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Abstract

This paper examines the effect of the polytechaform on geographical mobility. A
polytechnic, higher education reform took placeFinland in the 1990s. It gradually
transformed former vocational colleges into polistacs and also brought higher
education to regions that did not have a univers@fore. This expansion of higher
education provides exogenous variation in the regisupply of higher education. The
reform raised the mobility of high school graduaaesoss local labour markets in the
years after they had completed their secondaryiestudvhich indicated increased
mobility between high school and post-secondarycation. We estimate that the
reform enhanced the annual migration rate of higfiosl graduates by 1.2 percentage
points over a three-year follow-up period. This resents a substantial increase,
because their baseline migration rate is 3.7 pet. dde effect fades several years after

the completion of secondary studies.
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1 Introduction

A polytechnic education reform took place in Firdam the 1990s. It gradually
transformed former vocational colleges into polistacs offering a Bachelor's degree
and expanded the supply of higher education toegibns. In other words, the reform
brought higher education to regions that did noteha university in the pre-reform

system.

The polytechnic reform was the largest single etlocareform in Finland since the
reform of the comprehensive school system in thedyel70s. The polytechnics
constituted a new non-university sector in highguoation. The number of graduates
from polytechnics has risen very rapidly. By 200@ thumber of new polytechnic
graduates exceeded the number of new universityugtas. This paper exploits the
polytechnic reform to examine internal migratioritpans. We argue that the lessons
from the reform have a broader interest, becausg telp to understand how the
expansion of education, which is experienced bytrobthe advanced countries, affects

internal mobility patterns.

The fear among the policy-makers has been thatptigechnic reform may have
resulted in increased out-migration of the highdyeated graduates from the peripheral
regions (“brain drain”), for example, because jgpartunities for the highly educated
are less local. This outcome would be undesiratden fthe perspective of regional
policy objectives, since the highly educated mitggrossess above average skills and
also earn above average incomes. Therefore, trspgrts of economic growth in the

peripheral regions are weakened and the tax buofethose who remain rises.



Consequently, regional disparities may increasestamhially. It is obvious that for

individuals it is desirable to improve human capgtied leave a declining aréa.

Although prior analyses of the relationship betwedncation and migration behaviour
are extensive, only the recent studies by Hickn2009), Machin et al. (2012), and
Malamud and Wozniak (2012) have utilized policyoreis to study the relationship
between education and migration. Hickman (2009)sicters the extent to which a
merit-based aid programme in Florida has affedteddcation decisions of the college-
educated. His results show that those eligibletierprogramme are significantly more
likely to locate in Florida after completing thesducation than those who were not

eligible.

In Machin et al. (2012) and Malamud and Wozniakl@dhe emphasis is on the effect
of education on internal migration. Using a Norveegprimary school reform, Machin
et al. (2012) find that the length of compulsoryeation has a positive causal impact
on migration. One additional year of education éases the annual migration rates by
15 per cent from a low base rate of one per cenyger. Malamud and Wozniak (2012)
use variation in college attainment in the U.S.ucet by draft-avoidance behaviour
during the Vietnam War. Their results imply that tladditional years of higher
education significantly increased the likelihoodattlthe affected men, later in life,

resided outside the states where they had been born

The aim of this paper is to explore the effectthefpolytechnic reform on interregional
migration. The analyses are based on particulaely longitudinal data on graduated
high school students from 1988 to 1998. The pohytexreform provides us with the
exogenous variation in the supply of higher edacasicross regions and over time. The

results show that the expansion of higher educatereased the migration of high

! For a further discussion of the brain drain, semidéfi and Rives (1987) and Gottlieb and Joseph
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school graduates. The migration propensities irsa@garticularly close to graduation
from high school. But our estimates also suggeshaller positive effect over a longer

period.

The remainder of the paper is organized as folloWge next section describes the
higher education system in Finland and the polytecheform. In Section 3 we discuss
reasons why the polytechnic reform should affetérnegional migration. Section 4

introduces the data. Section 5 describes the erapiapproach, and the results are

reported in Section 6. The last section concludes.

2 Higher education in Finland and the polytechnic reform

Compulsory comprehensive schooling for childrenifie@t the age of sevérit lasts

for nine years. ~50 per cent of the pupils contitoiea high school (general upper
secondary school, “lukio” in Finnish), which ladts three years and ends with a
matriculation examination. At the beginning of th®90s, vocational schools and
colleges were a diverse group of schools. Some romdt of their students directly from
comprehensive schools and provided them with twothoee years of vocational
education. In some vocational colleges most stsdératd completed high school
education before entering a vocational college. &@mple, a business degree from a
vocational college typically required three yeafssohooling after a comprehensive

school or two years of schooling after a high s¢hoo

Since the polytechnic education reform the higltkrcation system has comprised two
parallel sectors: universitieand polytechnics. In essence, the reform brouggtien

education to areas that did not have a universtpre the reform. The polytechnic

(2006).
2 The description of the higher education system tred polytechnic education reform is based on
Bdckerman et al. (2009, p. 673—-675).
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degrees are bachelor-level degrees with a vocatemnphasis. These degrees take from
three and a half to four years to complete. A mdjtierence between the sectors is that
polytechnic schools are not engaged in academ&arels like universities. Education is

free at both levels.

The first 22 polytechnics were established undeeraporary licence in 1991 (e.qg.,
Lampinen 2004). The polytechnics were created by dghadual merging of 215
vocational colleges and vocational schools. Thewghimplementation of the reform is
clearly reflected in the fact that students who &tdlted their studies before a particular
vocational college transformed itself into a potyteic continued their studies along the
old college lines, and they eventually graduateth wiocational college degreés.
Hence, the timing of the reform varied considerabtyoss schools and regions, as
described in Bockerman et al. (2009, p. 674—67&%);aso Figure 2 below. Seven new
temporary licences were granted during the 1990e. first graduates from the new
polytechnics entered the labour market in 1994. &tmerimental phase was judged to
be successful and since 1996 the temporary polyteshhave gradually become
permanent. Currently there are 27 multidisciplinpoyytechnics. Unlike the university

sector, the network of polytechnics covers the whoaluntry.

