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Abstract

My thesis investigates cohort size e¤ects in the Hungarian labor market. Particularly, it

estimates the selection model on wages of Jeon and Berger (1996). I �nd no evidence of

individuals adjusting their schooling choices to demographic conditions, but extremely

strong e¤ect of family background such as parents�education. Some vague evidence

is also obtained that those, who are more likely to choose lower education, have by

origin lower earnings potentials. All these points to the direction that relative labor

market success of the large cohorts of Ratkó kids and grandkids in Hungary are due

to composition e¤ects.

I would like to thank to my supervisor, Prof. John Earle for deepening my knowl-

edge and interest in labor economics, TÁRKI Social Research Institute for making

the dataset available for me, to Péter Hudomiet and Gábor Kátay for their invalu-

able comments and pieces of advice, to Attila Lindner for helping me through tedious

derivations and to my parents for supporting me as much during thesis writing as ever

before.
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Chapter 1

Introduction

Research Question and Motivation

According to basic economic theory, besides stable demand, an increase in the supply

results in lower prices and larger equilibrium quantites. In line with this, Kovács

(2006) suggests, based on evidences from simple labor �ow data of the Hungarian

Labor Force Survey, that large cohorts in Hungary seem to have experienced better

employment (and activity) opportunities since the transition. However, that database

does not tell anything about their wages. One of these large cohorts is that of the

so called Ratkó kids, who were born between 1953 and 1956, in the era of abortion

restrictions. The other large cohort is composed of the children of the Ratkó kids

(Ratkó grandkids), who were not only born to the members of a large cohort but

also under some aggravation of abortion legislation (though this was not at all a total

ban). These two "peaks" in Figure 1 produced almost the whole part of the increase in

aggregate employment between 1995 and 2006, no matter how business or �scal cycles

moved. (Kovács 2006) May they carry their labor market success with them along the

remainings of their life cycle?

My thesis focuses on a speci�c labor supply shock. It aims to explore labor market

cohort size e¤ects in Hungary on individual-level cross-sectional data. I will basically

concentrate on wages as outcome variable, since in Central-Eastern Europe there might

not have been such an analysis - presumably due to data availability problems. In the

descriptive statistics part, I will particularly focus on the previously mentioned two

unusually large cohorts, in case of the older ones I will explore whether the size of

their birth cohort has some long run e¤ects that can still be captured in 2005.

My model, which will be run for all cohorts and is basically the replication of

Jeon�s and Berger�s 1996 paper on Hungarian data, accounts for, on the one hand,

that larger cohorts are due to some composition e¤ects in the family background. For

1
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1. Introduction 2

Figure 1.1: Live Births in Hungary, 1947-1980 (Source: HCSO, 1992)
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instance, there is some evidence that Ratkó�s abortion restrictions (increased number

of live births) a¤ected white-collar workers (see my term paper) the most and also

that Romanian abortion ban a¤ected highly educated, urban women the most (Pop-

Elèches 2006). On the other hand, an adjustment problem also has to be tackled: when

individuals realize that they were born into a cohort of a speci�c size, they individually

adapt to this by choosing their schooling (adaption e¤ect). Some of them may end

up with less education because of investing less due to expectedly depressed wages or,

being crowded out from higher education. Others may engage in more education in

order to keep up with the more intense competition.

This analysis has two particular relevances. One is that the Ratkó kids, the large

size group of old workers, are reaching the retirement age in two or three years. As

most of them are still in the pay-as-you-go system, it would be important to know the

tenure and the average wages of such a large cohort to predict �scal e¤ects of their

retirement and their expected living conditions as pensioners. The other relevance is

related to the Ratkó grandkids, the group of nearly prime-age workers again large in

size. If they turn out to be a large winner cohort after the transition, they might a¤ect

subsequent (smaller and decreasing) cohorts. Are there any mechanisms present in

Hungary through which we can adapt demographical changes, let them be exogenous or

endogenous, such as the problem of the aging society? Do demographic cyles in�uence

labor market variables? I will be investigating such questions.
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Chapter 2

Brief Literature Review

Taking the whole labor force as if it were homogenous, even one unusual group (in

size or quality) could cause a change in the only equilibrium wage and employment.

