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 Abstract 


The Czech Republic exhibits high geographical variation of both human capital and 
 universities. We examine a potential source of human capital spatial disparities: the unequal 
 access to tertiary education caused by the absence/presence of a local university. We model 
 both a secondary school graduate’s decision whether to apply to a university and a 
 university’s decision about admission. Two possible sources of unequal access to university 
 study are distinguished: cost savings and informational advantages for those residing close to 
 a university. Estimation results suggest that the local neighborhood having a highly educated 
 population, rather than the presence of a university per se, has a positive effect on a 
 secondary school graduate’s decision to apply. Moreover, we find that heterogenous 
 information plays a significant role in admission to university. 


Abstrakt 


Česká republika se vyznačuje vysokými geografickými rozdíly v úrovni lidského kapitálu a v 
 počtu univerzit. V článku se zaměřujeme na jeden možný zdroj těchto velkých nerovností 
 v koncentraci lidského kapitálu: nerovný přístup k vysokoškolskému vzdělání zapříčiněný 
 existencí/neexistencí místní univerzity. Modelujeme jednak středoškolákovo rozhodnutí zda-
 li se přihlásí na vysokou školu, tak rozhodnutí univerzity o jeho přijetí. Rozlišujeme dva 
 možné důvody pro nerovný přístup k vysokoškolskému studiu: nižší náklady na studium a 
 více informací pro potenciální studenty bydlící blízko nějaké univerzity. Výsledky ukazují, že 
 spíše oblasti s velkým podílem vysokoškolsky vzdělané populace než oblasti v blízkosti 
 univerzit mají pozitivní vliv na středoškolákovo rozhodnutí o přihlášení se na univerzitu. 


Dále jsme zjistili, že různá míra informací hraje úlohu při samotném přijímacím řízení.   
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(5)1 Introduction 


A growing interest in the various consequences of human capital geographical 
 distribution can be noticed in the recent economic literature. Research focuses mainly 
 on productivity spillovers, regional economic and population growth, and regional 
 unemployment.1 In general, significant effects of human capital spatial disparities have 
 been found. The impact of the unequal spatial distribution of human capital can be even 
 more pronounced in post-transition countries since they exhibit a higher geographical 
 variation of the tertiary-educated population than countries in Western Europe.2  


Given the importance of private and social returns to human capital and the 
 implications of its geographical distribution especially in post-transition countries, a 
 natural question arises: What determines the spatial distribution of human capital? In 
 this paper we deal with a fundamental source of human capital: university education.3
 So, we examine differences in the shares of tertiary-educated population across regions. 


The literature distinguishes three principal determinants of the geographical distribution 
 of the tertiary-educated population: the general migration of the tertiary-educated 
 population,4 the post-university migration of graduates,5 and unequal access to tertiary 
 education. We examine the third potential reason, exploring the determinants of access 
 to university study. Moreover, we focus on the unequal access to tertiary education 
 caused by the absence/presence of a local university. We ask whether individuals living 
 close to a university are more likely to continue with tertiary education and why.     


       


1 Productivity spillovers are discussed in Moretti (2004) and Lange and Topel (forthcoming). The link 
 between the local level of human capital and regional economic and population growth is examined, for 
 example, in Glaeser et al. (1995) and Kaldewei and Walz (2001).  Regional unemployment is discussed in 
 Overman and Puga (2002) for developed countries and in Jurajda and Terrell (2008) for post-transition 
 countries. 


2 See Table 1 that reports the coefficient of the variation of the tertiary-educated population share for 
 selected post-transition and western European countries. 


3 Human capital can be acquired via education, training, experience, or medical treatment (Becker 1964). 


4 See Giannetti (2002, 2003). 


5 See Bound et al. (2004) and Makovec (2005).  



(6)Basically, we consider two ways how the local university affects a secondary school 
 graduate in the admission process.6 First, students living near a university face a 
 cheaper option for obtaining tertiary education. They can continue to live with their 
 parents, saving on rent and moving costs, as opposed to graduates residing away from a 
 university.7 Second, secondary school graduates residing close to a university can be 
 better informed about the admission process, university study, job prospects related to a 
 university degree, the local university’s open days, etc. The second reason, based on 
 heterogenous information, is realized through various channels: information provided 
 by secondary schools, face-to-face contacts with university students, the possibility to 
 use university facilities during secondary school study, etc. In general, secondary 
 school students living near a university can benefit from the university environment 
 they live in and consequently can be more advantaged in the admission process.8   
 Our goal is to detect the presence of the two mentioned causes of unequal access to 
 tertiary education and assess their relative importance. The identification is possible 
 due to a unique data set. It enables us to scrutinize the process of entrance to a 
 university in detail; we distinguish two stages—application and admission. So, our 
 research goes beyond the existing studies that usually deal with university enrollees 
 only. 


We conduct the analysis for the Czech Republic, a country with the high geographical 
 variation of tertiary-educated population typical for post-transition countries (Table 1). 


Graph 1 depicts the distribution of the tertiary-educated population by district (NUTS4-
 level) in the Czech Republic for 1991 and 2001. This implies that the population with a 
 university degree is concentrated mainly in a few areas. There were two districts with 
        


6 Note that we elaborate the effect of a local university on the demand for tertiary education. The supply 
 of tertiary education has remained unchanged since the 1960s when the current system of universities 
 were established in the Czech Republic. 


7 Matějů (2007) presents the results of an income and expenditure survey of university students 
 (Eurostudent 2005). According to this survey, 40% of university students live with their parents. 


Moreover, expenditures for transportation and accommodation account for the one third of total students’ 


expenditures. So, attending a local university represents a large savings.    


8 In general, the two reasons are a) the set of factors that affect performance on the admission test and 
influence the decision on application and b) the set of factors that do not affect performance on the 
admission test and do influence the decision on application. The related economic literature discussed in 
the next section points out the access to information as a prominent representative of the first set and the 
costs of study as a prominent representative of the second set. Therefore, in the paper we consider only 
these two reasons instead of the broadly defined set of factors. 



