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Abstract. The polytechnic education reform took place inl&ud in the 1990s. It

gradually transformed former vocational collegeso ipolytechnics and expanded
higher education to all Finnish regions. The palgtécs constituted a new non-
university sector in higher education. We first lexe the impact of the reform on the
migration of graduating high school students, foka by an investigation of school-to-
work migration. We implement instrumental variablestimators that exploit the
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reveal a positive causal effect of education onratign at most levels of education.
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. Introduction

The polytechnic education reform took place in & in the 1990s. It gradually
transformed former vocational colleges into polistics and expanded higher
education to all regions. The polytechnic refornswe largest single education reform
in Finland since the reform of the comprehensivestsystem in the early 1970s. The
polytechnics constituted a new non-university seictdiigher education. The main aim
of the reform was to respond to new demands foatimical skills that were seen to
arise in the local labour markets. However, gedggily broader network of higher
education was also regarded as a mean to lessarmicentration of the workforce to
the central regions of Finland. Today, the numi§eresv polytechnic graduates exceeds

the number of new university graduates.

The polytechnic reform has previously been evathidtg comparing employment and
earnings of the graduates from the polytechnichése who had obtained vocational
college degrees in the pre-reform system (see Hiin®l and Uusitalo, 2008;
Bockerman, Hamalainen and Uusitalo, 2009). Haméiaand Uusitalo (2008) find that
the relative earnings of vocational college gradsiatlecrease after polytechnic
graduates start to enter the labour market, wtscimgonsistent with the pure human
capital model and can be interpreted as evideraestipports the signalling model of
education. Bockerman et al. (2009) conclude thatdfiorm had positive effects on the
earnings and employment levels for the graduatésiginess and administration but no
significant effects in other fields. To our knowigd no study has, however, examined
the regional aspects of this major reform in dethliénce, it is unknown how the

polytechnic reform affected interregional migratitows.

The fear is that the polytechnic reform may hawailted in increased out-migration of

the highly educated graduates from the periphegibns (‘brain drain’), for example,



because job opportunities for the highly educatedess local. This finding would be
undesirable, since the highly educated migrants teqpossess above average skills and
also earn above average incomes. Therefore, thieuraben of those who remain in the
peripheral regions rises and the prospects of enangrowth weaken. Consequently,

regional disparities may increase substantially.

First we explore the effect of the polytechnic refcon the migration of graduated high
school studentsThen we use the reform to identify the causalotféd education on

the migration rates for young adults, who have gaded from specialized education
after matriculation from high school. We use instantal variables (V) estimators that
exploit the exogenous variation in the availabild§ polytechnic education across
regions and over time. Matriculation exam scoremmfrhigh school are used as
additional instruments. The estimates are basea particularly rich longitudinal data

on individuals.

Our estimates reveal a positive causal effect atation on migration at most levels of
education. Vocational college graduates have aehighigration probability than

graduates from specialized upper secondary schadilgration probability is also

higher for polytechnic graduates than for vocatiotallege graduates. Contrary to
ordinary least squares estimates, our IV estimdtesiot reveal differences in the
migration propensities between polytechnic and ensity graduates. The findings also
point out that the expansion of polytechnic edusadid not, overall, have much impact

on the out-migration of high school graduates.

! Herein, the term ‘brain drain’ denotes to the iirggional transfer of resources in the form of
human capital (i.e. migration of the highly edudaiedividuals) from the less developed
regions to prosperous regions within a country. &ge Beine, Docquier and Rapoport (2008)
for an up-to-date discussion of brain drain fromeleping to developed countries. For further
discussion of brain drain in internal migratione seg. Yousefi and Rives (1987) and Gottlieb
and Joseph (2006).

2 Even without the reform poorer educational oppuities in the peripheral regions may have
induced young adults to migrate to the central sredere the most institutions of higher
education are located.

2



The remainder of the paper is organized as follGwe. next section briefly reviews the
earlier literature on the effect of education omgration. Section Il describes the higher
education system in Finland and the polytechniorref Section IV introduces our data.
Section V describes our empirical approach and rtepthe results. Section VI

concludes.

1. Why should migration propensity increase with the level of education?

Following the seminal work by Sjaastad (1962), miign is regarded as a mean of
investing in human capital (see also Becker, 18®&Henhotfer, 1967). Heterogeneous
individuals have different utility functions and nsequently encounter differences in
the net (money and non-money) benefits of livinganspecific location. In this

framework individuals move if their expected betee®f migration exceed its costs.
Consequently, interregional mobility is necessarybting higher expected returns to

individual human capital investments.

Prior empirical analysis of the effects of eduadadilcattainment on migratory behaviour
is extensive. The overall conclusion has beenttitepropensity to move increases with
the level of educational attainment (see e.g. Ritand Ovaskainen, 2001; Faggian,
McCann and Sheppard, 2007). Several explanatiore lieen provided for this finding.