However, di¤erent groups may be imperfect substitutes to each other, in which case

the appearance of a group may just alter the wages of those in close substitution with

them. The less a group is a substitute for the unusual cohort, the less its wage is

a¤ected. For example, older and younger workers may be imperfect substitutes if in

an industry experience is of crucial role, or education may also distinguish between

workers if due to a technological change, more modern (or simply higher) human capital

is also needed. In most economies both have relevance, that is why typical theories

partition total labor force by two dimensions, experience and education. (e.g. Berger

1983, Connelly 1986) This way four groups arise, young-unskilled, young-skilled, old-

unskilled and old-skilled, which are imperfect substitutes of each other. In addition,

some also claim (e.g. Stapleton-Young 1988) that these groups are not only imperfect

substituites but substitutability between the old and the young falls with education.1

In addition, another interesting aspect is that the amount of old or young workers does

not only in�uence the age dimension of the labor force. The entry of an unusually

large cohort to the labor market may be due to some exogenous distributional shift in

fertility. Just as was Pop-Elèches (2006) reports for Romania, or is suspected to have

happened in Hungary, that a fertility change among the highly educated resulted not

just in the increase of young labor force, but also that of the highly skilled labor force.

The literature of labor market e¤ects of cohort size was developed in the �80s

and �rst half of the �90s, after both the baby boom and baby bust cohorts in the

U.S. had entered the labor market. A strange phenomenon arose to be explained:

1One may argue that man and women is a third dimension of di¤erentiating labor force. However,
cohort size literature most often examines only males, exactly to be able to separate the analyzed
impacts from other (e.g. discrimination or changing gender role) issues.

3
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2. Brief Literature Review 4

during the �70s both the college attainment rates and the returns to college were

declining, while the situation was di¤erent in both preceding and subsequent cohorts.

Card and Lemieux (2000) also claims that the depressed returns of the baby boomers

have persisted eversince, while it improved for others. According to Stapleton and

Young (1988) diminishing substitutability between the young and old with educations

accounts for this. The authors argue that because of their lower substitutability, the

higher educated are more a¤ected by their cohort size. In larger cohorts there is

larger competition, so wages may fall. Therefore, at the end of the day, people in a

larger cohort may better o¤ in case of investing less into schooling and choosing a less

demanding career. The hypothesis was tested even empirically by Berger (1989). In

fact, he found that large cohorts experience �atter pro�les throughout their life-time

than surrounding cohorts, who face lower starting wages but steeper wage path.2

As the indirect e¤ect of individual adjustment by school choice is seen by certain

economist a crucial labor market impact of cohort size, exploring the direct schooling

e¤ect, or human capital investment e¤ect of cohort size became a self-su¢ cing research

direction. Middendorf (2007) �nds on European panel data that neither local unem-

ployment rates, nor birth cohort size have an e¤ect on schooling decisions. On the

one hand, he attributes his �rst results to more e¤ective capital market constraints to

invest in further education in higher unemployment regions, but on the other hand, he

leaves his somewhat opposing �ndings with U.S. results unexplained.3 Nevertheless,

he concludes that declining birth rates were not o¤set by the increase of education.

Connelly and Gottschalk (1995) put the same quality-quantity problem in an inter-

generational framework. They build a model of two generations, where the emphasis

is not just on adjustment by the schooling decision. Instead of cohort size, they rather

focus on cohort composition, which allows them to take into account the plausible fact

that cohort size changes may be due to the fertility change of a particular group of

society, e.g. urban and educated women in Romania. Thus, composition e¤ects may

very well be substantial, as ceteris paribus children of more educated people tend to

be more likely to acquire more schooling. In their conlusion they highlight the similar

policy-oriented issue as Middendorf (2007): Just as a larger number of workers (due to

a large cohort size) can be "o¤set" in the labor market by lower investment in human

capital, therefore a smaller proportion of high educated workers, smaller cohorts can

be o¤set by more people acquiring higher education.

2The same is found by Murphy et al. (1983), however, they only carried out their analysis within
educational groups by di¤erentiating labor force only by age.

3 Some could say that in Europe people are less likely to react to expected wages, and therefore
to returns to education. But the question remains: why is that? More compressed wages, therefore
smaller returns to education, smaller cost of education may be a reason, or even we might think about
education as more of a consumption good than an investment good.
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2. Brief Literature Review 5

At the beginning of the �90s, however, there arouse some voices that individual

adjustment to cohort size is neglectable. Flinn (1993) builds a perfect foresight OLG

model and disputes Stapleton�s and Young�s �ndings and claim that optimal adjust-

ment in the investment in education causes minor improvement in wealth prospects.

Closely related to this Klevmarken (1993) calls the attention to secon order adjust-

ments in further research.

Bound-Turner (2007) brings a new aspect into the literature and claim that smaller

investment in schooling in larger cohort is not due to individual response in the sense

it was understood 10-15 years ago. They argue that in larger cohorts there is larger

competition for almost the same amount of public and non-pro�t resources given to

higher education, so the phenomenon of crowding arises. That is in their point of

view, the reason for decreased college attainment rates is not due to reduced demand

from the part of potential students who clearly see their lower future earnings but to

the inelasticities of supply of resources.