(7)15% and 17% of university degree holders in 1991 (23% and 25% in 2001). The vast 
 majority of districts, however, reports only 5% of university graduates in 1991 (10% in 
 2001). Moreover, Graph 2 suggests that the highest increase in the tertiary-educated 
 population during 1991–2001 occurred in regions (NUTS3-level) already endowed with 
 a high portion of tertiary-educated population. There are two possible explanations: 


either the highly-educated population has migrated towards the highly-educated regions 
 or secondary school graduates living far from a university have faced worse prospects 
 regarding university study.  


The Czech Republic experiences not only the heterogenous spatial distribution of the 
 tertiary-educated population but also highly unequal spatial distribution of universities. 


According to the Czech Institute for Information on Education (2002), 94% of public 
 university departments are concentrated in 13% of districts. In terms of enrolled 
 students the problem of the unequal distribution of the sources of tertiary education is 
 even more obvious. The majority (over 70%) of all university students enrolled in the 
 academic year 1997/98 attended universities located in three districts only (Prague, 
 Brno, and Ostrava).  


We exploit the high spatial variation in the number of institutions providing tertiary 
 education to estimate the effect of a local university on a prospective university 
 applicant. We set up a structural model of the post-secondary schooling decision—


whether the secondary school graduate applies to a university or not. We estimate the 
 reduced form of the model and discuss the relationship between the reduced form 
 model parameters and structural parameters. Estimation results suggest that study costs 
 do not drive a graduate’s application decision. Rather there is a positive effect of the 
 district’s characteristics, represented by the share of the tertiary-educated population in 
 the district, on the prospective applicant. The impact is larger for a graduate from a 
 specialized secondary school than from a gymnasium. Moreover, we observe different 
 application strategies followed by applicants from districts with and without a local 
 university. 


Next, we discuss a model of admission (conditional on application). The econometric 
analysis reveals that applicants are, in terms of their admission probabilities, positively 



(8)affected by the presence of a local university. Moreover, we find that the influence of a 
 local university is “program specific”, i.e. a local university brings an advantage to 
 applicants applying to programs provided by the local university even if they apply to 
 that program in a non-local university. So, living close to any university need not 
 necessarily help in the admission process but living near the “right” university helps. 


We also briefly discuss the nature of information flows that underlie the positive effects 
 of local universities. 


The identification of the source of unequal access to a university is of high policy 
 relevance. If secondary school graduates are constrained by the cost of study then 
 policies should support those living far from a university. On the other hand, if the 
 source lies in the distance-dependent distribution of information, policies should 
 expand tertiary education to other regions or improve the access to information for 
 disadvantaged graduates. 


The structure of the paper is the following. In the next section we discuss the research 
 dealing with the effects of local universities and the post-secondary schooling decision. 


We also describe the schooling system and the admission process to a university in the 
 Czech Republic. Section 3 introduces the reduced form models of applying and 
 admission.  In Section 4, we introduce the data set employed, point out its uniqueness 
 and carry out a preliminary analysis. We also discuss the variables entering our 
 econometric analysis. Estimation results are reported in Section 5.  The structural and 
 reduced form models of applying and the model of being admitted (conditional on 
 application) are introduced in Appendices A, B, and C. Graphs and Tables can be found 
 at the end of the paper in Appendix D. 


2 Literature review 


The analysis carried out in this paper connects two branches of economic research: the 
research focusing on the various effects of university presence (or university proximity) 
and the research exploring the determinants of the post-secondary schooling decision. 



(9)Models of the post-secondary schooling decision usually do not take into account the 
 effects of local universities or the distance to the nearest university. 


The research on the effects of university presence is mainly focused on regional and 
 individual economic outcomes—local productivity and output (Andersson et al. 2001), 
 and the local labor market (Beeson and Montgomery 1993). University proximity is 
 used as a source of exogenous variation in educational attainment in studies on returns 
 to education (Card 1995, Card 1999).  


The effect of a local university on the prospective university applicant is considered in 
 Do (2004), Frenette (2002, 2003), Sá et al. (2004) and Eliasson (2006). All of these 
 authors recognize the effect of the lower cost of study for the population living near a 
 university and in general find that those living near a university participate in university 
 study more often. In addition, Do (2004) takes into account a “knowledge spillover” 


that influences the choice of the quality of university where university applicant enrolls. 


He finds that the quality of the university in which the applicant enrolls is positively 
 linked to the quality of a local university. Frenette (2002) also mentions that the 
 dependence of the probability to enroll on the distance to the nearest university could 
 be caused by fact that “students in outlying areas simply don’t see the benefits from a 
 university education since fewer people hold a degree”. The research approach he 
 employs, however, cannot distinguish between these two determinants of behavior 
 dependent on the distance to the nearest university. 


Regarding the post-secondary schooling decision there are three main theoretical 
 approaches established in the literature. First, human capital theory views the decision 
 on taking another period of schooling as an investment decision (Becker 1964, 
 structural model in Willis and Rosen 1979). An individual compares the present value 
 of future benefits based on expected future earnings with the costs related to continuing 
 education. Another approach assumes that education is also a consumption good and 
 the decision on post-secondary education is a current consumption choice (e.g. 


Gullason 1989). Finally, the third approach views schooling as an indicator of an 
 individual’s capabilities that has nothing to do with the individual’s productivity. 


Therefore, the decision on post-secondary education reflects the individual’s 



(10)willingness to provide the signal (Spence 1973). The structural model of application 
 derived in Appendix A is based on the human capital approach. 


Long (2004), Sá et al. (2004), Whitehead et al. (2006), and Brooks (2002) represent 
 recent empirical studies on the determinants of the post-secondary schooling decision. 


Individual capabilities, a student’s socio-economic background, the characteristics of 
 universities, regional economic conditions, and local social interactions are found to be 
 influential for the outcome of secondary school graduates’ decision processes. Brooks 
 (2002) focused on these determinants from the point of view of the information they 
 convey, discussing possible inequalities among students. She points out, for example, 
 the importance of interactions with current university students in the prospective 
 applicant’s decision process. Details on the determinants of the post-secondary 
 schooling decision are introduced in Appendix A where we derive an economic model.  


