls of

peer characteristics. The balancing tests have been performed separately for the

university and college samples.

In the sample of university students, the peer ability measure is not related to

most of the observable student characteristics. The only exceptions are the number

of siblings and cohort size. The positive association between the peer ability measure

and number of siblings is significant at a 5 percent confidence level, however, the

practical size of the association is very small. The point estimate suggests that a

standard deviation increase in the ability of peers is associated with 0.012 more

siblings. The positive association between peer ability and the cohort size is more

concerning. However, the correlation is only borderline significant, and we include

cohort size as a control in our estimation model.

In the college sample, we find several indications that the variation in the abil-

ity of peers correlates with background characteristics of the students. However, in

all instances the practical association with the variables is very small. For example,
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a standard deviation increase in peers ability is associated with being 0.16 years

younger, 1.25 (1.10) months longer education of the mother (father), and 0.014 per-

centage points higher probability of being first enrollment in higher education. These

correlations may, however, be due to systematic correlations with unobservables.8 We

cannot rule out this possibility even though we include all of the balancing variables

as controls in our estimation model. Yet, in Section 3.7.4 we show that the results

are robust to including education-by-institution fixed effects. Hence, education-by-

institution specific trends are not the reason for the unbalance in the college sample.

Overall, we have confidence that the specifications are likely to be valid, but we are

cautious in the interpretation of results based on the college sample.

3.7 Results

The estimation of peer effects take the linear-in-means model as the point of depar-

ture. To relax some of the assumptions inherent in the linear-in-means model, we

proceed with the estimation of more flexible specifications. Given the large sample

size, it is possible to split the data along many different dimensions including educa-

tion level and field, selectivity, peer group size, and individual characteristics such as

ability and gender.

3.7.1 The Linear-in-Means Model

We begin the examination of peer effects with the simple linear-in-means model.

Table 3.5 displays the peer effect estimates and the coefficient on own ability from

specifications with increasing number of control variables. Standard errors are clus-

tered at the education-by-institution level. The peer effect estimate measures the

marginal effect from increasing peers’ average (standardized) high school GPA on the

probability of dropout.

In column (1), we find no significant effect from peers’ ability on own dropout

decision in a specification with only year fixed effects and personal background

characteristics included. In column (2), we add peer group averages of the personal

characteristics. We detect a small, but significant, peer effect on dropout once we

control for selection based on observable background characteristics. However, there

is a mechanical negative correlation between own HS GPA and the peer ability mea-

sure due to the leave-one-out strategy. To eliminate this source of bias, we include

own HS GPA in column (3). Now, the peer effect estimate is insignificant whereas we

see a strong correlation between own ability and the probability of dropout. Once we

control for education-by-institution fixed effects in column (4), having academically

stronger peers significantly reduces the likelihood of dropout. The estimated peer

effect is robust to controlling for the academic ability of "old" peers.

8Altonji et al. (2005) suggest that the degree of selection on observables is a good indicator of the
degree of selection on unobservables.
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Table 3.4 Balancing Tests of the Peer Ability Measure

Dependent Variable: University Sample College Sample

Female 0.002 -0.004

(0.004) (0.004)

Age 0.071 -0.158∗

(0.055) (0.089)

Birth Month 0.034 0.044∗

(0.023) (0.027)

Mothers’ Education 0.217 1.250∗∗∗

(0.215) (0.252)

Fathers’ Education 0.120 1.101∗∗∗

(0.232) (0.260)

Non-Western Descent 0.005 0.001

(0.003) (0.002)

First Education -0.001 0.014∗

(0.015) (0.008)

Number of Siblings 0.012∗∗ 0.006

(0.006) (0.008)

Log Parents’ Income -0.002 0.014∗∗∗

(0.003) (0.004)

Cohort Size 24.78∗ -4.420

(14.861) (5.977)

Year FE X X
Peers’ char. X X
Educ-Inst FE X X
Old Peers X X

Each entry corresponds to a separate regression. The table reports the estimated coefficients on the aver-
age HS GPA of peers from regressions of the listed dependent variables. All regressions include education-by-
institution dummies, year dummies, average background characteristics of peers, own HS GPA and year of HS
graduation. Standard errors clustered at education-by-institution level are shown in parentheses. The balanc-
ing tests have been performed separately for the university and college samples.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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We find that dropout decreases by 7 percentage points when peers’ GPA increases

by a standard deviation. The size of the effect is somewhat larger than the one esti-

mated by Booij et al. (2017). They find that a standard deviation increase in peers’

GPA reduces dropout by 4.2 percentage points. However, they find that the marginal

effect from high-ability peers increases with the standard deviation of peer ability.

Luppino and Sander (2015) estimate an increase in graduation rates of 8.7 percentage

points among non-STEM students from a one standard deviation increase in the

ability of non-STEM peers. Hence, our linear-in-means estimate of peer effects has

the same order of magnitude as estimates found in previous studies.

Table 3.5 Linear-in-means Model: The Effects from Peers’ Ability on Dropout

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

Peers’ HS GPA -0.009 -0.024∗∗∗ 0.011 -0.068∗∗∗ -0.068∗∗∗

(0.007) (0.007) (0.007) (0.009) (0.009)

Own HS GPA -0.058∗∗∗ -0.057∗∗∗ -0.056∗∗∗

(0.003) (0.003) (0.003)

Year FE X X X X X
Person char. X X X X X
Peers’ char. X X X X
Educ-Inst FE X X
Old Peers X

N 1,184,202 1,184,202 1,184,202 1,184,202 1,184,202

R2 0.046 0.056 0.063 0.131 0.131

The table summarizes the results from estimation of the linear-in-means model on dropout using the full sample of
higher education enrollments. Each column displays the estimated coefficients on peers’ HS GPA and own HS GPA
from specifications with increasing number of controls. Peers’ HS GPA is calculated as the leave-one-out average of
all enrollments in an education-by-institution in a given year. Standard errors clustered at education-by-institution
level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

3.7.2 Exploring Heterogeneous Peer Effects

The literature on peer effects in higher education has reported mixed findings with

respect to significance and sign of the effects. Variations in ability and identification

strategies offer some explanation to the differences in findings. Another explanation

is that institutional differences in teaching structure, size of cohorts, student com-

position, and course-types affect the importance of peer effects. We can exploit the

comprehensiveness of our data to test differences in the importance of peer effects

across various institutional characteristics.
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3.7.2.1 Education Level and Field of Study

The first dimensions we test are university versus college and differences across field

of study. University and college programs differ in the teaching structure which may

give rise to differential importance of peers’ ability. In general, college programs differ

from university programs by being practically oriented and with time spend in intern-

ships. Carrell et al. (2009) have estimated strong peer effects in an educational setting

where students spend large amounts of time with their randomly assigned peers.

Hence, less time spend in classrooms and more time in internships may result in less

influence from peers among college students. Also, the practical orientation of the

teaching may lower the importance of peers’ academic abilities on own performance

in college programs.

Table 3.6 Linear-in-means Model: The Effects from Peers’ Ability on Dropout - University
Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Peers’ HS GPA -0.094∗∗∗ -0.135∗∗∗ -0.089∗∗∗ -0.091∗∗∗ -0.023

(0.011) (0.023) (0.026) (0.017) (0.039)

Own HS GPA -0.071∗∗∗ -0.094∗∗∗ -0.064∗∗∗ -0.069∗∗∗ -0.029∗∗∗

(0.005) (0.010) (0.008) (0.006) (0.006)

Difference STEM v. Social Science: p-value = 0.185

Difference STEM v. Arts: p-value = 0.118

Difference STEM v. Health: p-value = 0.013

Difference Social Science v. Arts: p-value = 0.973

Difference Social Science v. Health: p-value = 0.153

Difference Arts v. Health: p-value = 0.111

N 696,667 161,640 295,266 197,459 42,302

R2 0.129 0.184 0.078 0.123 0.075

The table reports the coefficients on peers’ HS GPA and own HS GPA from regressions with dropout as the dependent
variable using the university sample. Column (1) shows the results using all university enrollments. Columns (2)-(5)
show the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. All regressions include
education-by-institution dummies, year dummies, personal background characteristics, peers’ average background
characteristics, and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out average of all enroll-
ments in an education-by-institution in a given year. Standard errors clustered at education-by-institution level are
reported in parentheses. P-values from Wald tests of differences in the peer effect estimates across field subsamples
are reported.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

Column (1) of Table 3.6 and Table 3.7 report the estimated peer effects for univer-

sity and college samples, respectively. Columns (2)-(5) of the tables report the peer

effect estimates based on field of study subsamples within the two education types.
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We find that peer effects are on average smaller in college programs. The size of peers’

effect on dropout is almost one-third of the effect estimated for university students.

Yet, even greater differences are detected when comparing estimates across field of

study.

Empirical studies have identified future earnings, gender-specific preferences

(Gemici and Wiswall, 2014), ability sorting (Arcidiacono, 2004), parental influence

(Humlum et al., 2019), and subjective expectations (Stinebrickner and Stinebrickner,

2014) as strong predictors of field choice.9 Due to the selective field choices, there

may exist systematic differences in the traits of student across fields that can give rise

to variation in peer influence.

