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Chapte rr  1 

Introductio n n 

Thee existence of risk has implications for schooling choices, for the impact of differences in 

curricula,, and for the operation of the markets for educated labor. 

Forr each additional year of schooling, there will be an increase in lifetime earnings. At 

thee same there can be no doubt that schooling is a risky investment. Potential students face 

aa number of uncertainties related with their future. Individuals deciding on schooling are 

imperfectlyy aware of their abilities (whether they will be able to fulfill the requirements 

(whetherr intellectual, or plain patience or the ability to withstand noise and heat) to complete 

anyy given programme), whether they will like their choice or not; of the demands of the 

schooll curriculum (they do not know what the programmes exactly entail); of the probability 

too succeed; of the nature of the job that may be obtained after completing an education and 

off the position within the post-school earnings distribution that may be attained. After 

graduatingg from some programme, the student faces a similar uncertainty in the labour 

market.. Even being educated for some trade or profession, the individual may lack the ability 

orr other requirements for success. Or, stated more generally, she does not know where in 

thee distribution of occupational competence and earnings she will end up. There is also 

uncertaintyy about both the future position within a particular occupation and the future market 

valuee of the entire occupation itself. There may be cyclical fluctuations, such as associated 

withh jobs moving to the world's low-wage regions or the emergence of completely new jobs. 

Inn this thesis we focus on five issues: the effects of human capital investment on the 

over-investmentt and on the inequality of earnings within educational levels, the dispersion in 

ratess of return to education as a measure of risk, information on risk by education, risk 

compensationn in wages and educational choice under risk. 
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Here,, the topics of the chapters are shortly summarized. In Chapter 2 we examine the 

higherr educated labor market in Netherlands using a sample data of graduates from one 

largee Dutch University. We study the determinants of over-education. Over-education 

becamee important as a major expansion in the proportion of the population acquiring 

educationall qualifications, particularly but not exclusively at degree level took place in many 

countries.. Furthermore, we investigate which impact the different forms of human capital and 

thee labor market allocation have on wages. Although the data set has detailed information on 

thee schools individuals attend before and after university, there is the inconvenience that we 

havee only one cross-section and we cannot study the dynamics in the wages and individual 

profiles.. Still, the estimates give a pretty good picture of the way the education and the 

markett forces influence the earnings inequality within educational levels, in the particular 

casee of an agricultural university in the Netherlands. 

Chapterr 3 looks at the dispersion in the rate of return to education. We develop a 

simulationn model where, instead of given annual earnings for a given education, individuals 

facee random lifetime earnings profiles for two levels of education (we extend a standard 

experience-earningss profile with annual random shocks). The model is simply the basic 

humann capital investment model that compares two future earnings streams. We solve for 

thee internal rate of return for each set of draws for lifetime earnings shocks, and repeat this 

100.0000 times. We calculate the standard deviation of the rate of return for different 

variancess of the alternative earnings profiles and for the case when there is correlation in the 

shocks.. In this way we augment information on average rates of return with information on its 

variance.. For obvious reasons, a simulation model is the only feasible approach: there simply 

existt no direct observations on variances in the rate of return. Ex post variability in returns is 

nott the same as ex ante risk. The distinction between the two is actually not relevant for the 

structuree of our simulation model, as it can accommodate both foreseeable heterogeneity 

(variationn between individuals) and risk. The distinction is mostly relevant when it comes to 

selectingg the parameter values in the simulations. We take key parameters from a survey of 

thee empirical literature, without paying much attention to this distinction. Only the correlation 

betweenn shocks in the alternatives (school, no-school) is never observed and we simply 

assumee it. 

Chapterr 4 analyses the earnings distributions by education. Earnings distributions by 

educationn can tell us whether schooling moves individuals to distributions with different 

variances.. There are not many studies that deliberately focus on this issue, but often the 

informationn just happens to be available. In this chapter we survey such studies, without 

attemptingg to be exhaustive. We test for systematic patterns by estimating a general 
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quadraticc relationship of residual earnings variance (from a Mincer earnings equation) with 

educationn and age. Differences in patterns between countries might point to very different 

effectss of education systems, through differences in school admission rules and curriculum 

structuress (e.g. broad versus specialized educations). Differences within countries may point 

too the effects of policy changes, structural changes of the educational systems or simply 

regionall or global socio-political and economical factors within a country, since we study 

cross-sections,, usually over a large time span. 

Chapterr 5 investigates the market compensation for risk. With data for the 1980's and 

1990'ss in the United States (the National Longitudinal Survey of Youth 1979), we reproduce 

thee basic results of risk compensation literature. The respondents are categorized in two 

levelss of education: medium-educated (high-school, or its equivalent, GED) and highly-

educatedd (two, four year college or more). The measure for ability (the scholastic ability is 

measuredd by the Armed Forces Qualifying Test (AFQT), which is a composite score 

consistingg of four tests: a mathematics test, a vocabulary test, an analytical test and a 

reading-comprehensionn test), is categorized into 10 deciles. We regress individual earnings 

onn education, ability scores and other characteristics. Controlling for measured ability purges 

thee residual of individual heterogeneity, as individuals will know their test scores and school 

degrees.. We calculate the variance and the skewness of the residuals in a given education-

abilityy cell. The variance is the measure of risk within that education-ability cell. Introducing 

skewnesss allows an interesting refinement of the analysis. Skewness is a measure of 

asymmetryy in a distribution. By plugging the variance and the skewness in the earnings 

functionn we see if there is compensation for risk and skewness. The data also allow us to 

distinguishh "permanent risk", associated with persistent differences between individuals, and 

"temporaryy risk", as the variance in earnings over time for given individuals. Thus 

conditioningg on these variables, the heterogeneity, on which individuals are better informed 

thann the econometrician, is picked up by the "permanent shocks". It is in fact a test on how 

muchh information the individual has before choosing his education. The variance and the 

skewnesss are also calculated directly from the actual log earnings distribution for the 

education-abilityy cells and then are plugged into the log-earnings equation. Estimates from 

thee two procedures are compared. Since individuals are not randomly distributed over 

educationn levels, we use instrumental variable techniques to correct for self-selection. 

Chapterr 6 presents a model for educational choice under risk. The model makes use of 

thee Real Option Theory. The individual has the option of leaving school now rather than 

waitingg and keeping open the possibility of not leaving should the market wage fall. In our 

stochasticc dynamic programming model, being in school has utility value, and the shadow 
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wage,, to be realised when leaving school, follows a Brownian motion. Once the student 

leavess school, his decision is irreversible and the shadow wage becomes the wage for the 

entiree working life. The uncertainty and irreversibility imply an option value of waiting. The 

modell studies the effect of risk on the schooling choice and the effect of major shocks 

probabilitiess (caused by uncertainty of the schooling process) on the decision to further invest 

inn schooling. 

Finally,, Chapter 7 summarizes the main results in chapters 2 to 6. Furthermore, it 

elaboratess on the omissions and on the policy recommendations. 



Chapte rr  2 

Return ss to Educatio n and Matchin g for 

Agricultura ll  Graduate s 

2.1.. Introductio n 

Inn this chapter we explore determinants of Over-education. In particular, we examine the 

higherr educated labor market in Netherlands using a sample data of graduates from one 

largee Dutch University. Furthermore, we investigate which impact the different forms of 

humann capital and the labor market allocation have on wages and we explore the 

determinantss of Over-education. 

Thee significance of Over-education rests on the fact that there has been a major 

expansionn in the proportion of the population acquiring educational qualifications, particularly 

butt not exclusively at degree level in many countries. Over- and Under-education appears to 

bee ranging between below 10% and above 40% in Europe, though some differences reflect 

differencess in measurement. The literature covering various aspects of imperfect job 

matchingg in relation to the educational attainments of workers and the educational 

requirementss of jobs is known as Over-education literature, but it has links with issues as skill 

bumping,, sheepskin effects1 or more broadly with the literature on internal labor markets or 

laborr market discrimination. 

Thee idea of Over-education has received a lot of attention in recent discussion about 

thee value of higher education. The Economist2 in an article entitled "Degrees of Choice" 

11 Sheepskin effects are returns specific to educational credentials in contrast to accumulated years of 

education. . 
22 See The Economist, July 15th- 21st, 2000, pp34. 
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questionedd the belief that a university education is a good investment and a guarantee of 

economicc success. The author asks "Are the degree certificates worth the paper they are 

printedd on?". The concept of Over-education is not new. Hurt (1939) suggested that waste 

resultingg from workers being in the wrong jobs could be more important than that associated 

withh the unemployment in the economy. Berg (1970) documented the plight of those who 

couldd not get jobs to match their qualifications and Freeman (1976) drew attention to the 

potentiall problem of Over-investment in education. Duncan and Hoffman (1981) laid the 

basiss of an ORU (Over/Required/Under education) literature based on the concepts of Over-

educationn and Under-education. The results show that a substantial part of what is called 

Over-educationn simply reflects the heterogeneity of the individual abilities and skills within 

particularr educational qualifications. Far from representing inefficient allocation this indicates 

thatt the labor market is functioning effectively allocating workers to jobs that match their 

abilitiess and skills. 

Thee existence of Over-education raises the question of its significance for the human 

capitall theory. The human capital model (Becker 1964, 1993) suggests that individual 

earningss are only related to individual characteristics. Differences among individuals are 

therebyy reduced to differences in human capital they have built up, through formal education, 

on-thee job training and other activities. Job or occupation is not a systematic variable in this 

theory.. Mincer (1974) was aware of this and states on page 137 "The model of worker self-

investmentt as the basic determinant of earnings might be criticized as giving undue weight to 

thee supply of human capital while ignoring the demand side of the market. Certainly demand 

conditionss in general and employer investments in human capital of workers in particular, 

affectt wage rates and time spent in employment, and thereby affect earnings." He goes on to 

state:: " the present approach is an initial and simple one and greater methodological 

sophisticationn is clearly desirable." There is indeed substantial evidence that precisely where 

aa worker is employed has a significant effect on earnings. Thus, Bowles, Gintis and Osborne 

(2001)) note that apparently similar individuals receive quite different levels of earnings across 

thee U.S. Studies by Wachtel and Betsey (1972), Dickens and Katz (1986) and Krueger and 

Summerss (1986) find that a substantial part of the variance in wage earnings in the U.S can 

bee explained by industrial structure. Demand side variables have been given prominence in 

segmentedsegmented labor market theories (Cain, 1976). An extreme position is taken by Thurow 

(1975)) who claims that marginal productivity resides in the job, not in the worker, and wages 

aree fixed as job wage rates. The models for internal labor markets integrate job assignment, 

humann capital acquisition and learning. It is assumed that there is uncertainty about the 

worker'ss ability when he joins the labor force, but the firms learn about the workers' ability 
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fromm public output observations as the worker ages. Gibbons and Waldman (1999a) provided 

detailedd analyses of careers within firms. The last strand in the literature is based on the job 

assignmentassignment theory, which goes back to Roy (1951) and Tinbergen (1956) and was further 

developedd by Hartog (1977) and Sattinger (1975). This model is based on the proposition 

thatt there is an allocation problem in assigning heterogeneous workers to jobs that differ in 

theirr complexity. 

Inn this chapter, we will analyze data on graduates from a single, specialized 

university,, the Wageningen Agricultural University. In particular, we will consider the effects 

off Over- and Under-education, matching by field of study, and educational diversity before 

andd after obtaining the Wageningen degree. 

Thee remainder of this chapter is divided into five sections. Section 2.2. discusses the 

dataa and the variables used. Section 2.3. explores the determinants of Over-education. 

Sectionn 2.4. presents rates of return to (Over)education. In the specifications we incorporate 

thee individual's allocation on the job market so we can further address the relation between 

wages,, allocations, different forms of human capital and personal characteristics. Section 

2.5.. summarizes and draws some conclusions. Section 2.6. explains the data. 

2.2.. Data 

STOAS,, which is affiliated with the Agricultural University of Wageningen (WU) in the 

Netherlands,, has provided data on the labor market positions of people who have earned a 

universityy degree from WU. The survey was held in September of 1996. Workers were not 

includedd in the analysis unless their earnings, current job status, work experience, studies 

beforee WU, studies after WU graduation, school type, gender, age, required level of 

educationn (as specified by the employer) were available. Due to this selection rule the initial 

samplee size of 3500 observations is reduced to about 3384. The graduates in the sample are 

11066 women and 2278 men. 