The supply of education is controlled by the Mirystf Education through its decisions
on the number of study places and the funding bbals. In the 1990s the number of
polytechnic study places increased very rapidly tir@number of vocational college

study places decreased, respectively (Figure 1196 the number of new polytechnic

% The Finnish university sector consists of 20 ursitees and art academies, all of which carry out
research and provide degrees up to doctoratesfurtrer details on the university sector, see e.g.,
Ministry of Education (2005).

* The reform changed the curriculum to a differextert in different fields (Bockerman et al. 2009, p
675). The changes were relatively minor in engimgeand nursing education but substantial in bissine
education. The average length of the studies iinbas education increased from two years to thneeaa
half years.
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students exceeded the number of new universityestsdand by the end of the 1990s

hardly any new vocational college places were nzadéable>

--- Insert Figure 1 here ---

Figure 2 reveals the significant regional differemén the availability of polytechnic
(higher) education and the changes in it during 1880s. Since the availability has
been relatively constant thereafter, the followarglysis of the reform focuses on the

1990s and early 2000s.

--- Insert Figure 2 here ---

The main aim of the reform was to respond to nematels for vocational skills that
were seen to arise in the local labour marketsthEumore, the geographically broad
network of higher education was regarded as a neaqualize regional development,
for example, by reducing the brain drain from tkssl developed regions to the
metropolitan areas and therefore to lessen theeoration of the workforce to the
central regions. However, the regional disparitiss economic growth and

unemployment rates have increased considerablyniarfé since the depression of the
early 1990s; see e.g., Kangasharju and Pekkalat)20@l Tervo (2005). Today, there
are pressures to concentrate higher education esehrch into fewer units, which
probably implies that there will be a decline iretimumber of universities and

polytechnics in the future, particularly in the ipberal regions.

The polytechnic reform has previously been evatlidte comparing the employment
and earnings of graduates from the polytechnichk thibse who had obtained vocational
college degrees in the pre-reform system. Haméaiaéamel Uusitalo (2008) find that the

relative earnings of vocational college graduatesrease in the field of business and

® The number of applications to universities anthe® most popular polytechnics exceeds the number of
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administration after polytechnic graduates starember the labour market, which is
inconsistent with the pure human capital model eatl be interpreted as evidence that
supports the signalling model of educatidddckerman et al. (2009) conclude that the
reform had considerable positive effects on thenings and employment levels for
graduates in business and administration but mofsignt effects in other fields. To the
best of our knowledge, no study has, however, exaththe regional aspects of the
reform. Hence, it is not known how the polytechreducation reform affected
interregional migration streams even though theseerns have frequently been raised

in policy debates.

3 Why should the polytechnic reform affect migration?

We are interested in the ways in which the polytécheform affected the migration of
recent high school graduates. In the following te&oal discussion, we will consider
the possibility that this school reform affectedgration not only directly but also

indirectly through the changes in the level of edion.

To begin with, the reform may have increased tlogp@nsity to move directly because
fewer high school graduates were able to accessaédo in their home municipality

after vocational schools were gradually convertgd bigger polytechnic units. That is,
it is possible that people who would have othervaigended a local vocational school
will now have to move to another town in order tead a polytechnic. In addition, the
incentives for school-to-school moving may havereased because (free) higher

education has become more widely available.

available starting places by a factor of four.

® Their preferred estimates show that 29 per ceth®increase in the earnings of polytechnic grastuat
is due to an increase in human capital and the irémga71 per cent because of the signalling value
(Hamalainen and Uusitalo 2008, p. 773).
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Yet it is known that the reform expanded highercadion, especially to regions that did
not have a university, which may have reduced tedrof some high school graduates
to move in order to obtain higher education. Howgvegardless of the reform, the
poorer educational opportunities in the periphezgions may have induced migration
to the central areas, where most institutions ghéi education are located. Hence, in
the empirical analysis, it is important to contfol the regional differences in the

educational and economic opportunities.

If the reform affected the school-to-school migratiit is likely that it also had an
impact on the school-to-work migration, becauses¢hwho have moved in the past are
more likely to move again (see, e.g., DaVanzo 1%&&panen and Tervo 2012). This
pattern would be consistent with the “hobo syndromeported by Munasinghe and

Sigman (2004).

In the long run, the polytechnic reform may alserape indirectly through the changes
in the level of education. If the reform generailhcreased young adults’ level of
education, this increase may in turn make them riked/ to move. Note that if all the
vocational colleges were simply relabelled as malghics, then this indirect,
educational effect should be zero but the ovefdkceof the reform on migration could
still be non-zero. Extensive prior analyses sugtiestthe propensity to move increases
with the level of education (e.g., Jaeger et al®@@aggian et al. 2007; Tunali 2000).
However, only recently have policy reforms providedidence in support of the
positive causal relationship; see Hickman (2009acMn et al. (2012), and Malamud

and Wozniak (2012).

" See also the reviews by Greenwood (1975, 199ihish migration has been studied recently by Ritsil
and Ovaskainen (2001), Pekkala and Tervo (200Zkil®iand Haapanen (2003), Haméalainen and
Bockerman (2004), Nivalainen (2004), Haapanen aitsil® (2007), Jauhiainen (2008) and Haapanen
and Tervo (2012). However, none of these studies used education reforms to examine migration
patterns.
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Although our aim is not to investigate the effeteducation on migration in genefat,

is worth discussing the explanations provided foe bbserved positive relationship
briefly. The first one is the existence of a grea@rnings differential between regions —
thus greater potential benefits from moving — fog highly educated (Armstrong and
Taylor 2000, p. 155). Education is a form of gehémaman capital, which is easily
transferable to different geographical locationscdhd, education increases a person’s
capability of obtaining and analysing employmenfoimation, and of using more
sophisticated modes of information and search nastH@&reenwood 1975, p. 406).
Hence, highly educated workers may have a betteesacto information about the

potential job prospects and living conditions ihestregions.