Brunello et al. (2010) have proposed a theory implying that peer effects should

be strongest in fields with higher marginal returns. Indeed, their empirical study

finds strongest peer effects in hard sciences, and small insignificant effects in so-

cial science and humanities. Alternatively, Luppino and Sander (2015) and Fischer

(2017) argue that peer effects in STEM may be negative due to a tendency of strong

competitive teaching environments and rigid grading curves. Fischer (2017) finds a

significantly negative impact on female STEM graduation rates from higher ability of

peers, whereas Luppino and Sander (2015) show general decreases in the likelihood

of STEM graduation from attending a campus with stronger peers in STEM. Since the

peer effects estimated by Brunello et al. (2010) are based on roommate ability, it may

not fully capture the competitive dynamics potentially present in a classroom. This

may partly explain the difference of results.

The samples applied in the empirical studies on peer effects in higher education

cover a range of education fields. Most European studies apply data on students in

the fields of business administration or economics (Booij et al., 2017; Feld and Zölitz,

2017; De Paola and Scoppa, 2010; De Giorgi et al., 2010). Other papers have used data

on medical students (Arcidiacono and Nicholson, 2005), STEM course participants

(Fischer, 2017), and mixed college samples (e.g. Brunello et al., 2010; Luppino and

Sander, 2015; Arcidiacono et al., 2012; Zimmerman, 2003). In light of the theoretical

prediction of variation in the importance of peers across educational fields, we would

expect to find mixed results in the peer effect literature.

We exploit that students are enrolled into a specific education program, thus the

decision of field of study is made at entry to university/college. We have grouped all

education programs into the four fields: STEM, Social Science, Arts, and Health. Table

A.1 shows a subdivision of the field of study groups, and gives examples of specific

education programs.

In all subsamples the estimated effect from peers’ ability on own dropout decision

is negative. However, the size and significance of the effect differ across fields. In the

university subsample, we find the strongest peer effects in STEM fields. This finding

9Altonji et al. (2016) give a thorough summary of empirical findings on determinants of field choice in
higher education.
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Table 3.7 Linear-in-means Model: The Effects from Peers’ Ability on Dropout - College
Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Peers’ HS GPA -0.036∗∗∗ -0.057∗∗∗ -0.171∗∗∗ -0.025 -0.010

(0.011) (0.018) (0.045) (0.026) (0.010)

Own HS GPA -0.038∗∗∗ -0.079∗∗∗ -0.053∗∗∗ -0.053∗∗∗ -0.015∗∗∗

(0.003) (0.006) (0.012) (0.007) (0.003)

Difference STEM v. Social Science: p-value = 0.017

Difference STEM v. Arts: p-value = 0.298

Difference STEM v. Health: p-value = 0.019

Difference Social Science v. Arts: p-value = 0.004

Difference Social Science v. Health: p-value = 0.000

Difference Arts v. Health: p-value = 0.579

N 487,535 87,107 23,310 110,555 266,563

R2 0.077 0.118 0.176 0.078 0.042

The table reports the coefficients on peers’ HS GPA and own HS GPA from regressions with dropout as the depen-
dent variable using the college sample. Column (1) shows the results using all college enrollments. Columns (2)-(5)
show the results based on subsamples of college enrollments in STEM, Social Science, Arts, or Health. All regressions
include education-by-institution dummies, year dummies, personal background characteristics, peers’ average back-
ground characteristics, and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out average of
all enrollments in an education-by-institution in a given year. Standard errors clustered at education-by-institution
level are reported in parentheses. P-values from Wald tests of differences in the peer effect estimates across field sub-
samples are reported.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

is in line with Brunello et al. (2010). Unlike Luppino and Sander (2015), we do not

find peer effects corresponding to a theory of a competitive teaching environment

in STEM programs. Fischer (2017) only found negative peer impacts among female

students in STEM. However, later we show that the differences of results cannot be

explained by gender differences nor selectiveness of study programs. One explanation

may be that the cost of switching major at US colleges is much lower than in the

Danish education system where students have to dropout and apply for enrollment

at a new program (Malamud, 2011).

The estimated peer effects in Social Science and Arts are smaller in size, but still

significant. Similar to the European studies showing significant peer effects from

samples of students in business administration or economics, we find strong peer

effects on dropout in Social Science. Though, Brodaty and Gurgand (2016) find no

evidence of peer effects in a sample of undergraduate economics students. However,

as we will show later, the reason may be that they use a sample of elite students.
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Peers’ academic ability have a much smaller impact on own dropout decision

among university Health students, and the sign of the effect is even reversed. Arcidia-

cono and Nicholson (2005) found no evidence of peer effects at US medical schools.

They argue that the low importance of peers could be due to medical schools being

highly selective, and that medical students are often a relatively mature group. Our

descriptive statistics in Table A.2 show that university Health students are not on

average older, but they tend to be of higher ability. Alternatively, these insignificant

findings may suggest that the ability measured by high school GPA is less important

in Health programs where patient care and medical skills are pivotal.

The variation in peer effects across field of study is also found among college

students. Yet, the pattern differs a bit. Columns (2)-(5) of Table 3.7 show that college

students in Social Science experience the strongest peer effects. While peer effects

among college STEM students are significant, they are small relative to those found

among the corresponding university students. Again, we do not find strong evidence

of peer effects in Health programs.

So far, we have documented the existence of peer effects in higher education. The

ability of peers has significant impacts on the decision to drop out. Meanwhile, the

size and significance of ability10 peer effects vary across education level and field of

study. Thus, the mixed findings in the empirical literature on peer effects in higher

education can partially be explained by variation in the data samples with respect

to education level and field of study. Generally, we find small and insignificant peer

effects in Health programs and education programs with strong focus on practical

skills.

3.7.2.2 Selectiveness of Education Program

Selectiveness of the education institutions included in a sample is another char-

acteristic that can give rise to variation in the estimated peer effects. As argued by

Stinebrickner and Stinebrickner (2006), students entering elite schools "are likely to

arrive at school with strong academic ability, good study habits, and strong beliefs

about the importance of college" and that these features may mitigate any influences

from peers.

Higher education in Denmark is provided mainly by public institutions, and

therefore our data do not allow a straightforward definition of elite schools. How-

ever, the combination of the Coordinated Enrollment System and excess demand

produces very high GPA cutoffs of some education programs. We define an education

program as selective if the program in more than 50% of the years being offered

have enrolled cohorts with an average GPA in the top 20th percentile of all programs

10High school course-specific grades are available from 1998. These allow us to explore the relative
importance of specific skills across fields. Table A.4 shows that peers’ math skills is the driver of peer effects
in university STEM, whereas verbal skills (measured by Danish grades) is a strong driver of peer effects in
university Humanities.
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(within university and college).

Table 3.8 Heterogeneous Peers Effects across Selectivity of Education Program - University
Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Non-Selective:

Peers’ HS GPA -0.086∗∗∗ -0.124∗∗∗ -0.084∗∗∗ -0.078∗∗∗ 0.032

(0.012) (0.020) (0.022) (0.016) (0.053)

N 584,501 142,188 248,653 176,014 17,646

Selective:

Peers’ HS GPA -0.039 -0.074∗ 0.033 -0.015 -0.037

(0.026) (0.038) (0.037) (0.021) (0.025)

N 112,101 19,400 46,613 21,432 24,656

Selective vs. Non-Selective

Difference: 0.048∗ 0.049 0.117∗∗∗ 0.063∗∗ -0.069

(0.028) (0.043) (0.043) (0.026) (0.057)

The table reports the coefficients on peers’ HS GPA from regressions with dropout as the dependent variable using
the university sample. Column (1) shows the results using all university enrollments. Columns (2)-(5) show the re-
sults based on subsamples of enrollments in STEM, Social Science, Arts, or Health. The top panel displays the results
using the subsample of non-selective education-by-institutions. The middle panel reports the results from the sub-
sample of selective education-by-institutions. The bottom panel reports the differences of the peer effect estimates
between selective and non-selective education-by-institutions. An education-by-institution is defined as selective if
the cohort-average HS GPA of enrollments is in the top 20th percentile for more than 50% of the years being offered.
All regressions include education-by-institution dummies, year dummies, personal background characteristics, peers’
average background characteristics, and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out
average of all enrollments in an education-by-institution in a given year. Standard errors clustered at education-by-
institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

We have formed subsamples based on the indicator of selectiveness and esti-

mated peer effects separately for selective and non-selective education-by-institution

units. Results are shown in Table 3.8 (3.9) for the university (college) sample. The

upper panel reports peer effects from non-selective programs, the middle panel

shows estimates from selective programs, and the lower panel reports a test of the

difference between the two peer effect estimates. In the sample of university students,

we estimate smaller peer effects in selective programs. We find particularly large

differences between selective and non-selective programs in Social Science and Arts.