The first one is the existence of greater earniifferential between regions — thus
greater potential benefits from moving — for thehhy educated (Armstrong and
Taylor, 2000, p. 155). Education is a form of gahdruman capital, which is easily
transferable to different geographical locatiorns. €&ample, Levy and Wadycki (1974)
found that the highly educated are more respongivithe wage rates in alternative
locations® Second, education increases a person’s capatiiliiptaining and analysing

published information, and of using more sophistida modes of information



(Greenwood, 1975, p. 406). Hence, the highly edutatorkers may have a better
access to information about job prospects and divionditions in other regions.
Therefore, higher level of education may also redilne income risks associated with

migration.

Third, higher level of education attainment mayrope new opportunities in the labour
market (e.g. Greenwood, 1975, p. 406). As educatmameases, the market for
individual occupations at each level of educatemds to become geographically wider
but quantitatively smaller in a given location (8etz, 1973, p. 1160). For example,
the market for cashiers is local, and many are edtedn the other hand, relatively

fewer nuclear scientists are needed but their maskpternational.

Fourth, psychic costs resulting from agony of deparfrom family and friends are
likely to be non-increasing with education (Schwafi973). Higher educational groups
are more homogeneous over space in terms of théure and manners. Therefore,
they are more receptive to new environments. Edutatmay also reduce the
importance of tradition and family ties and inceedise individual’'s awareness of other
localities and cultures. Greenwood (1975, p. 40Bp aargues that the risk and
uncertainty of migrating may be lesser for the dredducated because they are more

likely to have a job prior to moving.

However, conflicting views have emerged as wellsti-simultaneity of the relationship
between education and the psychic costs of migrasbould not be overlooked
(Schwartz, 1973). Thus, the attitude of people towmsychic costs of migration may in
part contribute to the amount of education theyhwis accomplishCeteris paribus,

those with lower psychic costs of migration mayesitv more in their education. In

particular, obtaining education requires in mangesamoving to a new region. Having

® They reason that the highly educated are more Imgimarily because they have a better
access to information and greater incentives toemadditional investments in a search for
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said that, unwillingness to move for work may atssult in extensive investment in

education, if person lives in a region with goodi@tional opportunities.

Second, some authors maintain that education affaigration only through its impact
on earnings (e.g. Falaris, 1988, p. 527; Nakostéésterlund and Zimmer, 2008, p.
777)! That is, the higher incomes of the professionalkers also enable them to meet
the costs of migration more easily. Hence, theyunhe earnings but not education in
their model of the migration decisiénFor the reasons discussed above, this
specification, which excludes education from thgnation equation, is unlikely to be
valid. That being said, we argue that it is impott#@ control for the household income
level. Otherwise the differences in the credit ¢aists can partly create the observed

positive association between education and migratio

Third, although the prior analyses of the effedteducational attainment on migration
behaviour are extensive, they do not generallyngiteto establish whether the
underlying effect is causal or not (see, howeveachMn, Pelkonen and Salvanes,
2010)° Almost all of the existing analyses use simpldistiaal models that treat the
level of education as exogenously determined. Heweeducation and migration
decisions are evidently co-determined by the umeskefactors such as personality
traits (including e.g. motivation). Indeed, the egdneity of education decision is taken
as granted in other fields of research (see Ca®@9)l Therefore, the preceding
estimates can be seriously biased. Even thoughaédods correlated with migration,

we do not know whether the significant correlatoam be interpreted as a causal effect.

better opportunities.
* Finnie (2004) does not consider the effect of atlan on migration decision.
®> However, no theoretical explanation on why edwraghould not directly affect migration is
given in these studies.
® Based on the Norwegian compulsory school reformachin et al. (2010) show that, at the
lowest levels of educational attainment, one adik#i year of education increases the annual
migration rates by 15 per cent from a low base cdtene per cent per year (a statistically
significant increase). In contrast to Machin et(2010), our paper focuses on the effects at the
upper tail of the education distribution.
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In an effort to isolate the causal effect of ediorgatwe apply an instrumental variables
strategy. It takes advantage of the polytechniorrefthat exogenously altered the
availability of higher education over time and spat Finland. The matriculation exam

scores from general upper secondary school areassadditional instruments.

[11. Higher education in Finland and the polytechnic reform

Compulsory comprehensive schooling for the Finrgbildren begins at the age of
seven and it lasts for nine yearRoughly 50 per cent of the pupils continue in the
general upper secondary school, which lasts foeethyears and ends with a
matriculation examination. At the beginning of 1990ocational schools and colleges
were a diverse group of schools. Some took mosests directly from comprehensive
schools and provided them with two or three yedrsogational education. In some
vocational colleges most students had complete@rgempper secondary schooling
before entering vocational college. For exampléusiness degree from a vocational
college typically required three years of schoolafter comprehensive school or two

years of schooling after the general upper secgrstdrool.