Thee full educational history of the respondents is available, before and after WU. The 

educationall classification reflects the Dutch education system with an academic track and a 

vocationall track. The dummies used to describe education prior to WU are Higher Vocational 

Educationn (HBO), Higher Vocational Education in Agriculture (HAO), Pre-university 

Educationn (VWO), and unspecified type of pre-university education. The dummies used to 

describee education Post WU are Post Doctoral degree, a Ph.D. degree, a Short Graduate 
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Programm (MBA/Master) degree, an HBO degree, another University (different from WU) 

degree,, or another field in WU degree (see Appendix 2.1.). In order to compute Mincer 

estimatess a correspondence had to be made between the educational levels and the 

associatedd number of years needed to complete those years. We assumed that individuals 

neededd the minimum required years of schooling to complete their degrees and that they did 

nott attend further years of schooling. The actual years spent by the individual for completing 

thee degree are not reported but since the educational degrees before and after WU are 

known,, a variable for the total years of education was constructed as the sum of all years 

minimallyy spent in school. 

Wee compared the required schooling, as specified by the employer, with workers' 

reportss on completed schooling to generate measures of surplus or deficit education for each 

individual.. Required/Over/Under education dummies indicate that an individual has 

exact/more/lesss schooling compared to the employer's requirements (see Appendix 2.1.). A 

similarr comparison between the worker's field of study and the field of study required by 

employerr generates a dummy for matching by field (see Appendix 2.1.). 

Experiencee on the labor market is the potential experience as proxied by age minus 

estimatedd age when leaving education and number of jobs held since graduation (see 

Appendixx 2.1.). 

Thee earnings are reported as gross monthly earnings, including workers' share in 

sociall security premiums. The earnings are converted in gross hourly wages by apportioning 

monthlyy earnings into the weekly equivalents and dividing through by the average weekly 

hourss worked. The gross salary reported by the graduates of this sample is reported in the 

formerr Dutch currency, gulden, or NLG (NLG was short for "gulden", the Dutch currency 

beforee the introduction of the single European currency, the Euro). 

Inn order to rank the jobs of the workers in the sample, each job was analyzed for its 

degreee of complexity and the result indicated the required level of intellectual ability and 

knowledgee generally required for obtaining the standard proficiency for the job. The 

distinctionn of occupation in classes is based on the ARBI scale, created by "The Dutch 

Departmentt of Labor". ARBI is based on the American Dictionary of Occupational Titles, 

developingg a 7-point scale for occupational intervals. The different occupations are classified 

accordingg to the following schedule: 

 Level 1: Very simple work requiring no consultation and where proficiency is attained 

inn a few days of experience. 

 Level 2: Simple labor, requiring some understanding and consultation, which can be 

performedd after a few weeks of experience. . 
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 Level 3: Somewhat complex labor, requiring understanding and consultation and a 

feww months of experience. 

 Level 4: Fairly complex labor, requiring consultations, initiative, substantial 

experience,, and perhaps some theoretical knowledge. 

 Level 5: Complex labor, requiring explicit ability, a large amount of experience, and 

theoreticall knowledge. 

 Level 6: Very complex labor, requiring explicit ability, intermediate theoretical 

schooling,, and experience 

 Level 7: Applied work or work on scientific basis. 

Sincee all the respondents are university graduates, they work in high job levels so according 

too ARBI they occupy job levels 4, 5, 6 and 7. 

Otherr independent variables in the wage equation include age, dummies for fields of 

study,, gender, size of the employer's firm, child at home, full time job, missing observation for 

matchingg by field (see Appendix 2.1.). 

Wee may conclude by noting that this data set has several special features. All 

observationss relate to graduates of one university with a narrow, specialized profile 

(agriculture),, we have detailed observation on education before and after graduating from 

thiss university and by field of study, and we have observation of job requirements as set by 

employers.. Variables that can be used as instruments for schooling variables (IQ, parents' 

educationn and occupation, location of the house during childhood) were not available. 

2.3.. Overeducatio n 

Threee main alternative measures have been used to estimate the degree of Over-education: 

(i)) Systematic job evaluation (job analysis), which states the level of qualifications 

requiredd for performing a particular job. This is referred to as an objective 

measuree though it is better regarded as an objective measure based on subjective 

values.. It ignores the possibility that there may be a distribution of educational 

levelss suitable for performing different tasks within a broad occupation and may 

becomee inappropiate over time as the nature of a job alters, 

(ii)) Worker self-assessment (subjective measure), based on questions such as "How 

muchh education is required to get a job like yours?". Workers may give biased 
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estimates,, upward if they want to feel important, downward if they are cynical or 

disappointed, , 

(iii)) Realized matches (empirical method), commonly implemented as "mismatch" 

whenn the level of education is more than one standard deviation above or below 

thee mean3. This measure cannot be compared with the above measures as it 

ignoress minor differences between actual and mean education. 

Inn both measures (i) and (ii) reference is made to the level of education rather than the type 

off education. Thus a worker may still be mismatched if the level of education is appropriate 

butt its type is inappropriate, such as a humanities graduate being hired as a lawyer. Van der 

Veldenn and van Smoorenberg (2000) favor measure (ii) on the grounds that job evaluation 

methodd systematically over-estimates the level of Over-education, while Hartog and 

Oosterbeekk (1988) suggest that worker assessment may lead to an upward bias. 

Feww authors compared the results of using different measures of Over-education. 

Battu,, Belfield and Sloane (2000), using data from two cohorts of UK graduates, found that 

thee scale of Over-education varies with the measurement techniques. However the effects of 

Over-educationn as measured in the three cases on earnings and job satisfaction are similar, 

despitee the fact that each measure identifies different individuals as being Over-educated. 

Hartogg (2000) draws the same conclusion: the qualitative results are not sensitive to the 

measuree of Over/Under education that is used. However, for Holland Groot and Maassen 

vann den Brink (2000) found that the estimated rates of return vary markedly among the three 

definitions.. Thus, the precision of mismatching measures is somewhat suspect and any 

resultss from such studies should be treatedd with a degree of caution. 

Thee criterion for the present classification is based on level of education requested by 

thee employer. As far as we know this is the first time that the employer's definition of required 

educationn was used. In our data set the employer states the level of education required for 

thee offered job. If a person has received more education than the employer requires for the 

jobb he is classified as Over-educated. Alternatively if the person has received less education 

thann the employer requires he is classified as Under-educated. Since our sample consists 

33 Given asymmetry between over and under education it seems more approapiate to use the modal 

ratherr than the mean measure of education. This also has the advantage of being less sensitive to 

outlierss or technological change. Such measure was used among others by Oliviera, Santos and Kiker 

(2000)) and they noted that in some occupations the number of workers may be so small or the 

dispersionn of actual qualifications so wide that any measure of central location is likely to be unreliable. 

Thus,, as a rule of thumb they limit their analysis to cases where the modal number of years of 

educationn is shared by at least 60% of the workers in that occupation. 
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onlyy of university graduates, any employer who requires less than an academic level for the 

offeredd job, will pose the worker in an over-qualified position. Only the individuals who are 

requiredd to have a Ph.D. degree and do not have such a degree are Under-educated. In 60% 

off the cases presented in the sample there is proper match between the acquired level of 

educationn and the level of education the employer asks for the job. Again, we have to be 

cautious,, as employers may have many motives for specifying a particular required level of 

education.. For example, if there is credentialism, firms may specify a higher level of 

educationn to obtain the job than is required to perform it adequately, thereby leading to skill 

under-utilization. . 

Tablee 2.1. PERCENTAGE DISTRIBUTION OF OVER-, REQUIRED- AND UNDER-

EDUCATIONN BY YEARS OF POTENTIAL EXPERIENCE 

Males s 

Yearss of Potentia l 

Experienc e e 

Over-Educate d d 

Required-Educate d d 

Under-Educate d d 

Total l 

Females s Over-Educate d d 

Required-Educate d d 

Under-Educate d d 

Total l 

0-55 6-10 11-20 21-25 26-30 30+ 

41.077 33.57 25.20 12.03 2.38 13.15 

55.199 59.48 61.65 72.23 81.02 63.22 

3.744 6.95 13.15 15.75 16.06 23.63 

4333 416 365 108 84 38 

41.233 35.26 20.90 15.38 11.11 0.00 

58.133 56.26 70.53 76.93 55.59 100.00 

0.644 8.48 8.57 7.69 33.30 0.00 

2344 224 105 13 9 2 

Tablee 2.1. provides information on the distribution of Over, Required and Under 

educatedd individuals by the years of potential experience. One observation is that 42 percent 

pointss of the unexperienced males (0-5 years of potential experience) and 42 percent points 

off the unexperienced females (0-5 years of potential experience) are Over-educated. For 

bothh men and women with less than 20 years of experience the percentage of Over-

educatedd workers is higher than the percentage of Under-educated workers. Furthermore, 

thee percentage of Under-schooled male workers is often higher than the percentage of 

Under-schooledd female workers in the same experience category. If Over-education were a 

transitoryy stage, diminishing during a career as workers search for high level, well paid jobs, 

wee would expect that workers with the least work experience should have the highest 

prevalencee of surplus education and workers with the most experience should have the 
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highestt prevalence of deficit education. This is indeed what we find, taking into account that 

somee columns contain very few observations, and percentages are estimated with little 

precision.. In that sense, our matching measure based on stated employers qualifications 

producess the same regularities as the other measures. 

Wee have analyzed the determinants of Over- and Under- education to the extent that 

ourr data allow so. In order to account for the ordered nature of the matching in the 

educationall level, an ordered probit specification was estimated. There are three possible 

casess of matching in the educational level: "Under-education", "Required-education" and 

"Over-education".. The ordered response model structures educational mismatches through 

thee use of a latent variable edt and interval boundaries af. individual i is observed in case/ 

{/=00 for Under-education, y=1 for Required-education and y'=2 for Over-education) if 

aa._,._, < edi < a with a0 = -oo, a3 = +00 . The latent variable e<̂  is assumed to depend linearly on 

aa vector of explanatory variables Xt: 

ed^Xfied^Xfi + Vi 

wheree v, are the error terms, normally and i.i.d. distributed N(0,1). The model implies that an 

individual'ss probability distribution Over educational (mis)matches is determined from the 

areass in successive segments of the standard normal distribution. Individual' s differences in 

thee values of X shift the entire distribution across fixed interval boundaries. To estimate the 

parameterss of this model, the probability that individual / is found in the educational-match j, 

PyPy , is equal to: 

P^^a.-X^-^a^-X.blP^^a.-X^-^a^-X.bl j = 1,2,3 (2.1.) 

wheree ) represents the cumulative standard normal distribution function. The model can 

bee estimated through the method of maximum likelihood, using explicit expressions for the 

first-- and second-order conditions on the likelihood function derived from (2.1.). To explain 

educationall mismatches in the current job as of September 1996, educational variables were 

used,, along with experience variables, some market characteristics and also some personal 

characteristics. . 
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Tablee 2.2. PROBIT ESTIMATION: MATCH IN THE LEVEL OF EDUCATION 

Variabl e e 

ai i 

a2 2 

Educatio nn (tota l years spen t in school ) 

Experienc ee on thee Labo r Market 

Potentiall Experience 

Nrr of Jobs 

Markett  Variable s 

Jobb Level 

Employer'' s firm size>500 (omitted) 

Employer'' s firm size<100 

100<== Employer' s firm size<500 

Matchingg by Field 

Permanentt Job 

Otherr  Variable s 

Female e 

Child d 

Missin gg Observation s 

Matchingg by Field 

Logg likelihood 

Numberr of Observations 

Coefficien tt  (t-vaiues ) 

-1.1355 (-0.33) 

2.0544 (5.13**) 

0.1722 (8.31") 

-0.0344 (-9.97") 

-0.0100 (-0.67) 

-1.3544 (-8.57") 

0.4611 (8.30**) 

0.409(7.16") ) 

0.2744 (5.72") 

-0.2688 (-2.19**) 

0.1422 (2.57") 

0.026(0.51) ) 

-0.0355 (-0.25) 

-2459.453 3 

2940 0 

'significantt at 10%, * 'significant at 5% (two-tailed test). 

Thee estimation results are given in Table 2.2. On top are the interval boundaries. 

Moree years spent in school increases the chances to be Over-educated. Mincer noted that 

humann capital not only consists of the investments in formal education, but also in on-the-job 

training,, if one kind of human capital can be substituted by another kind of human capital we 

cann expect that the employees with little experience are more likely to be Over-educated than 

thee employees with ample experience (as Table 2.1. indicates). This is indeed what we find. 

Jobb level reduces the probability of being Over-educated. In high-level jobs it is expected that 

itt is more difficult to be Over-educated as there are simply fewer job levels above any 

requiredd level of education. In larger firms (more than 500 workers) there is smaller chance of 

beingg Over-educated. Match by field within the current job has a positive effect on the 
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probabilityy of Over-education. Apparently, moving out to another field is an option to evade 

Over-education,, or skill under-utilization. Persons working in temporary jobs do not gather as 

muchh human capital as people working in permanent jobs. In principle temporary workers 

spendd fewer hours per year on the job than permanent workers, so temporary workers have 

lesss experience and therefore less human capital. To qualify for the same jobs as permanent 

workers,, temporary workers need to compensate the lack of experience by attained 

educationn and therefore they are more likely to be Over-educated than permanent workers. 