Peers’ ability has a significantly smaller impact on dropout in selective education

programs. The sign of peer effects is reversed in university Health programs. Yet, the

difference between peer effects in selective and non-selective Health programs is not

significant. In the college sample, we do not observe noticeable differences between

selective and non-selective education programs.
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Table 3.9 Heterogeneous Peers Effects across Selectivity of Education Program - College
Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Non-Selective:

Peers’ HS GPA -0.032∗∗∗ -0.024 -0.084∗∗ -0.028 -0.018

(0.011) (0.018) (0.036) (0.022) (0.011)

N 422,192 74,567 17,015 86,550 244,060

Selective:

Peers’ HS GPA -0.037∗∗ -0.061 -0.062 -0.020 -0.030∗

(0.015) (0.048) (0.069) (0.022) (0.016)

N 65,296 12,493 6,295 24,005 22,503

Selective vs. Non-Selective

Difference: -0.005 -0.038 0.022 0.008 -0.013

(0.018) (0.050) (0.075) (0.031) (0.019)

The table reports the coefficients on peers’ HS GPA from regressions with dropout as the dependent variable us-
ing the college sample. Column (1) shows the results using all college enrollments. Columns (2)-(5) show the results
based on subsamples of enrollments in STEM, Social Science, Arts, or Health. The top panel displays the results using
the subsample of non-selective education-by-institutions. The middle panel reports the results from the subsample
of selective education-by-institutions. The bottom panel reports the differences of the peer effect estimates between
selective and non-selective education-by-institutions. An education-by-institution is defined as selective if the cohort-
average HS GPA of enrollments is in the top 20th percentile for more than 50% of the years being offered. All regres-
sions include education-by-institution dummies, year dummies, personal background characteristics, peers’ average
background characteristics, and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out average
of all enrollments in an education-by-institution in a given year. Standard errors clustered at education-by-institution
level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

Sacerdote (2001) and Zimmerman (2003) have found only small peer effects using

samples from the selective schools Dartmouth and Williams College. Brodaty and

Gurgand (2016) do not find any evidence of peer effects using data from an elite

French university. Meanwhile, Stinebrickner and Stinebrickner (2006) and De Paola

and Scoppa (2010) find strong peer effects in samples from non-selective institutions.

Yet, significant peer effects have also been identified in selective samples (Booij et al.,

2017). Based on our findings, we are not able to conclude whether smaller peer effects

in selective institutions support a pattern in the literature, or if variation from cohort

to cohort is too small to identify the effects. However, in Section 3.7.3.1, we show that

peer effects in selective education programs are consistently smaller when using a

relative measure of peer ability.
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3.7.2.3 Gender Differences

It is widely debated in the peer effects literature whether male or female students are

most strongly affected by peers. Stinebrickner and Stinebrickner (2006), Arcidiacono

and Nicholson (2005), and Fischer (2017) identify strongest peer effects for female

students, whereas Zimmerman (2003), Ficano (2012) and Griffith and Rask (2014)

show that male students are more susceptible to peers’ ability level. Finally, Feld and

Zölitz (2017) and Brunello et al. (2010) find no significant gender differences.

In panel A of Table 3.10 (3.11), we test for gender differences in peer effects for

university (college) students. Male university students reduce dropout by 10.1 per-

centage points from a standard deviation increase in peers’ ability, and the interaction

suggests a 1.1 percentage point lower peer effect for female students. The difference is

not significant, though. Looking across the subsamples by field, we neither detect any

significant gender differences. Among college students, we find that female students

are slightly less affected by peers compared to male students. However, the gender

difference is so small, we cannot detect it in the subsamples by field. Hence, we do

not find strong indications of gender differences in the susceptibility to peers.

A few papers have found that peer effects form along gender lines (Arcidiacono

and Nicholson, 2005; Ficano, 2012). To test this, we have split the peer ability measure

by gender, and included an ability measure for both male and female peers in our

regression. We have performed the regression by gender, and the results are shown

in panels B and C of Table 3.12 (3.13) for the university (college) sample. In the

subsample of female university students, we find that they are as good as equally

affected by both male and female peers. The square brackets report the p-value from

a Wald test of the difference between the effects from male and female peers. The

difference is not significant. In general, we do not find that university students are

differentially affected by male and female peers. If any, students in STEM programs

appear to be slightly more affected by own-gender peers’ ability.

Female college students are, on the other hand, mainly affected by their female

peers. This effect is mainly due to students in Health programs. Meanwhile, male

college students in STEM are mainly affected by their male peers. In other fields of

college programs, we do not detect any gender differences.

In line with Feld and Zölitz (2017) and Brunello et al. (2010), we do not find that

male and female university students are differentially susceptible to peer influences.

Among college students, we find some indications of peer effects forming along

gender lines.

3.7.2.4 Cohort Size and Ability Variation

In Table 3.12 (3.13) we also study whether peer effects vary across peer group sizes,

and the homogeneity of the peer ability composition. Specifically, we test whether

the standard deviation of peer group ability affects dropout directly, or differentially
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Table 3.10 Heterogenous Peer Effects across Gender - University Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A: All Students

Peers’ HS GPA -0.101∗∗∗ -0.141∗∗∗ -0.100∗∗∗ -0.090∗∗∗ -0.002

(0.014) (0.024) (0.030) (0.019) (0.039)

Female × peers’ 0.011 0.015 0.015 0.001 -0.034

HS GPA (0.010) (0.018) (0.020) (0.012) (0.029)

Panel B: Female Students

Female peers’ HS GPA -0.044∗∗∗ -0.063∗∗∗ -0.038∗∗ -0.043∗∗∗ -0.008

(0.007) (0.015) (0.017) (0.010) (0.030)

Male peers’ HS GPA -0.038∗∗∗ -0.046∗∗∗ -0.042∗∗∗ -0.038∗∗∗ -0.028

(0.006) (0.017) (0.013) (0.010) (0.018)

Wald test p-value: [0.487] [0.413] [0.847] [0.662] [0.519]

Panel C: Male Students

Female peers’ HS GPA -0.045∗∗∗ -0.055∗∗∗ -0.034∗ -0.045∗∗∗ -0.033

(0.009) (0.012) (0.018) (0.012) (0.041)

Male peers’ HS GPA -0.047∗∗∗ -0.075∗∗∗ -0.060∗∗∗ -0.032∗∗∗ 0.012

(0.008) (0.018) (0.016) (0.011) (0.023)

Wald test p-value: [0.834] [0.332] [0.189] [0.377] [0.390]

The table reports the coefficients on peers’ HS GPA from regressions with dropout as the dependent varilable
using the university sample. Column (1) shows the results using all university enrollments. Columns (2)-(5) show
the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. Panel A displays the
results from a specification where a gender interaction with peers’ HS GPA has been included. Panel B reports the
coefficients on the gender-specific peer ability measures for the subsample of female students. Panel C reports the
results for the subsample of male students. The Wald tests test the difference between the impacts from male and
female peers. All regressions include education-by-institution dummies, year dummies, personal background
characteristics, peers’ average background characteristics, and average HS GPA of old peers. Peers’ HS GPA is
calculated as the leave-one-out average of all enrollments in an education-by-institution in a given year. Standard
errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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Table 3.11 Heterogeneous Peer Effects across Gender - College Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A: All Students

Peers’ HS GPA -0.062∗∗∗ -0.056∗∗∗ -0.160∗∗∗ -0.039 -0.018

(0.015) (0.017) (0.043) (0.028) (0.018)

Female × peers’ 0.042∗∗∗ -0.007 -0.023 0.027 0.009

HS GPA (0.014) (0.030) (0.037) (0.024) (0.015)

Panel B: Female Students

Female peers’ HS GPA -0.025∗∗∗ -0.007 -0.089∗∗∗ -0.009 -0.023∗∗∗

(0.008) (0.017) (0.032) (0.023) (0.008)

Male peers’ HS GPA 0.007∗∗ -0.036 -0.065∗ -0.019∗∗ 0.011∗∗∗

(0.003) (0.027) (0.034) (0.010) (0.003)

Wald test p-value: [0.000] [0.349] [0.617] [0.678] [0.000]

Panel C: Male Students

Female peers’ HS GPA -0.015∗ -0.002 -0.045∗∗ -0.022 -0.018

(0.008) (0.009) (0.020) (0.022) (0.017)

Male peers’ HS GPA -0.018∗ -0.037∗∗∗ -0.063∗∗∗ -0.027∗ 0.008

(0.008) (0.012) (0.023) (0.015) (0.005)

Wald test p-value: [0.770] [0.017] [0.533] [0.836] [0.158]

The table reports the coefficients on peers’ HS GPA from regressions with dropout as the dependent variable
using the college sample. Column (1) shows the results using all college enrollments. Columns (2)-(5) show the
results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. Panel A displays the results
from a specification where a gender interaction with peers’ HS GPA has been included. Panel B reports the coef-
ficients on the gender-specific peer ability measures for the subsample of female students. Panel C reports the
results for the subsample of male students. The Wald tests test the difference between the impacts from male and
female peers. All regressions include education-by-institution dummies, year dummies, personal background
characteristics, peers’ average background characteristics, and average HS GPA of old peers. Peers’ HS GPA is cal-
culated as the leave-one-out average of all enrollments in an education-by-institution in a given year. Standard
errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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with respect to the average ability of peers. Since variation may increase with peer

group size, we look a differences across cohort sizes.