Third, a higher level of educational attainment nogyen up new opportunities in the
labour market (e.g., Greenwood 1975, p. 406). Ascation improves, the market for
individual occupations at each level of educatemds to become geographically wider
but quantitatively smaller in a given location (8eintz 1973, p. 1160). Accordingly,

Wozniak (2010) finds that the more highly educatesimore responsive to local labour
market conditions in choosing a state of residehastly, psychic costs resulting from
the agony of departure from family and friends kkely to be lower for the highly

educated (Schwartz 1973). Education may also retheeégmportance of tradition and

family ties and increase the individual’'s awaren#ssther localities and cultures.

4 Data

The empirical analyses are based on the Longitudieasus File and the Longitudinal
Employment Statistics File constructed by Statstnland. These two basic register
files were updated annually from 1987 to 2004. Bgtching individuals’ unique

personal identifiers across the censuses, thesel plata sets provide a variety of

8 Instead of estimating the effect of education égration using the reform as an instrument, weness
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reliable register-based information on the resigl@ftFinland. In other words, contrary
to surveys, for example, the comprehensive regisieed data contain very little
measurement error; cf. also Malamud and Wozniak Zp0OFurthermore, register data

on spouses and the region of residence are mengiedw individual records.

The working sample comprises a seven per cent narggonple of the individuals who
resided permanently in Finland in 200The sample was further restricted to the
individuals who had completed schooling at highosth(general upper secondary
school)* With few exceptions high school education is reeplifor tertiary-level
studies. In the following analysis we focus on t&B21-year-old graduatédrom 1988

to 1998. During this period, the availability ofgher education made its dramatic rise;

see Figures 1-2 above.

Throughout the analyses, the migration event isnddf as long-distance migration
between the 18 Finnish NUTSS3 regions, following,dgample, Nivalainen (2004). See
the Appendix, Figure Al, for a map illustrationrofgration patterns using the NUTS3
regional classificatioff. These migration flows allow us to examine the ¢gjeanin the

geographical distribution of human capital. Focgsam migration between the NUTS3
regions is also practical, because the locatiothefeducational institution where an
individual graduates is known at this regional lamethe data. Furthermore, migration
of shorter distances between municipalities or mgens most likely reflects housing

market conditions rather than labour market prospétowever, we will also check the

the reduced-form specifications of the polytechreform on migration.

® Those individuals living in the Aland Islands aret included in the sample. Aland is a small isadat
region with approximately 26,000 inhabitants. Fetis from the other Finnish regions in numerouysva
(e.g., most of the inhabitants speak Swedish asrhgve language).

% As in Hickman (2009) and Malamud and Wozniak (901t contrary to Machin et al. (2012), we
focus on individuals at the upper part of the etlooadistribution.

' For example, in 2001, approximately 99 (83) perta# the high school graduates were 18—21-year-
olds (19-year-olds) at the end of their matricolatyear.

2 The small region of Ita-Uusimaa is combined withsiinaa in the analyses, because of their close
proximity and similarity. It is also the only regidhat does not currently have its own polytechnic.
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robustness of the results below to the use of NUdI&Ssification instead of NUTS2 or

NUTSA4.

The average propensities to move during the yeamnatficulation or the following two

years are illustrated in Figure 3. It shows a markecrease in the interregional
migration rates over time as the polytechnic refonas executed. The regional
differences in the migration rates are also sulisiarComparison of time trends in
Figures 2 and 3 suggests that there is a posiglaionship between the regional
expansion of higher education and the interregiomgration. However, to investigate
whether this relationship still holds after the guital confounding factors have been

fully controlled for, the specification of an ecanetric model is required.
--- Insert Figure 3 here ---
5 Empirical approach

A significant proportion of high school graduategyrate in order to receive further
education. To understand the implications of thitpohnic reform of the 1990s for
interregional migration, we model the migration peosities during the year of

matriculation and the following years using pramibdels. Therefore, we assume that

0.

migration propensity is determined according teterit variableM;, :

M-D

i ALyt Xy By A +T g &

ijy ijyt?

i ~ N(G, o?) )
My, =1 if Mg, >0;andM,,, =0,if M, <0,

iiyt iiyt
where M;,, is a dummy variable indicating whether an inditu matriculated in

regionj in yeary migrates M " > 0) or not M "< 0) t yearsafter matriculation.M,

refers to long-distance migration across NUTS3argjibetween two consecutive years
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(t andt—1).” First we estimate school-to-school migration prgiges for the year of
matriculation and the following two yeats<0, 1, 2), and then we extend the follow-up
period, which also allows us to investigate thengjes in school-to-work migration. To

understand the effects of the reform on the rediahstribution of labour more

completely, we will later redefind;,, as residence outside the matriculation region

in yeart.

The explanatory variable of interest, , measures the supply of polytechnic education

for an individuali when graduating from high school. The supply isasueed as the
number of new polytechnic study places in the negid residence in the year of
matriculation. Note that the reform may have altwaeted persons other than the
recently matriculated individuals to enter highetueation (i.e. polytechnics). To
control for this, we have later defined the suppfypolytechnic education not only
during the year of matriculation but also over ader three-year period; see the

robustness checks below.

All the control variables, X;,,

are measured in the year before an individual
matriculates from high school, so that the consecge® of migration are not confused
with the causes of migration. This decision alssuees that the supply of polytechnic

education does not affect the (future) values efdbntrol variables and hence bias the

results.

Following, for example, Nivalainen (2004) and Haaga and Tervo (2012), we use the
standard set of covariates. Concerning personahctaistics, we control for gender,
age and annual earnings subject to state taxdtionsehold characteristi¢omprise

marital status, having children, and a spouse’sdalincome, employment status and

3 \We observe an individual's location at the eneath year.
4 See Tenn (2010) and Rabe (2011) for recent evidendhe migration decisions of families.
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the level of education. It is important to contfol the household income level.
Otherwise, the differences in the ability to finartbe migration costs can partly create
the observed positive association between themetord migration. Another potential
determinant of migration is prior scholastic ackeieent. Matriculation exam scotes
from high school are therefore used as the measfuaehievement. It is expected that
an individual’'s ability is positively correlated thi migration because of his or her

attendance at university.