Althoughh we expect that family commitments may result in Over-education, i.e. individuals 

withh children should be more likely to accept inadequate jobs because they lack experience 

andd time, having children at home apparently does not affect the Over-education. But indeed, 

womenn are more likely to be Over-educated. 

Wee have also studied the allocation of individuals to job levels. In Table 2.3., the 

samplee of 2940 individuals is cross-tabulated by the highest level of education attained and 

byy the job level. Each column contains the percentage of people working in different job 

levelss but with the same educational level. 

Tablee 2.3. JOB LEVEL3 BY EDUCATION IN PERCENTAGES 

Highes t t 

levell  of 

educatio n n 

Jobb Level 

Total l 

4 4 

5 5 

6 6 

7 7 

PostWU : : 

Nothin g g 

3.34 4 

27.03 3 

51.05 5 

18.58 8 

2748 8 

PostWU : : 

HBO O 

0.00 0 

12.50 0 

87.50 0 

0.00 0 

16 6 

Postt  WU: 

Anothe r r 

Univ .. or 

Anothe r r 

Fieldd in WU 

0.00 0 

23.07 7 

46.15 5 

30.78 8 

13 3 

PostWU : : 

Shor t t 

Graduat e e 

Program e e 

(Master/MBA ) ) 

3.57 7 

14.28 8 

71.42 2 

10.73 3 

28 8 

PostWU : : 

Ph.D. . 

1.45 5 

13.86 6 

56.93 3 

27.76 6 

137 7 

jobb level ranked according to ARBI-scale 

Tablee 2.3. illustrates one of the features of the present data set. Individuals differing in 

capabilitiess (expressed as level of education) are to be matched with jobs that differ in the 

levell of complexity of the activities to be performed. Additional education after WU tends to 
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raisee the job levels occupied after graduation. There is an association between education 

levell and job level, but it is not perfect. A given level of education certainly does not match up 

onee to one with a particular job level. However the evidence of a dispersion of individuals 

withh given education across job levels cannot be taken as a proof of a general inefficiency. 

Thiss requires more information on the effects of allocation. The majority of workers have not 

undertakenn additional education after finishing WU and the most "frequent" job level is job 

levell 6. 

Forr a formal analysis of allocation, the nature of measurement of job difficulty as a 

numberr of ranked intervals will be respected by again employing an ordered response model. 

Thee ordered response model (cf. e. g. Maddala, 1983) structures allocation to job levels. The 

allocationn on the labor market is explained by schooling variables, experience variables, 

somee market characteristics and also some personal characteristics. 

Thee estimation results are presented in Table 2.4. On the top are the interval 

boundaries.. Many independent variables have a significant effect on the job level distribution. 

Wee use the degrees of education as a measure of educational attainment. The short post-

graduatee programs provide the only notable, positive and significant, effect on job level. 

Thus,, job level attainment is independent of education prior to university. Apparently the 

threee different routes are not associated with differences in individual qualities and abilities 

thatt pay off in terms of job level. Additional schooling after university, except for short 

graduatee programs, also is without effect. This can be understood from the short graduates 

programss generating extra qualifications, whereas the other qualifications are more likely to 

reflectt switches based on preferences or dissatisfactions after graduating in the first line of 

choice.. Experience on-the-job (both "Potential Experience" and "Number of Jobs"), increases 

thee probability of getting a higher ranked job. This reflects effects of search processes and 

usuall career developments. It may also be that it measures the experience in other job-

relatedd aspects and walks of life. In many award systems seniority plays a very important role 

sincee it may capture elements of worker' s personality, such as maturity, that are valued by 

thee employer. 
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Tablee 2.4. ORDERED RESPONSE MODEL: JOB LEVEL ALLOCATIO N 

Variabl e e 

Ci i 

c2 2 

c3 3 

Educatio n n 

Priorr to WU: Unspecified (omitted) 

Priorr to University: HBO 

Priorr to University: HAO 

Priorr to University: VWO 

Postt University: Ph.D. (omitted) 

Postt University: Short Graduate Programs 

(Master/MBA) ) 

Postt University: University 

Postt University: HBO 

Postt University: -

Experienc ee on the Labo r Market 

Potentiall Experience 

Nrr of Jobs 

Markett  and fir m effect s 

Required-Educationn (omitted) 

Under-Education n 

Over-Education n 

Employer'' s firm size >500 (omitted) 

Employer'' s firm size <100 

100<== Employer' s firm size<500 

Permanentt Job 

Matchingg by Field 

Otherr  variable s 

Childd at Home 

Female e 

Numberr of Observations 

Coefficien tt  (t-statistic ) 

0.6144 (0.93) 

2.082(3.15") ) 

3.7677 (5.68**) 

0.0033 (0.02) 

0.0011 (0.19) 

0.0555 (0.80) 

0.132(1.75') ) 

0.089(0.31) ) 

0.0566 (0.45) 

0.0222 (0.77) 

0.0366 (10.86**) 

0.0933 (6.55**) 

0.7033 (7.79**) 

-0.3488 (-7.41**) 

0.1811 (3.52**) 

0.098(1.84*) ) 

0.195(3.88") ) 

0.060(1.35) ) 

0.1400 (2.90**) 

0.0200 (0.40) 

2940 0 

significantt at 10%, " significant at 5% (two-tailed test). 
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Under-educationn has the expected positive sign, and Over-education the expected 

negativee sign. Both of them are highly significant. These results indicate that if an employer 

callss you Under-educated you are more likely to hold a high-level job, and conversely for 

beingg Over-educated. The distribution of the job levels is independent of "Matching by field of 

study"" and gender. The size of the firm is important in the scheme of getting a high ranked 

jobb level. However, the chances to get a higher job diminish with the size of the firm. The 

workerss with permanent jobs are more likely to be found in high ranked jobs. Having a child 

helpss in job hierarchy. This is unexpected but may very well be due to selectivity. 

Wee can conclude that, except for the educational degrees, matching by field of 

educationn and gender, all the variables used stand out and influence the job level. The 

irrelevancee of pre-university education and the matching by field are novel and interesting 

results. . 

2.4.. The Pay Impac t of Education , Mismatche s in Educatio n 

andd Job Allocatio n 

Itt is by now well known (Hartog, 2000) that a comprehensive analysis of wage determination 

requiress inclusion in a wage equation not only of the actual level of schooling completed by 

thee worker, but also the extent of the mismatch (Over or Under-education) between the 

actuall level of school attained and the required or adequate level of schooling associated 

withh his occupation. The Over-education literature encompasses earnings that are functions 

off both worker and job characteristics. Thus Mincer and Thurow models are put together in a 

moree general equation, usually referred to as ORU model: 

\nw\nw = Prs
r+/3os° + 0us"+pX + £ 

wheree lnw are the log earnings, and the actual educational qualifications (s) are 

decomposedd into required (sr), surplus  and deficit (su) qualifications in relation to those 

necessaryy to do the job. The human capital specification implies that fir = fis = -/3U and the 

jobb competition specification that ps - fiu = 0. The hypothesis of earnings equations 

restrictedd to the human capital and job competition models can be tested with an F-test on 

thee residual sum squares. Such tests have been conducted on Dutch data {Hartog 1988, and 
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Hartogg and Oosterbeek 1988), and by Sloane, Battu and Seaman (1999) on British data. In 

eachh case it was found that the job assignment model outperformed both the standard 

humann capital and job competition models. Sicherman (1991) and Hartog (2000) conclude 

thatt there are two stylized facts relating to the earnings of Over-educated and Under-

educatedd workers. The first is that earnings of Over-educated workers are less than the 

earningss of those with the same level of education as themselves but who are in jobs with the 

requiredd level of education, but more than those in their current occupation with the required 

levell of education. The second stylized fact is that the earnings of the Under-educated 

workerss are more than the earnings of those with the same level of education in a matching 

job,, but less than the earnings of their coworkers who have the required but higher level of 

education.. One explanation for these stylized facts relates to the internal labor markets. 

Workerss may be initially hired for jobs below their educational capabilities with the 

expectationn of internal promotion. This has been studied for the US where seniority is 

particularlyy important, by Hersch (1993) and for the Netherlands by Dekker, de Grip and 

Heijkee (2002). Another possibility is that formal education is a substitute for other forms of 

humann capital investment. However that Over-, Under- education may be a substitute for 

experience,, tenure or job training does not necessarily lead to the stylized facts referred to 

above.. A third possibility is that Over-educated workers are of inferior quality than matched 

employeess with the same qualifications, but again it is not clear why such workers should 

attractt a wage premium. Recently Bulman and Krakel (2000) have offered a novel 

explanation.. Employers hire Over-educated workers as an insurance against breakdown of 

thee production process as such workers are capable of improvisation. 

Thiss section focuses on the relationship between Over-education and wages. One of 

thee key questions of this literature is whether the Over-educated earn less than their peers 

whoo have jobs commensurate with their education. Groot and Maassen van den Brink in their 

meta-analysiss summarize 25 studies presenting unweighted average rates of return of 5.5% 

forr attained years of education, 7.8% for Required years of education, 3.0% for years of 

Over-educationn and -1.5% for years of Under-education, confirming Sicherman's stylized 

factss and suggesting a real impact on pay. While they find no tendency for Over-education to 

increasee or decrease over time, they suggest that Over-education has increasingly been 

concentratedd among lower ability workers for whom the payoff to one year of education is 

low.. Likewise Conn and Ng (2000) find for Hong Kong that the wage benefits of Over-

educationn decline as one gains experience on the labor market. This is consistent with the 
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existencee of the sheepskins effects4. They are based on the hypothesis that education serves 

ass a credential which signals high innate ability, with the expectation that returns decline as 

workerss gain increased experience and employers become better informed about the actual 

productivityy of the worker. The returns to education for Over-educated may vary according to 

theirr ability and skills5. Wage effects are unlikely to be constant over all levels of education6. 

Mostt of the studies have been cross-section in nature and it is possible that the estimates are 

biasedd as a result of unobserved heterogeneity. Bauer (2002) has used panel data, which 

enabledd him to control for innate ability. He was able to replicate earlier findings when using 

thee standard OLS estimation. The results changed dramatically when using panel estimation 

techniques.. As we have no panel observations, we cannot replicate his approach. 

Too test for the relevance of supply and demand structure we run earnings regression 

equationss explaining earnings from allocations to job levels, dummies for educational 

degrees,, fields of study and matching in education, experience on the labor market and its 

square,, personal, market and firm characteristics. Inter-gender and inter-job differences are 

studiedd as well. 

Thee Mincer equation which relates the logarithm of hourly earnings to years of 

schooling,, years of work experience and years of work experience squared is one of the 

mostt commonly estimated relationships in labor economics. Table 2.5. presents the 

coefficientss from standard Mincerian earnings equations for males and females. The 

dependentt variable in both cases is the natural logarithm of the gross hourly wage. We 

considerr the full sample, gender separated. The independent variables are the total number 

off years of education completed, potential experience (calculated as age-years of 

education-6)) and potential experience squared. The average rate of return to one extra year 

44 Evidence consistent with the presence of sheepskin effects have been found, among others, by 

Dennyy and Harman (2001). 
55 Thus, Allan and van der Velden find that skill under-utilization reduces earnings by six percent, when 

overr and under education are excluded and 3.2% when they are included. Battu, Belfield and Sloane 

(1999)) find that class of degree had a significant role on graduate earnings, with a first class degree 

havingg a premium of 8-13% over the lower-second class honors. 
66 Vahey (2000) finds for Canada that over-educated males only receive a wage premium when the 

requiredd level of education is a first degree. For under-educated males a wage penalty only applies at 

lowerr required levels of education. For women, over and under education have no impact on earnings. 

Inn one of the few studies including an occupation specific model Verdugo and Verdugo (1989) find that 

thee earnings of over, adequately and under educated do vary substantially by broad occupational 

group. . 
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off education for the males is around 6% and for the females is around 6.5%. The male 

estimatess are smaller than the female estimates. This result is in line with the average 

returnss to education of 7.3% for males and 8.1% for females as presented by the PURE 

partners7.. Log-earnings in relation to experience have the usual inverse U shape8. Finally the 

factt that the value of intercept is higher for females indicates that an individual with no 

schoolingg and potential experience would earn more if she is female. 

Tablee 2.5. MINCER MODEL FOR GROSS HOURLY WAGES 

Variabl e e 

Constant t 

Education n 

Experiencee (potential) 

Experiencee Squared/100 

Adjusted-R2 2 

Numberr of Observations 

Males s 

1.862(11.40") ) 

0.0588 (6.28") 

0.077(18.69") ) 

-0.1100 (-9.80") 

0.391 1 

1985 5 

Females s 

2.6766 (7.01") 

0.0633 (4.62") 

0.105(15.69") ) 

-0.1844 (-8.39") 

0.401 1 

955 5 

t-statisticss in parenthesis; "significant at 5% (two-tailed test). 