Table 3.12 Heterogeneity of Peer Effects across Cohort Size and Peer Ability Variance -
University Students

Dependent Variable: Dropout

(1) (2) (3)

Peers’ HS GPA -0.115∗∗∗ -0.091∗∗∗ -0.046∗∗

(0.012) (0.011) (0.021)

Peers’ HS GPA × Size 50-149 0.022∗∗ -0.003 0.048∗

(0.011) (0.013) (0.027)

Peers’ HS GPA × Size > 150 0.063∗∗∗ 0.029 0.030

(0.017) (0.019) (0.033)

STD Peers’ GPA 0.020 0.062∗∗∗

(0.016) (0.024)

STD Peers’ GPA × Size 50-149 0.041∗∗∗ 0.048∗∗∗

(0.013) (0.014)

STD Peers’ GPA × Size > 150 0.060∗∗∗ 0.062∗∗∗

(0.019) (0.021)

Peers’ HS GPA × STD Peers’ GPA -0.061∗∗
(0.024)

Peers’ HS GPA × STD Peers’ GPA -0.079∗

× Size 50-149 (0.040)

Peers’ HS GPA × STD Peers’ GPA 0.001

× Size > 150 (0.049)

N 696,667 696,667 696,667

R2 0.130 0.130 0.130

The table reports the coefficients from regressions of dropout on peers’ HS GPA and the standard deviation of peers’
HS GPA using the university sample. Column (1) reports the results from a specification where the peer ability measure
is interacted with the peer group size. Peer groups of less than 50 students are left as the base category. Column (2) adds
the standard deviation of peers’ HS GPA interacted with peer group size. Column (3) adds the triple interaction of peers’
HS GPA with the standard deviation of peers’ HS GPA and the peer group size. All regressions include education-by-
institution dummies, year dummies, personal background characteristics, peers’ average background characteristics,
and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out average of all enrollments in an
education-by-institution in a given year. Standard errors clustered at education-by-institution level are reported in
parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

In column (1), we show the results from interacting the peer ability measure with

three levels of cohort sizes where peer groups with less than 50 students are left as

the base group. Both in the college and university sample, we find that the that peer

effects are smallest in the largest cohorts.

In column (2), we add the standard deviation of peer ability. Once we control

for the heterogeneity of the peer ability composition, the size of the peer effects are

no longer different across cohort sizes. Hence, the estimated differences in column
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(1) appear to be due to heterogeneity of the peer ability composition in large peer

cohorts. In the sample of university students, we find that more variation in peers’

ability is harmful in larger cohorts. In the college sample, the estimates suggest a

reversed pattern. Hence, it seems that university students in large cohorts benefit

from homogeneity, whereas college students in large cohorts are far less negatively

affected by large variation in peers’ ability.

Table 3.13 Heterogeneity of Peer Effects across Cohort Size and Peer Ability Variance -
College Students

Dependent Variable: Dropout

(1) (2) (3)

Peers’ HS GPA -0.071∗∗∗ -0.058∗∗∗ -0.073∗∗∗

(0.014) (0.014) (0.023)

Peers’ HS GPA × Size 50-149 0.062∗∗∗ 0.030∗ 0.149∗∗∗

(0.017) (0.016) (0.030)

Peers’ HS GPA × Size > 150 0.077∗∗∗ 0.033 0.119

(0.023) (0.023) (0.095)

STD Peers’ GPA 0.081∗∗∗ 0.065∗∗∗

(0.015) (0.016)

STD Peers’ GPA × Size 50-149 -0.053∗∗∗ -0.061∗∗∗

(0.012) (0.012)

STD Peers’ GPA × Size > 150 -0.069∗∗∗ -0.073∗∗∗

(0.017) (0.017)

Peers’ HS GPA × STD Peers’ GPA 0.026

(0.027)

Peers’ HS GPA × STD Peers’ GPA -0.175∗∗∗

× Size 50-149 (0.046)

Peers’ HS GPA × STD Peers’ GPA -0.120

× Size > 150 (0.117)

N 487,535 487,535 487,535

R2 0.077 0.078 0.078

The table reports the coefficients from regressions of dropout on peers’ HS GPA and the standard deviation of peers’
HS GPA using the college sample. Column (1) reports the results from a specification where the peer ability measure is
interacted with the peer group size. Peer groups of less than 50 students are left as the base category. Column (2) adds
the standard deviation of peers’ HS GPA interacted with peer group size. Column (3) adds the triple interaction of peers’
HS GPA with the standard deviation of peers’ HS GPA and the peer group size. All regressions include education-by-
institution dummies, year dummies, personal background characteristics, peers’ average background characteristics,
and average HS GPA of old peers. Peers’ HS GPA is calculated as the leave-one-out average of all enrollments in an
education-by-institution in a given year. Standard errors clustered at education-by-institution level are reported in
parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

Finally, we interact the standard deviation with average ability of peers. This

inclusion reveals additional differences in peer effects across cohort sizes. In small

university peer groups, higher average ability of peers is beneficial, and the negative
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sign on the interaction between STD and the average of peers’ ability suggests that

peer effects are particularly strong in homogeneous peer groups. A similar structure

of peer effects are found for middle sized university cohorts. For the largest university

cohorts, we find an overall negative impact from large variation of the peer ability

composition on completion rates. In large cohorts with substantial ability hetero-

geneity, students may form homogeneous subgroups that limit peer effects (Carrell

et al., 2013).

In the sample of college students, the structure of peer effects differs. Higher

average ability of peers reduces the risk of dropout in small cohorts. However, large

variation in peers’ ability is harmful irrespective of the overall ability level. In large col-

lege cohorts, the harmful impacts from large variation in peers’ ability are mitigated

if peers’ ability on average is high.

In this section, we have shown that peer effects depend on the student composi-

tion in terms of the size of cohort and variation in peers’ ability. Homogeneity of peer

groups is generally beneficial. Large variation in peers’ ability increases dropout rates

unless the average ability of the peer cohort is high.

3.7.3 Non-linear Peer Effects

In Section 3.7.1 we established the existence of peer effects in higher education

while Section 3.7.2 showed that characteristics of education programs determine

the importance. However, the linear-in-means model, applied so far, restricts the

structure of estimated peer effects. First, the peer effects are assumed homogeneous

for all students irrespective of their own ability level. Second, as argued by Hoxby and

Weingarth (2005), from a public policy perspective the linear-in-means model is not

interesting since the net effect of student allocations is constrained to zero. To loosen

this assumptions, and to test for non-linearities of peer effects, we have considered a

more flexible model where peer effects depend on the distribution of peers’ and own

ability. To do so, we use the distribution of peers’ HS GPA and interact the peer ability

measures with own ability level.

To begin with, we define students with a HS GPA in the bottom 20th percentile

as low-achievers, and students with a HS GPA in the top 20th percentile as high-

achievers.11 We substitute, in our estimations model, the average GPA of peers with

the share of low- and high-ability peers. That means, the share of peers with middle-

ability (HS GPA in the 20th to 80th percentile) are left as the base category. Equation

3.2 summarizes our non-linear estimation model.

yi st = Xi stβ+ g
(

Ai st
)+γ1sq80

i st +γ2sq20
i st + Z̄−i

i stδ+µt +θs +εi st (3.2)

11Students’ ability percentile is determined using own high school GPA and the distribution of GPA
scores in the year of high school graduation.
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where sq80
i st = 1

Nst−1

∑Nst
j 6=i I j st [A j >τ80], sq20

i st = 1
Nst−1

∑Nst
j 6=i I j st [A j <τ20], Nst is the

peer group size, and τ80 and τ20 are the 80th and 20th percentile of HS GPA, re-

spectively.

In the following, we only show results using the sample of university students.

38% of college students have a missing HS GPA. Hence, calculating the share of low-

and high-ability peers will entail large measurement errors. Nevertheless, we have

estimated non-linear models using the college sample, and the results are left in

appendix A.5.

In panel A of Table 3.14 we show the results from the estimation of Equation 3.2 for

university students. We display the parameters of interest, γ1 and γ2. The coefficient

γ1 (γ2) can be interpreted as the marginal effect on dropout from increasing the share

of high-ability (low-ability) peers while holding the share of low-ability (high-ability)

peers constant. Hence, by reducing the share of middle-ability peers. Column (1)

displays the results for the full university sample, and columns (2)-(5) show the results

by field. Corresponding to the results from the linear-in-means model, we find that

increasing the share of low-ability peers is harmful, whereas high-ability peers are

beneficial for graduation. In line with the results found in Section 3.7.2.1, we find the

strongest peer effects in STEM.

Next, we interact the share of low- and high-ability peers with an indicator of own

ability (low, middle or high) to measure heterogeneous effects. We display the results

in panel B of Table 3.14.

Persistence of high-ability students is invariant to the distributional composition

of their peers’ ability. Neither increases in the share of high-ability peers nor low-

ability peers affect their dropout decision significantly. Only high-ability students

in STEM programs are influenced by their peers at a 10 percent significance level.

Meanwhile, we find that middle- and low-ability students respond significantly to

the ability composition of their peer groups. In general, increasing the share of high-

(low-)ability peers have positive (negative) impacts on completion. The pattern of

the heterogeneous peer effects is somewhat consistent across field of study. Middle-

and low-ability students lower their risk of dropout about equally from increasing the

share of high-ability peers. Point estimates suggest that low-ability students reduce

their risk of dropout by 1.39 percentage points when the share of high-ability peers

increases by 10 percentage points. The corresponding decrease for middle-ability

students is 1.25 percentage points. Meanwhile, the harmful impact from low-ability

peers is much stronger. The risk of dropout for low-ability students increases by 3.58

percentage points if the share low-ability peers increases by 10 percentage points.