After the polytechnic education reform the highelu@tion system comprises two
parallel sectors: universitieand polytechnics. The polytechnic degrees are &@ach
level higher education degrees with a vocationgbteasis. These degrees take around
three and a half to four years to complete. A mdjtference between the sectors is that
polytechnic schools are not engaged in academ&arels like universities. Education is

free at both levels.

" This description of the higher education systenh thie polytechnic education reform is based
on Béckerman et al. (2009, p. 673-675).
® The Finnish university sector consists of 20 ursitees and art academies all of which carry
out research and provide education-awarding degneés doctorates. For further details on the
university sector, see e.g. Ministry of Educatiaf@pb).
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The first 22 polytechnics were established undderaporary licence in 1991 (e.g.
Lampinen, 2004). The polytechnics were created raguplly merging 215 vocational
colleges and vocational schoélslence, the timing of the reform varied across stho
and regions, as described in Béckerman et al. (200874-675). Seven new temporary
licences were granted during the 1990s. The firatligates from the new polytechnics
entered the labour market in 1994The experimental phase was judged to be
successful and since 1996 the temporary polyteshgiadually became permanent.
Currently there are 27 multidisciplinary polyteatsiin Finland. Contrary to the

university sector, the network of polytechnics aswhie whole country.

The supply of education is controlled by the Minysif Education through its decisions
on the number of study places and the funding leérogchools in Finland. Until the end
of the 1990s the number of polytechnic study planeseased rapidly (Figure 1). By
1996 the number of new polytechnic students exakdae number of new university
students. The number of applications to univessitend to the most popular

polytechnics exceeds the number of available plagesfactor of four.

° The students who had started their studies befquarticular vocational college transformed
itself into a polytechnic continued their studiesthe old college lines and they eventually
graduated with vocational college degrees.
' The number of graduates grew rapidly and by 26@Mumber of new polytechnic graduates
exceeded the number of new university graduatesalse Figure 1 below.
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Figurel.  New polytechnic and university students in Finld&®@0-2008.

The most important aim of the polytechnic reformswa respond to new demands for
vocational skills that were seen to arise in thealdabour markets. Furthermore, the
geographically broad network of higher educatiors wegarded as a mean to equalize
regional development, for example, by reducing rbidiain from the less developed
regions to the metropolitan areas. Today, there leveever, pressures to concentrate
higher education and research into fewer unitsimiafRd, which probably implies that

there will be a decline in the number of univeesitand polytechnics in the future.

Hence, we argue that it is important to understaad the polytechnic reform has
affected the migration propensities — includingifbidrain from the less central regions.
First, the polytechnics reform may have increaségration because after vocational
schools were converted into bigger polytechnic sutess people were able to access
education at their home municipality. Second, itiges for moving may have
increased because (free) higher education became awailable. However, the reform
also expanded higher education to regions thaindidhave higher education before,

which may have reduced the need of some high sdap@oluates to move to obtain
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higher education. In addition, if the reform affstthe school-to-school migration, it is
also likely that it had an impact on the schoolsork migration, because those who

have moved in the past are more likely to moverafsge e.g. DaVanzo, 1983).

V. Data

Our data are based on Longitudinal Census File bodgitudinal Employment
Statistics File constructed by Statistics FinlaBohce 1987, these two basic files were
updated annually until 2004. By matching individtialinique personal identifiers
across the censuses, these panel data sets p@waeiety of information on the
residents of Finland and their spouses. In additiiata on the region of residence can

be merged with the individual records.

The working sample comprises of a 7 per cent randample of the individuals who
resided permanently in Finland in 2001The sample was further restricted to the
individuals who have completed general upper semgneéducation (matriculation
examination). The matriculation examination is #areal compulsory final exam taken
by all students who graduate from upper secondargd. The answers in each test are
first graded by teachers and then reviewed by @&ssomembers of the Matriculation
Examination Board outside the schools. The examescare standardized so that their
distribution is the same every year. The rangehefrhatriculation exam scores is 1-6.
With a few exceptions the general upper secondarcaion is required for the

tertiary-level studies. In the following analysie iocus on 18 to 20-year-old graduates

! Those individuals living in the Aland Islands aat included in the sample. Aland is a small
isolated region with approximately 26 000 inhabisart differs from the other Finnish regions
in numerous ways (e.g. most of the inhabitantslisf@sdish as their native language).



from 1988 to 200 We follow their migration behaviour and educationa

qualifications® over time until 2004.

Throughout the analyses, migration event is defiasda long-distance migration
between the 18 Finnish NUTS3 regidh3.hese migration flows allow us to examine
the changes in the geographical distribution of &arpapital. Focusing on migration
between NUTS3 regions is also practical, becauséottation of educational institution
where an individual graduates from is known at thegional level in our data.
Furthermore, migration of shorter distances betwaanicipalities or sub-regions most

likely reflects housing market conditions rathearthabour market prospects.