Accordingg to the conventional wisdom especially women have a choice to work and 

thuss whether we observe their wages in our data or not. This decision is not made randomly 

butt is typically linked to certain characteristics. Thus, women who would be facing low wages 

inn the labor market may be unlikely to work. Consequently, the sample of observed wages is 

biasedd upward. However we only have data on women who work. Therefore we cannot 

checkk the presence of any selectivity bias. However, we can check the presence of 

selectivityy bias for full-time working females. The results are reported in Table 2.6. The 

selectionn equation includes years of schooling, field of study, experience and personal 

characteristicss as gender and child at home. The term lambda is a proxy for the probability of 

workingg full time. Lambda is not significantly different from zero9. In conclusion, the selectivity 

77 The main objective of PURE (Public Funding and Private Returns to Education) was to estimate 

privatee returns to education evaluating the relationship between wages and education across fifteen 

Europeann countries. 
88 Human Capital Theory explains the concavity of the earnings profiles in terms of on-the-job training. 

Earnings,, low at first because of training investments, rise quickly as more skills are acquired. When 

thee experience increases the returns first rise and subsequently fall. 
99 Common sense leads us expect the coefficient of this regressor to be positive, since unobservable 

factors,, such as ambition, intelligence, etc., which lead a person get a full-time job, will also increase 
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biass is not present in the data. Hence it is expected that on average the gross hourly wages 

forr full-time female workers are close to average gross hourly wage of similar part-time 

femalee workers. Throughout the literature it is assumed that selectivity bias is not a 

substantiall problem for men. 

Tablee 2.6. SELECTIVITY BIAS FOR FULL TIME FEMALE WORKERS 

Variabl e e 

Constant t 

Education n 

Experiencee (Actual) 

Experiencee Squared/100 

Lambda a 

Numberr of Observations 

OLS S 

2.5711 (11.50") 

0.0233 (1.79') 

0.119(18.35") ) 

-0.2777 (-9.52") 

955 5 

2-stepp Heekman 

2.340(11.68") ) 

0.0322 (2.70**) 

0.104(15.45") ) 

-0.2444 (-8.27**) 

0.055(1.53) ) 

597 7 

t-statisticss in parenthesis; 'significant at 10%, "significant at 5% (two-tailed test). 

Iff the analysis is placed in the Assignment Theory framework, job level will be 

includedd among the independent variables. The estimation by OLS will yield unbiased 

estimatess of the returns only if all explanatory variables are exogenous. One of the 

explanatoryy variables in the model is the job level. Employers try to optimize the type of 

workerss for their job offer and individuals try to optimize the type of job given their abilities. If 

workerss choose the level of their jobs, the job level should be treated as an endogenous 

variable.. In order to deal with potential bias from this endogeneity, instrumental variables 

techniquess will be used. This technique yields the earnings function purged of selectivity. In 

thee first stage an ordered response model is used to obtain predicted probabilities of 

participatingg in one of the four job levels. The variables used to predict the job levels are the 

humann capital variables (educational degrees and experience), market and firm variables 

(sizee of the firm, temporary employment, full-time employment, matching by field and level of 

education)) and personal characteristics (gender, age and dummy for child at home). The 

predictedd probabilities for each job level are used as instruments for job level in the earnings 

functionn estimation in the subsequent modeling stage. What we call "Job Level" is the 

predictedd probability that an individual with some characteristics works in a certain job level. 

"Jobb Level" is one of the independent variables of the earnings function together with 

thee probability that the person is highly-productive (earns high wage). In our case, although it is not 

significant,, the sign of the coefficient is the expected one. 
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Tablee 2.7. 2SLS ESTIMATION OF THE EARNINGS FUNCTION 

Variabl e e 

Intercept t 

Educatio n n 

Priorr to WU: Unspecified (ommited) 

Priorr to University: HBO 

Priorr to University: HAO 

Priorr to University: VWO 

Postt University: Ph.D. (ommited) 

Postt University: Short Graduate 

Postt University: University 

Postt University: HBO 

Postt University: -

Experienc ee on the Labo r Market 

Potentiall Experience 

Potentiall Experience Squared/100 

Nrr of Jobs 

Markett  Variable s 

Jobb Level 

Requiredd Education (ommited) 

Over-Education n 

Under-Education n 

Employer'' s firm size >500 (ommited) 

Employer'' s firm size <100 

100<== Employer' s firm size<500 

Matchingg by Field 

Permanentt Job 

Otherr  Variable s 

Childd at Home 

Female e 

Missin gg Observation s 

Matchingg by Field 

Hausmann t 

R* * 

Numberr of Observations 

Ful ll  Sampl e 

2.179(14.322 ) 

0.0500 (0.62) 

0.0366 (0.49) 

-0.0555 (-0.80) 

0.132(1.79*) ) 

0.0322 (0.25) 

0.0966 (0.83) 

0.0300 (0.79) 

0.0700 (15.80") 

-0.1322 (-9.51") 

0.0166 (2.98**) 

0.0755 (5.45**) 

-0.0311 (-1.70') 

-0.0199 (-0.59) 

0.0111 (0.55) 

-0.0011 (-0.05) 

0.0122 (0.76) 

0.132(6.38") ) 

0.0688 (3.39") 

0.0611 (3.12") 

-0.0699 (-1.50) 

1.0000 0 

(stt err=0.0065) 

0.451 1 

2940 0 

Males s 

2.186(11.988 ) 

0.015(0.21) ) 

0.0455 (0.76) 

0.0877 (0.65) 

0.105(1.82*) ) 

0.067(0.11) ) 

0.0999 (0.99) 

0.022(0.81) ) 

0.0666 (12.60**) 

-0.1177 (-7.34") 

0.019(2.90") ) 

0.067(4.17") ) 

-0.0544 (-2.41") 

-0.0122 (-0.33) 

-0.0155 (-0.61) 

-0.0211 (-0.88) 

0.010(0.52) ) 

0.1233 (4.82") 

0.026(1.12) ) 

-0.1311 (-2.13") 

1.0000 0 

(sterr=0.0017) ) 

0.454 4 

1985 5 

Females s 

2.2366 (8.68) 

0.012(0.11) ) 

0.0233 (0.90) 

0.0322 (0.33) 

0.078(1.71") ) 

0.0344 (0.09) 

0.0400 (0.23) 

0.0700 (0.05) 

0.0811 (8.99**) 

-0.176-0.176 (-5.18") 

0.0066 (0.58) 

0.0877 (3.19**) 

0.0200 (0.62) 

-0.0299 (-0.43) 

0.044(1.26) ) 

0.023(0.61) ) 

0.0277 (0.90) 

0.1311 (3.63") 

0.185(4.69**) ) 

0.0333 (0.48) 

1.0000 0 

(sterr=0.0031) ) 

0.465 5 

955 5 

t-statisticss in parenthesis; " significant at 5%,' significant at 10% (two-tailed test). Note: The twenty dummies for 

fieldss of study are also included in the regression. 
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Inn the first column we show the estimates of the earning functions for the full sample 

andd in the next columns, separately, the estimates for men and women in an attempt to 

ascertain,, for each gender separately, the response of earnings to the variables included. 

Thee wages are explained using the education (we include the dummy variables that 

describee the education before and after WU), the potential experience and its square, the 

numberr of jobs held, job level, fields of study attended in WU, market variables and some 

personall characteristics. We look at return to specific levels of education. The basic 

specificationn assumes that earnings are linear in education or that each year of education 

addss the same amount to earnings irrespective to the particular year. The linearity 

assumptionn in the Mincerian years-of-schooling specification is now dropped. This is 

particularlyy interesting given the recent discussion about heterogeneous returns for specific 

groupss (Card 1999). Moreover, for choice of schooling type returns to different levels of 

schoolingg (at the same level, say academic) are important by themselves. The estimates 

showw that Prior to WU education has no effect on wages. It may be that it does not provide 

usefull information on the real ability of the graduate. This matches the result found for 

allocationn to job level. But the most important and novel finding is that Post WU education 

(withh one exception) does not affect earnings either. The return to Short Graduate Programs 

iss the highest and the only statistically significant effect at a reasonable level. Obviously a 

Universityy with a very specific field, Agriculture in our case, will produce quite homogenous 

educatedd graduates. Apparently, school careers loose part their potential to explain the 

earningg differentials. As to job level, the implicit assumption that performing in jobs of higher 

levell always involves more effort implies that in equilibrium high-level jobs should yield higher 

wagess than lower jobs. An alternative specification was used by Tinbergen (1956) who 

assumedd that working in a job below one's capability level generates as much disutility as 

workingg above one's capability level. In our case the high level jobs raise earnings. The 

returnss to "Job Level" are higher for female employees than for male employees. We should 

alsoo note that wages are unrelated to field of study. In the regression we included all the 

dummiess for the agricultural fields of study during WU. The results are not included in the 

tablee for the sake of space. The rates of returns to all fields of study are statistically 

insignificantt for any reasonable power tests. Clear and strong sequences are found with 

respectt to the concave Experience /Earning profiles. Earnings-experience profiles differ by 

gender.. The profiles for males are rather steep compared to those of females, rising towards 

muchh higher earnings later in the career. This is an indication that men search for advancing 

inn their career (job level and earnings) till late in their labor life whereas women do not. 

"Numberr of jobs" positively influences the overall earnings and males earnings. In the full 
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samplee and for males sub-sample wages rise if the job is permanent whereas the missing 

dataa on "Matching by Field" decrease the earnings. Notably, there is a strong positive effect 

off having a child on women' s wages, almost nine times higher than the effect of a "child at 

home"" variable on men's wages. Checking the structure of our data set we see that females 

withh at least one child at home earn on average more than their male workers counterparts 

(seee Appendix 2.3.). This suggests a stronger selection effect for women. 

Thee specific data set we use allows us to differentiate between the worker's available 

capabilitiess and the job required capabilities. The effects of the mismatching in schooling 

levell expressed by Over/Required/Under education are also included. As we highlighted 

previouslyy we approach the issue of mismatching in education using a different method of 

measure:: we use the requirement stated by the employer (as described in Appendix 2.1.). 

Thee typical result found in the ORU literature so far, with respect to matching in schooling, is 

thatt the economic return to Over-education is positive but smaller than the return to adequate 

schooling.. In contrast, the return to Under-schooling is typically negative. Our results10 

deviatee from the standard ORU results, possibly because we have already included much 

detaill on education and job level, in particular for Over-education. The effect of Under-

education,, while insignificant, ties in with the generally small negative effect found in the 

literature.. The negative effect of Over-education is more deviant from standard results. Over-

educationn has only a positive effect for women, but is not significant for men, the effect is 

evenn significantly negative. This may be related to the detailed representation of education: 

thee post-university education may pick up the effects of Over-education. 

Comparisonn of the results for men and women separately, exposes notable 

differences.. To formally test for differences in parameters across sub-samples, a Chow test 

forr all the variables included is used. The F-statistic from Chow test is 2.11, significant at 1% 

acrosss the sub-samples of men and women separately. Therefore there is significant 

differencee among the return on the covariates for men and women. 

Evaluatingg the evidence so far, one may conclude that it makes sense to differentiate 

earningss both to individual's capabilities and to the requirements demanded of them in their 

job,, although the difference in acquired education has almost no effect. With this special 

measuree of mismatching in education we find results deviatory from the common ORU 

findings:: no premium for Over-education, on the contrary a rather large penalty for Over-

educationn relative to the returns on Required-education. Additional education (as degrees 

100 We estimated the regressions leaving out all the education details on prior and post WU education. 

Wee obtained positive, statistically significant effect of Over-education and smaller in absolute value, 

negative,, statistically insignificant effect of Under-education. 
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obtainedd after a university degree) has, with the exception of the Short Post Graduate 

degree,, zero effect on wages. The earnings profiles of the women who work are markedly 

differentt from that of men (probably because of selectivity but we are unable to correct for it). 

Fieldd of study has no effect on earnings. We also checked (without reporting here) earnings 

riskk as measured by residual earnings variation. It is highly similar across fields of study. 

Generally,, it seems, in this data set, field of study is fairly immaterial for earnings. 

Wee have also estimated earnings functions within job levels. However in this case it is 

possiblee that OLS regression will yield biased and inconsistent results because the 

assignmentt to job levels is selective and part of the wage determination process. In order to 

dealdeal with the potential selectivity problems we make use of Heekman' s two stage least 

squaree technique. These techniques yield consistent estimates. The selection equation has 

too be properly specified because the estimated coefficients of Heekman two-step method are 

veryvery sensitive to the specification. 

Wee specify an earnings function for each job level. Education, personal 

characteristicss (child at home, gender), variables related with the experience on the job 

markett (number of jobs and potential experience), as well as market variables (permanent 

job,, matching by field, firm size) are used in the probit selection equation to identify 

participationn in job level 4, 5, 6 or 7. 