In addition, we control for the effects that aredfic to the year of matriculatiom(),
the matriculation regiony; ) and the duration of time after the matriculat{ep). Since

interregional mobility tends to closely follow cieal fluctuations in the economy
(Milne 1993; Venhorst et al. 2011; Saks and Wozr#@k 1), the matriculation year
fixed effects are used. The regional fixed effgatk up all the regional differences in
the migration intensity of matriculated studentatthre stable over time. Time trend

dummies 7, are added to the model to capture the number afsypassed after

graduation” These dummies allow for the general changes imtiggation rates over

time after matriculation (cf. Haapanen and Terva2)0

Finally, we also use several sub-regional (NUTS4aracteristics, such as the local
unemployment rate and the share of service sectokens, as well as whether the
individual matriculates from his or her sub-regiohbirth, which captures otherwise
unobserved differences in migration behaviour; thee Appendix (Table Al) for the

detailed definitions of the control variables ahdit mean values.

!> The matriculation examination is a national corspty final exam taken by all students who graduate
from high school. The answers in each test aré didded by teachers and then reviewed by associate
members of the Matriculation Examination Board weghe schools. The exam scores are standardized
so that their distribution is the same every y&ae range of the matriculation exam scores is 1-6.

16 On average, universities tend to be located faréiveay from high school graduates than lower level
educational institutions.

7 Because of the low number of observations, a sidgtation dummy is used for 10.
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The identification strategy is based on the assiompabout the exogeneity of the
polytechnic reform. Consequently, we assume thatstpply of polytechnic starting
places is exogenously determined after controlliog other factors potentially
influencing migration decisions. For the correantification of the effect of the reform
it is, however, not necessary for the supply toirmependent of the fixed regional
characteristics or those related to the year ofioudation, since we control for such
factors with two sets of fixed dummies. Still, sotilee-varying regional characteristics
could be related to the changes in the regionaamesipn of polytechnics over time. If
such characteristics also influence migration dexss their exclusion could violate the
exogeneity assumption. Thus, following, for examplick et al. (2005) and Machin et
al. (2012), we assess what factors, if any, pratietexpansion of polytechnics across

regions and over time.

Table 1 reports the results from linear panel regjoms of the supply of polytechnic
starting places on other regional characteristicsthe first column we regress the
polytechnic starting places on regional value agddsdjrowth rate, unemployment rate,
total population, population aged 19-24-years, andlummy variable indicating

whether the region has a university. In the secmidmn we add the year dummies to
the model and in the third column we also add thle det of fixed effects for the

NUTSS3 regions (but exclude the university dummyduse it does not change over

time within regions}?

--- Insert Table 1 here ---

The results show that after controlling for theefixtime and regional effects, only
population size is a statistically significant deteant (Column 3 of Table 1). Other

factors play little role. Thus, the number of pelinic starting places positively
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correlates only with the size of the region aftentcolling for other regional factors. To

rule out the possibility that the omission of ttegplation size would bias the estimates,
we have added it to the set of regional controdgetioer with the number of 19 to 24-
year-olds in the NUTS3 region that captures th&edihces in the regional demand for

polytechnic education.

6 Results

6.1 Baseline estimates

To begin with the short-run effects, Table 2 repdtie estimated average marginal
effects® of the supply of polytechnic education on the miigm probability during the

year of matriculation and the following two yeaFse first column gives the estimation
results of a simple bivariate model that do nottadnfor any covariates. The

insignificant, small negative estimate reportednfrthe probit model is unlikely to

provide a reliable causal estimate. A reliableneste is obtained after other relevant
covariates are controlled for. The addition of yeagional and time dummies as well as
the extended set of controls is supported by thadiiood ratio tests. As suggested by
Figure 3 above, the marginal effect from the prefgispecification reported in Column
6 shows that the migration probability is, on agesanfluenced by the regional supply
of polytechnic education during matriculation. Tén&erage marginal effect is positive

and significant: 0.7 percentage points per 1,000ysplaces in the region.

--- Insert Table 2 here ---

To explore the long-run effects of the polytechretorm on the migration probability

of the matriculated students, we then proceed tamlystthe effect over a longer

'8 The university sector remained unchanged duriregpiblytechnic education reform. Therefore, new
universities were not created during the periodralysis.
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observation period. Since the last year in the &a2004, we are able to follow those
individuals who matriculated, for example, in 1988d 1988 for 7 and 17 years
respectively (on average 11.7 years). Again, thaplsuof polytechnic education is
measured during the year of matriculation. Theltedtom the six specifications (1-6)
reported in Table 3 correspond to those in Tabld& preferred specification (6)
points out that the effect of the polytechnic refoon migration is smaller, and

insignificant, in the long run after controllingrfthe relevant covariates.

--- Insert Table 3 here ---

To better illustrate the quantitative magnitudarmrease in the supply of polytechnic
education, we have also computed the short-runlamng-run elasticities (Table 4).
First, it is useful to note that the regional ageraf the polytechnic study places has
grown from zero to roughly 1,800 between 1990 dadearly 2000s. Hence, the short-
run marginal effect (0.0068) implies that an inseeaf 1,800 on polytechnic places has
enhanced the annual migration rate in the Finregiions by 1.2 percentage points. This
represents a substantial increase, because thinbasegration rate is 3.7 per cent for
those who matriculated in 1988. Second, the estidhaemi-elasticity implies that a
1,000 unit increase on new polytechnic placeserdgion has resulted in a 12 per cent
increase in the migration rate. Finally, the shart-elasticity of migration with respect
to the increase in new polytechnic places is eséchat 0.147. These short-run effects
are significantly different from zero, whereas theng-run elasticities are all

insignificant.

--- Insert Table 4 here ---

1 The average marginal effects were computed asagesrover all observations, as discussed in
Cameron and Trivedi (2005, p. 467).
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6.2 Sensitivity of the baseline results

To study the robustness of the baseline resulrieg in Column 6 of Tables 2-3, we
have estimated several additional model speci@oati(Table 5). In Panels A-B we
have experimented with changes to the calculatistamdard errors. In Panel A robust
standard errors are used instead of clusterindhemtatriculation-year-by-region cells
as in the baseline. In Panel B two-way cluster-spmtandard errors (Cameron et al.
2011) are applied that uses clustering both onyder of matriculation and NUTS3

region? The statistical significance of the short-run effdrops slightly from 5 to 10

per cent when two-way clustering is used insteath@fbaseline specification or robust

standard errors. The long-run estimates remaigmifsgtant in all three cases.