V. Empirical approach and results
Polytechnic reform and school-to-school migration

A significant proportion of the high school gradesmtare likely to migrate to attend
further education. To understand the implicatiohthe polytechnic reform of the 1990s
for the school-to-school migration, we first modleéir migration propensities during

the matriculation yeat & 0) and the following two years£ 1, 2):

mﬁ:zi’ja+ X.’.ﬂ+gijt, t=0,1,2 (1)

ij
where the dependent variabley, , is a dummy variable indicating whether or not an

individual i living in regionj has migrated during the yetirZ; is the vector of our

instruments, which measure the availability of petyinic education for an individuial
when graduating from general upper secondary emcand the matriculation scores.

The availability of polytechnic education is measlas the number of new polytechnic

21n 2001, for example, approximately 83 per centhef high school graduates were 19-years-
olds at the end of the matriculation year.

'3 Unfortunately, our data are not able to distinguise polytechnic graduates from those who
have completed a bachelor degree in the univessityor. Fortunately, it was uncommon to get
a bachelor degree from Finnish university in theQ
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study places divided by the hundreds of 19 to 2-gdds in the region of residence.
This measure takes into account the fact thategmmnal cohort size is likely to have an
impact on the availability given any fixed numbémew polytechnic study places in a
region. It is also used later as an instrumenttereducational choices when we study

the causal effect of education on school-to-worgration.

All our control variables,X.

j» relate to the year before individual graduatesnfihigh

school, so that the consequences of migration ateconfused with the causes of
migration!®> Of the personal characteristics, we control fondgr, age and annual
earnings subject to state taxation. Household cheniatics comprises of marital status,
having children, and spouse’s labour income, empby status and the level of
education. Furthermore, we use several regionalactexistics, such as the regional
unemployment rate and the share of service seatokess in the region, as well as
whether individual matriculates from his or herioggof birth; see Appendix Al for the
detailed definitions of the control variables ameit mean values. Furthermore, we
control for the effects that are specific to theryand region of matriculation. Since
interregional mobility tends to follow cyclical ftuations in the economy (Milne,

1993), matriculation year fixed effects are uselde Tegional fixed effects pick up the

regional differences in the migration intensitytthee stable over time.

Table 1 reports the estimated marginal effects hef availability of polytechnic
education on the migration probability during tlineete-year period during and after
matriculation’® The first row gives the estimation results of dienpivariate models that

do not control for any other factors. A positiveirgate from linear probability and

1 Small region of Itd-Uusimaa is combined with Uuaanin the analyses, because of their close
proximity and similarity. It is also only regionahdoes not currently have its own polytechnic.

!> This also assures that our instrument do not affec(future) values of control variables and
hence bias the results.

'® Individual fixed effect model is not estimated aese it does not allow us to identify time-
invariant covariates (e.g. coefficient of the aahility of polytechnic training).
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probit model is unlikely to provide reliable causatimate. Instead, it could also reflect
reverse causality: more polytechnic study placelatfre to the young population) were
allocated to the regions with higher out-migratidfore reliable estimate is obtained
after other relevant covariates have been conttdée The average marginal effeéts
from probit models reported in rows (C) to (D) seggthat, on average, the migration
probability was not influenced by the regional #aaility of polytechnic education
during matriculation. Estimated average marginéatfis very close to zero and is
insignificant. Linear probability model shows smpbsitive, but significant marginal

effect on the migration propensity.

Tablel. The estimated marginal effects of the availabityolytechnic education

on the migration probability (sample of matricutht8-year follow-up

period)
Model specification LPM AME from probit
(A) No controls 0.009*** (0.001) 0.009*** (0.001)
(B) Matriculation year dummies 0.009**¢0.001) 0.007*** (0.001)
(C) Matriculation year and region dummie8.003*** (0.001) 0.000 (0.001)
(D) = (C) + Extensive set of controls 0.003*10.001) 0.001 (0.001)

Notes: Sample: Individuals are observed during rtfegriculation year and the following two years.
Number of observations is 81,630 in all estimatioDsependent variable: NUTS3 migration
during the current year. Explanatory variable aéiast: Number of*lyear polytechnic students
divided by the number of 19-24-year olds in the NB3Tregion. The set of controls are defined in
Appendix, Table Al. * (**, ***) = statistically sigificant marginal effect at the 0.10 (0.05, 0.01)
level. Robust standard errors reported in pareigtaiow for clustering at the matriculation year
and regional level. LPM = Linear probability mod&ME = average marginal effect is computed
as average over all observations.