Dahlberg and Nahum (2003) propose yet another alternative "adjustment" hy-

pothesis and �nd evidence for it in Sweden. According to them, in larger cohorts, due

to increased competition among the cohort members "makes people try harder and

invest more in their human capital in order to maintain their relative positions" in the

labor market. (Dahlberg-Nahum 2003, p. 6.) However, this may also be consistent

with the arguments of Falaris and Peters (1992), who reports evidence for people in

the upswing of a demographic cycle are likely to acquire more schooling and there-

fore stay at school for longer. On the other hand, one in the downswing of a cycle is

has smaller incentives to study more. This is in contrast with the timing theory of

Wachter and Wascher (cited by Falaris-Peters 1992 and Jeon-Berger 1996). According

to this, di¤erent incentives are at work: in the upswing of a demographic cycle one

wants to hurry with �nishing schooling to enter the labor market as long before the

peak cohort as possible. While in the downswing, it is more worth �nishing school

later and enter the labor market with as small a cohort as possible. Thus, the position

in the demographic cycle entered the literature besides own cohort size because tight

interactions of labor markets for neighboring cohorts. The article I will work with on

Hungarian data is of the same family of models.
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Chapter 3

Empirical Evidence from
Hungary

3.1 Data and Method

3.1.1 Data

For the empirical part I would use the Hungarian data from the 2005 Community

Statistics on Income and Living Conditions (EU-SILC 2005). This is an annual house-

hold survey managed by Eurostat, in Hungary the 2005 wave was the �rst time it

was carried out by the Hungarian Central Statistics O¢ ce. The database was made

available for me by TÁRKI Social Research Institute.

The data of this survey is comparable across countries included and numerous

individual-level variables are available in a longitudinal perspective. The reference

population for the survey is all private households and all individuals above 16 living

in them. Sample in each country is more than 2% of the total population. (EU-SILC

2005a) The Hungarian sample cosists of 17,969 observations, out of which 9,906 are

aged between 25 and 65 (4,715 men and 5191 women).

Besides demographic variables, all the waves contain variables on educational at-

tainment (from 0 to 5 ISCED-levels), labor market status (concerning employment,

unemployment, inactivity, reasn for inactivity), current or last occupation (2-digit

ISCO-88 codes), current or last industry (NACE Rev1.1 codes), yearly employee and

transfer incomes and average working hours a week.The de�nitions of labor market

status, that is, being employed, unemployed or inactive are not the usual ones used by

the International Labour Organization. The ILO-de�ned variables are only available

for the exact time of the survey. For the income reference period,1 which is the year

1 Income reference period is the time period for which all income data, employee or transfer, is

6
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3. Empirical Evidence from Hungary 7

2004 in case of Hungary, only a self-reported labor market status variable is available.

That is, people reported how many months they spent in full- or part-time employ-

ment. (They also reported how many months they spent in unemployment, studyin,

retired or other inactivity.) I generated the employed dummy - in lack of something

better - by assigning to it 1 if the individual reported some, no matter how small

number of months that he/she spent in either full- or part-time employment. For in

this case he/she is �ne to report some positive amount of income.

As for wages, I add up gross yearly (2004) income from wage- and self-employment

activities. If current usual working hours per week was available, I assumed that these

are valid for 2004 as well and divided yearly income by the months worked throughout

2004 times 4.33 times the usual weekly hours to get average hourly wage. If current

usual working hours were not available, I imputed them with the months worked

times 174/52, as in Hungary average full-time monthly working hours is 174 hours.

Wages is 0 for those, who did not spent any full- or part-time months in wage- or

self-employment in 2004.

However the quality of the income variable available in EU-SILC, there is a great

advantage fo it: In addition to the more standard variables, each wave contains a vary-

ing module, which in 2005 aimed to explore intergenerational transmission of poverty.

(EU-SILC 2005b). This module releases information on parents�age, education, occu-

pation and activity status when individual was a teenager, number of siblings, family

composition and �nancial problem in teenagerhood2 of all individiduals aged between

25 and 65.3

Descriptive statistics of the variables used in this analysis are presentes in Table 1:

Cohort variables will be described in a detailed way later. Experience was generated

from graduation year at the highest education level, so it is not neccesarily labor

market experience, but this was the proxy which had the fewest and signi�cantly

smaller number of missing values. By virtue of this, at the same time, we can be sure

that experience has been acquired with the very same education level whose choice I

will model. Good health and bad health variables, and also �nancial di¢ culties and no

�nancial di¢ culties are pairs of dummies, which signal positive or negative deviation

from "fair" or occasionally. Child in household is a dummy taking the value 1 if there

is at least one dependent child in the household of the individual. (It is not neccessarily

his/her own child or children.)

available.
2At the age of 14, or between 12 and 16. (EU-SILC, 2005)
3The peculiarity of this database is that it contains these family background variables for all

individuals and not only for those who still live in the same household with their parents. This latter
is usual in census data, in which case data analysis can lead to serious selection bias (as e.g. in
Pop-Elèches, 2006).
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3. Empirical Evidence from Hungary 8

Of course, the dataset contains also household level variables (such as total house-

hold disposable income from social transfers), which can be linked to individual data.