2.1 Czech educational system 


In this section, we describe the educational system in the Czech Republic circa 1998. 


Primary education lasts nine years. Afterwards students apply to various types of 
 secondary school depending on their future career plans and ability. The lower level of 
 secondary education involves two years of vocational education. The higher level of 
 secondary education takes four years and comprises three types of schools: (i) 
 vocational education leading to a certification exam, (ii) specialized secondary 
 (technical) education in professional fields, and (iii) general secondary education in 
 academic high schools known as gymnasiums.9


The tertiary level of education is provided solely by universities. The admission process 
 to a university is a sequential process: first the student decides where to apply, then the 
 university decides who to admit, and then the students decide where to enroll. In the 
 first step, the student carries out a simultaneous decision whether to apply to a 
 university and where. In order to apply the student must hold a final general exam 
        


9 Gymnasiums and specialized schools correspond to the ISCED level 3A, while vocational schools to the 
ISCED level 3C.  



(11)credential known as maturita from secondary school. The maturita exam is a 
 comprehensive examination that comprises Czech language and an additional two or 
 three subjects chosen by the student. However, the examinations are not standardized 
 and therefore universities do not take into account the performance on the maturita 
 exam during the admission process. All gymnasiums and 95 percent of specialized 
 secondary school programs, but only 12 percent of vocational school programs, lead to 
 maturita and the possibility of university admission. Vocational programs finishing 
 with a maturita exam represent only a small minority of all vocational programs, 
 therefore we exclude them from the analysis. In 1998, 60 percent of secondary school 
 students finished with maturita and thus were eligible to apply for tertiary education. 


In 1998, there were 111 university departments in 23 universities in the Czech 
 Republic. Universities provide education in 41 program specializations.10 Altogether 
 there were 225 different university programs available in 1998. Government-owned 
 universities did not charge tuition and only performance stipends were in place. The 
 law to accredit private universities in the Czech Republic was passed in 1999, therefore 
 they do not enter our analysis. Finally, a system of support for university students was 
 in operation in 1998 in the Czech Republic. It involves, for example, the possibility of 
 living in dormitories for those residing out of commuting distance from a university, 
 meal tickets, and public transportation discounts. The system was intended to lower the 
 study costs especially for those living far from the university they were enrolled in. 


Each university charged a fee for each application, which is not a limiting factor but it 
 made applicants ration their decisions. The number of applications per person is not 
 limited and on average applicants sent two applications. Some university programs were 
 highly oversubscribed.11


Students sent applications to preferred university programs and all of them were invited 
 to participate in admission tests. The decision on admission was solely on the side of 
 the university and was based on the performance on admission tests and/or oral 
 interviews. Universities did not take into account the applicant’s residence. In 1998 
        


10  The classification of program specialization corresponds to the two-digit JKOV classification. 


11 In 1998, the probability of admission to psychology programs was only 5% and 10% to law programs.  



(12)about 50 percent of graduates who applied to a university were admitted to at least one 
 program. If the applicant succeeds in admission to several university programs12 he 
 chooses where to enroll. 


3 Models 


As described in the previous section, the admission process to university comprises the 
 graduate’s decision on applying to the program, the university’s decision on admission, 
 and the applicant’s decision on enrollment. 


The derivation of a structural model of the application decision and its reduced form is 
 discussed in Appendix A. The reduced form model takes the following form  


8(7)
 0


1
 j


icd icd cd d d j icd icd


j


Apply α αI βC ϕR δd µ SD ε


=


= + + + + +
∑
 + , (1) 

where Applyicd is a dummy variable that indicates whether a graduate i from 
 secondary school class c and district d applies to a university. In addition, we control 
 for individual characteristics (vectorIicd), class (secondary school) characteristics 
 (vectorCcd), and regional (district) characteristics (vectorRd). The coefficient on the 
 dummy variable ddis our primary interest. The dummy equals 1 if a graduate resides 
 within commuting distance to the nearest university and 0 otherwise. Finally, the set of 
 eight (seven for specialized secondary schools) dummy variables SDicd accounts for 
 subjects taken at the maturita exam for gymnasiums and the field of study in 
 specialized secondary schools. The set of variables included on the right hand side is a 
 compromise between data availability and variables suggested by research on the post-
 secondary schooling decision discussed in the literature review and Appendix A. 


Variables are described in Section 4.   


       


12 27% of those admitted were admitted to two programs in 1998, 9% to 3 programs. 



(13)The dummy variable indicating the presence of a local university dd in (1) captures 
 both of the effects of a local university on the prospective applicant: the lower costs of 
 study and heterogenous information. However in the application regression we cannot 
 distinguish these two effects. We resolve the problem in the admission regression 
 where the applicant’s potential cost of study does not play any role and the coefficient 
 on the local university dummy captures the effect of heterogenous information only.13  
 A non-zero coefficient on the local university dummy variable in the admission 
 regression equation reveals whether those living near a university are advantaged in the 
 admission process because of information spread within the university neighborhood. 


To examine the nature of heterogeneous information in detail we add an additional 
 dummy variable  fj that identifies applicants according to whether they live close to a 
 university offering the program they apply to. So,  fj equals one if an applicant applies 
 to a program that is provided by a local university even if the applicant applies to that 
 program at other (possibly non-local) universities.  


So, we divide all the applications into three subgroups. We distinguish applications by 
 applicants living far from any university (dd =0, fj =0), applicants living near a 
 university that does not provide the applicant’s preferred program (dd =1, fj =0), and 
 applicants living near a university providing the applicant’s preferred program 
 (dd =1,fj =1).  