--- Insert Table 5 here ---

There is some concern that the decision to clos@aational college rather than
merge/expand it into a polytechnic is not randomT#éble 1 we found support for the
exogeneity of the reform. To further alleviate tbacern, we take additional steps. We
have first estimated Equation 1 including only #haggions in which the physical
location of polytechnic/vocational education did ohange (Panel C). The idea of this
specification is to isolate the effect of pure exgpan of post-secondary higher
education on migration flows. To accomplish thig selected only those five NUTS3
regions in which none of its municipalities lost educational institution during the
reform. By losing we mean that a municipality hadiacational college before the
reform but it did not have a (unit of) polytechuifter the reform. (These municipalities
had a small number of study places.) Now both tharts and long-run effects are

insignificant. But restricting estimation only toeise regions does not necessarily imply
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that starting places were not redistributed betwdeTS3 regions, even though the
physical locations of the schools remained unch@nger this reason, in Panel D we
only select those nine NUTS3 regions in which teecentage change in the number of
study places was smaller than the median chand®91—-2000. That is to say, we
compared the vocational starting places beforeae¢f@mm and the polytechnic starting
places after the reform. Now both the short- antyiterm effects are significant and

larger than in the baseline.

Next, the robustness check in Panel E investigatether the results are dependent on
the inclusion of region-specific time trends. Thuge have estimated Equation 1
including a full set of region-specific time trenitlsaddition to the fixed effects for the
year of matriculation and region. Reassuringly,dtdition of the NUTS3-specific time
trends does not alter the results for the effetthereform on migration flows in either
case, and thus gives additional support for thegemeity of the reform and further
lessens the concern about potential omitted varidibs affecting the baseline

estimates.

To allow for spatial correlation i@, we have constructed an additional control that
measures the number of new polytechnic placeseméighbouring regions (Panel F);
cf. Oakes (2004, p. 1935). The findings remaindntin both the short-run and long-run

cases the neighbouring effect is estimated to significant.

In Panels G—H the regional supply of polytechniacadion is measured as a three-year
average rather than during the year of matricubatidhe motivation for this
specification is that not all individuals make thechooling and migration decisions

immediately after matriculation, because of theitleh number of study places, a

%0 But the two-way clustering of standard errors éstbsuited for settings in which both clustering
variables have a large number of clusters (Cametaal. 2011). In our application, there are only 11
annual observations (and 18 NUTS3 regions). Far itaason, the baseline estimates are reported with
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voluntary decision to take a year off from schoolearolment in military service. In
Panel G, the supply is measured in the currenbregi residence and in Panel H in the
region of matriculation. In both of these casesltimg-run effect is insignificant, which
suggests that the effect does not depend on whittbesupply is measured only during
the year of matriculation or also two years aftéowever, in Panel G the short-run
effect roughly doubles and is significant, indiogtithat the effect of the reform could
be higher than the one reported in Table 2. Thignigabeen said, this measure can also
reflect reverse causality: the matriculated stuslanbve to the regions with a high
number of starting places. The small, insignificabrt-run effect reported in Panel H

supports this conclusion.

Furthermore, we have made several changes to timea@sn sample. In Panel | the
sample also covers the matriculated students fré@®-22001. This extension increases
the number of observations. As a result, the estichatandard errors are slightly
smaller, but the quantitative magnitude of the @ffedoes not change. In Panel J the
sample is limited to the matriculated students frb®91-1998 only. This is the time
period during which the transformation of the sgstand the rapid increase in the
number of polytechnic graduates took place (se@rEi@). Thus, the time period is
crucial for the identification of the effects ofetlieform. The short-run effect remains
unchanged in this specification, but now the long-effect (0.003) is estimated with
much greater precision and is also significanhatfive per cent levél.In Panel K the
long-run analysis is restricted to observationwiite number of observations for each
individual (that is,t < 7). The results correspond to those in Pan¢hd:long-run
marginal effect (0.0031) is significant at the 1€r gent level. This marginal effect

implies that the reform enhanced the annual mignatate of high school graduates by

one-way robust standard errors clustered on médtion-year-by-region cells.
2L Note that the larger estimate also reflects thw flaat in Panel J (and K) the matriculated are, on
average, followed over a shorter period of timentimathe baseline estimate above.
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0.6 percentage points over the seven-year followsepod. In sum, the polytechnic
reform has a positive, but smaller, effect on ntigrain the long run than in the short

run.

Finally, we have altered the definition of migratico allow for better international
comparison. When we consider shorter-distance mmgrebetween 79 NUTS4 sub-
regions, instead of NUTSS3 regions, the effect ef polytechnic reform is estimated to
be at almost the same size as previously, but hevestimate is less precise (Panel L).
When we consider longer-distance migration betwienfour NUTS2 region§, the
short-run effect of the polytechnic reform is agastimated larger than the long-run
effect, but it is insignificant (Panel M). This éiimg is consistent with the fact that the

reform was carried out largely locally.

6.3 Heterogeneity of the effects

Next we examine whether the effect of new polytéctpiaces is heterogenous with
respect to the duration of time and the region afrioulation. For brevity, the results of
the specification tests are reported in Table 6tlireidetailed estimation results are only
available upon request. In Panel A we check tovdeether the effect of the reform is
constant over duration of time after matriculati@onsistent with the short-run and
long-run results above (Tables 3-5), the estimdtepoint to significant heterogeneity
in this respect. The marginal effect of the refoom migration is largest close to

matriculation and becomes smaller as time passes.