Although the richness of variables and the relative novelty are invaluable advantages of

the dataset, the fact that it is cross-sectional and not a panel is somewhat a de�ciency.

This implies that I am not able to distinguish between time and age e¤ects. And also

that data is from 2004-2005, for some cohorts this analysis will re�ect really long-term

e¤ects, af any.

3.1.2 Stylized Facts, Correlations

The two outlier fertility shocks are still evident from the data. In Figure 2, relative

cohort size, that is, the number of persons in a 5-year cohort is plotted against the

proportion of at least college graduates in 2005. The �gure is interesting as for the

other two education levels (high school graduates and lower educated people) there is

no such �uctuation in the cohort based cross section. Although the end of the graphs

are a bit misleading: the proportion of college graduates may not be decreasing, just
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3. Empirical Evidence from Hungary 9

those cohorts had not �nished their studies by the time of the survey. However, these

cohorts are de�nitely in the downswing of the boom of Ratkó grandkids.

The �gure suggests that from post-world war cohorts to the approximate appear-

ance of the Ratkó grandkids, college attendance moved opposite with cohort size. That

is from larger cohorts relatively smaller proportion of people enjoyed the privilidge of

receiving a college degree. Only a short intermezzo occured, among the cohortmem-

bers of the Ratkó kids, who on the peak of arti�cial demographic cycle could improve

their average education level.

This counter-movement was turned back for the cohorts born after the early seven-

ties. These people, the Ratkó grandkids decided about their school choice around the

transition and almost immediately faced the educational expansion and the explosive

number of university places. (See the �gure Appendix.)

Figure 3.1: Relationship between relative Cohort Size and Proportion of College Grad-
uates, 1937-1981 (Source: own calculation from EU-SILC 2005)
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Table 2 gives us the �rst hint about disentangling the sources of these cohort

di¤erences. Ratkó kids are de�ned to have been born between 1953 and 1956, the

previous cohort between 1949 and 1952, while the subsequent between 1957 and 1960.

In case of the ratkó grandkids, the birth interval is more uncertain, as they are de�ned

to be born to a Ratkó kid mother, from 1973, when abortion legislation was again

aggravated for some time. So I took everybody born after 1972 as a Ratkó grantkid
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3. Empirical Evidence from Hungary 10

in the sample. (The youngest member in the sample was born in 1979.) Those born

between 1966 and 1972 are considered the previos cohort.

Mean comparisons show that the two outlier cohorts (in size) are strictly better in

almost all aspects than the previous cohort, the di¤erence between family background

variables are highly signi�cant. However, it turns out that Post Ratkós are even

better than the Ratkós, and it is them who form the peak cohort. Anyway, this

suggests (however di¤erences ar not always signi�cant) that in larger cohorts have

more education, are more likely to work and more likely in high skill jobs, they may

also graduate at an older age on average. At the same time, they seem to earn less!

To see some more �rst glance results, I ran simple OLS regressions to explore

the "average partial e¤ect" of cohort size and position in the demographic cycle on

graduation age, education attainment, being employed, working in low or high skilled

job and wages. For each dependent variable I ran two speci�cations, one revealing the

"e¤ect" of position (ln(future coh) and ln(past coh)) and the other the size (ln(coh)).

(See exact de�nitions of the variables below.) To spare room, I copied the coe¢ cients

below each other in Table 3, however, the dotted line denotes that beyond and below
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3. Empirical Evidence from Hungary 11

we can see the coe¢ cients from alternative speci�cations. The whole output table for

graduation age and education levels can be seen in Table 4. Speci�cations were run

on the whole sample and on the subsamples of Ratkós and surrounding cohorts and

Ratkó grandkids and surrounding cohorts.

The main point is that these results are consistent with those of Falaris and Peters

(1992), and inconsistent with the timing theory: someone in the upswing of a cycle

graduates later and is more likely to graduate from college. Someone in the downswing

graduates earlier however this and also the estimates for his/her schooling attainment

is insigni�cant. This result carries over for both subsamples in a more signi�cant

way. Anywhere else, however, position in the demographic cycle seem to be irrelevant,

rather own cohort size has some signi�cant e¤ect. E.g. for schooling attainment: In a

larger cohort one is less likely to attend college. However, signi�cances are very poor,

from Table 4 it is clear that education is much more in�uenced by family background

(e.g. parents�education) than adjusting to demographic conditions. This also points

towards a strong composition e¤ect and poor individual response.