The estimated coefficients on the two dummy variables indicate whether either 
 proximity to any university or proximity to a university with the desired program can 
 provide an advantage in the admission process at any other university.14  


       


13 Note that information affecting the decision on application and information providing an advantage in 
 the admission test (and/or oral interview) need not necessarily be of the same nature. Therefore, by 
 econometric analysis we identify whether heterogenous information along with the costs of study play a 
 role in the application decision and whether heterogenous information affects admission to university. 


Then, based on an assumption about the common nature of heterogenous information we can discuss the 
 relative role of costs of study and heterogenous information in the application decision.  


14 So we ask, for example, whether an applicant residing near a university providing medical programs is 
more informed and thus advantaged in the admission test to a medical program than an applicant living 
near a university that does not provide medical programs or another applicant living far from a university.   



(14)Our baseline specification of the model of admission (conditional on application) 
 derived in Appendix C is  


0 1 2 ,


j j


icd icd cd d d j j icd


Admitted =β α+ I +βC +ϕR +δd +δ f +ρF +υ    (2) 


whereAdmittedicdj is a dummy variable that indicates whether application i has 
 successfully passed through the admission procedure at a program j (conditional on 
 applying).15 We control for individual characteristics (Iicd), secondary school (class) 
 characteristics (Ccd), and district characteristics (Rd). Finally, the admission regression 
 equation includes the vector of university characteristics Fj that control for university-
 specific characteristics relevant to the admission process—the self-selectivity of 
 applicants and differences in admission tests (see discussion in Appendix C). 


4 Data 


Our empirical analysis is based on the following two anonymized data sets collected by 
 the Institute for Information on Education (IIE) in 1998: (i) the data set of all university 
 applicants (Uchazec) and (ii) the data set of all secondary school graduates (Maturant). 


Additional district descriptions are taken from the Czech Statistical Office.  


The database Uchazec contains data on all individuals who applied to universities in 
 1998. Specifically, it provides information on all applications sent to universities for a 
 given year together with the result of the admission process. The data allow 
 distinguishing applications sent to a university by program specialization. The database 
 Maturant is the result of a project that tested all graduates at every secondary school 
 that finishes with the maturita exam in the Czech Republic in 1998. The database 
 provides data on student characteristics, performance and subjects taken at the maturita 
 exam. The graduate’s performance is measured by the average test score computed 
 from four tests taken in Czech, one foreign language, mathematics and study aptitude 
        


15 The unit of observation is an application. In the case of the application decision regression the unit of 
observation is a secondary school graduate. 



(15)and this variable is called the composite score. We merged the database Maturant to 
 Uchazec on an individual basis to obtain a set of information on the cohort of secondary 
 graduates finishing their study with the maturita exam in 1998 augmented with 
 graduates’ revealed preferences for tertiary education. The uniqueness of the resulting 
 data set allows us to provide a detailed analysis of graduates’ education track depending 
 on university accessibility.  


Estimating models (1) and (2) we employ the following variables. Vector Iicd includes 
 individual characteristics: a female dummy, a dummy for if born before 1980, 
 composite score rank,16 the level of parental education, and a dummy for computer 
 ownership. Computer ownership is included as a proxy for the missing information on 
 family income. We distinguish the three levels of parental education (i) basic or 
 vocational (reference category), (ii) secondary, (iii) tertiary; the highest level of the two 
 parents is taken. Vector Ccd includes class (secondary school) characteristics: class 
 size, composite score class average and private secondary school indicator. 


For regression equation (1) vectorRd consists of district (NUTS4-level) unemployment 
 rate and regional (NUTS3-level) GDP growth in 1998. For both regression equations 
 (1) and (2) vector Rd includes the share of tertiary-educated population in the district17
 and the relative excess demand for gymnasiums in the district. Relative excess demand 
 for gymnasiums in a district is computed as the demand for gymnasium seats predicted 
 using the share of tertiary-educated population in a district, a university presence 
 dummy and the share of seats at gymnasiums taken by 6- and 8-year gymnasium 
 programs subtracted by the supply of gymnasium seats (relative to all secondary school 
 seats in a district).18 Basically, relative excess demand serves as a proxy for the average 
 level of non-cognitive skills for secondary school graduates.19 A high district relative 
 excess demand for gymnasiums implies that students entering gymnasiums exhibit on 
        


16 Composite score rank expresses the rank of each graduate in the whole cohort of graduates, comparing 
 their composite scores. The variable is normalized so that a rank of 100 is the best graduate and the rank 
 of 0 the worst.  


17 Data on the tertiary-educated population are taken from Census 2001. 


18 The computation procedure for relative excess demand for the districts in the Czech Republic is 
 introduced and thoroughly discussed in Drnakova (2006). She kindly provided us with data for 
 2002/2003; earlier data are not available. 


19 The effect of non-cognitive skills on various outcomes is discussed in Heckman et al. (2006). 



(16)average a higher level of non-cognitive skills in comparison with districts with low 
 relative excess demand.20 Specialized secondary schools are often viewed as the second 
 best option—those not admitted to gymnasiums enter specialized secondary schools. 


Thus, districts with high relative excess demand for gymnasiums are assumed to exhibit 
 a high level of non-cognitive skill even for students of specialized secondary schools. 


So, in the econometric analysis we control for individual cognitive skills using the 
 composite score of an individual and for non-cognitive skills incorporating relative 
 excess demand for gymnasiums in a district.  


The set of dummies SDicd denotes subjects taken at the maturita exam for gymnasiums 
 (mathematics, biology, physics, chemistry, history, geography, social sciences, and 
 foreign language) and the field of secondary school for specialized secondary schools 
 (agriculture, manufacturing, light manufacturing, health care, social sciences, art, and 
 business as a reference category). 


The dummy variable ddequals 1 if a graduate resides within commuting distance of the 
 nearest university. We have collected data on travel time between the district capital of 
 a graduate’s secondary school and the nearest university. 21 We determine the district of 
 a graduate’s residence based on the address of her secondary school because data does 
 not provide any information about a graduate’s residence.22 The travel time threshold 
 for the dummy variable dd is set to 30 minutes. It is important to note that the travel 
 time is computed for travel by car and that travel within cities (from home to 
 university) is not considered. The same journey by bus or train usually takes a longer 
 time. We illustrate this by Graph 3 which depicts the kernel density of commuting time 
 by public transportation for secondary school graduates as of 2007. Moreover, 
 additional time is needed for inner city travel so the overall commuting time (door to 
 door) is higher. Therefore, we consider the threshold of 30 minutes as reasonable. 