Even stronger effects are found in Arts and Health.

To allow for even more flexibility, we have estimated an interaction model similar

to Hoxby and Weingarth (2005). In this model, nine variables measuring the share

of peers in each ability decile (40th to 50th percentile is left as the base) are fully

interacted with indicators of each students own ability decile. Increasing the flexibility
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Table 3.14 Non-linear Peer Effects - University Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A: Non-linear Peer Effects

Fraction of high-GPA -0.093∗∗∗ -0.146∗∗∗ -0.121∗ -0.087∗∗∗ 0.082

peers (0.024) (0.036) (0.064) (0.025) (0.059)

Fraction of low-GPA 0.170∗∗∗ 0.273∗∗∗ 0.079 0.151∗∗∗ 0.146

peers (0.040) (0.066) (0.069) (0.045) (0.119)

Panel B: Heterogeneous Non-linear Peer Effects

High GPA × Fraction of -0.040 -0.078∗ -0.071 -0.031 0.095

high-GPA peers (0.025) (0.043) (0.065) (0.028) (0.062)

High GPA × Fraction of 0.013 0.171∗ -0.145 0.021 0.116

low-GPA peers (0.056) (0.103) (0.097) (0.066) (0.135)

Middle GPA × Fraction -0.124∗∗∗ -0.167∗∗∗ -0.166∗∗∗ -0.103∗∗∗ 0.068

of high-GPA peers (0.023) (0.037) (0.063) (0.025) (0.063)

Middle GPA × Fraction 0.161∗∗∗ 0.278∗∗∗ 0.056 0.134∗∗ 0.164

of low-GPA peers (0.042) (0.067) (0.070) (0.053) (0.122)

Low GPA × Fraction of -0.137∗∗∗ -0.165∗∗∗ -0.168∗∗ -0.178∗∗∗ 0.083

high-GPA peers (0.030) (0.057) (0.072) (0.040) (0.077)

Low GPA × Fraction of 0.346∗∗∗ 0.372∗∗∗ 0.240∗∗∗ 0.411∗∗∗ 0.534∗∗

low-GPA peers (0.057) (0.112) (0.091) (0.080) (0.202)

N 696,667 161,640 295,266 197,459 42,302

The table reports the results from regression with dropout as the dependent variable. Panel A displays the coef-
ficients on the share of high-GPA and low-GPA peers. Panel B displays the coefficients on the share of high-GPA
and low-GPA peers interacted with an indicator of own ability (low, middle, or high). In both panels, the share of
middle-GPA peers is left as the base. Column (1) shows the results using all university enrollments. Columns (2)-
(5) show the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. All regressions
include education-by-institution dummies, year dummies, personal background characteristics, peers’ average
background characteristics, and average HS GPA of old peers. Students with a HS GPA below the 20th percentile
(of a HS graduation cohort) are defined as low-GPA. Students with a HS GPA above the 80th percentile (of a HS
graduation cohort) are defined as high-GPA. Students with a HS GPA between the 20th and 80ht percentile (of a
HS graduation cohort) are defined as middle-GPA. The share of high-(low-)GPA peers omits own value. Standard
errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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of the model does not change the overall findings of heterogeneous non-linear peer

effects. Large shares of peers in the lowest three deciles increases the risk of dropout

of equally low-ability students. Meanwhile, peers in the top three ability deciles have

positive impacts on persistence rates for all students. We summarize the results in

Figure A.1.

In sum, the results from Table 3.14 and Figure A.1 suggest that low-ability students

are more likely to complete a university degree if they are grouped with academically

strong peers. A similar result was found by Carrell et al. (2009). However, in a later

study (Carrell et al., 2013) where this finding was used to form "optimal" peer groups,

peer effects on academic achievement where negative. Hence, one should be careful

to base an optimal policy design from these findings since social interaction patterns

may depend on the ability composition of a peer group. Middle-ability peers may

play an important role in bridging the interaction between low- and high-ability

students.

3.7.3.1 Relative Measure of Peer Ability

The heterogeneous non-linear peer effects presented in Table 3.14 are difficult to

compare with the literature. In our definition of low- and high-ability students, we

exploited the availability of the full population of high school graduates. Therefore,

in our sample low-ability students are true low achievers relative to all high school

graduates. In the literature, the definition of low- and high-ability varies greatly, and

in addition, there is a tendency of ranking students relatively within the sample. As an

example, Booij et al. (2017) define the bottom third of their sample as low-achievers.

However, their sample of undergraduate economics students is generally from the

top 20% of the ability distribution. Hence, our group of low achievers is presumably

very different from that of Booij et al. (2017).

The use of a within-sample relative rank of students may likely be one explanation

for the mixed findings of the literature with respect to non-linear peer effects. For

instance, Carrell et al. (2009), Griffith and Rask (2014) and Sacerdote (2001) find that

low achievers benefit from having peers of higher ability. The reverse finding has been

made by Feld and Zölitz (2017), Carrell et al. (2013), and Booij et al. (2017). As these

studies vary in the selectivity of their samples, the average ability level of "low-ability"

students varies across the studies as well.

We have tried to use "within-sample" relative ranking of students to define low-

and high-achievers. To do so, we have calculated the bottom and top 20th percentile of

HS GPA of enrollments within a specific education-by-institution unit. The education-

by-institution specific percentile cutoffs then determine whether a students is a low-,

middle, or high-achiever. These indicators are then used to calculate the share of

(relatively) high- and low-ability peers. Hence, using this definition of "low-ability"

means that low-achievers are not necessarily of low academic quality, they just have

a lower HS GPA relative to the other students enrolling in the same education-by-
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institution. Table 3.15 replicates panel B of Table 3.14 using the relative measure of

peer ability.

Table 3.15 Peer Effects using Relative Ability Ranking - University Students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

High GPA × Fraction of -0.177∗∗∗ -0.258∗∗∗ -0.163 -0.164∗∗∗ 0.218∗

high-GPA peers (0.042) (0.068) (0.104) (0.050) (0.111)

High GPA × Fraction of 0.065 0.093 0.040 0.074 -0.212∗∗

low-GPA peers (0.042) (0.074) (0.076) (0.050) (0.099)

Middle GPA × Fraction -0.204∗∗∗ -0.384∗∗∗ -0.158 -0.144∗∗∗ 0.143

of high-GPA peers (0.041) (0.072) (0.096) (0.049) (0.108)

Middle GPA × Fraction 0.104∗∗ 0.195∗∗∗ 0.021 0.149∗∗∗ -0.141

of low-GPA peers (0.042) (0.063) (0.085) (0.047) (0.092)

Low GPA × Fraction of -0.232∗∗∗ -0.377∗∗∗ -0.207∗ -0.129∗ -0.033

high-GPA peers (0.050) (0.099) (0.112) (0.073) (0.113)

Low GPA × Fraction of 0.172∗∗∗ 0.276∗∗∗ 0.048 0.208∗∗∗ 0.068

low-GPA peers (0.058) (0.098) (0.110) (0.051) (0.090)

N 696,667 161,640 295,266 197,459 42,302

R2 0.159 0.216 0.116 0.153 0.128

The table reports the results from regressions with dropout as the dependent variable. The table displays the coef-
ficients on the share of relatively high-GPA and low-GPA peers interacted with an indicator of own relative ability
(low, middle, or high). The share of middle-GPA peers is left as the base. Column (1) shows the results using all
university enrollments. Columns (2)-(5) show the results based on subsamples of enrollments in STEM, Social
Science, Arts, or Health. All regressions include education-by-institution dummies, year dummies, personal back-
ground characteristics, peers’ average background characteristics, and average HS GPA of old peers. Students with
a HS GPA below the 20th percentile (within an education-by-institution) are defined as low-GPA. Students with
a HS GPA above the 80th percentile (within an education-by-institution) are defined as high-GPA. Students with
a HS GPA between the 20th and 80ht percentile (within an education-by-institution) are defined as middle-GPA.
The share of high-(low-)GPA peers omits own value. Standard errors clustered at education-by-institution level are
reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

Interestingly, we find variations in the estimated peer effects using the relative

measure of ability. We find significant impacts on the graduation rate of (relative)

high-achievers from having more peers of relatively high ability. In STEM, Social

Science and Arts programs, high-ability students benefit from having a larger share

of peers of similar ability level. However, in Health, we see indications of competition

effects among high-ability students. A larger share of high-ability peers increases the

likelihood of dropout for high-achievers. Among low-ability students, we still find a
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harmful impact from being grouped with a large share of similar low-ability peers.

Low-ability students in Health are the exception. The significant impact shown in

Table 3.14 has disappeared.

The differences in the estimated peer effects from using an absolute and relative

measure of peer ability may arise if the ability to learn from peers depends on the

relative distance of ability to peers. The relative ability distance may determine how

friendships are formed. This would explain why we find significant peer effects

among high ability students using the relative measure of peer ability. Alternatively,

the differences between Table 3.14 and Table 3.15 are simply due to middle-ability

students - who on average are sensitive to peers - are being distributed across the

relative ability groups. Nevertheless, these differences highlight that the definition of

low- and high-ability of students affects the estimated importance of non-linear peer

effects.