To explore the long-run effects of the polytechrétorm on the migration probability
of the matriculated, we also study the effect anere extensive period. Since the last
year of observation in our data is 2004 we are &bl®ollow those individuals who
matriculated, for example, in 2001 and 1988 forr@l 47 years, respectively. The

availability of polytechnic education is now measliduring i) the matriculation year or

¥ The marginal effects were computed as averages aleobservations as discussed in
Cameron and Trivedi (2005, p. 467).
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i) the matriculation year and the following twoays (i.e. as average over three years).

Again several model specifications are reportediga).

Table2. The estimated marginal effects of the availabibtyolytechnic education
on the migration probability (sample of matricuthtextensive follow-up
period)

Availability during the Three-year average in
P matriculation year availability

Model specification =y AME from o AME from

probit probit

(A) No controls 0.006*** 0.006***  0.006***  0.006***

(B) Matriculation year dummies 0.008*** 0.007***  0.008***  0.007***

(C) Matriculation year and region

dummies 0.001** 0.000 -0.000 -0.001

(D) = (C) + Extensive set of controls  0.002*** 0.000 -0.000 -0.000

(E) = (D) + Time since matriculation

t = 0 (matriculation year)

t=1 0.011** 0.024**  0.005 0.017***
t=2 0.031***  0.045***  0.020***  (0.035***
t=3 0.037***  0.052***  0.030***  0.045***
t=4 0.050***  0.064***  0.044**  0.060***
t=5 0.059***  0.073**  0.054**  0.070***
t=6 0.062***  0.077**  0.059***  (0.074***
t=7 0.056***  0.071**  0.054**  0.070***
t=8 0.056***  0.072***  0.055***  (0.071***
t=9 0.040***  0.055***  0.038***  (0.054***
t=10 0.035***  0.049***  0.033***  0.046***
t=11-16 0.015%** 0.022**  0.012** 0.018***
+ Interaction between time since

matriculation and availability of

polytechnic education:

(t = O)*Availability 0.005**  0.005***  0.002 0.003**
(t = 1)*Availability 0.009***  0.006***  0.007***  0.006***
(t = 2)*Availability 0.004***  0.002***  0.003***  0.002**
(t = 3)*Availability 0.001 -0.000 -0.000 -0.001
(t = 4)*Availability -0.001 -0.002*** -0.002 -0.003**
(t = 5)*Availability -0.001 -0.003*** -0.002* -0.003***
(t = 6)*Availability -0.002* -0.003*** -0.003**  -0.004***
(t = 7)*Availability -0.003***  -0.004*** -0.004*** -0.004***
(t = 8)*Availability -0.007*** -0.008*** -0.007*** -0.008***
(t = 9)*Availability -0.009***  -0.009*** -0.008*** -0.008***
(t = 10)*Availability -0.009*** -0.010*** -0.009*** -0.009***
(t = 11-16)*Availability -0.007*** -0.006*** -0.008*** -0.005**

Notes: Sample: Individuals are observed duringrtariculation year and all the following available
years. Number of observations is 272,430 in allmegtons. Dependent variable: NUTS3
migration during the current year. Explanatory &bke of interest: Number of 1st year
polytechnic students divided by the number of 19/84r olds in the NUTS3 region. The set of
controls are defined in Appendix, Table Al. * (***) = statistically significant marginal effect
at the 0.10 (0.05, 0.01) level. Significance levaals based on robust standard errors that allow
for clustering at the matriculation year and regidavel. LPM = Linear probability model, AME
= average marginal effect is computed as averageallvobservations.
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The results from the first of the four specificatsa/A—-D) in Table 2 correspond to those
reported in Table 1. The effect of the polytechreform on migration seems also
negligible in the long-run. In the last specificati (E) we have added time since
matriculation dummies to the specification and riatéed it with the availability of

polytechnic education during matriculation. Thegmaeter estimates now suggest that
the availability of polytechnic education increasegyration propensity marginally

close to matriculation, reverse is likely later.isTttonclusion does not depend on
whether the availability is measured only during thatriculation year or also two years

after. Note that linear probability model and ptabodel imply similar pattern.

To illustrate the quantitative magnitude of onetunicrease in the availability of
polytechnic education, it is useful to note that thumber of 19 to 24-year-olds is
~20,000 in a typical Finnish NUTS3 region. Henae,this typical region one unit
increase in the availability is achieved, for exémgy increasing the number of
starting places by 200 students. The regional geecd the number of starting places

has grown from zero to roughly 1,700 between 19fDthe early 2000s.
Polytechnic reform, education and graduate migration

Next we proceed to the study of graduate migratgmmool-to-work migration). In the

analysis, we now restrict our sample to the obsems after graduation from the first
specialized education programme (e.g. specializgrtrusecondary school, vocational
college, polytechnic or university). This analygrsables us to identify the causal
impact of education on migration. To identify thausal impact, one needs an
instrument that predicts the changes in the levedducation but is unrelated to the
changes in the migration propensity after contngllfor other relevant factors. Our

vector of the instrument;, introduced above, contains the availability ofypechnic
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education in his or her region during the matritatayear as well as the matriculation

exam score§.