       


20 Non-cognitive skills involve e.g. motivation, persistence. We presume that a higher level of non-
 cognitive skills helps in admission to the secondary level of education. 


21 The information about traveling time is computed using the software Kilometrovnik taken from the 
 webpage www.tranis.cz. We compute the time of a car driving from all 76 district capitals to each of 11 
 university centers.  


22 The sources of heterogenous information considered are related to the secondary school location rather 
than place of residence. Our data confirms that more than 90% of students attend gymnasium in their 
district of residence. In the analysis we use the secondary school’s district instead of the place of 
residence.  



(17)Graph 4 shows the map of the Czech Republic with marked districts within commuting 
 distance to the nearest university. 


The vector of university program characteristics Fj includes variables that control for 
 differences in admission tests over university programs, for the self-selectivity of 
 applicants and for differences in excess demand for particular programs. As discussed 
 in Appendix C we employ the following variables: dummy variables for university 
 departments, program specializations and university programs. Further we include 
 marginal composite score variable that is defined as the lowest composite score of the 
 applicant who succeeds in the admission process (assuming that the university admits 
 entirely according to the applicant’s composite score). 


  


4.1 Descriptive analysis  


In this section we describe the population of secondary school graduates and university 
 applicants. We also inspect the application strategies of secondary school graduates in 
 terms of the chosen university programs and the admission probabilities of the chosen 
 programs.  


Table 2 provides a basic summary of the characteristics of gymnasium and specialized 
 secondary school graduates and applicants to university in 1998. Graduates and 
 applicants are further divided according to their residence type, i.e. whether there exists 
 a university within commuting distance (local university) or not (no local university). It 
 follows that more than 90% of gymnasium graduates choose to apply to university and 
 approximately two-thirds of them are admitted regardless of the location. The 
 corresponding figures for specialized secondary schools are 50% and 40%. 


The considerable difference between gymnasiums and specialized secondary schools in 
the shares of applicants (and of those being admitted conditional on application) has 
two origins. First, study programs at gymnasiums are intended to prepare students for 
university study. Gymnasium graduates, therefore, generally perform better in 
admission tests than applicants from specialized secondary schools. Second, the 



(18)difference is also supported by the sorting process at the level of entry to secondary 
 school. Students enter a gymnasium presuming they will continue their study at a 
 university and therefore the population entering the secondary level of education is 
 sorted according to interest in (and ability for) tertiary education. So, we expect 
 different behavior of graduates regarding entrance into the tertiary level of education 
 for the two types of secondary school and thus we carry out separate analyses for 
 gymnasiums and specialized secondary schools. 


Table 2 also indicates a decreasing pattern in the shares of applicants and those being 
 admitted (conditional on application) when comparing graduates with and without a 
 local university. For example, 53% of graduates from specialized secondary schools 
 living near a local university apply in comparison with 47% of those living far away. 


Restricting our attention to admission, we observe a lower share of admission for 
 applicants living far from a university than the share for those living near a university 
 (0.36 vs. 0.41 for specialized secondary schools and 0.64 vs. 0.66 for gymnasiums). 


The admission decision does not depend on the level of potential study cost and 
 therefore heterogenous information can be a reason for admission shares depending on 
 the distance to the nearest university. The reported differences in admission shares, 
 however, need not prove the presence of heterogenous information since the shares are 
 not conditional on other characteristics. Differences can result also from differences in 
 ability, socio-economic background, etc. for the two residence types. Note that a worse 
 socio-economic background (parental education, computer ownership) and a lower 
 level of observable cognitive skills (composite score) appear for those graduates and 
 applicants living far from a university (see Table 2). The effect of heterogenous 
 information and other observable characteristics is examined by the econometric 
 analysis in Section 5. 


Application strategies—program specializations 


The costs of study and heterogenous information can influence not only the decision 
about application but also the choice of university programs. Examining differences in 
applicants’ revealed preferences for university programs according to residence type 



(19)can shed some light on the effect of a local university on the secondary school 
 graduate’s application decision. 


Table 3 presents the shares of applicants who apply to one program specialization only 
 (not necessarily at one university). Lower study costs affect the choice of the programs 
 of applicants with local university who apply locally. To filter out the study cost effect 
 and examine the effect of heterogenous information we focus on those applying to a 
 non-local university(ies) only (i.e. applicants with a local university applying to a non-
 local university only and applicants without a local university). All applicants in this 
 subgroup face high potential costs of university study. Applicants living near a 
 university tend to stick to one program specialization more than those living far away 
 (28% vs. 20% of applicants from gymnasiums). The difference is even higher for 
 specialized secondary school graduates (63% vs. 53%). The result suggests that 
 applicants from a university neighborhood are better informed about university 
 programs and thus have a more concrete idea about what to study. The reason could 
 also be that applicants living far from a university prefer programs that demand broader 
 knowledge so they can also apply to related programs. The preferences for various 
 programs are explored in Tables 4a and 4b.23


Table 4a shows that some programs are demanded more by applicants living far from a 
 university (e.g. Education, Technical Chemistry) and by applicants living near a 
 university (e.g. Theory and History of Art, Philosophy, Engineering). The total share of 
 applicants without a local university is 0.45 for applicants from gymnasiums and 0.46 
 for applicants from specialized secondary schools. The column Difference I in Table 4a 
 indicates the difference between the total share of applicants without a local university 
 and the share of applicants without a local university for a particular program. So, 
 positive figures suggest more than the average share of applicants from locations 
 without universities and vice versa. The table also provides the number of programs 
 and districts where it is possible to study a particular program together with the 
 probability of admission to that program. 