Thus, the story may be consistent: A strong in�uence of family background vari-
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3. Empirical Evidence from Hungary 12

ables (composition e¤ect) may account for the higher education, and therefore these

people may not adjust to cohort size e.g through schooling decision. Therefore, an

above average generation - both by virtue of its size and quality - gave birth to an-

other large, above average generation. It also rises the interesting question whether

the exogenous Ratkó shock in the �50s has introduced a quasi-natural cycle into de-

mography.

3.1.3 Identi�cation Strategy

I apply and extend the approach of Jeon and Berger (1996), who estimate the e¤ect of

realtive cohort size on wages on the 1991 Korean wage survey. They want to explore

the e¤ect of position in the demographic cycle and cohort size on wages. A simple

Mincerian OLS augmented by cohort size variables would yield a biased estimator of

cohort size e¤ects, as cohort size is already known by the time of schooling choice, so

individuals may adjust their decision. However, taking cohort size into account only

at the schooling decision, that is, instrumenting education by cohort size, would not
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3. Empirical Evidence from Hungary 13

solve the problem either, because cohort size is not exogenous in the wage equation: it

also has a direct labor supply generating impact. Therefore, Jeon and Berger (1996)

apply a self-selection framework.

On the one hand, their estimation procedure handles the previosly described prob-

lem, while on the other hand their sample population is by origin a selective one as it

only contains individuals employed by �rms with at least ten workers. They want to

estimate the following equation separately for each education level:

Wij = Xij�j + uij ; (3.1)

where i denotes the individual index while j is the level of education (l for less than

high school, h for high school graduate and c for at least college/university graduate).

Wij is wages, while Xij is a vector of explanatory variables, such as experience (age)

or cohort size, type of occupation, tenure at the �rm and �rm characteristics, such as

�rm size or region.4 However, the equation has to be corrected for selection bias, as it

is estimated separately for each education level, in which individuals self-select. Their

selection equation is the following:

Si = Y
�
i �

� + u�si; (3.2)

where Si is the level of education, Y �i includes factors that may in�uence schooling

decision: parents�education or �nancial di¢ culties in teenagerhood, and variables on

the position in the demographic cycle. Family background variables were not available

for Jeon and Berger; they replaced by national income and region. However, they are

available for me, so the estimation can be augmented by them.

The authors de�ne a cohort as the group of people who were born in a 5-year span,

in year k and +/-2 years surrounding (in years k�1 and k�2). 5- and 3-year spans are
common in literature (see references). On the one hand because with such time spans

all datasets have enough observations in one cohort. On the other hand, this way the

members of a single cohort (in each education category) can be concerned as perfect

substitutes for each other in the labor market, so this number describes the size of labor

force a given individual competes with. Jeon and Berger (1996) do not only capture

cohort size but also the position of the individual in the demographic cycle: whether

the given person is in the upswing or a downswing of a cycle. The variable they apply

is the log proportion of the following and preceding cohorts (those born between year

k+1 and k+5, and between k� 5 and k� 1) to the given cohort (born between k� 2
and k+2). As the authors claim, "In general, upswing (or pre-peak) cohorts will have

4Tenure is not available for me, while �rm size has too many missing observations to be included.
Also, as region I will include the residence region. However, due to the fact that Hungary is divided
into three quite large regions in this survey, it must be identical to the region of current or last work.
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larger FCOH [following/given ratio] and smaller PCOH [preceding/given ratio]; the

opposite will be true for downswing cohorts." (Jeon-Berger 1996, p. 304.) However,

as the authors claim, by including the log of these proportions, the partial e¤ect of

cohort size, by holding the size of past and future cohorts constant, is also revealed

(see footnote 7, p. 307 in the article).

Just as most of the literature, Jeon and Berger (1996) run their regressions only for

men in order to exclude discrimination and other gender impacts like the expansion

of education among women presumeably mainly due to other factors. However, in

Hungary, gender di¤erences are claimed to be small in international comparison, and

educational expansion has been similar for the two sexes. Thus, in order not to decrease

sample size, I will use the joint sample of men and women, by including a sex dummy

in the regressions. By this, I assume that other factors taken into account do not

a¤ect the two genders di¤erently - only a constant gap lies between them. I will only

use individuals aged between 25 and 65 (born between 1939 and 1979), because family

background variables are only available for them. However, this would be adequate

and common in the literature anyway, as they are part of working age population who

have almost surely �nished their studies.

In other aspects, I will follow the approach of Jeon and Berger (1996). First, I

replicate their results among the employed and then I will raise a critique that could

be amended in my database. In their selection equation (equation (2)), the left-hand

side variable is a three-value ordered variable, highest education level. Therefore, this

is not a standard Heckman procedure but one in which the �rst stage, the selection

rule is determined by an ordered probit. However, Heckman�s generalized method

works out here as well.