Hence, our first-stage model for the determinatbeducation for an individual(who

graduates at year 0) takes the form:
Sip =Zjy+ X0+, t=0,1,2,..1, 2)

where s, is the relevant educational outcome variab¥g, is a vector of the control
variables andZ; is the vector of the excluded instruments. Aga@ todel includes

the year and regional fixed effects measured attithe of the matriculation. The
educational outcome is measured as the levelsudfation and the years of schooling.
To compute the years of schooling, the highestlle¥eeducation (up to the current
year) was converted into years by using the offifigures provided by Statistics

Finland; see Appendix, Table Al for details.

The estimation results of the first-stage regressiare presented in Table 3. The
estimation results are based on linear modelsabatrol for other matriculation year
and region dummies and other relevant factors ‘@$tin Table 1). The first column
reports the effects of the instrumental variableghe years of schooling. The overall
estimate of the reform on the years of schoolingungraduate sample is insignificant,
but still positive (0.005). The three remainingwuhs clarify this result. In the second
column only graduates from vocational colleges apecialized upper secondary
schools are included in the sample. The negatitenate for the availability of
polytechnic education (-0.014) implies that thebatality of completing vocational

college degree reduces relative to completing &ialwed secondary degree as the

% For the availability to be a valid instrument itish be correlated with education, but it must
not be a determinant of migration, i.e. it musubeorrelated with the error term in the equation
for migration after controlling for other relevariactors. Therefore, the identification
assumption is that the availability must have rituence on migration other than through the
first-stage channel; see equations (2) and (3vbelo

15



availability of polytechnic education increasesisTresult is exactly what one should
expect given the fact that the reform graduallyndéfarmed vocational colleges into
polytechnics. Accordingly, enhanced availabilitypailytechnic education increases the
probability that a matriculated individual compketa polytechnic degree relative to
vocational college degree (0.017). Bit surprisinglye do not, however, find that the
reform reduced the probability of obtaining a mésteegree relative to polytechnic,
after controlling for other factors. Looking at théher instruments, we observe that a
higher score from matriculation exams significantigreases the level of education in
all subsamples (including the years of schoolihghgll cases the instrumental variables
are jointly significantly different from zero (Fg8 supporting the validity of our first-

stage regressions.

Table 3. The estimated effects of the instrumental vargble education (OLS,

first stage of IV estimates, sample of graduates)

Vocational Polyt. vs.

Full sample, : Master’s vs.
. . college vs.  vocational :
Variable using years of polytechnic
. secondary college
schooling degree
degree degree
Availability of 0.005 -0.014*** 0.017*** 0.004
polytechnic education (0.011) (0.005) (0.005) (@)0
Matriculation results 0.598*** 0.058*** 0.049*** QL82***
(0.0112) (0.006) (0.006) (0.005)
Matriculation results not  -2.656*** -0.235*** -0.235*** -0.850***
missing (0.107) (0.047) (0.057) (0.048)
Diagnostics
Joint significance of the  8,686.3 425.19 320.87 3720.14
instruments (F-test) (p<0.001) (p<0.001) (p<0.001) (p<0.001)
Number of observations 110,927 64,865 55,698 46,062

Notes: Sample: Individuals are observed duringgifaeluation year from specialized education and the
following years. Dependent variable: NUTS3 migratituring a year. * (**, ***) = statistically
significant marginal effect at the 0.10 (0.05, 0.62vel. Robust standard errors are reported in
parenthesis that allow for clustering at the matation year and regional level. OLS = Ordinary
least squares. See Appendix, Table Al for the fsebmtrol variables (incl. matriculation region
and year dummies) and definitions of the instrurmlenariables (availability of polytechnic
education is measured during the matriculation).

16



In the second stage, graduate migration decisioagiessed on the predicted education

S;; from (2) and all the exogenous variables:
My =78 + Xjm+ey,, t=0,1,2,..1 3)

where the dependent variabley, , is 1 if graduate’s region of residence at the ehd

the year is different from the previous year, anatBerwise. The instruments are
excluded from the migration equation (reflecting go-called exclusion restriction). In
practise, the equations (3), and (2), are estimhtedising two-stage least squares.
These IV estimates are compared with the ordineagtl squares (OLS) and limited
information maximum likelihood estimates (LIML);ese.g. Angrist and Pischke (2009)
for further details on the methodology. Robust dtad errors are reported for all

models. Again we examine migration behaviour 2Qi04.

If we were willing to assume that the treatmeneef§ are homogenous, i.e., the causal
effect of education on migration is same for altliuduals, then an instrumental
variables model could identify an average treatnedfieict for the sample of individuals
(see e.g. Imbens and Angrist, 1994; Angrist andeljew, 2001). This assumption is
unlikely to hold in practise. However, under hetgoous treatment effects a local
average treatment effect (LATE) can be identifitdis called local, because the
treatment effect is identified for people (commjerwhose behaviour is being
manipulated by the instrument. In our case, itnesties the treatment effect for
individuals whose schooling choice is changed duehe polytechnic reform and

matriculation scores.