Recall, in Table 3.8 we found significantly smaller peer effects in selective educa-

tion programs. However, the applied definition of selective education programs is

potentially limiting the identifying variation in the absolute peer ability measure. We

have checked the robustness of the differences between selective and non-selective

education programs using the relative measure of ability. The results are shown in Ap-

pendix A.6. The same definition of selectivity (using the absolute measures) has been

applied. The square brackets report the p-values from a Wald test of the difference

between the peer effect estimates in selective and non-selective education programs.

Corresponding to the results in 3.14, we find consistently smaller peer effects for

selective education programs. However, peer effects among students of relatively

high ability are the exception. Table A.6 suggests that increasing the share of peers

of relatively high ability, in selective education programs, increases the likelihood of

dropout for equally high-ability students. The overall pattern of the results in Tables

3.8 and A.6 point to generally smaller peer effects in selective education programs.

3.7.4 Robustness Checks

Our findings suggest that dropout rates of students in higher education are affected

by the peer ability composition, and that the importance of peer effects depends on

own ability. A potential concern with the empirical analysis is whether unobserved

trends are confounding our estimates. We have examined whether our results are

robust to the inclusion of education-by-institution specific linear trends. The results

from the linear-in-means model are shown in Table 3.16. The robustness checks of

the non-linear models are reported in Appendix A.7.

Including the education-by-institution specific linear time trends reduce the

estimated size of peer effects. The linear time trends remove a lot of variation, and

therefore smaller estimates are expected. Table 3.6 reported a point estimate of

9.4 percentage point decrease in dropout rates from a standard deviation increase

in peers’ ability in the sample of university students. With linear time trends the
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Table 3.16 Robustness Checks - Include Education-by-Institution specific linear time trends

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A: University students

Peers’ HS GPA -0.055∗∗∗ -0.084∗∗∗ -0.052∗∗ -0.056∗∗∗ -0.012

(0.010) (0.017) (0.022) (0.013) (0.032)

Own HS GPA -0.062∗∗∗ -0.085∗∗∗ -0.052∗∗∗ -0.061∗∗∗ -0.022∗∗∗

(0.005) (0.009) (0.008) (0.006) (0.006)

Panel B: College students

Peers’ HS GPA -0.025∗∗∗ -0.027∗∗ -0.054 -0.042∗∗∗ -0.004

(0.008) (0.013) (0.042) (0.015) (0.010)

Own HS GPA -0.041∗∗∗ -0.078∗∗∗ -0.047∗∗∗ -0.057∗∗∗ -0.022∗∗∗

(0.003) (0.006) (0.011) (0.008) (0.003)

Year FE X X X X X
Person char. X X X X X
Peers’ char. X X X X X
Educ-Inst FE X X X X X
Educ-Inst Trend X X X X X
Old Peers X X X X X

The table reports the coefficients on peers’ HS GPA and own HS GPA from regressions with dropout as the dependent
variable. Panel A reports the results using the university sample. Panel B reports the results using the college sample. Col-
umn (1) shows the results using all enrollments. Columns (2)-(5) show the results based on subsamples of enrollments in
STEM, Social Science, Arts, or Health. All regressions include education-by-institution dummies and linear time trends,
year dummies, personal background characteristics, peers’ average background characteristics, and average HS GPA of
old peers. Peers’ HS GPA is calculated as the leave-one-out average of all enrollments in an education-by-institution in a
given year. Standard errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

corresponding point estimate is 5.5 percentage points. Nevertheless, the variation

in the size of peer effects across field of studies remains. In the sample of university

students, peer effects are strongest in STEM, and we find no significant effect from

peers on dropout in Health. The inclusion of linear time trends has similar impacts in

the sample of college students. However, we are concerned that unobserved trends

are inflating our peer effect estimates in the subsample of Social Science college

students. The peer effect estimate in Table 3.16 is less than one-third of the estimate

in Table 3.7. Other than that, our results appear robust to the inclusion of linear time

trends.

To further test whether unobserved time-varying education-by-institution char-

acteristics are confounding our results, we perform a series of falsification tests. To

do so, we regress dropout on placebo measures of peer ability, namely, the average
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ability of previous and future cohorts within the education-by-institution. Since the

ability of students is correlated across cohorts, we regress the dropout outcome on

lags/leads of cohort ability while controlling for the ability of own peer group. The

coefficients on lags/leads of cohort ability capture spillover effects on adjacent co-

horts. If unobserved time-varying education-by-institution characteristics are not

confounding our estimates, we would expect the spillover effects to diminish as

the gap between cohorts expands. Table A.9 report the coefficient estimates on the

average ability of adjacent cohorts.

It is clear from Table A.9 that the ability of peers have spillover effects on adja-

cent cohorts. Since delayed students attend courses with younger cohorts, it is not

unexpected to find significant impacts from future cohorts on own dropout deci-

sion. However, we observe that size and significance of these effects diminishes as

the gap increases (forwards and backwards). Hence, these falsification tests provide

further evidence that the results are not due to unobserved trends causing a spurious

relationship.

3.8 Conclusion

While an extensive literature on peer effects in higher education exist, the results

found are mixed. The evidence is characterized by originating from various more

or less selected samples of the general population of higher education students.

We have explored the effects of peer quality on the decision to drop out of higher

education. Using the universe of higher education enrollments from 1985 to 2010,

we have been able to assess the effects of peer quality and how the effects vary in

different contexts (field of study, level of program, and the selectivity of the education

program). This is an important contribution to the existing literature on peer effects

in higher education where studies tend to be based on specific institutions or fields

of study. Our findings suggest that the effects of peer quality vary substantially across

both field and level of study. Overall, we find that increasing peer quality has favorable

effects on dropout behavior.

We find significant peer influences in STEM, Social Science, and Arts programs

whereas academic ability of peers is less important in Health. By and large, this corre-

sponds to differences found in the peer effects literature. For instance, while several

European studies based on data of students in economics or business administration

(e.g. Feld and Zölitz, 2017; Booij et al., 2017) estimate significant peer effects, Arcidia-

cono and Nicholson (2005) find no evidence of peer effects in a sample of US medical

students. Moreover, our results suggest only minor influence from peers’ quality on

the decision to drop out in selective education programs. This result can explain

why several studies using data from elite schools find little evidence of peer effects

(e.g. Sacerdote, 2001; Zimmerman, 2003; Brodaty and Gurgand, 2016). In addition,

we show that peer effect vary with peer group sizes, and in general, peer effects are
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strongest in small homogeneous groups. Finally, we show that peer effects are non-

linear and heterogeneous with respect to own ability. In general, our results suggest

that high-ability students are less susceptible to the ability composition of their peers.

At the same time, high-ability peers have beneficial impacts on the completion rates

of lower ability students. In contrast, low-ability peers significantly increase the risk

of dropout for students of similarly low achieving students. In continuation hereof,

we show that the definitions of low- and high-ability students have important im-

plication for the estimated peer effects. In particular, we find differences in the peer

effect estimates when using a "within-sample" relative rank of students compared to

an absolute ranking of students based on the full population. This result can partly

explain the mixed findings of the literature with respect to non-linear peer effects.

Arguably some of our findings may reflect the fact that we are considering a

somewhat extreme outcome, namely dropping out of higher education. It is perfectly

plausible that even for groups where we find no evidence of peer effects in terms of

dropout, peer effects may exist in terms of, for example, academic achievement.

Our results highlight that public policies with impacts on student composition

have non-negligible effects on dropout rates. Our findings suggest that, on average,

a one standard deviation of peers’ high school GPA reduces dropout rates by 6.8

percentage points. Students of lower ability are particularly susceptible to the ability

composition of their peers, and simultaneously have strong impacts on their peers.

Hence, expansions of higher education can potentially have unintended impacts on

dropout rates if, at the same time, sorting based on ability is strong.
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Appendix

A.1 Field of Study Specification

Table A.1 Field of Studies Specification

STEM Social Science Arts Health

45 Natural Sciences
50 Information and
Communication
Technologies
55 Engineering,
engineering trades
and manufacturing
57 Mechanics and
metal trades
58 Architecture and
construction
60 Agriculture, forestry
and fisheries
80 Transport services

35 Social Science
40 Business,
administration and
law
70 Services
75 Security services

20 Education
25 Humanities
27 Audio-visual
techniques and media
production
30 Arts

65 Health and welfare

Examples of university programs:

Biology
Nanotechnology
Statistics
Energy technology
Physics
Geology

Law
Psychology
Economics
Anthropology
Sociology
Business
administration

History
Archaeology
Architecture
Philosophy
Comparative literature
Theology

Physical education
Public health science
Medicine
Odontology
Food science

Examples of college programs:

Software technology
Marine and technical
engineer
Architectural
technology and
construction
Landscape architect
Maritime transport
and ship management

Journalism
Librarian
Public Administration
Financial economist
Media production and
management

Computer Graphic
Arts
Correspondent
Fashion design
School teacher
Actor

Biomedical laboratory
sciences
Physiotherapy
Midwifery
Nursing
Optician
Nutrition and health
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A.2 Summary Statistics by Field of Study