As regards the spatial differences, Panel B imptiest there are no significant

differences in the size of the effect between thigarsity and non-university regions. In

2 |n terms of land area, the Finnish NUTS2 regiomslarger compared to the EU average and smaller
compared to the US states: the Finnish average,896 kni, the EU average is 15,869 knand the US
state average is 183,637 krin 2010, population density was 18 inhabitantskre? in Finland, 117 in

the EU and 35 in the US. Sources: Eurostat (20071 US Census Bureau (2012).
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Panel C the effect of the reform is allowed to vacyoss regions more freely. We find
that the estimates do not, overall, show significagional differences in the effect.
However, a closer look at the estimated regionedrpaters reveals that in the short run
(school-to-school) migration has increased paridulfor the matriculated individuals
from the regions of Oulu and Kainuu. The estimdtesTurku and Helsinki are also
significant and positive. The long-run estimateovshthat migration rates have
increased for those who have matriculated from Hie¢sinki metropolitan area and
decreased particularly for those who have matriedldrom the regions of Etela-
Pohjanmaa and Joensuu (i.e. Pohjois-Karjala); sgeeidix, Figure A2 for a map

illustration.

--- Insert Table 6 here ---

6.4 Effect on residing in the region of matricubati

So far we have considered the effect of the polyigc reform on the migration
propensity in the short run and long run. Thus,emphasis has been particularly on the
intensity of migration. To understand the effects tbe reform on the regional
distribution of labour better, it is important tokmowledge that a significant proportion
of the school-to-school migrants may return tortliegion of origin after graduation
from specialized education. Therefore, we will negnhsider the extent to which the
reform affected the propensity of residing in thgion of matriculation. The analysis is
parallel to the baseline probit models used eaftiee e.g., Columns 6 in Tables 2 and
3), but now the dependent variable is redefinech alummy indicating whether an
individual resides in the region of matriculatidrhat is, the estimation samples and the

control variables also remain unchanged.

Table 7 reports the short-run and long-run averagaginal effect of the reform on the

propensity to reside in the region of matriculat{dodel 1). Both marginal effects are
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now significant at the 5 percent level and theylarger than the estimated effects on
migration intensity. Namely, an increase in polii@c starting places by 1,000 in the
region has, on average, decreased the propengigitte in the region of matriculation
by 1.0 and 1.4 percentage points in the short nghim the long run, respectively. The
significant negative marginal effects suggest that reform has resulted in a spatial

redistribution of labour.

--- Insert Table 7 here ---

One goal of the reform was to improve the suppliighly educated labour in the non-
university regions. To investigate whether thislgeas reached, in Model 2 we have
interacted the supply of polytechnic education viittormation on whether or not the
matriculation has occurred in a university or naemvarsity region. Although the

differences are not significant, the results sugtest the reform may have increased
the out-migration of individuals from the non-unisity regions. Figure A3 in the

Appendix shows that the out-migration has beeniqdatrly intense in the regions of

Kainuu and Keski-Pohjanmaa that do not have a usitye

7 Conclusions

In this paper, we explored the effect of the pallgtec education reform on the
migration of graduated high school students in Eaenish context. The reform
gradually transformed former vocational collegedo inpolytechnics offering a
Bachelor's degree and expanded the supply of highecation to all regions. Our
analyses confirm that the reform provides relevagenous variation in the regional
supply of education. The reform raises mobilityossrlocal labour markets in the years
after completion of secondary studies, indicatingreased mobility between high
school and post-secondary education. We estimatehb reform enhanced the annual

migration rate of high school graduates by 1.2 @atage points over a three-year
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follow-up period. This represents a substantialrease, because their baseline
migration rate is 3.7 per cent. The effect fadeses® years after the completion of
secondary studies. For example, the correspondfagtdor the seven-year follow-up

period is 0.6 percentage points. The study madatteonpt to distinguish whether the
effects of the reform on migration were due to egien in the length or improvement

in the quality of education.

One important reason for the creation of the palytéc schools was to decrease the
brain drain from the less developed regions to rietropolitan areas. The results
suggest that this policy aim has not been fulfilledbwever, the increased migration
rates caused by the reform may have improved tbeagion of labour across regions.
Thus, the positive effects of the reform on empleginand earnings, reported in
Bockerman et al. (2009), may have resulted pamiynfan increase in migration
intensity. In this paper, we estimated reduced-fgpacifications for the effect of the
policy reform. In future research the polytechreform could be used to estimate the

effect of education on migration using the refoisraa instrument.
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TABLES

Tablel Exogeneity of the polytechnic reform
Variables (2) (2) 3)
Value added (million euros) 0.475**  (0.428*** 0.119
(0.055) (0.045) (0.096)
Growth rate of value added (%) 0.804 -10.006 -7.015
(8.888) (10.391) (6.075)
Unemployment rate (%) -23.443* 22.802* -6.075
(12.849) (12.979) (33.202)
Population (1,000) -12.053**  -12.265*** 43.654**
(3.275) (2.864) (17.514)
Population aged 19-24-years (1,000) 56.958 76.437** 78.968
(40.129) (34.365) (68.332)
University region dummy 50.867 17.877 -
(89.796) (78.418)
Year dummies No Yes Yes
NUTS3 dummies No No Yes
Adjusted R-squared 0.868 0.903 0.958
LR-test over restricted specification - p<0.001 p<0.001
(df = 8) (df = 16)

The results from three linear regression modelsreperted. The number of observations is 162 in all
estimations. Dependent variable: The number®ofear polytechnic students in the NUTS3 region. All
explanatory variables are from Statistics FinlaAd,TIKA database on the Finnish regions. Sample
consists of 18 NUTS3 regions from 1992 to 2000. iblstandard errors reported in parentheses. df =

degrees of freedom.
* p=0.10; *p = 0.05; *** p=0.01
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Table2 The estimated average marginal effects of thelgugggpolytechnic

education on migration probability (short-run fellaup period of 3 years)

Variables Q) (2) (3) (4) (5) (6)
Supply of polytechnic -0.003  -0.015*** 0.010*** -0.002*** 0.007*** 0.007***
education (0.002) (0.002) (0.003) (0.001) (0.003) (0.003)
Year dummies No Yes No Yes Yes Yes
NUTS3 dummies No No Yes Yes Yes Yes
Set of controls No No No No Yes Yes
Time dummies No No No No No Yes
Log-likelihood -14,857.6-14,225.8-14,230.5-13,930.3-13,673.7-13,552.1
LR-test over restricted  — p <0.001p < 0.001p <0.001p <0.001p <0.001
specification (df=10) (df=17f (df=17f (df=18) (df=2)

Average marginal effect is computed as average alleobservations using predictions from probit
model. Sample: Individuals are observed duringytba of matriculation and the following two years.
The number of observations is 61,509 in all estiomat Dependent variable: NUTS3 migration during
the current year. The explanatory variable of @gerreported in the table: The number &f year
polytechnic students in the NUTS3 region (in 1,000)e set of controls is defined in Appendix, Table
Al. Robust standard errors reported in parenthalew for clustering on the matriculation-year-by-
region cells. df = degrees of freeddhi.R-test of (3) vs. (1)° LR-test of (4) vs. (2).