Tablee 2.8. presents the earning functions estimated when controlling for selection bias 

withinn job level. The first column presents a rather standard earnings function, ignoring the 

jobb level effects altogether. The years of education positively influence the earnings and the 

experience/earningss profile is bell shaped. Also the "number of years" has the expected 

positivee sign on wages. The fact of being female positively influences the earnings. 

Uponn inspecting the results for the earnings functions separately by job level the first 

impressionn is that many variables keep their statistical significance level. Some of the 

significantt earnings contributions in the overall earnings function return within job levels. 

However,, many variables exhibit different magnitudes when they are compared to the overall 

model.. The earnings functions estimated by job level certainly do not show an easily to 

interprett pattern and some results are rather disturbing. Job level 4 has the weakest 

representation,, with less than 4% (95 observations) of the total sample. As a consequence 

wee have discarded the results from job level 4. Perhaps less than 100 observations are 

simplyy too few to bring out the relations that appear there. 
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Tabl ee 2.8. SENSITIVITY OF THE RETURNS TO EDUCATION WITHIN JOB LEVEL S 

Intercept t 

Educatio n n 

Al l l 

2.559(18.65") ) 

0.0244 (3.32™) 

Experienc ee on the Labo r Market 

Potential l 

Experience e 

Experience e 

squared/100 0 

Nrr of Jobs 

0.076(17.42") ) 

-0.142 2 

(-10.22**) ) 

0.019(3.45**) ) 

Markett  and Firm Variable s 

Employer'' s firm 

sizee <100 

100<== Employer' s 

firmm size<500 

Matchingg by Field 

PermanentPermanent Job 

Otherr  Variable s 

Childd at home 

Female e 

Missin gg Observation s 

Matchingg by Field 

X X 

0.0144 (0.75) 

-0.0022 (-0.13) 

0.0111 (0.67) 

0.129(6.25") ) 

0.0700 (3.44***) 

0.0611 (3.11") 

-0.0003 3 

(-0.01) ) 

5 5 

2.517(11.800 ) 

0.0444 (3.89") 

0.103(16.47**) ) 

-0.203 3 

(-8.79") ) 

0.0211 (2.30**) 

0.0822 (3.21**) 

0.039(1.53) ) 

0.0600 (2.40") 

0.189(7.37") ) 

0.137(4.10") ) 

0.0666 (2.29") 

-0.053 -0.053 

(-0.78) ) 

-0.338 8 

(-11.98") ) 

6 6 

2.7111 (11.18 ) 

0.0211 (1.75*) 

0.0588 (7.78**) 

-0.085 5 

(-3.47") ) 

0.0255 (2.74**) 

-0.0199 (-0.59) 

-0.026-0.026 (-0.77) 

-0.366 (-1.26) 

0.0888 (2.70") 

0.062(1.90") ) 

0.103(2.92") ) 

-0.174 4 

(-2.50") ) 

0.004 4 

(0.09) ) 

7 7 

3.9266 (14.93 ) 

-0.0022 (-0.19) 

0.038(5.61"*) ) 

-0.088 8 

(-4.66") ) 

0.0088 (0.88) 

-0.021 1 

(-0.72) ) 

0.0022 (0.09) 

-0.0044 (-0.13) 

0.159(3.64**) ) 

0.016(0.49*) ) 

0.0944 (2.30") 

0.160 0 

(2.27**) ) 

-0.406 6 

(-15.63") ) 

R55 0.446 

Observationss 2940 770 1520 515 

t-valuess in parenthesis; * significant at 10%, " significant at 5% (two-tailed test). 

Interceptss increase with job level. The negative coefficient of schooling in job level 7 

mayy be due to the strong negative selectivity effect. The 4.4% return to an extra year of 

educationn when an individual works in job level 5 halves in job level 6 and becomes 

statisticallyy insignificant in job level 7. Experience/earnings patterns suggest a well-behaved 

concave,, regular structure in all job levels. The return to number of jobs is constant at about 

2%% in job levels 5 and 6 and zero in job level 7. Matching by field is irrelevant in all the job 

levelss and child at home is irrelevant in job level 7. "Permanent Job" appears to have effects 
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thatt persist at virtually each and every job level. In all job levels (except for job level 7) the 

returnn to gender is positive. The effect of "child at home" decreases with job level. The 

correctionn term for selectivity bias in the earnings functions is significant in all but one job 

levell (job level 6). Hence, in the job levels 5 and 7, because the expected earnings are 

significantlyy affected by selectivity in unobservables, they are downward biased. As to the 

effectt of observables, a look at the results provides support for the hypothesis of 

Comparativee Advantage: earnings differentials between two different individuals are 

dependentt on the job level at which they work. If there would be no comparative advantage 

inn this sense, earnings may still depend on job level, but there would be no interaction with 

personall characteristics. Then the allocation is irrelevant for social efficiency {provided 

earningss reflect productivity differentials) as total earnings will be the same for all allocations. 

2.5.. Conclusion s 

Thiss chapter has the dual objective of analyzing the educational mismatches and the effects 

off education (educational mismatches) and job allocation on the wages for the graduates 

fromm an Agricultural University. In the process, an extended earnings equation, containing 

bothh supply and demand side parameters has been used. We only claim a modest position 

forr the model discussed, as it does not identify a full market structure. All we specify is a 

wagee function and an allocation function in a world where heterogeneity of the demand side 

cann be measured by job level and by employer's hiring standard. 

Usingg standard Mincerian earnings functions with potential experience on the labor 

markett no surprising result appeared: the rate of return to schooling for men is 5.8% and for 

womenn it is 6.3%. "Job level" possesses high levels of significance explaining variations in 

earningss which lends support to the hypothesis that "Job level" is an important variable in the 

structuree of earnings differentials and employers see in it an indicator of the capability to 

generatee commitment, effort and success. 

Inn almost all the specifications the dummy for female has positive and significant 

effectt on earnings, therefore there is no sexual discrimination in this sample. These unusual 

resultss may have something to do with the special sample. Fifty five percent of the females 

workk full time. So our female sample mostly consists of a special category, the "career" 

women,, who prefer to work full-time in order to earn higher wages and probably to have good 
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sociall position. However, we detected no selectivity bias for the full-time working females 

relativee to part-time female workers. 

Thee central result is that prior and post university education makes not much 

differencee in terms of wages. When returns to particular levels of education were examined it 

wass found that the great majority of the dummies for educational levels turned out to be 

statisticallyy insignificant. Prior to WU education makes no difference on future earnings: pre-

universityy ability, as measured by the type of school attended, has no impact on post WU 

wages.. The interpretation is that only WU counts, not how you got there. Post academic 

acquiredd skills are also not important predictors of wages as a subsequent labor market 

success.. Except for Short Graduate Degree, after WU graduation, post WU education is not 

relevant.. The fields of study do not generate differences in wages either. By including in the 

earningss function dummies for mismatches in education we find penalties of Over-education 

andd irrelevance of Under-education on wages. 

Ourr results do not support the common finding of the ORU literature. Under-education 

reducess earnings, but not significantly, Over-education does not significantly increase 

earnings;; the positive effect is insignificant for women, for men there is even a significant 

negativee effect. 
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2.6.. Appendice s to Chapte r 2 

Appendi xx  2.1. The Definitio n of the Variable s 

Schoolin gg Variables : 

Educationn Prior to WU: 

Priorr to WU: HBO Dummy variable that takes the value of 1 if prior to WU education 

wass HBO (Higher Vocational Education) and 0 otherwise. 

Priorr to WU: HAO Dummy variable that takes the value of 1 if prior to WU education 

wass HAO (Higher Vocational Education In Agriculture) and 0 

otherwise. . 

Priorr to WU: VWO Dummy variable that takes the value of 1 if prior to WU education 

waswas VWO (Pre-University Education) and 0 otherwise. 

Priorr to WU: Else Dummy variable that takes the value of 1 if prior to WU education 

waswas different from the specified above and 0 otherwise. 

Educationn Post WU: 

Postt WU: Ph.D. Dummy variable that takes the value of 1 if a Ph. D Program 

wass successfully completed after WU and 0 otherwise. 

Postt WU: Short Dummy variable that takes the value of 1 if a Short Graduate 

Graduatee Programs Program was successfully completed after WU and 0 otherwise. 

(Master/MBA) ) 

Postt WU: Another Dummy variable that takes the value of 1 if Post WU education 

Universityy consists of graduation of Another University (different from WU) 

andd 0 otherwise. 

Postt WU: HBO Dummy variable that takes the value of 1 if HBO courses were 

successfullyy completed after WU and 0 otherwise. 

Postt WU: Nothing Dummy variable that takes the value of 1 if the education ended 

withh WU graduation. 

Matchh by level/typ e of education : 

Required-educationn Indicates that an individual has the Required schooling as specified 

byy the employer. 

Over-educationn Indicates that an individual is Over-schooled as regarding the 

employerr requirements. 

Under-educationn Indicates that an individual is Under-schooled as regarding the 

employerr requirements. 
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Matchh by Field Dummy that signals when the field of study followed by the 

respondentt coincides with the field of study asked by the employer 

forr the job 

Experience : : 

Potentiall It is measured as the age minus six minus total number of years 

Experiencee spent in education (by assigning standard durations to educations) 

Numberr of Jobs The number of jobs held since graduation 

Sizee of the firm : 

Employer'ss firm size <100 Dummy variable that takes the value of 1 if the 

employer'ss firm has less than 100 workers, 0 otherwise. 

100<=Employer'ss firm size Dummy variable that takes the value of 1 if the firm has 

<5000 between 100 and 500 workers, 0 otherwise. 

Employer'ss firm size >500 Dummy variable that takes the value of 1 if the firm has 

moree than 500 workers, 0 otherwise. 

Otherr  variables : 

Permanentt Job Dummy that takes value of 1 if the current job is permanent and 0 

otherwise e 

Childd Dummy that takes value of 1 if the individual is a parent for at least one 

childd and 0 otherwise 

Femalee Dummy that takes value of 1 if the worker is Female and it takes value 

00 if Male 

Field ss of Stud y Dummies : 

Thee dummy set for each field of study {each dummy takes value 1 if the field of study is the 

specifiedd one, and 0 otherwise) provides information on the specialization obtained in the 

university.. There are 20 fields and 20 dummies attached to them. The fields are (in order 

fromm 1 to 20): 1. "Biology", 2. "Plants' Reproduction and Protection", 3. "Agriculture: Plant 

Culture",, 4. "Gardening", 5. "Zootechnics", 6. "Agricultural Systems", 7. "Forestry", 8. "Soil, 

water,, atmosphere", 9. "Agricultural Equipment", 10. "Tropical Areas Usage", 11. 

"Environmentt Hygiene", 12. "Food/Provision Technology", 13. "Nutrition and Health", 14. 

"Molecularr Biology", 15. "Biotechnology", 16."Economics in Agriculture and Environment", 

1/."Managementt and Consuming", 18. "Development of Rural Areas", 19. "Agrarian 

Sociology",, 20. "Management in tropical Area". 
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Appendi xx 2.2. Descriptiv e statistic s 

Variabl e e 

Grosss Hourly Wages 

Yearss of studies 

Yearss in Jobs 

Experiencee (potential) 

Age e 

Numberr of Jobs 

Mean n 

18.3 3 

16.5 5 

8.3 3 

9.3 3 

34.9 9 

2.8 8 

Std.. Dev. 

15.3 3 

1.1 1 

7.9 9 

6.8 8 

8.6 6 

1.7 7 

Min n 

0 0 

16 6 

0 0 

0 0 

23 3 

0 0 

Max x 

623.1 1 

22 2 

35 5 

38 8 

65 5 

14 4 

Numberr of Observations 2940 

Appendi xx 2.3. Wages for men and wome n with/withou t childre n 

Logg wages 

Womenn with at least one child (254 obs.) 

Womenn without children (701 obs.) 

Menn (all) (1985 obs.) 

Mean n 

3.8 8 

3.3 3 

3.5 5 

Std.. Dev. 

0.3 3 

0.5 5 

0.5 5 

Min n 

2.2 2 

-4.6 6 

-4.6 6 

Max x 

5.6 6 

5.1 1 

7.2 2 

Appendi xx 2.4. The Dutc h Educatio n Syste m 

Dutchh education consists of a two tracks system with a general (or academic) track and a 

vocationall track. The tracks are not completely separated however, and crossovers are 

possible.. The standard duration needed to obtain a higher vocational degree from the end of 

primaryy education varies from 7 to 9 years. For a university degree, the standard duration of 

post-primaryy education is 11 years, or 13 years in the case of medical degree. Although the 

differentt education types are difficult to compare, their respective durations (beyond 

elementaryy school) give some indication of standing and difficulty. Omitting the category of 

elementaryy education, the following six levels are distinguished (all educations are expressed 

ass highest education level attended): Extended Primary (a duration of 2 years after the 

elementaryy school), Lower Vocational (a duration of 3 years after the elementary school), 

Intermediatee Vocational (a duration of 4 years after the elementary school), Intermediate 

Generall (a duration of 5 years after the elementary school), Higher Vocational (a duration of 

99 years after the elementary school), University or more (a duration of 11 or more years after 

thee elementary school). 
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Variability ,, Varianc e and Risk in Return s to 

Educatio n n 

3.1.. Introductio n 

AA remarkable failure in the analysis of investment in human capital is the failure to account 

properlyy for risk. Theoretical and empirical analyses of investment in physical capital and in 

financiall portfolio's squarely focus on the risk properties of the alternatives. Just as investors 

inn physical and financial capital, an investor in human capital will not only be interested in the 

expectedd returns but also in the corresponding risk. In fact, the perceived risk of the 

investmentt may well be a dominant concern in the decision making process. Yet, the 

necessaryy theory is underdeveloped and the empirical analysis is virtually non-existent. 