Table A.2 Descriptive Statistics - University Enrollments

STEM
Social

Science
Arts Health

Personal Characteristics

Female (0/1) 0.38 0.47 0.65 0.62

Age 23.28 23.90 26.50 23.61

Non-Western Descent (0/1) 0.05 0.03 0.02 0.06

No. siblings 1.40 1.37 1.38 1.49

Low educated parents (0/1) 0.06 0.06 0.06 0.04

Short educated parents (0/1) 0.28 0.31 0.27 0.22

High educated parents (0/1) 0.48 0.45 0.42 0.52

Parents’ incomea 4.56 4.69 3.90 4.64

High school degree (0/1) 0.85 0.87 0.82 0.82

Education Characteristics

Average peer ability 0.52 0.50 0.45 1.00

Median no. of peers 97 230 68 122

Dropout (0/1) 0.34 0.29 0.42 0.21

First enrollment (0/1) 0.62 0.56 0.52 0.62

Distribution of HS GPA

Share in decile 1 0.02 0.02 0.02 0.01

Share in decile 2 0.03 0.03 0.03 0.01

Share in decile 3 0.05 0.05 0.05 0.02

Share in decile 4 0.06 0.05 0.05 0.02

Share in decile 5 0.08 0.07 0.07 0.04

Share in decile 6 0.09 0.09 0.09 0.05

Share in decile 7 0.10 0.10 0.09 0.08

Share in decile 8 0.12 0.11 0.11 0.12

Share in decile 9 0.13 0.12 0.12 0.20

Share in decile 10 0.14 0.13 0.11 0.26

Missing GPA 0.19 0.23 0.25 0.20

No. of observations 161,640 295,266 197,459 42,302

The table shows average background characteristics, education characteristics and the distribution of HS GPA of
university enrollments. The mean characteristics are reported separately for the subsamples based on education field.
a In 100,000 DKK. Incomes are deflated using the Danish CPI to 2015 prices.
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Table A.3 Descriptive Statistics - College Enrollments

STEM
Social

Science
Arts Health

Personal Characteristics

Female (0/1) 0.15 0.44 0.69 0.85

Age 24.24 24.43 25.09 26.55

Non-Western Descent (0/1) 0.06 0.04 0.02 0.03

No. siblings 1.48 1.39 1.51 1.51

Low educated parents (0/1) 0.09 0.08 0.11 0.12

Short educated parents (0/1) 0.35 0.35 0.36 0.38

High educated parents (0/1) 0.30 0.37 0.34 0.23

Parents’ incomea 3.52 4.01 3.74 3.20

High school degree (0/1) 0.57 0.84 0.82 0.64

Education Characteristics

Average peer ability -0.30 0.04 -0.17 -0.41

Median no. of peers 63 85 187 80

Dropout (0/1) 0.31 0.26 0.32 0.22

First enrollment (%) 0.81 0.71 0.75 0.81

Distribution HS GPA

Share in decile 1 0.05 0.05 0.07 0.09

Share in decile 2 0.06 0.06 0.08 0.08

Share in decile 3 0.06 0.08 0.10 0.08

Share in decile 4 0.06 0.08 0.09 0.07

Share in decile 5 0.06 0.09 0.09 0.07

Share in decile 6 0.06 0.10 0.09 0.06

Share in decile 7 0.05 0.09 0.08 0.05

Share in decile 8 0.04 0.08 0.06 0.04

Share in decile 9 0.03 0.07 0.05 0.03

Share in decile 10 0.02 0.06 0.03 0.01

Missing GPA 0.50 0.24 0.26 0.41

No. of observations 87,107 23,310 110,555 266,563

The table shows average background characteristics, education characteristics and the distribution of HS GPA of
college enrollments. The mean characteristics are reported separately for the subsamples based on education field.
a In 100,000 DKK. Incomes are deflated using the Danish CPI to 2015 prices.
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A.3 Course-Specific Measures of Peer Ability

Table A.4 Linear-in-means Model with Course-Specific Skills

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A: University Sample 2000-2010

Peers’ HS GPA 0.009 -0.006 -0.016 0.017 0.058

(0.015) (0.023) (0.028) (0.023) (0.050)

Peers’ HS Math GPA -0.030∗∗∗ -0.034∗ -0.016 -0.032∗ -0.063

(0.011) (0.020) (0.012) (0.018) (0.049)

Peers’ HS Danish GPA -0.012 0.006 0.010 -0.078∗∗∗ -0.025

(0.012) (0.017) (0.021) (0.024) (0.046)

Own HS GPA -0.051∗∗∗ -0.061∗∗∗ -0.042∗∗∗ -0.053∗∗∗ -0.016∗∗

(0.004) (0.007) (0.008) (0.007) (0.007)

Own HS Math GPA -0.021∗∗∗ -0.043∗∗∗ -0.021∗∗∗ -0.008∗∗ -0.022∗∗∗

(0.003) (0.006) (0.005) (0.004) (0.008)

Own HS Danish GPA 0.001 0.005 0.006∗∗ -0.015∗∗∗ 0.011∗∗∗

(0.002) (0.003) (0.002) (0.003) (0.004)

No. of observations 346,878 80,306 154,513 86,408 25,718

Panel B: College Sample 2000-2010

Peers’ HS GPA -0.016 -0.005 -0.119∗ -0.042 -0.014

(0.017) (0.043) (0.063) (0.044) (0.020)

Peers’ HS Math GPA -0.008 0.034 -0.115∗∗∗ -0.096∗∗∗ 0.003

(0.013) (0.033) (0.036) (0.032) (0.013)

Peers’ HS Danish GPA 0.022 -0.016 0.002 0.139∗∗∗ 0.020

(0.016) (0.028) (0.050) (0.044) (0.020)

Own HS GPA -0.040∗∗∗ -0.055∗∗∗ -0.054∗∗∗ -0.056∗∗∗ -0.026∗∗∗

(0.003) (0.008) (0.012) (0.005) (0.003)

Own HS Math GPA -0.011∗∗∗ -0.033∗∗∗ 0.004 -0.012∗∗∗ -0.008∗∗∗

(0.002) (0.007) (0.007) (0.004) (0.003)

Own HS Danish GPA 0.005∗∗∗ 0.019∗∗∗ -0.004 -0.000 0.006∗∗∗

(0.002) (0.005) (0.008) (0.004) (0.002)

No. of observations 223,195 35,424 11,110 47,248 129,413

The table reports the coefficients on peers’ HS GPA, peers’ math HS GPA, peers’ Danish HS GPA, and own values of the vari-
ables from regressions with dropout as the dependent variable. Column (1) shows the results using all enrollments. Columns
(2)-(5) show the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. All regressions include
education-by-institution dummies, year dummies, personal background characteristics, peers’ average background charac-
teristics, and average HS GPA of old peers. All peer ability measures are calculated as the leave-one-out average. Math and
Danish HS GPA values are calculated from course-specific grades. Standard errors clustered at education-by-institution level
are reported in parentheses. The regressions are performed on the subsample of high school graduates in the period 2000-
2010 due to limited availability of course-specific grades.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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A.4 Non-linear Peer Effects - University Students

Figure A.1 plots the marginal effects on dropout from a regression including nine

measures of the share of peers in each HS GPA decile (the share of peers in the 40th

to 50th percentile are left as the base category) fully interacted with indicators of

own HS GPA decile. The upper left panel plots the marginal effects from increasing

the share of peers in the lowest 10th percentile for each decile of own ability. Again,

the marginal effects can be interpreted as impact on dropout from increasing the

share of peers with HS GPA in the lowest decile (by decreasing the share of peers with

HS GPA in the fifth decile). We find that large shares of peers in the bottom decile

is harmful for students in the lowest four deciles. The effect on students above the

median is small and insignificant. Similar results are shown in Panels 2 and 3 for the

share of peers in second and third decile, respectively. Hence, low ability students

risk significantly larger probabilities of dropout if their peer group consists of large

shares of equally low ability peers. At the other end, we observe that increases in the

share of peers in the 8th, 9th or 10th decile have beneficial impacts for all students.