Let us assume the ordered probit equivalents of the assumptions of the classical

Heckman model. Following Wooldridge (1999, p. 562), these are the following:5

1. Xj � Y � for all j = c; h; l, that is wage determinants are also determinants

of employment and schooling choice in the selection equation. However, it is

not important to actually include all X in the selection equation (if we have

a good reason to think that their e¤ect would be 0). What is important is

that what all Xj must be randomly observable for no matter which schooling

group the individual falls into.6 Nevertheless, we must always be careful to leave

enough degrees of freedom to estimate �j from the variation of variables in the

5From now on, I will leave the i indices denoting di¤erent individuals.
6However, the estimation can be amended to be able to treat endogenous Xs (Xs that are only

observable together with W in the classical Heckman example, or Xs whose certain values we may
not observe in a given schooling group). See Wooldridge (1999, pp. 567-570).
In Jeon�s and Berger�s article (and also my replication) including occupation and �rm characteristics

may hurt this assumption.
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�nal stage linear regression and not just the nonlinear functional form of the

selection correction terms. That is we need to pose some exclusion restrictions

that is include a smaller number of variables in the �nal stage than in the selection

rule.

2. (uj ; us)s are independent of Y � with 0 mean for all j = c; h; l.

3. us � N(0; 1).

4. E(uj jus) = �jus for all j = c; h; l.

Now, based on Wooldridge (1999, pp. 560-566.), it is easy to derive the correction

terms. If we take the expected value

E(Wj jY �; us) = Xj�j + E(uj jus) = Xj�j + �jus (3.3)

from because assumptions 1 and 4. And further by applying the law of iterated

expectations to this equation:

E(Wj jY �; S) = Xj�j + �jE(usjY �; S): (3.4)

However, as Wj is only observed if the individual is in schooling group j (otherwise

Wk would be observed), it follows that:

E(Wj jY �; S = j) = Xj�j + �jE(usjY �; S = j) = (3.5)

= Xj�j + �jE(usj�j � Y ��� < us � �j+1 � Y ���) = (3.6)

= Xj�j + �j
�(�j � Y ���)� �(�j+1 � Y ���)
�(�j+1 � Y ���)� �(�j � Y ���)

= Xj�j + �j�j :(3.7)

where �js are called the inverse Mills ratios and �js are the parameters ("cut-o¤

points") of the ordered probit school choice equation, which will be estimated by the

�rst-stage of the problem.7 So this �rst-stage ordered probit will yield out the �js,

and from equation (5) it is clear that running an OLS with �j as an extra regressor

on the selected sample will give us an unbiased estimator of �j .

Stata has a built-in command to do this either with the two-stage estimation

method or maximum likelihood, I applied the two-step procedure to be easily able to

calculate marginal e¤ects.However, this way one should adjust the standard errors by

bootstrapping.8

7For three educational categories as here, �0 = �1, �3 = �1; while �1 and �2 will be estimated
by the ordered probit.

8Bootstrapping did not work out for me, so my standard errors are not consistently estimated, that
is are smaller than should be. However, being aware of the results, it would not add too much.
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3.2 Results and Discussion

I ran four kinds of speci�cations of the same problem. The �rst is exactly that of Jeon

and Berger (1996). The second includes only own cohort size instead of position in the

demographic cycle.9 The third and fourth are the modi�ed forms of the �rst and the

second in a way, that in the second stage, in the wage equation (in X) schooling group

speci�c variables are plugged in instead of the usual demographic variables. That is the

own and the surrounding cohorts of an individual do not consist of everyone born in

the given age, but only those of them who have the same educational attainment as the

individual.10 In the labor market this is already observed, while at schooling decision

only the whole cohort van be observed. So in the �rst stages, the usual variables are

included everywhere.

I report only speci�cation (1), which is the most comparable to the originl article.

However, results for other speci�cations are not di¤erent in any systematic way.

Because of interaction terms and the selection correction term partial e¤ects of

demographical variables are more complicated to infer than usually. Anyway, formally

they can be derived directly from equation 6:11

@kE(Wj jY �; S = j)
@Xk

= �kj + �j�
�k � (�j � Y ���)

�(�j � Y ���)
�(�j+1 � Y ���)� �(�j � Y ���)

�

��j��k � (�j+1 � Y ���)
�(�j+1 � Y ���)

�(�j+1 � Y ���)� �(�j � Y ���)
� �j��k�2j ;

where �kj is the coe¢ cient of the demographic variable in the second stage, in the

wage equation, ��k is its coe¢ cient in the �rst-stage, selection equation, while �j is

the estimated coe¢ cient of �j in the wage equation.