Inn terms of ex ante risk, the first risk associated with human capital is that on 

educationall performance: how well will the individual do in school. This depends on abilities, 

onlyy partly known when entering school, on effort (which may also be imperfectly anticipated) 

andd on the match between curriculum and individual. With hurdles like final exams and 

thresholdss for passing on to the next class, an individual may not even finish the school she 
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entered.. All these factors may be summarized as uncertainty as to where in the educational 

performancee distribution the individual will end up. As performance in school is not the same 

ass performance in the labour market, the second source of risk is uncertainty about the 

relativee position in the post-school earnings distribution. A third source of risk is market risk. 

Thee value of an education, or associated occupation, may shift over time in response to 

changess in technology, product demand patterns or relative supply. 

Surprisinglyy little is known empirically about the dispersion in returns to education. 

Evenn though heterogeneity among individuals and hence in their returns has been stressed 

inn several contributions, such as Willis and Rosen (1979) and Card (1995), this has not led to 

aa focus on variations in returns to human capital investment. We search the empirical 

literaturee for information on the variation in rates of return. We collect results on variation 

acrosss individuals and across time and place, to get some feel for the universe from which 

returnss may be drawn. 

Evenn the most obvious indication of risk, the variance of earnings by level of 

education,, has not been systematically documented or analyzed. Yet, in their seminal 

contributionn on the effect of risk on investment in education, Levhari and Weiss (1974) give 

thiss relationship a very prominent status. They identify the effect of uncertainty on the 

marginall return to schooling as a crucial parameter to determine whether uncertainty has a 

positivee or a negative effect on investment, and note that the sign of the derivative can be 

determinedd from the response of the variance of earnings to the level of investment (o.c, p 

954).. Similarly, in Groot and Oosterbeek (1992) the same relation is vital for their predictions 

onn the effect of uncertainty on investment. The relationship between earnings variance and 

schoolingg thus not only has descriptive value, but also it has essential bearing on theoretical 

predictions.. Our second contribution in this chapter is to survey the accidental literature on 

thiss relation (usually it is only a byproduct, not the driving research question). In the next 

chapter,, we will present new estimates on residual earnings variance by level of education, 

ass we feel this is a clear and significant lacuna in the empirical literature. 

Finally,, we assess ex ante risk. We design a simulation model that mimics the 

situationn facing an individual about to decide on investment in education. The model is simply 

thee basic human capital investment model that compares two future earnings streams. In this 

wayy we augment information on average rates of return with information on its variance. For 

obviouss reasons, a simulation model is the only feasible approach: there simply exist no 

directt observations on variances in the rate of return. 

Exx post variability in returns is not the same as ex ante risk. Selectivity, extensively 

highlightedd in the recent literature, is an important cause of deviations. It's an interesting 
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questionn to what extent heterogeneity coincides with risk for the individual investor. If the 

individualss themselves are imperfectly informed on their abilities, future efforts, job 

opportunitiess etc, then heterogeneity comes close to ex ante risk. In general, observed 

residuall earnings variance is an unknown mixture of heterogeneity and risk. The distinction 

betweenn the two is actually not relevant for the structure of our simulation model, as it can 

accommodatee both foreseeable heterogeneity (variation between individuals) and risk. The 

distinctionn is mostly relevant when it comes to selecting the parameter values in the 

simulations.. We take key parameters from a survey of the empirical literature, without paying 

muchh attention to this distinction. Without digging deeply into the question, let us note simply 

thatt Webbink and Hartog (2001) found that freshman in university could not even predict their 

startingg salary four years ahead: the correlation between predicted and realized starting 

salaryy is 0.06. Hence, most of the ex post variance may very well reflect true ex ante 

ignorancee and hence risk for the individual. 

Thee remainder of this chapter is divided into four sections. In section 3.2., the 

literaturee for ex-post variation in returns is surveyed. In section 3.3., the ex-ante risk is 

assessedd by means of simulations. Section 3.4. collects some conclusions. Section 3.5 

explainss the procedure of simulation and the choice of the parameters. 

3.2.. The Literatur e on th e Ex-Pos t Variabilit y in Return s to 

Educatio n n 

3.2.1.. Earnings Dispersion by Education and Experience 

Earningss distributions by education can tell us whether schooling moves individuals to 

distributionss with different variances. If individuals cannot condition these distributions on 

variabless they know when considering entering an education, the distributions provide a 

crudee indication of differences in risk. One may differentiate by age or experience, to 

considerr different risk profiles over the career. One may either consider the distribution of 

earningss itself or consider residuals from an earnings function, conditioning on an imposed 

structuree of returns to schooling and age/experience. Some authors have analyzed the 

former,, some the latter and we will just report their outcomes. 
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Tablee 3.1. EARNINGS DISPERSION BY EDUCATION AND EXPERIENCE (age) 

Autho r r 

Becke r r 

Weiss s 

Harto g g 

Chen n 

Mince r r 

Doole yy & 

Gottschal k k 

Harto gg et 

al . . 

Polache k k 

Polache k k 

Belzi ll  & 

Hansen n 

Countr yy  and 

Sampl e e 

U.S.. college & 

high-school l 

U.S.. scientists 

Netherlands s 

U.S.. college & 

high-school l 

U.S. . 

U.S. . 

Netherlands s 

U.S. . 

LISS countries 

U.S. . 

Yearr  of the 

sampl e e 

1939,, 1949 

1972 2 

1962,, 1965, 1972 

1979-1998 8 

1960 0 

1968-1979 9 

1962,, 1965, 

1972,, 1979, 

1985,1989 9 

1980,1990 0 

1990 0 

1979 9 

Measur e e 

off  Incom e 

Variatio n n 

c.v. . 

c.v. . 

c.v. . 

c.v. . 

o(lny) ) 

a(lny) ) 

tr(lny) ) 

a(lny) ) 

a(lny) ) 

cr(lny) ) 

Educatio n n 

+ + 

--

n n 

+ + 

n.a. . 

--

+ + 

+ + 

0 0 

--

Experienc e e 

n.a. . 

u u 

+ + 

n.a. . 

0 0 

u u 

0 0 

u u 

u u 

n.a. . 

Notations:: Iny stands for log wages; c.v. stands for coefficient of variation; u stands for U shape; n stands for 

inversee U shape; +/- stands for positive /negative effect; 0 stands for no clear positive or negative effect; n.a. 

standss for not available. 

Ourr present limited survey reveals that there is no unequivocal pattern of earnings dispersion 

byy education level or by experience (Table 3.1.). There are very few robust "stylized facts", 

andd earnings variance apparently may increase, decrease or have no relation at all with 

educationn or experience. Clearly, there is scope for basic descriptive work to check the 

robustnesss of this conclusion; we present a contribution in Chapter 4. Differences in patterns 
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betweenn countries might point to very different effects of education systems, through 

differencess in school admission rules and curriculum structures (e.g. broad versus 

specializedd educations). 

3.2.2.. Variatio n in Mince r coefficient s acros s tim e and plac e 

Thee project PURE (Harmon, Walker and Westergaard-Nielsen 2001) generated private 

returnss to education across Europe from a standard Mincer earnings equation. Minimum 

ratess over the sample period varied between countries from 4.0 to 10.7 %, maximum rates 

betweenn 6.2 and 11.5 % (see Table 3.2.). Trostel, Walker and Woolley (2002) use data for 28 

countriess covering the period 1985-1995, from a common questionnaire applied in all 

countries.. Averaged over the 28 separate country estimates, the mean return is 5.8 % for 

men,, with an unweighted standard deviation of 3.5 %. For women, the mean return is 6.8 %, 

withh standard deviation of 3.9 %. 

Ashenfelterr et al (1999) performed a meta-analysis on 96 estimated returns obtained 

fromm 27 studies covering 9 countries. The mean return was 7.9 % with a standard deviation 

off 3.6. Regressing these returns on controls like region (within a country), time, ability, 

estimationn method, left an intercept of 3.0 % with a standard deviation of 1.6%. 

Repeatedd estimates of Mincer equations over time, within a country, can provide 

somee indication of the risk that is associated with shifting market value of schooling, as a 

consequencee of changes in supply and demand conditions. In Holland (Hartog et al. 1993) 

thee return to human capital has fallen steadily from 13% in 1962 to 7% in 1985 and then has 

risenn slightly until 1989. Dutch experience differs from that of US, UK and Australia where the 

returnn to human capital increased during the eighties. In the U.S., Welch (see Willis, 1991) 

foundd that the rate of return to college education stayed within a narrow range of 8 to 9 % 

fromm 1967 to 1981 and rose to little over 10.2 % in 1982. Heekman, Lochner and Todd (2003) 

findd a modest variation of Mincer returns for white men between 1940 and 1990 (between 

10.22 and 12.9 %); for black men, the variation is larger, with the return increasing from 8.7 % 

inn 1940 to 15.2 in 1990. 

Thee project PURE (o.c.) finds that in Austria and Sweden, the rates of return 

decreasedd by about three percent points, whereas in Denmark, the Netherlands, Portugal, 

UK,, Ireland and Italy returns are upward trended (Table 3.2.). The returns in Germany, 

France,, Norway, Finland, Spain, Switzerland and Greece indicate no obvious trend. 
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Tablee 3.2. VARIATION IN NATIONAL RATES OF RETURN OVER TIME 

Country y 

Austria a 

Sweden n 

Denmark k 

Ireland d 

Italy y 

Netherlands s 

Portugal l 

U.K. . 

Minimumm Rate of Return 

too years of schooling and 

thee corresponding year 

0.0744 (1997) 

0.040(1991) ) 

0.044(1982) ) 

0.097(1987) ) 

0.039(1981) ) 

0.058(1986) ) 

0.107(1982) ) 

0.049(1980) ) 

Trend d 

I I 

i i 

t t 

t t 

t t 

t t 

T T 

t t 

Maximumm Rate of Return to 

yearss of schooling and the 

correspondingg year 

0.103(1981) ) 

0.075(1968) ) 

0.0611 (1995) 

0.115(1995) ) 

0.0622 (1995) 

0.063(1996) ) 

0.109(1995) ) 

0.065(1995) ) 

Gap p 

0.029 9 

0.035 5 

0.017 7 

0.018 8 

0.023 3 

0.005 5 

0.002 2 

0.016 6 

Source:: PURE studies, Harmon, Walker and Westergaard-Nielsen (2001). 

3.2.3.. Variatio n in Mince r coefficient s acros s individual s 

Harmon,, Hogan and Walker (2003) treat the return to education on a sample of U.K data as 

aa random coefficient. They specify earnings for individual i as: 

wheree X is a vector of explanatory variables (including age) and r/ is the residual, with 

standardd deviation er. This is a heteroscedastic model, with error variance 

E [ ( ^^ + 7,-)2] = 0V+<r2 

Harmonn et al. find an estimated mean return of 4% for men and 7% for women, with 

dispersionss of 4% and 3.3%. 95% of the men have returns in the +/- 7.8% interval around the 
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mean,, 95% of the women are in the +/-6.5% interval around their mean1. Thus the dispersion 

iss large even after allowing for several observable individual characteristics. The results by 

Harmonn et al. for the UK and two studies they cite (for Finland and the USA) all have 

coefficientss of variation in the range 0.4 - 0.6. This exactly coincides with the values found by 

Ashenfelterr et al. (1999) when they allow for heterogeneous returns. 

Maier,, Pfeiffer and Pohlmeier (2004) estimate returns to education with the model of 

thee Average Treatment Effect for German men in 1999 allowing also for heterogeneity in the 

returns.. They find an average return for an additional year of schooling of 8.7%, with a 

quarterr of the men obtaining more than 15.6%, while the lowest decile obtains less than -9.1 

%.. The interquartile range is 16 points, from 0.7 to 15.6%. In a normal distribution, the 

interquartilee range covers 1.35 standard deviations, which would put its value at 16/1.35 = 

11.88 and the coefficient of variation at 11.8/8.7 = 1.36. However, the authors show that the 

distributionn is skewed to the right rather than symmetric, and the calculation of the return can 

onlyy be indicative. 