* p=0.10; **p = 0.05; ** p=0.01
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Table3 The estimated average marginal effects of the supfgbolytechnic

education on migration probability (long-run follewp period)

Variables Q) (2) (3) (4) (5) (6)
Supply of polytechnic -0.004** -0.016*** 0.006*** -0.002*** 0.002 0.002
education (0.002) (0.002) (0.002) (0.001) (0.001) (0.001)
Year dummies No Yes No Yes Yes Yes
NUTS3 dummies No No Yes Yes Yes Yes
Set of controls No No No No Yes Yes
Time dummies No No No No No Yes
Log-likelihood -60,175.7-59,123.3-58,246.4-57,908.5-57,593.9-57,108.1
LR-test over restricted  — p <0.001p < 0.001p <0.001p <0.001p <0.001
specification (df=10) (df=17f (df=17f (df=18) (df=11)

Average marginal effect is computed as average alleobservations using predictions from probit
model. Sample: Individuals are observed duringyder of matriculation and all the following availab
years. The number of observations is 238,939 irstimations. Dependent variable: NUTS3 migration
during the current year. Average duration of foHap period is 11.6 years. The explanatory variable
interest reported in the table: The numberydar polytechnic students in the NUTS3 regionl(00).

The set of controls is defined in Appendix, Tablé. Robust standard errors reported in parentheses
allow for clustering on the matriculation-year-tggion cells. df = degrees of freedohi.R-test of (3)

vs. (1).° LR-test of (4) vs. (2).

* p=0.10; *p = 0.05; ** p=0.01
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Table4 The average short-run and long-run marginal efiectand semi-elasticity
and elasticity of the migration probability

Short-run Long-run

effecf effecf
Change irM for a change iZ 0.0068*** 0.0019
(marginal effect) (0.0026) (0.0013)
Proportional change ikl for a change i@ 0.1200*** 0.0294
(semi-elasticity) (0.0453) (0.0197)
Proportional change iNl for a proportional change it 0.1469*** 0.0269
(elasticity) (0.0553) (0.0181)

All effects are computed as average over all olagems using predictions from the probit model fué t
last column reported in Tables 2 and 3. Robustdstaherrors reported in parentheses allow for efirgg
on the matriculation-year-by-region celdd.= NUTS3 migration during the current year (0, 2 The
number of ¥ year polytechnic students in the NUTS3 region1(j800).? 3-year follow-up period; cf.
Table 2.° Extensive follow-up period; cf. Table 3.

* p=0.10; *p = 0.05; ** p=0.01
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Table5
migration probability

Robustness checks on the average marginal eff@ctyiechnic reform on

Short-run  Long-run
effecf effecf
Panel A: Robust standard errors 0.0068** 0.0019
(0.0029) (0.0016)
Panel B: Two-way cluster-robust standard errors oo@B* 0.0019
(0.0039) (0.0012)
Panel C: Limiting sample to regions with no chaimge -0.0075 -0.0081
physical location of educatibn (0.0103) (0.0060)
Panel D: Limiting sample to regions with small gertage  0.0102***  0.0037***
change in study placts (0.0025) (0.0015)
Panel E: Using NUTS3 time trends as additionatrodst 0.0066***  0.0017
(0.0026) (0.0013)
Panel F: Using supply of polytechnic educatiothia 0.0062** 0.0018
neighbouring regions as an additional coftrol  (0.0026) (0.0013)
Panel G: Three-year supply of polytechnic educatiacthe 0.0159***  0.0024
region of residende (0.0059) (0.0036)
Panel H: Three-year supply of polytechnic educaitioine  0.0024 0.0004
region of matriculatioh (0.0034) (0.0019)
Panel I: Extending the sample to the matriculéteuh 0.0068***  0.0019
1988-2001 (0.0026) (0.0013)
Panel J: Limiting the sample to the matriculateaif 0.0075** 0.0029**
1991-1998 only (0.0030) (0.0013)
Panel K: Seven-year follow-up period only (samedibr - 0.0031*
observations) (0.0017)
Panel L: Using NUTS4 (shorter-distance) migratieritee  0.0064* 0.0018
dependent variable (0.0034) (0.0016)
Panel M: Using NUTS2 (longer-distance) migratioritess  0.0044 0.0021*
dependent variable (0.0028) (0.0011)

Average marginal effect of the polytechnic reform migration from probit model is reported. Same
controls are used as in the last specification aiflds 2 and 3. In Panels A—F and I-M, the absolute
number of polytechnic study places in the regioresghindividual matriculates (in 1,000, measured
during the year of matriculation) are used. Rolsiahdard errors reported in parentheses allow for
clustering on the matriculation-year-by-region sedire reported in Panels C-M3-year follow-up
period; cf. Table 2° Extensive follow-up period; cf. Table 3.Limiting to only NUTS3 regions, in
which none of its municipalities lost an educatiostitution during the reform” Limiting to those
regions in which the change in the vocational apigtpchnic starting places over the period 19916200
was smaller than the median change (8%teracting the region and time dummitlsR-test indicates
insignificance of the neighbouring effect in botises? The regional supply of polytechnic education is
measured as a three-year average rather than dhengar of matriculatiorf. There are 4 NUTS2 and
79 NUTS4 regions in the mainland Finland.