To estimate the local average treatment effectgdaiitional technical assumption has
to be made, which is known as “monotonicity”. Thassumption means that the

instrument only moves the endogenous variable endirection. The results from Table

17



3 suggest that this is unlikely to prevail with oimstruments! However, the
monotonicity assumption is arguably valid in thenpese comparisons of vocational
and polytechnic graduates, and polytechnic andeusity graduates. Hence, the effect
of the level of education (treatmemt)elative to the level of education (treatmeniy
estimated by putting aside the data for units eggde other levels of education (see

Imbens and Wooldridge 2009, p. 73; cf. Table 3).

We assume that our instrument — the relative nurobeegional polytechnic starting
places — affects the likelihood of obtaining a pethnic degree, but it does not directly
affect migration after graduation from specializgtiication. If the migration propensity
among the graduates is, for some reason, highdéovegr in the regions where the
relative number of first-year students is higher lower for other reasons, our
instrument is invalid and will produce biased esties of the treatment effect (Moffitt
2005, p. 95). For example, if the set of factoet thfluences the number of polytechnic
places (e.g. the local economy) also affect migratilecisions, and these are not
properly accounted for in the estimation, then @Mogeneity assumption is
questionable. In order to reduce this possibilitg, control for several local factors such

as regional unemployment besides adding a fulbsetgional dummies to all models.

Table 4 shows the estimation results that are oéthby using OLS, IV and LIML. The

estimates based on the years of schooling arealylib be reliable for the reasons
discussed above, but they are reported for congrarilh the second column the
migration rates of the graduates from vocation#leges are compared with those from
specialized secondary degrees. Strong rejectiothefexogeneity of the educational

dummy and the significance of the instrumentalalags in the first-stage suggests that

I That is, if we were to study the effect of the ngeaf schooling on migration, and someone
switches for example from university to polytechdige to increased availability of polytechnic
education, then the monotonicity assumption wowdvinlated (i.e. negative effect for some,
but positive effect for most people).
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the OLS estimate (0.004) is biaséd.his conclusion is supported by the similarity of
the IV and LIML estimates (0.091 and 0.092). Theref we conclude that a vocational
college degree increases the migration probahbiityd percentage points relative to

specialized upper secondary degree.

Table4. The estimated effects of education on the migngbi@pensity (sample of
graduates)
Full sample, Vocational Polyt_. VS: " Master's vs.
Model using years of college vs.  vocational olytechnic
gy polyt
. secondary college
schooling d degree
egree degree
OLS estimates 0.008*** 0.004** 0.013*** 0.019***
(0.000) (0.002) (0.003) (0.003)
IV estimates 0.012*** 0.091*** 0.063*** 0.002
(0.001) (0.015) (0.020) (0.007)
LIML estimates 0.012%** 0.092*** 0.063*** 0.002
(0.001) (0.015) (0.020) (0.007)
Diagnostics for 1V
Test for exogeneity of 7.037 34.822 6.142 6.822
the educ. var. (F-test) (p=0.009) (p<0.001) (p=0.013) (p=0.009)
Overidentifying 0.202 8.41992 0.030 0.683
restrictions (p=0.904) (p=0.015 (p=0.985) (p=0.711)
Average migration rate 0.075 0.062 0.073 0.093
Number of observations 110,927 64,865 55,698 46,062

Notes: Sample: Individuals are observed duringgifaeluation year from specialized education and the
following years. Dependent variable: NUTS3 migratauring a year. * (**, ***) = statistically
significant marginal effect at the 0.10 (0.05, 0.62vel. Robust standard errors are reported in
parenthesis. OLS = Ordinary least squares, IV trungental variables. The instruments for the
level of education are: availability of polytechréducation during matriculation, matriculation
result and matriculation result not missing (sedl@aAl for definitions). LIML = Limited
information maximum likelihood. See Appendix, Tallé for the set of control variables (incl.
matriculation region and year dummies).

In the third column, which compares polytechnic dy@tes to vocational college
graduates, the exogeneity of the educational dunsn®so rejected by the F-statistic.
Hence, the conclusions are based on the IV estjia&163, which is considerably larger
than OLS estimate (0.013). LIML estimate correspotadthe IV estimate. In the final
column, graduates with master's degree are compattd polytechnic graduates.
Exogeneity of the educational dummy is again regciThe results from both IV and

LIML show that university graduates with a masteté&gyree and polytechnic graduates

2 The exogeneity test was conducted by adding tkidual from the first-stage to the second
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have similar migration propensity. Note that thet fer the overidentifying restrictions
can be interpreted as a test of heterogenous teeateffects (Angrist, 1991), because
under heterogenous treatment effects the choidbdeoinstruments affects the LATE
being identified. Apart from the second column,réhes very little evidence that our

LATE estimates depend on which instruments aregoesed.