Pereiraa and Martins (2001) measure risk as the difference in returns between the 

ninthh and the first decile from a quantile regression estimation of the Mincer equation. Across 

166 countries the risk lies between -1.95% and 8.9%, at an average unweighted OLS return 

off 7.8 percent. Note that in a normal distribution, the difference between the value at P(90) 

andd P(10) would cover 2.56 standard deviations. The risk measure would then indicate a 

standardd deviation between 0.76 and 3.47 percent. 

3.2.4.. What have we learned ? 

Wee did not find robust stylized facts on the relation between earnings dispersion and 

educationn or experience (age). This suggests that the education systems in different 

countriess function quite differently in segmenting the labour force. If individuals cannot 

perfectlyy predict their position in post-school earnings distribution, this suggests that the risk 

inn educational investment varies across countries. 

Thee Mincerian rate of return in one country may easily be 2 to 3 times the returns in 

anotherr country; across countries, the coefficient of variation may be something like 0.5. 

11 One should not infer that many returns are negative: the earnings function allows for many 

interactionss between schooling and individual characteristics. The authors report negative returns for 

4.5%% of men and 1.7% of women. 
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Withinn countries, there is generally a fair amount of stability over several decades. The large 

changess in The Netherlands and for Black men in the U.S. seem exceptional. Over time, 

withinn countries the differences between the minimum and the maximum rate seem generally 

perhapss no more than a third of the minimum rate. 

Thee variation in rates of return across individuals may reflect heterogeneity and be 

knownn ex ante to the individuals themselves. If so, the variation is no measure of the risk 

facingg an individual. However, not much is known about the disentanglement of 

heterogeneityy and risk. A first contribution has been published recently by Heekman and al. 

(2003).. On differences in returns between individuals there is even less information. 

Availablee studies suggest a coefficient of variation between 0.4 and 0.6. 

3.3.. Assessin g ris k 

Wee will now mimic the position of an individual that has to decide whether to continue 

educationn or not, and assess ex ante risk of the investment as the dispersion in the rate of 

return.. We will develop a simulation model that faithfully follows the standard human capital 

model. . 

3.3.1.. Analytica l solution s 

Byy definition, the internal rate of return to education is the rate of discount, S, that equates the 

presentt values of lifetime earnings for two different educational levels, s0 and Su i. e., the 

interestt rate that solves the equation: 

°J>W('-*o)y*<* == ƒƒ(*„(/-*,)>-*« *  (3'1) 

Thee earnings functions are f(s0, (t-s0)) and f(s1t (t-Si)), with s0, Si years of schooling and 

withh t-s0, t-Si years of work experience. T0 and T-, are the durations of the working life after 

graduation.. Note that this is a quite general framework, though not without limitations. We 

comparee two investments, of different lengths, with a binding commitment up front. This 
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mightt apply to different types of education, possibly but not necessarily differing in length (e.g 

aa 3 year education in economics or a 4 year education in law). It can be reduced to the basic 

Mincerr model by setting so=0 and s t at the relevant value for a particular education (high 

school,, university), or at Si=1 to study marginal investments. But it excludes the option value 

off education (see Chapter 6). 

Wee start simply by computing the internal rate of return to Si rather than s0 years of 

schooling,, for an infinitely lived individual  with potential earnings functions that include 

independentt stochastic components u0~(0, a0
2), Ui~(0, ov2). We assume only one lifetime 

shock.. The amount of human capital produced in school is unknown when entering but 

revealedd at the predetermined time of leaving and then determines annual earnings for the 

restt of working life. The profiles differ in average returns to schooling years and to 

experience.. For the moment we ignore the usual quadratic term in experience. The internal 

ratee of return then follows from the equation: 

EE j ^ o W ' ^ o g * ^ - E jeA*i+/M'-'.>+".c-*«ft (3 2.) 

Workingg out equation (3.2.) we obtain: 

E(eE(euu°° )e(/h~&K = E(eu'  W ^ " ^ ' - (3.3) 

Iff £(e"0 )= E(eU{), we can rewrite equation (3.3.) as: 

s,~ss,~s00 8-fa v '  ; 

Equationn (3.4.) is a generalization of the Mincer specification. With equal means in shock 

exponentials,, identical experience profiles and with minimum level of education zero (s0=0), 

wee obtain 8=fa: the internal rate of return equals the coefficient in the earnings function. 

Generally,, in equation (3.4.), the internal rate of return is the return for selecting a longer 

educationn with a different reward per year of schooling and per year of experience. The latter 

featuree is routinely neglected. If higher education brings more earnings growth this boosts the 
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returnss to education2. Note that p\ measures the average return per school year for s7 years 

off schooling and fi, measures the average return per school year for s0 years of schooling. In 

empiricall earnings functions with dummies for different levels of education, average returns 

forr longer educations are often lower than for shorter education. This depresses the internal 

ratee of return 5. 

Equationn (3.4.) has to be solved numerically for S. If s0=0 or Pi=p3, £will be given by 

thee transcendent equation: 

5-P5-P2 2 

o-po-pA A 

Thee effect of different experience profiles (Jhtfa) can be substantial. Suppose, the return to 

schooll years is 0.065; with equal experience growth terms this would be the internal rate of 

return.. Now, let the experience growth differ by one percent point: 02=0.05 for s0=0 and 

04=0.0604=0.06 for s7=4. Then the internal rate of return 3=0.160, If p2=0.01 for sQ=0 and p4=0.015 

forr Si=4 then the internal rate of return 5=0.114. 

Inn the more general case with different means of the exponential shocks and 

correlationn p between shocks, we can solve from (3.3.) to get: 

ESES E ( X n ^ \ ^ - ^ ^ S - ^ \ (3-6.) 

Thee correlation coefficient does not affect the expected rate of return. With s0=0 or pi=p3 and 

uu00,, Ui normally distributed with means po, pi and variances GQ, a? respectively, the mean of 

thee internal rate of return can be approximated3 by: 

Clearly,, with a0
2=<J-i2 and po=Mi we have equivalence to the standard Mincer world: ES = fi3. If 

ppQQ =p} but <JO2*&I2, then the expected value of the internal rate of return is affected by the 

22 The same point is made by Heekman, Lochner and Taber (1999, p 331). 
33 £ln(exp(jt)) is approximated by ln£(exp(jc)). 
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differencee in the errors variances. In this case, part of the return to education derives from a 

differencee in the stochastic processes. If additional schooling gives access to a wider 

earningss distribution, expected returns go up. 

Wee can approximate4 the variance of the internal rate of return as: 

aa00 +ax -2fxjv<j x (oa<s+<*\  -2po-0CTi _ j \ 

V8~V8~  5 '- (3.8.) 

Thee variance of the rate of return is affected by the sum of the two variances whereas the 

expectationn is affected by the difference in the variances. Positive correlation in the shocks 

reducess the variance and negative correlation increases it. With perfectly positively 

correlatedd shocks and identical variances, the internal rate of return has zero variance: with 

equall shocks for both schooling options, the shocks have become irrelevant. 

3.3.2.. A framewor k for simulatio n 

Iff we add a quadratic experience term, as commonly estimated, and allow for annual shocks 

insteadd of a single lifetime shock, possibly correlated over time, the solution can no longer be 

derivedd analytically. We must then resort to numerical solutions. We will apply the model to 

simulationss for individuals who may leave school after completing high school or continue 

theirr education in college. The earnings functions are: 

iriwiriw HS,tHS,t = P\,msm + fi2,HS{
t-sHs)+ Pxns(t-sHsY +  UHSj (3.9.) 

hwCi,, = fihCsc + J32,c{t-sc) + &c{t~sc)
2 +ucj (3.10.) 

PI,HS,PI,HS, Pi,c are the average rates of return to sHs and sc years of schooling respectively. fe.Hs, 

fansfans and p2,c, p3,c determine the effects of experience and experience squared for an 

individuall with sHs and sc years of schooling respectively. The errors are generated by AR (1) 

processess of the form: 

44 v(ln(exp(x))) is approximated by [E(x)f v(cxp(x)). 
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"HSJ"HSJ = YHSUHSJ-I + tfflS., (3.11) 

«Cj=rc«Cj=rcuuCj-\Cj-\+T+Tlcjlcj  (3.12) 

Wee suppress the individual subscript as we only deal with the perspective of a single 

individual.. We assume that rjt,Hs is i.i.d. N(0, aHS
2) and %c is i.i.d. N(0, <JC

2)- We study the 

casee when rjtiHs and ^ c are uncorrelated at any t, as well as the case when TJIH$ and 

7rCC correlate atpHSC for equal experience t=t and at zero otherwise. 

Thee inter-temporal correlations are given by: 

Py*Hs,i'Py*Hs,i' uHs,t-\ I ~ 7HS 

Itt may seem that with this specification we only allow for transient shocks during working life 

andd not for permanent shocks emanating from effectiveness in school. As in section 3.1., one 

mightt think of a specification with uncertain effectiveness of schooling reflected in a single 

lifetimee shock revealed upon completion of schooling, combined with annual earnings shocks 

(cf.. Chen, 2001). However, only the lifetime shock from one schooling level relative to the 

otherr is relevant. The shocks may be perfectly correlated indicating that the individual would 

doo as well in one education as in the other, as in a model with hierarchical ability. Or they 

mayy be perfectly negatively correlated reflecting perfect comparative advantage: being the 

bestt in one education would concur with being the worst in the other. The essence of such 

casess can be caught in the correlation between annual innovations 77: comparative 

advantagee would be reflected in negative correlation and hierarchical ability in positive 

correlation.. Our specification can therefore describe the options to a large extent. If 

ppHSCHSC=+\=+\ talent is something like a general ability that puts an individual in the same 

performancee rank with every education he pursues, whereas at pHStc=-l two different 

educationss completely reverse the individual's standing. 

Wee consider a working life span T of 40 years, independent of the length of schooling. 

Ann individual record consists of 40 draws of the disturbance term U(,HS, used to predict 

earningss with sHS years of education for fixed values of P),HS (ic{1,2,3}), and 40 draws of the 

disturbancee term ut,c from an alternative distribution with sc years of education, added to 

predictedd earnings from the associated #,c {ie{1,2,3}) for that education. For such an 

individuall record, we solve numerically for the internal rate of return S. This process is 
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repeatedd 100.000 times, with 100.000 new sets of draws for the two earnings profiles. We 

thenn calculate mean and standard error of S from the 100.000 runs. We repeat this for 

severall sets of parameter values. As explained in Appendix 3.A., we rewrote the stochastic 

specificationn for easier computation. 

3.3.3.. Paramete r value s 

Inn Appendix 3.B. we scan the empirical literature for the possible magnitudes of our 

parameters.. For the return to a year of schooling we assume a rate of 0.065 throughout, 

withoutt alternatives. This implies that our benchmark internal rate of return is 0.065, the rate 

thatt would result in a Mincer world. For the experience profile we take a linear term of 0.05 

andd a quadratic term of-.001 as our reference values. As an alternative, we set the quadratic 

termm for high school at -.002, maintaining the college quadratic term at -.001; this means that 

thee decline of earnings growth with experience for college education is half the decline for 

highh schooi education. 

Ourr reading of the evidence indicates that residual earnings standard deviations are 

generallyy between 0.25 and 0.65; we take that as our range of variation, with the basic 

referencee value in the middle: 0.45. In our simulations, we only consider residual variance for 

collegee earnings to be larger than for high school earnings, not smaller. Increasing risk is 

empiricallyy a realistic case and theoretically interesting as it provides a counterweight against 

thee attraction of a fair rate of return. For the persistence term y we use 0.6 as our preferred 

value;; we will allow variation to vary the relative weight of the innovation in the earnings 

process.. We are fairly confident that these are reasonable values, based upon our reading of 

thee empirical literature.5 We are least confident about the correlation across educations, 

simplyy because there is no empirical evidence to guide us, in spite of all the emphasis it gets 

inn the self-selection literature. Willis and Rosen (1979), who started this literature, could not 

identifyy the correlation. Carneiro, Hansen and Heekman (2003) provide probably the first 

empiricall evidence and their results suggest modest positive correlation for college compared 

55 By taking the parameter values as we found them in the literature, without correction for selectivity or 

heterogeneity,, we assume full ignorance on the position in future distributions. If individuals have 

betterr information, their risk will be reduced. This may be reflected in variances near the low end of the 

intervals,, and possibly even lower (as the observed values would be biased). 
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too high-school. We opt for 0.5 as our preferred value, but also consider the extremes of -1 

andd + 1. We set sHs=0 and Sc=4, thus calculating the return to university education after 

completingg high school. 