       


23 Note that all the results presented in this section are unconditional. 



(20)In Table 4a, we compare the preferences of all applicants and applicants applying to a 
 non-local university(ies) only. Similarly to previous paragraphs we argue that the 
 second group of applicants faces the same (high) potential costs of study and therefore 
 heterogenous information as a reason for differences can be identified. According to 
 Table 4a, the variation of differences decreases markedly when we focus on applicants 
 that apply only to non-local universities (see columns Difference I and Difference II). 


Therefore, the revealed preferences for university programs are affected by the costs of 
 study and consequently by programs provided by local universities.   


Table 4b provides a comparison of cognitive skills (composite scores) and non-
 cognitive skills (relative excess demand for gymnasiums in a district) of applicants to 
 selected programs by residence type and by the location of the university they apply to.  


It follows that gymnasium graduates living near a university and applying only non-
 locally are, in the terms of composite scores, smarter than their colleagues who apply 
 only locally. Interestingly, the opposite is true in the case of specialized secondary 
 school graduates. 


Furthermore, the table suggests that the relation between the composite scores of 
 applicants living near a university and applying only locally and those living far from a 
 university relates to differences in the revealed preferences of applicants (column 
 Difference I). Programs demanded relatively more by those without local university 
 (positive numbers in column Difference I) are demanded more on average by smarter 
 graduates who live far in comparison with those living near a university (higher 
 composite score for applicants from locations without a university than the score for 
 applicants applying locally only) and vice versa. This result suggests different 
 perceptions of various programs from different groups of graduates.  


Finally, Table 4b implies that applicants residing far from a university exhibit a higher 
district level of non-cognitive skills for almost all programs. Therefore, applicants 
living far from a university are on average more motivated and persistent than those 
living near a university. Again, this could be a result of information heterogeneity. 



(21)Application strategies—probability of admission  


Table 5 suggests that the average applicant applying only to a local university faces a 
 higher probability of being admitted than an average applicant living far from a 
 university (the difference is around 2% for applicants from gymnasiums and 5% from 
 specialized secondary schools). This result holds even if we condition on cognitive 
 skills (composite score) and the district level of non-cognitive skills (relative excess 
 demand for gymnasiums in a district).24 The different strategies regarding the 
 probabilities of admission correspond to the different strategies with respect to 
 university programs discussed in the previous subsection. 


5 Estimation results 


Our empirical analysis proceeds in two steps. First, we explore whether individuals 
 residing in close proximity to a university are more likely to apply to any university and 
 we discuss the main determinants that influence the application decision. In the second 
 step, we estimate the probability of admission conditional on application.  


We start estimating the reduced form model of applying to a university (1) separately 
 for gymnasium and secondary school graduates. We estimate equation (1) as a logit 
 model clustering data by class.25 Table 6 reports estimation results.26 Reported are 
 marginal effects. 


The local university dummy variable is not significant for either type of secondary 
 school graduate,27 indicating the decision about application is influenced neither by the 
        


24 We divided the population of applicants into 16 groups defined by quartiles of composite score and 
 demand for gymnasiums in a district and compare the average probability of admission for applicants 
 living near and far from a university. 


25 Moulton (1990) argues that individuals from the same socio-economic background (secondary school, 
 class) could share the same unobservable characteristics. The disturbances of such groups of individuals 
 are then correlated and we take the possibility of clustering into account. 


26 Logistic regression diagnostics: we find that the model is correctly specified (specification error test— 


linktest in Stata) and it fits the data well in the case of specialized secondary schools (Hosmer and 
 Lemeshow's test—lfit in Stata). The model’s performance is worse for gymnasiums. Finally, we do not 
 detect any multicollinearity problems (command collin in Stata). 


27 The result is robust to changes in the travel time threshold that defines the local university dummy.  



(22)direct costs of study nor by heterogenous information affecting the application decision. 


This conclusion assumes that the lower cost of study and heterogenous information act 
 in the same direction, i.e. both lower the probability of applying for graduates living far 
 from a university. Both the system of financial support of university students (e.g. 


dormitories) and the information availability seem to be sufficient to equalize the 
 differences in the probability of applying caused by the presence/absence of a local 
 university. 


Furthermore, Table 6 suggests that in addition to individual skills also gender and 
 individual socio-economic background (parental education, computer ownership) are 
 significant determinants of the application decision. For example, the average female 
 graduate from a specialized secondary school faces a 10% lower probability of 
 applying to a university than the average male. This is a consequence of gender 
 segregation on the level of secondary school field specialization. For example, only 4% 


(128 out of 3131) of graduates from secondary schools specialized in health care are 
 male. The study programs of such secondary schools are not intended to prepare 
 students for university study. Therefore, graduates from such schools usually do not go 
 on to a tertiary level of education (only one third of them apply).    


The estimated impact of regional (district) characteristics suggests links between the 
 local economic and living conditions and graduates’ behavior regarding application to 
 university. Higher unemployment leads to a higher probability of applying, which is in 
 line with the lower opportunity costs of university study in districts exhibiting high 
 unemployment. The effect is stronger for graduates from specialized secondary schools. 


Our interpretation is that they have specific skills and thus are more sensitive to 
 unemployment changes. Similarly, higher regional economic growth lowers the 
 incentives to go on with study. Again, higher growth increases opportunity costs and 
 graduates (especially from specialized schools) tend to enter the labor market 
 immediately after graduation from secondary school. 