Actually, �j is the correlation.between the error terms, so its t-test in the wage

equation reveals whether there is sample selection or not. As we can see from Table 5,

the selection correction term seems to be signi�cant in the two lower schooling groups

(however, with standard error correction, their signi�cance may diasappear as well).

This suggests that those who are more likely to self select into one of these schooling

groups are people who are more likely to earn less (as coe¢ cients are negative). This

is more robust for the high school group across speci�cations but slightly signi�cant

9However, the coe¢ cient of the own cohort size can be calculated from the demographic position
variables (see above), it is more direct this way.
10This may rise soome endogeneity issues mentioned in assumption 1 at the identi�cation strategy.

However, it does not alter the results and main conclusion.
11 In our 3-category case, this formula only for 1, which is not an extremal category. For 0 and 2, the

extremal categories the inverse Mills ratio becomes simpler, so a simpler formula has to be derivated
to calculate partial e¤ects.
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3. Empirical Evidence from Hungary 18

for the lower educated as well in other speci�cations. While from the positive though

never signi�cant coe¢ cient of lambda in the college sample we can infer that those

who are more likely to self-select into the highest education category, are those who

are more likely to earn more anyway.

Straightforward average partial e¤ects for speci�cation (1) are shown in Table 6,

however without standard errors. The interpretation is the following: A one percetage

point rise in the relative number of past/future cohorts compared to the given cohort

changes the wages by these percentage points. These seem to be great e¤ects, however

may not be signifcant. The sign are nevertheless informative: Low educated people are

worse o¤ if surrounding cohorts increase, therefore they are the bene�ciaris of large

cohorts. The other two groups experience the opposite, so may prefer to live in as

small a cohort as possible.

On the other hand, Jeon and Berger (1996) does not stop here, they also calculate

a kind of predicted wage. They want to proxy the wage expectations of people at the

moment of the schooling decision. So they plug in all individual characteristics that

are supposed to be known at the decision (cohort sizes, region, and for me, sex), and

for what is not assumed to be known (experience, occupation and tenure and �rm size

for them), they plug in sample means. This way they predict counterfactual and �tted

(expected ) wages for everybody for all three potential education levels. Putting those

into one table together with actual wage Jeon and Berger (1996) argue, that schooling

choices in Korea are optimal, as in all three educational groups the log of wages is the

highest among counterfactual alternatives, that is the labor market.operates on the

basis of comparative advantages.

In Hungary, see Table 7, the educational choice of the lower educated and college

graduates are optimal. However, high school graduates earnings potential would be

higher with either one of the other two educational attainment.12 Generally, di¤erences

in earnings potential seem to be very high from this table, which underlines the issue

of self-selectivity.

12 I estimated these by a built-in command in Stata, which �ts contrafactual values by taking into
account the actual choice of the individual. But as a disadvantage, I just �tted these for the observed
values of experience and occupation, and could not imput sample values of those variables that are
assumed to be unknown at the time of schooling decision.
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From the very same wages, wage di¤erentials are calculated, and with the help of

them, the authors derive a structural schooling choice equation:

Si = Yi�+ �1(Ŵc � Ŵh) + �2(Ŵh � Ŵl) + ui; (3.8)

where (Ŵc � Ŵh) and (Ŵh � Ŵl) are the calculated wage di¤erentials, while Yi are

individual factors (region and national income for him; region and family background

variables for me). They call it structural because as opposed to �rst stages in the

selection correction procedure, where demographic variables directly enter the equation

of schoolin decision, here, cohort sizes only a¤ect educational choice indirectly, through

expected wages. The authors obtain positive and signi�cant coe¢ cient estimates on

both wage di¤erences,13 which may be interpreted as some pieces of evidence for

adjusting schooling decision to expected wage di¤erentials, and so to cohort sizes

re�ected by them.

Results on Hungarian data are shown in Table 9, where the structural schooling

equation may be compared with the �rst-stage equation. In Hungary coe¢ cients of

wage di¤erentials in the structural model are also positive and largely signi�cant, while

coe¢ cients of cohort size variables are not signi�cant in the �rst-stage equation. I re-

ported average partial e¤ects by Stata, and it yielded absolutely no e¤ect of cohort

size variables in the �rst-stage and no e¤ect of expected wage di¤erentials in the struc-

tural model. In both equations, the e¤ect of family background variables, especially

parental education are extremely strong.14 This supports the hyothesis I set up at the

"stylized facts" part, that the e¤ect family background so very strong in Hungary, that

it nearly completely determines education, independently of cohort size or expected

wages. In this analysis at least, I found no evidence for any schooling adjustment,

13However, they do not report marginal e¤ects.
14 In fact, Jeon and Berger (1996) cannot measure family background e¤ects. So their results are

also exposed to some of this risk.
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so the stylized fact that large cohorts, like Ratkó kids and grandkids are relatively

more successful from the labor market point of view in Hungary may fully be due to

compositional e¤ects.