* p=0.10; **p = 0.05; ** p=0.01
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Table6 Testing the heterogeneity of the effects of pallgtec reform on migration

Short-run Long-run

LR-test of no heterogeneity in ostimates  estimates

Panel A: Time trend p =0.030 p <0.001
(df =2) (df =10)

Panel B: University region p=0.461 p = 0.556
(df =1) (df =1)

Panel C: NUTS3 regions p =0.408 p=0.193

(df = 17) (df = 17)
LR-tests of the joint significance of the interactiterms are reported (p-values). Same controlsised
as in the last specification of Tables 2 and 3.&se notes to Table 5.
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Table7 The average marginal effect of polytechnic refamthe probability to

reside in the region of matriculation

Short-run Long-run
effect effect
Model 1:
Supply of polytechnic educatidn -0.0099** -0.0142**
(0.0039) (0.0056)
Model 2:
Supply of polytechnic education x matriculated fram  -0.0092** -0.0126**
university regio (0.0038) (0.0063)
Supply of polytechnic education x matriculated fram  -0.0130* -0.0196**
non-university regioh (0.0079) (0.0086)
Average propensity to reside in the region of 0.8969 0.7326

matriculation

Average marginal effects from two probit models @mgorted. Dependent variable: Resides in the regio
of matriculation. Same controls are used as inabespecification of Tables 2 and®3The explanatory
variable of interest: the number of fear polytechnic students in the NUTS3 regionl(d00). In Model

2, this variable has been interacted with dummigkicating whether or not an individual matriculated
from a university regiorf. The difference is neither statistically significamthe short run nor in the long

run. See also notes to Table 5.
*p=0.10; *p = 0.05; ** p=0.01
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Fig.1 New vocational college, polytechnic and universitydents in Finland 1990—
2008

Source: AMKOTA and KOTA databases, and StatistiotaRd, Education Statistics
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Fig. 3 Average annual rate of migration during the yearnwdtriculation and the

following two years (lines denote NUTS3 regions)atriculated in 1988-1998; cf.

Appendix, Figure Al

Source: Own sample data
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Appendix

Table Al Description of covariates and their mean valuesife two samples

Covariate Description (1) (2)
Dependent variable
Migrate 1 if the NUTS3 region of residence is diffiet 0.065 0.069

from previous year, 0 otherwise
Explanatory variable of interest

Supply of Number of ¥ year polytechnic students in the 1.191 0.875

polytechnic NUTS3 region during the year of matriculation

education (1,000 students).

Control variables

Age Age in years 19.155 19.156

Female 1 if female, O if male 0.573 0.575

Swedish 1 if person belongs to the Swedish minadity 0.050 0.050
otherwise

Married 1 if married or cohabiting, O otherwise M0 0.019

Sp. empl. 1 if spouse is employed, O otherwise .000.005

Sp. educ. Spouse’s level of education (0 if no spol if 0.033 0.030
comprehensive educ.,..., 5 if higher tertiary educ.)

Sp. income Annual income of spouse, 10,000 € 0.013.012

Children 1 if children under 18 years in the famiy 0.002 0.002
otherwise

Matricul. result General grade from matriculatio@me. Range 3.904 3.786

from 1 (worst grade) to 6 (best grade). O if migsin
Matr. result not 1 if matriculation result is not missing, O othesai 0.926  0.892

missing
Earnings Annual earnings subject to state taxafiofg00 € 0.154  0.158
Rural 1 if living in an rural municipality (based ¢the 0.241 0.243
degree of urbanisation and the population of the
largest urban settlement; see Statistics Finland
2001), 0 otherwise
Semi-urban 1 if living in a semi-urban municipalify 0.172 0.171
otherwise (see above; reference is “urban”
municipality)
Unempl. rate Unemployment rate in the NUTS4 redien 14.692 13.263
travel-to-work area), %
Amenities Service sector workers in the NUTS4 ragib 55.710 55.271
Population size Population in the NUTS3 region (200 5.192 5.130
inhabitants)

19-24-year-olds Number of 19—-24-year-old in the NUTS3 region 4.078  4.074
(10,000 inhabitants)

Reg. of birth 1 if living in the NUTS3 region ofrth, 0 0.806  0.803
otherwise
Number of observations 61,509 238,939

Control variables are measured on a year beforadinidual matriculates. Educational variables afte
matriculation refer to the first specialized degr8ample includes: (1) Observations from the ydar o
matriculation and the following two years; (2) Aflossible observations after matriculation. The
explanatory variables also include region and péanatriculation dummies, and duration time dummies
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Migration rate Migration rate

[ 0.19t0o0.23 [ 0411005
O 0.12to0.19 O 032t00.41
O 0.07to0.12 O 0.24t00.32

] 0.02t00.07 ] 0.07to0.24

W1, Kymenlaakso

Itd-Uusimaa

a) In 1988-89 matriculated only b) In 1997-98 imatated only

Fig. A1 Regional differences in the propensity to moverdkieee-year period (i.e.
migrated during the year of matriculation or thédwing two years)

Note: Ita-Uusimaa is merged with Uusimaa in theymiss NUTS3 regions with a
university have been renamed after the largest cipality

Source: own sample data
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Fig. A2 The estimated short-run and long-run average malrgifect of the

polytechnic reform on the probability to move by R&B matriculation region

Note: Average marginal effects are based on tlezantion of supply of polytechnic
education with the matriculation region dummiese Eame controls are used as in the
last specification of Tables 2 and 3. See alsodréldnd notes to Table 5. Underlining of

the name of the region indicates significance atlit % level.

39



Long-run effect

[0 0.0175to 0.0309
[0 -0.0029to 0.0175
[ -0.0290to -0.0029
[l -0.1032t0-0.0290

Short-run effect

[] -0.0091to 0.0051
[0 -0.0197to-0.0091
[ -0.0635t0-0.0197
[l -0.1447t0-0.0635

Keski-
Pohjanmaa

Tampere

Rovaniemi
[ ]
@
Eteld-Savo
Piijat-
&}
Lappeenranta

a) Short-run follow-up period b) Long-run followsyeriod

Fig. A3 The estimated short-run and long-run average malrgiifect of the

polytechnic reform on the probability to residele region of matriculation by NUTS3
matriculation region

Note: Average marginal effects are based on tlezantion of supply of polytechnic
education with the matriculation region dummiese Eame controls are used as in the
last specification of Tables 2 and 3. See alsod @ldnd notes to Table 5. Underlining of

the name of the region indicates significance atlit % level.
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