Moreover, Table 6 shows that the propensity to apply is positively affected by the local 
share of the tertiary-educated population. Each percentage point of the share of tertiary-



(23)educated population in a district28 accounts for at least a 0.31 percentage point higher 
 probability of applying for gymnasium graduates (1.14 percentage points for graduates 
 from specialized secondary schools). This result suggests that the source of 
 heterogenous information we attempt to detect by the local university dummy is not the 
 distance to a university but rather the local environment created by the highly educated 
 population.29


Finally, Table 7 reports the marginal effects of dummy variables for subjects taken for 
 the maturita exam (gymnasiums) and the field of school (specialized secondary 
 schools) on application decision. Subjects taken for the maturita exam and the fields of 
 secondary school determine the choice of the prospective field, which subsequently 
 determines the costs and benefits of the schooling decision. Therefore, almost all the 
 dummies are significant.30


Derivations presented in Appendices A and B yield that structural parameters are in 
 absolute value lower than the reduced form model estimates (a similar conclusion holds 
 for marginal effects). Basically, this is a consequence of the fact that the prospective 
 applicant considers whether to apply under a certain probability of being admitted to a 
 particular university department. Thus the magnitudes of the effect of a particular 
 determinant are lower (in absolute value) than estimated. So, for example, a 10% 


decrease in the probability of applying for the average female from a specialized 
 secondary school is the upper bound of the real effect.  


In Appendix B, we also derive that the standard error of the estimated coefficient of the 
 local university dummy variable is lower in the reduced form model than when we are 
 able to estimate a structural model. The local university dummy variable is, therefore, 
 insignificant also in the structural model.    


       


28 The standard deviation of the percentage share of the tertiary-educated population in a district is 2.1.  


29 Correlation coefficient between local university dummy variable and the share of tertiary-educated 
 population in a district is 0.45. 


30 For each field of specialized secondary school approximately half of the applicants apply to the 
corresponding program at a university (e.g. 57% applicants from secondary schools specialized in light 
manufacturing apply to technical programs.). 



(24)In the second part of the econometric analysis we present the estimation results of the 
 admission regression equation (2). Here, the unit of observation is an application. We 
 estimate equation (2) as a logit model clustering data by individuals.31 The model of 
 admission derived in Appendix C suggests several specifications of the regression 
 equation (2). The estimated marginal effects of the considered specifications are 
 reported in Table 8 for gymnasiums and in Table 9 for specialized secondary schools. 


Marginal effects that are robust to specification are highlighted. The robustness is 
 understood in the sense that the estimated marginal effects do not change signs or 
 significance under various specifications of the regression equation. In the following 
 we discuss only the robust estimates that are shown in Table 10. 


The coefficient on the dummy variable indicating the applicant’s residence within 
 commuting distance to a university that provides the program an applicant is applying 
 to,fj, is positive and significant. For specialized secondary schools the dummy 
 variable for the presence of a local university dj is not significant. This implies that 
 living near an arbitrary university need not necessarily help in the admission process. 


Rather living near a university that provides the applicant’s preferred program increases 
 the admission probability to that program even if the applicant applies to that program 
 at a different university. Information that brings an advantage in the admission process 
 is, therefore, “program specific”.  For example, face-to-face contacts with older 
 students who passed the admission process successfully, easier access to preparatory 
 courses organized by local universities or extra information provided by secondary 
 school teachers or counselors who are experienced with programs provided by local 
 universities can be beneficial for local graduates. 


Universities which do not experience high excess demand32 usually admit the vast 
 majority of applicants and thus one cannot expect that some applicants are advantaged 
 on the grounds of access to information. On the other hand, in the case of highly 
 oversubscribed university programs33 additional information can provide an advantage 
 to an applicant. To test the dependence of the impact of heterogenous information on 
        


31 Post-estimation diagnostics suggests model specification problems for applications from specialized 
 secondary schools.  


32 10 out of 42 programs admitted more than 70% of applicants from secondary schools in 1998. 


33 4 out of 42 programs admitted less than 10% of applicants from secondary schools in 1998. 



(25)relative excess demand for a university we interact a dummy variable indicating the 
 presence of the desired program at a local university,fj, with the probability of 
 admission to that program. The interaction term is significant for gymnasium graduates. 


So, living near a university with the preferred program increases the probability to be 
 admitted for the average applicant from a gymnasium by 9.9%. Moreover, the lower the 
 probability of admission to a university program (i.e. higher excess demand for the 
 program) an average applicant applies to, the higher the advantage premium provided 
 by a local university.   


Other estimated marginal effects suggest the importance of individual characteristics 
 (parental education, composite score) for the probability of being admitted. For the 
 selected marginal effects of individual, class, and regional characteristics see Table 10.  


Heterogenous information that underlies relative success in the admission process is not 
 distributed through the official study program at secondary schools. Gymnasiums 
 provide general education not specialized in any particular fields of study. This need 
 not be the case for the specialized secondary schools (transportation, health, teaching, 
 engineering, etc.). Specialized secondary schools are, however, very evenly distributed 
 across the Czech Republic and there are more than five schools in 70% of the districts. 


Thus, the geographical distribution of specialized secondary schools does not drive 
 differences in admission probabilities according to residence type for graduates from 
 specialized secondary schools. 34


       


34 We distinguish 25 different study fields of specialized secondary schools. Almost 50% of schools are of 
business specialization, followed by engineering and electronic specializations with shares of 10% and 
8%, respectively. Focusing on specialized secondary schools with very narrow specialization we look at 
whether these schools are established close to a university with the same specialization and whether 
graduates of such secondary schools apply for these faculties. We find that highly specialized secondary 
schools are not usually established near a university with the same program specialization. For example, 
veterinary medicine at the tertiary level can be studied only in Brno, however there are six secondary 
schools (212 students/60% apply) of veterinary specialization, none of them located in Brno. Only 36% of 
graduates apply to Brno. Some graduates (25% of applications) apply to a similar program like biology or 
agriculture. Next, there are four schools with a specialization in silicate chemistry (Tábor, Karlovy Vary, 
Jablonec nad Nisou, Česká Lípa). Almost 90% of all graduates who choose to apply (40% apply), decide 
for tertiary education with a specialization in silicate chemistry. The universities with this program are 
located in Prague (65% of applications) and Pardubice (35% of applications). None of secondary schools 
specialized in silicate chemistry are located near Prague or Pardubice. 