3.3 A Critique and a Potential Extension

Through the analysis, one of the main advanatages of the database available for me

remained unexploited. In EU-SILC one does not only observe the employed, but also

unemployed and inactive people. That is, another source of selection, being employed,

could be ruled out, however, methodologically the estimation would be more di¢ cult.

This selection may be of much importance as cohort crowding may be consistent with

non-decreasing wages, but detereorating employment, in which case the method of

Jeon and Berger is not su¢ cing.

One could extend Jeon and Berger�s (1996) method by tackling a double and

sequential selection problem. The �rst is self-selection into an education group as

an individual behavior response to a cohort size change or to the position in the

demographic cycle, just as before. Becoming employed in the labor market will be

a selection based on acquired education, and again the demographic conditions, this

time more from the demand side.. For self-selection into schooling groups, the selection

equation is equation (2), while the outcome stage is the following:

empi = Zi
 + vi: (3.9)

empi is a dummy taking the value 1, if individual i is employed during at least a part of

the reference period and 0 otherwise. Zi is a vector of factors determining employment

from the supply side such as age, being married, having children, health conditions,

"love of work" proxied by activity status of parents in teenagerhood, and generosity of

alternative opportunities proxied by social transfer that the whole household receives.

In addition, cohort size (and position in the demographic cycle) is again included in

Zi, however it in�uences employment rather from the demand side. The third stage

of the proplem is the same wage equation (equation (1)) that we had so far on the

second stage.

As in the �rst part of the problem even the outcome equation is a probit model,

which bases on an ordered probit selection rule, the Heckman type two stage method

by itself cannot be generalised to three stages.it. Rather a full maximum likelihood

estimation could solve the problem, or a maximum likelihood on the part with the

probit outcome and ordered probit selection, and then after obtaining the inverse

Mills ratios of both stages, one could add them as selection correction terms to the
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�nal wage equation. In this case we would estimate the following by OLS: wages

Wij = Xij� + ��
s
ij(Y

�
i �

�) + ��ei (Zi
; Y
�
i �

�) + "ij ; (3.10)

where �sij(Y
�
i �

�) for j = 0; 1; 2 are the inverse Mills ratios belonging to the selection

equation (just as above), and �ei (Zi
; Y
�
i �

�) being the inverse Mills ratio from the

second stage, the hazard rate to become employed 15 One should, however, show

under what assumption this estimation gives unbiased �̂.

At the same time, building a full maximum likelihood model would account for

both selections, and with that one should not have to bother with the adjustment of

standard errors.

15Thanks to Justin Falk, who gave mw this hint by his post on the Statalist and a helping email.
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Chapter 4

Conclusion

In my thesis I investigated cohort size e¤ects on wages in Hungary. I replicated the pa-

per of Jeon and Berger (1996) on Hungarian survey data. My dataset was completely

di¤erent from that of the authors, and I managed to exploit one main di¤erence, the

availability of family background variables, such as parents education. I estimated a

selection model of wages, in which the selection rule was an ordered tobit model of

schooling decision. This model of Jeon and Berger belongs to the class of individual re-

sponse literature in the �eld of cohort e¤ects studies, as this modelling framework bases

on indivduals�adjustment of education choices to changes in demographic movements.

Out of the two basic mechanisms, however, neither was found in Hungary. People

do not invest less in their human capital in larger cohorts because they expect the

returns to fall, and neither do they study more to be more prepared in a more com-

petitive labor market, or to postpone labor market entry to times of smaller entering

cohorts. However, Hungary bears two unusually large cohorts as a result of abortion

legislation in the communism, no adjustment e¤orts are suspected not even those and

the surrounding crowded cohorts. In contrast, all changes in education seem to be

caused by compositional e¤ects. In Hungary the returns of schooling are high (see

Table 8), education is heavily determined by parents�schooling, and education is self-

selected: Those people go to high school or lower education, whose earning potentials

are by origin smaller. These results call our attention to the importance of family

background in such an analysis and warn to treat Jeon�s and Berger�s �ndings on

individual adjustment with caution.

The other advantage of my data, that also unemployed and inactive people were

represented in the dataset, remained unexploited so far, although e¤orts were taken

to generalize this framework to a double selection problem by including employment

status as an additional selection rule, which would re�ect some of the slection coming

from the side of labor demand. This may be crucial, especially in Europe, where wages

24
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are more rigid and crowded cohorts may not be struck by reduced wages but by falling

employment. To tackle this double selection problem is an extension of this work,

which assumes maximum likelihood programming.
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Appendix

Figure 4.1: College/University Places and Relevant Cohort Size, 1970-2000 (Source:
HCSO 1986, Stadat)
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