V1. Conclusions

In this paper, we have examined the effects oatralability of education and the level
of education on interregional migration in Finlamdrst, we explored the effect of the
polytechnic education reform on the migration o tjraduated high-school students.
The results showed that an increase in the regerailability of polytechnic education
did not, on average, affect much the level of oigration of recent high school
graduates. However, when we followed at the effeetr time, decrease in the
coefficient estimate was found. Namely, the effefcthe availability of the polytechnic
education on migration propensity is small positil@se to high school graduation, but

it turns small negative after few years.

Second, we also used the reform to identify thesaheffect of education on the
migration of young adults, who have graduated figpacialized education after high
school. To identify the causal effect of educatmn migration, we used instruments
based on the availability of polytechnic educataomd the matriculation exam scores
from general upper secondary school. Our IV estsighowed that vocational college
degree increases migration probability by 9 peagmtpoints relative to specialized
upper secondary degree. Also, polytechnic gradusdes 6 percentage points higher
migration probability than those of vocational egé graduates. However, master’s

degree did not increase migration propensity wiempared to polytechnic degree.

stage, and testing its significance robustly; semé€ron and Trivedi (2005, 276) for details.
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Overall, our findings point out that the availalyiliof polytechnic education did not
reduce migration. One of the most important reasonthe creation of the polytechnic
schools from regional policy perspective was torease brain drain from the less
developed regions to the metropolitan areas. Agholwrther analysis is still needed,

our results point out that this aim has not bedfiiléd.
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Appendix

Table Al. Description of covariates and their mean values for three samples

Covariate Description (1) (2) 3)

Dependent variables

Migrate 1 if the NUTS3 region of residence is difiet from 0.078 0.074 0.075
previous year, 0 otherwise

Yrs of school.  Years of schooling (12, 13, 14.551ér 17.5) 12.050 13.280 15.145

Secondary 1 if person has a specialized higher secondary leve 0.991 0.687 0.231

degree degree after matriculation (13) or nothing (12 geair

schooling), 0 otherwise

Vocational 1 if person has a vocational college degree (1da5s), 0.009 0.120  0.296

college degree 0 otherwise

Polytechnic 1 if person has a polytechnic or bachelor degrée&5(1  0.000 0.095  0.232

degree years), 0 otherwise

Master’s degreel if person has a master’s degree from a univefsityp 0.000 0.098  0.241
years), 0 otherwise

Instrumental variables

Availability of  Number of ' year polytechnic students divided by the 4.426 3.111 1.865

polyt. educationhundreds of 19-24-year olds in the NUTS3 regionrdur (4.955) (3.711) (2.501)
matriculation year (three year averages in paraighe

Matricul. result General grade from matriculatiotaen. Range from1 3.904 3.786  3.567
(worst grade) to 6 (best grade). O if grade is mgss

Matr. result not 1 if matriculation result is not missing, O otheswi 0.926 0.892 0.856
missing
Control variables
Age Age in years 18.156 18.157 18.143
Female 1 if female, O if male 0.576 0576 0.661
Swedish 1 if person belongs to the Swedish minobitytherwise  0.050  0.050  0.048
Married 1 if married or cohabiting, O otherwise ZB0 0.020 0.019
Sp. empl. 1 if spouse is employed, O otherwise ®.000.006  0.005
Sp. educ. Spouse’s level of education (0 if no spol if

comprehensive educ.,..., 5 if higher tertiary educ.) 0.038 0.033 0.030
Sp. income Annual income of spouse, 10 000 € 0.018.013 0.013
Children 1 if children under 18 years in the fam@yotherwise 0.002 0.002 0.002
Earnings Annual earnings subject to state taxafiorQ00 € 0.162 0.161 0.158
Rural 1 if living in an rural municipality (baselde degree of

urbanisation and on the population of the largesani
settlement; see Statistics Finland 2001), O othewi 0.236 0.240 0.271

Semiurban 1 if living in a semiurban municipalifyptherwise (see

above; reference is “urban” municipality) 0.174 0.172 0.179
Unempl. Rate  Unemployment rate in travel-to-workaat% 14568 13.396 12.153
Amenities Percentage of the service sector worikeitse NUTS4

region 5.700 5.597 5.412
Region of birth 1 if living in the region of birtld, otherwise 0.811 0.805 0.810
Number of observations 81,630 272,430110,927

Notes: Control variables are measured on a yedord an individual matriculates. Educational
variables after matriculation refer to the firstesplized degree. Sample includes: (1)
Observations from the matriculation year and th#ofong two years; (2) All possible
observations after matriculation; (3) All possibleservations after graduation from specialized
education after matriculation.
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