(26)In our econometric analysis, we find that heterogenous information due to the 
 presence/absence of a local university does not influence the application decision but 
 does influence the admission decision. The information spread in a university 
 neighborhood is relevant for the applicant’s performance in admission. This kind of 
 information does not contribute to a graduate’s decision about application. Results 
 suggest that it is a different kind of information that positively affects the secondary 
 school graduate. Graduates living in an environment that is characterized by a high 
 share of tertiary-educated population tend to apply more. So, information that is 
 disseminated by a highly educated environment constitutes heterogeneity in 
 information for secondary school graduates with regard to their application decision.   


7 Conclusion remarks 


We analyze the demand for tertiary education in the Czech Republic. We develop a 
 structural model of the post-secondary decision process of a secondary school graduate 
 and a model of admission to a university. The reduced form models are estimated 
 employing data from 1998. The estimation results of both application and admission 
 equations suggest a significant role of the environment around a secondary school 
 graduate in the process of entering the tertiary level of education. In the first stage, 
 applying, those living in conditions that are characterized by high local shares of 
 tertiary-educated population exhibit a higher probability of applying to a university. 


Living near a university does not influence the potential applicant’s decision about 
 application—neither because of lower study costs nor because of more information 
 regarding university study available. In the second stage, admission, we observe that for 
 certain program specializations there is a higher probability of being admitted for 
 applicants with a local university that provides programs with the same program 
 specialization. The effect is stronger in the case of highly oversubscribed programs.   


The policy question that follows our findings is how to ensure equal conditions 
regarding the process of entering tertiary education by secondary school graduates in 
the Czech Republic. Equal conditions usually mean that all secondary school graduates 
can apply for university study—so there are no constraints based, for example, on sex, 



(27)race, or application fee that would prevent a particular group of potential university 
 students from entering the tertiary level of education. However, our analysis uncovered 
 some factors that underlie differences between secondary school graduates with respect 
 to their chance of applying and being admitted. These factors relate to individual 
 characteristics, socio-economic background, regional economic and social 
 characteristics, and characteristics of the secondary school.  


The question arises here what factors should be considered as those reflecting some 
 inequality. So, for example, different probabilities of applying and being admitted for 
 students with different levels of ability to study should not be viewed as a problem of 
 unequal access to tertiary education. On the other hand, some factors have nothing to 
 do with the individual ability to study and still influence the admission procedure. For 
 example, we found that female students from specialized secondary schools face a 
 remarkably lower (by 10%) probability of applying, which is caused by gender 
 segregation by fields of secondary schools. We should therefore examine why some 
 fields of secondary school prepare students for university study less than others.  


In this paper, we focused on the effect of the presence of a local university on a 
secondary school graduate’s prospects regarding the university study. We found that a 
local university can constitute an advantage in the admission process for those living 
near the local university. To equalize the chance of admission policy makers should 
consider expanding the system of universities. Moreover, we found that the advantage 
concerns the university programs that are offered by the local university. The expansion 
of universities should be, therefore, accompanied by the expansion of university 
programs. Alternatively, equal chances of entering tertiary education could be achieved 
also by the improvement of information spread since we detected that it is the 
information emitted by a local university that provides the advantage. We suggested 
that such information can be spread, for example, by face–to–face contacts with 
university students. In this paper, we do not examine the nature of such information in 
detail. So, future research is needed to elaborate the essence of such information and to 
answer the question whether information availability is an adequate alternative for an 
expansion of the system of institutions providing tertiary education. 



(28)Appendix A: Structural and reduced form models of applying 


A.1 Structural model of applying 
     


In this section we introduce the model of the application decision. The model combines 
 standard models of schooling decision based on human capital theory and expected 
 utility theory. 


A secondary school graduate makes a decision whether to apply to a university or not 
 by comparing the expected utility of those two actions. We denote the individual’s 
 expected utility of applying as Uaand the expected utility of non-applying as Una. The 
 secondary school graduate chooses to apply if Ua >Una. 


The unit a graduate can apply to is a university program, in the following text denoted 
 simply as program. Suppose there are F>0 programs. Further, an applicant spends 
 one whole day participating in an admission procedure for a particular university 
 (usually a written/oral test) and thus it is not possible to participate in another 
 admission test if they are organized in the same day. All admission procedures (tests) 
 are undertaken in a few days T >0 during the year. Furthermore, an applicant to 
 university program  j bears admission costs ACj >0 (admission fees, courses for 
 preparing the student for admission tests, travel costs concerning the admission 
 procedure, etc.). Each student has a certain amount of money M >0 that can be used 
 for financing her admission process.  


If a graduate applies to just one program then the expected utility from applying to that 
program equals Ua = p1
(
B1 −C1) (
+σ M −AC1)
, wherep1 is the probability of being 
admitted to the program conditional on application, B1 and C1denote the present values 
of benefits and costs, respectively, of being admitted to the program. Finally, the 
coefficient σ  represents how much disutility is related to admission costs with respect 
to the utility given by the expected benefits and costs. 


(29)Similarly, if an individual applies to two programs the expected utility is given by:  
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We basically divide the situation of the individual applying to two programs into three 
 mutually exclusive events. An applicant is admitted either to the first program only 
 (with probability p1
(
1−p2)
), or to the second program only (with probability 
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p − ), or to both programs (with probabilityp1p2).35 However, we assume that an 
 individual can enroll in only one program. Therefore, if she is admitted to both 
 programs, the program with the higher present value of the expected benefits net of 
 costs is preferred. 


In general, a secondary school graduate chooses to apply to such programs to maximize 
 his expected utility taking into account time and budget constraints. So, an applicant 
 decides whether to apply to a program  j  (tj =1) or not (tj =0). The optimization 
 problem takes the following form: 
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The maximized function is a generalization of the case for one or two programs 
 discussed above. The time constraint (A2) captures the fact that the admission process 
 takes place during a few days during the year and it is possible to take part in one 
        


35 The form of compounded probabilities implicitly involves a reasonable assumption that the probability 
 of being admitted to the first program does not affect the probability of being admitted to the second 
 program. The two events are statistically independent.  


36 Ν ≡{1,..., }F , C N k( , )is a set of combinations of size k from the set N. 
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