Figure A.1 Heterogeneous Peer Effects among University Students

The figure plots the estimated coefficients from a regression of dropout on nine measures of the share
of peers in each HS GPA decile fully interacted with indicators of own ability decile. Each panel plots the
interactions with the share of peers in a specific decile. Decile 5 (the share of peers in the 40th to 50th
percentile) is left as the base category. The regression includes education-by-institution dummies, year
dummies, personal background characteristics, peers’ average background characteristics, and average
HS GPA of old peers. Vertical lines indicate the 95 percent confidence interval.
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A.5 Non-linear Peer Effects - College Students

Table A.5 Non-linear peer effects - College students

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

Panel A:

Fraction of high-GPA -0.026 -0.047 -0.201∗ 0.050 0.011

peers (0.026) (0.042) (0.111) (0.060) (0.027)

Fraction of low-GPA 0.053∗∗∗ 0.045 0.103 0.116∗∗∗ 0.039∗

peers (0.020) (0.034) (0.067) (0.040) (0.022)

Panel B:

High GPA × Fraction of 0.012 0.025 -0.059 0.271∗∗∗ 0.016

high-GPA peers (0.036) (0.063) (0.110) (0.085) (0.037)

High GPA × Fraction of 0.116∗∗∗ 0.160∗∗∗ 0.026 0.081 0.096∗∗∗

low-GPA peers (0.027) (0.051) (0.081) (0.059) (0.034)

Middle GPA × Fraction -0.073∗∗∗ -0.095∗ -0.218∗ 0.009 -0.022

of high-GPA peers (0.028) (0.051) (0.111) (0.062) (0.032)

Middle GPA × Fraction 0.024 0.020 0.071 0.070∗ 0.008

of low-GPA peers (0.021) (0.033) (0.080) (0.041) (0.025)

Low GPA × Fraction of 0.141∗∗∗ 0.128∗ -0.265∗∗ 0.070 0.082∗

high-GPA peers (0.042) (0.066) (0.121) (0.097) (0.048)

Low GPA × Fraction of 0.020 0.018 0.208∗∗ 0.151∗∗∗ 0.047

low-GPA peers (0.026) (0.046) (0.102) (0.054) (0.029)

N 487,535 87,107 23,310 110,555 266,563

The table reports the results from a regression with dropout as the dependent variable. Panel A displays the co-
efficients on the share of high-GPA and low-GPA peers. Panel B displays the coefficients on the share of high-GPA
and low-GPA peers interacted with an indicator of own ability (low, middle, or high). In both panels, the share
of middle-GPA peers is left as the base. Column (1) shows the results using all college enrollments. Columns (2)-
(5) show the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health. All regressions
include education-by-institution dummies, year dummies, personal background characteristics, peers’ average
background characteristics, and average HS GPA of old peers. Students with a HS GPA below the 20th percentile
(of a HS graduation cohort) are defined as low-GPA. Students with a HS GPA above the 80th percentile (of a HS
graduation cohort) are defined as high-GPA. Students with a HS GPA between the 20th and 80ht percentile (of a
HS graduation cohort) are defined as middle-GPA. The share of high-(low-)GPA peers omits own value. Standard
errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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Figure A.2 Heterogeneous Peer Effects among College Students

The figure plots the estimated coefficients from a regression of dropout on nine measures of the share
of peers in each HS GPA decile fully interacted with indicators of own ability decile. Each panel plots the
interactions with the share of peers in a specific decile. Decile 5 (the share of peers in the 40th to 50th
percentile) is left as the base category. The regression includes education-by-institution dummies, year
dummies, personal background characteristics, peers’ average background characteristics, and average
HS GPA of old peers. Vertical lines indicate the 95 percent confidence interval.
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A.6 Relative Ability Heterogeneities

Table A.6 Relative Ability Ranking - University Students

Dependent Variable: Dropout

(1) (2)

Non-selective Selective

High GPA × Fraction of -0.184∗∗∗ 0.101∗∗

high-GPA peers (0.044) (0.047)

[0.000]

High GPA × Fraction of 0.104∗ -0.021

low-GPA peers (0.054) (0.049)

[0.086]

Middle GPA × Fraction -0.229∗∗∗ 0.024

of high-GPA peers (0.043) (0.066)

[0.001]

Middle GPA × Fraction 0.144∗∗∗ 0.026

of low-GPA peers (0.052) (0.047)

[0.091]

Low GPA × Fraction of -0.274∗∗∗ -0.100

high-GPA peers (0.057) (0.081)

[0.079]

Low GPA × Fraction of 0.241∗∗∗ 0.007

low-GPA peers (0.064) (0.070)

[0.014]

N 584,501 112,101

R2 0.156 0.190

The table reports the results from regressions with dropout as the dependent variable. The table displays
the coefficients on the share of relatively high-GPA and low-GPA peers interacted with an indicator of own
relative ability (low, middle, or high). The share of middle-GPA peers is left as the base. Column (1) shows
the results using enrollments in non-selective education-by-institutions. Column (2) shows the results using
enrollments in selective education-by-institutions. The square brackets report p-values from Wald tests of
the differences in the peer effect estimates between selective and non-selective education-by-institutions. All
regressions include education-by-institution dummies, year dummies, personal background characteristics,
peers’ average background characteristics, and average HS GPA of old peers. Students with a HS GPA below the
20th percentile (within an education-by-institution) are defined as low-GPA. Students with a HS GPA above
the 80th percentile (within an education-by-institution) are defined as high-GPA. Students with a HS GPA
between the 20th and 80ht percentile (within an education-by-institution) are defined as middle-GPA. The
share of high-(low-)GPA peers omits own value. Standard errors clustered at education-by-institution level
are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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A.7 Robustness Checks

Table A.7 Robustness Checks - Include Education-by-Institution specific linear time
trends

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

University students

High GPA × Fraction of -0.021 -0.037 -0.088∗∗ -0.011 0.027

high-GPA peers (0.020) (0.044) (0.044) (0.025) (0.059)

High GPA × Fraction of -0.070 0.018 -0.222∗∗ 0.009 0.088

low-GPA peers (0.052) (0.088) (0.096) (0.069) (0.130)

Middle GPA × Fraction -0.099∗∗∗ -0.117∗∗∗ -0.173∗∗∗ -0.077∗∗∗ -0.001

of high-GPA peers (0.019) (0.036) (0.043) (0.021) (0.056)

Middle GPA × Fraction 0.085∗∗ 0.139∗∗∗ -0.015 0.108∗∗ 0.122

of low-GPA peers (0.038) (0.051) (0.071) (0.050) (0.109)

Low GPA × Fraction of -0.114∗∗∗ -0.120∗∗ -0.176∗∗∗ -0.146∗∗∗ 0.022

high-GPA peers (0.026) (0.052) (0.055) (0.037) (0.075)

Low GPA × Fraction of 0.295∗∗∗ 0.253∗∗ 0.201∗∗ 0.385∗∗∗ 0.380∗

low-GPA peers (0.053) (0.107) (0.090) (0.074) (0.208)

N 696,667 161,640 295,266 197,459 42,302

R2 0.175 0.239 0.128 0.167 0.138

The table reports the results from a regression with dropout as the dependent variable. The table displays the
coefficients on the share of high-GPA and low-GPA peers interacted with an indicator of own ability (low, middle,
or high). The share of middle-GPA peers is left as the base. Column (1) shows the results using all university en-
rollments. Columns (2)-(5) show the results based on subsamples of enrollments in STEM, Social Science, Arts,
or Health. All regressions include education-by-institution dummies and linear time trends, year dummies, per-
sonal background characteristics, peers’ average background characteristics, and average HS GPA of old peers.
Students with a HS GPA below the 20th percentile (of a HS graduation cohort) are defined as low-GPA. Students
with a HS GPA above the 80th percentile (of a HS graduation cohort) are defined as high-GPA. Students with a HS
GPA between the 20th and 80ht percentile (of a HS graduation cohort) are defined as middle-GPA. The share of
high-(low-)GPA peers omits own value. Standard errors clustered at education-by-institution level are reported in
parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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Table A.8 Robustness Checks - Include Education-by-Institution specific linear time
trends

Dependent Variable: Dropout

(1) (2) (3) (4) (5)

All STEM
Social

Science
Arts Health

College students

High GPA × Fraction of 0.056∗ 0.125 -0.023 0.252∗∗∗ 0.033

high-GPA peers (0.030) (0.086) (0.103) (0.079) (0.038)

High GPA × Fraction of 0.119∗∗∗ 0.149∗∗∗ -0.015 0.106∗ 0.095∗∗∗

low-GPA peers (0.025) (0.046) (0.085) (0.060) (0.033)

Middle GPA × Fraction -0.032 -0.051 -0.179∗ -0.003 0.010

of high-GPA peers (0.024) (0.061) (0.100) (0.054) (0.032)

Middle GPA × Fraction 0.033∗ 0.026 0.049 0.090∗∗ 0.007

of low-GPA peers (0.018) (0.029) (0.096) (0.039) (0.024)

Low GPA × Fraction of 0.172∗∗∗ 0.153∗∗ -0.226∗∗ 0.054 0.118∗∗

high-GPA peers (0.041) (0.071) (0.100) (0.094) (0.046)

Low GPA × Fraction of 0.033 0.022 0.195∗ 0.169∗∗∗ 0.051∗

low-GPA peers (0.024) (0.040) (0.104) (0.050) (0.028)

N 487,535 87,107 23,310 110,555 266,563

R2 0.128 0.184 0.230 0.130 0.093

The table reports the results from a regression with dropout as the dependent variable. The table displays the co-
efficients on the share of high-GPA and low-GPA peers interacted with an indicator of own ability (low, middle, or
high). The share of middle-GPA peers is left as the base. Column (1) shows the results using all college enrollments.
Columns (2)-(5) show the results based on subsamples of enrollments in STEM, Social Science, Arts, or Health.
All regressions include education-by-institution dummies and linear time trends, year dummies, personal back-
ground characteristics, peers’ average background characteristics, and average HS GPA of old peers. Students with
a HS GPA below the 20th percentile (of a HS graduation cohort) are defined as low-GPA. Students with a HS GPA
above the 80th percentile (of a HS graduation cohort) are defined as high-GPA. Students with a HS GPA between
the 20th and 80ht percentile (of a HS graduation cohort) are defined as middle-GPA. The share of high-(low-)GPA
peers omits own value. Standard errors clustered at education-by-institution level are reported in parentheses.
∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.
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