3.3.4.. Simulatio n result s 

Inn Table 3.4, we compare our analytical approximations for the simplified case (linear 

experiencee profile, single lifetime shock) with simulation results. As the table shows, there is 

aa very small difference between the approximation of E(8) from (3.7.) and the value found in 

thee simulations. The difference results from the finite length of the working life T in the 

simulations,, compared with the assumption of infinite working lifetime in formula (3.7.). The 

resultss bear out that the expected rate of return is sensitive to differences in dispersion 

betweenn alternative educations. £(<5) neatly increases in step with the difference between the 

variances.. Equation (3.8.) suggests that the dispersion in the rate of return is more sensitive 

too the level of earnings dispersions than to the difference in the earnings dispersion. This is 

indeedd what the simulations also show. However, the approximation in (3.8.), based on a 

first-orderr Taylor expansion appears quite crude, and unreliable to indicate the magnitude of 

thee dispersion. 

Tablee 3.4. INTERNAL RATE OF RETURN: ANALYTICA L AND SIMULATED SOLUTIONS 

FORR THE LINEAR PROFILE: fi,Hs=Pi,c=0.065, fi2,Hs=P2,c=0.050, Jh,Hs=fi3,c=0.00 

nis nis 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.6 6 

re re 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.6 6 

ÖHS S 

0.25 5 

0.45 5 

0.65 5 

0.25 5 

0.35 5 

0.35 5 

0.45 5 

CTc CTc 

0.25 5 

0.45 5 

0.65 5 

0.65 5 

0.55 5 

0.45 5 

0.45 5 

PHS,C PHS,C 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.5 5 

ESES {Eq 3.7.) 

0.065 5 

0.065 5 

0.065 5 

0.110 0 

0.087 7 

0.075 5 

0.065 5 

E(S}E(S} sim. 

0.065 5 

0.066 6 

0.068 8 

0.113 3 

0.090 0 

0.072 2 

0.066 6 

ofQQ (Eq 3.8.) 

0.009 9 

0.046 6 

0.050 0 

0.063 3 

0.050 0 

0.033 3 

0.031 1 

ofó)) sim. 

0.008 8 

0.019 9 

0.040 0 

0.032 2 

0.024 4 

0.020 0 

0.015 5 

Notes:: E(S) and o(S) stand for mean and standard deviation of the internal rate of return S. 
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Thee core results are collected in Table 3.5. The first row gives the reference case we 

definedd above: 0.6 persistence, 0.5 cross-education correlation, and identical residual 

correlationss of 0.45. Moving from a risk-less world to stochastic earnings profiles increases 

thee expected rate of return, from 0.065 to 0.071 in our benchmark parameter set, and 

generatess a standard deviation of 0.031, i.e. a coefficient of variation just under 0.5. 

Tablee 3.5. SIMULATION RESULTS 

Pyc Pyc ft,c ft,c A.C C P\,HS P\,HS Pl,HS Pl,HS Pi,HS Pi,HS "c "c CTCT«™ «™ Yc Yc YY HS PHS.C PHS.C E{5) E{5) <r{ö) <r{ö) 

Referenc ee case 

0.065 5 0.05 5 -0.001 1 0.065 5 0.05 5 -0.001 1 0.45 5 0.45 5 0.6 6 0.6 6 0.50 0 0.071 1 0.031 1 

Experienc ee Slope s 

-0.002 2 

0.04 4 

Variance s s 

0.25 5 

0.35 5 

0.55 5 

0.65 5 

0.45 5 

0.45 5 

0.55 5 

0.65 5 

0.25 5 

0.35 5 

0.55 5 

0.65 5 

0.25 5 

0.35 5 

0.45 5 

0.45 5 

0.110 0 

0.099 9 

0.067 7 

0.069 9 

0.075 5 

0.079 9 

0.085 5 

0.079 9 

0.085 5 

0.101 1 

0.031 1 

0.033 3 

0.014 4 

0.022 2 

0.043 3 

0.057 7 

0.028 8 

0.029 9 

0.040 0 

0.051 1 

Persistenc ee over Time 

0.0 0 

0.2 2 

0.4 4 

0.8 8 

0.0 0 

0.0 0 

0.0 0 

0.2 2 

0.4 4 

0.8 8 

0.0 0 

0.2 2 

0.4 4 

0.8 8 

0.2 2 

0.4 4 

0.8 8 

0.0 0 

0.0 0 

0.0 0 

0.067 7 

0.068 8 

0.069 9 

0.074 4 

0.068 8 

0.069 9 

0.078 8 

0.067 7 

0.067 7 

0.063 3 

0.016 6 

0.020 0 

0.025 5 

0.084 4 

0.018 8 

0.021 1 

0.035 5 

0.018 8 

0.020 0 

0.024 4 

Correlatio nn in Alternative s 

-1.00 0 

-0.75 5 

0.081 1 

0.080 0 

0.056 6 

0.054 4 
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-0.50 0 

-0.25 5 

-0.10 0 

0.00 0 

+0.10 0 

+0.25 5 

+0.75 5 

+1.00 0 

0.0788 0.050 

0.0777 0.046 

0.0766 0.044 

0.0755 0.042 

0.0744 0.040 

0.0733 0.037 

0.0699 0.024 

0.0688 0.017 

Note:Note: parameters have the reference value stated in the top row, unless a different value is stated. 

Inn Figure 3.1.a., we have graphed the entire frequency distribution of 100 000 draws. 

Interestingly,, the distribution is skewed to the right, with an elongated upper tail. This feature 

holdss for all the simulations we ran. With individuals generally not only caring for risk but also 

forr skewness, this is an interesting observation (cf. Hartog and Vijverberg, 2002). The degree 

off skewness varies with the parameters. In Figure 3.1.b. we show the case with the most 

skewedd distribution in our parameter set, obtained when we set the coefficient of correlation 

att -1 rather than our reference value of 0.5. 

Figur ee 3.1. The distributio n of interna l rates of retur n if: 

3.11 .a. p = 0.5, (7UHS = (7Uc = 0.45, yHS =yc=  0.6, ftMS = 0hC = 0.065, P2HS = f32C = 0.05, 

A,/**  = A,C = -0-001 

-00 1 0 0.1 0 2 0 3 0 4 0.5 0 6 
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3AJ>.p3AJ>.p = -l,aUiB =crUc =QA5,yHS=rc = 0.6, A.„s = A,c = 0-065,02tH5 =/?2,c =0.05, 

A . / / 5=A .cc =-0-001 

00 1 0 2 0 3 0.4 0.5 0.6 

Ass anticipated in equation (3.4.), differences in earnings profiles have a strong effect on 

expectedd returns. A percentage point difference in the linear term boosts the return by almost 

threee percents, cutting the decline in earnings growth for college in half relative to high school 

boostss it by almost four percents, in both cases without noticeable effect on the dispersion. 

Increasingg the standard deviations in both earnings profiles simultaneously has a 

smallerr effect on expected returns than creating a difference between them. If both standard 

deviationss increase by 0.20, from 0.45 to 0.65, the expected return increases by 0.008. If 

collegee standard deviation surpasses high school standard deviation by 0.20, as in the case 

(0.45;; 0.25), returns are 0.014 higher than in the standard case. This reflects the conclusion 

fromm equation (3.7.) that expected returns are sensitive to the difference in variances. Also in 

linee with this approximation we see that increasing the base standard deviation (high school) 

reducess the expected return, while increasing the standard deviation in the extended 

educationn (college) increases the expected return. But the results in the variance panel of 

Tablee 3.4. indicate also that the approximation in equation (3.7.), based on linear profiles and 

infinitee lives, is too simple. At the same variance difference as in the case (0.45; 0.25), the 

casee (0.65; 0.45) generates a much higher expected return, of 0.101 rather than 0.085. This 

bringss out an important result: stochastic properties of earnings profiles have a strong impact 
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onn expected returns. Of course, earnings variances also markedly influence the dispersion of 

thee rate of return. The variance rule brought out in the approximation of equation (3.8.) holds 

upp quite well: the variance of the rate of return increases in the sum of the variances of the 

earningss profiles. In Table 3.4., the standard deviation of the rate of return increases 

monotonicallyy from 0.014 in the case (0.25; 0.25), at a sum of variances of 0.15, to 0.057 in 

thee case (0.65; 0.65), at a sum of 0.85, with the cases of unequal standard deviations 

smoothlyy fitting in. The effect of the earnings dispersions is quite strong: increasing both 

standardd deviations from 0.25 to 0.65 increases the standard deviation of the return more 

thann fourfold. 

Iff correlations over time (persistence y„ ie{HS,C} ) increase jointly, expected returns 

goo up but the dispersion increases non-negligibly. This reflects that although the variance of 

uu is itself unaffected (we constrain it to be constant), the conditional variance (conditional on 

thee past draw) goes up. If we only vary one of the inter-temporal covariances, the dispersion 

off the rate of return increases in either case. But the expected return reacts in opposite 

ways,, increasing with high school correlation but decreasing with college correlation. 

Correlationn across educations has a monotonie effect on expected return and 

dispersion.. Both decline when the correlation increases from -1 to +1. But the effect on 

dispersionn is much stronger than on expected return. Positive correlation dampens stochastic 

differencess and negative correlation widens them. With perfect positive correlation, the 

standardd deviation is about half that in our reference case (correlation 0.5), with perfect 

negativee correlation the standard deviation is almost double that in the reference case. 

Noww let's assess the likely magnitude of risk involved in investing in schooling. In our 

basicc Mincer case the internal rate of return is 0.065, with zero dispersion. In what we 

considerr a realistic case, college education would give access to steeper experience profile 

(earningss growth slope of-0.001 instead of-0.002), annual shocks would have a dispersion 

off 0.45 for both educations, persistence would be 0.60 in both educations and the shocks 

wouldd correlate at 0.50. This would generate an expected rate of return of 0.110, with 

standardd deviation 0.031 (coefficient of variation 0.28). Hence for the case of college versus 

highh school education, we consider a coefficient of variation in the rate of return of about 0.3 

ourr most reasonable guess. But given the uncertainty about parameter values, we have to 

admitt a wide range of possible outcomes. In our simulations, the standard deviation lies 

betweenn 0.014 and 0.084. The lowest value is obtained when the innovations in the earnings 

havee both minimum standard deviation (0.25), the highest value is obtained when the 
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persistencee in both earnings shocks is at the high value of 0.8. In the former case, at the 

lowestt dispersion, the coefficient of variation is 0.2, in the latter case it is 1.14. 

3.4.. Conclusion s 

Ass individuals commonly care not only about the expected return to an investment in 

education,, but also about its risk, we have investigated what the magnitude of this risk may 

be.. The existing literature does not point to a simple universal relation between earnings 

variancee and level of education. Taking (residual) earnings variance by education as an 

indicationn of an individual's ex ante ignorance on her post-school position in an earnings 

distribution,, we cannot say whether continued education increases or decreases "ignorance", 

orr risk. This conclusion has much more relevance than just an empirical description. To the 

extentt that there is a core theory of investment under uncertainty it is based on Levhari and 

Weisss (1974). According to this theory, the effect of uncertainty on investment depends 

cruciallyy on the relationship between earnings variance and schooling length. Remarkably, 

thee theory has not been followed by serious attempts to check the relationship. Our results 

suggestt that the impact of uncertainty is pretty variable. 

Exx post realizations of Mincerian rates of return to education show fairly wide variation 

acrosss countries (up to double or triple in one country relative to another, with coefficient of 

variationn of perhaps 0.5), modest variation over time within countries (with a country's 

maximumm generally not more than a third above it's minimum, in a time series) and 

coefficientt of variation across individuals within a country of perhaps 0.5. To the extent that 

thee results also reflect individual heterogeneity, and individuals are better informed about 

theirr potential, individual risk may be smaller than reflected in these ex post realisations. 

Fromm my simulations of ex ante risk we conclude that a coefficient of variation of 

aboutt 0.3 is a reasonable guess. As the relation between risk and return is at the heart of 

financiall investment theory, we may turn to that literature for some benchmark information. In 

1970,, Fisher and Lorie gave an overview of returns to portfolio's on the New York Stock 

Exchange.. They calculated one-year mean returns and standard deviations for randomly 

selectedd portfolios differing in size. All portfolios had a mean return of 28.2%. But with the 

portfolioo size increasing from 1 to 8 and then further to 32 and 128, the standard deviation 

decreased:: 41.0, 14.4, 7.1, 3.4. With increasing diversification, the coefficient of variation 
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appearss to drop from 1.45 to 0.12. These results suggest that in terms of risk, investment in 

aa college education is similar to investing in the stock market with a portfolio of some 30 

randomlyy selected stocks. We also found that the distribution of the internal rate of return is 

skewedd to the right, with an elongated upper tail. This matches results found by Maier, 

Pfeifferr and Pohlmeier (2004) in their focus on heterogeneity of returns to education. 

Thee standard deviation of the rate of return is quite sensitive to the sum of the 

variancess of the alternative earnings profiles and to the correlation in the shocks. If the 

standardd deviations in the earnings innovations increase from their joint low of 0.25 to their 

jointt high of 0.65, the standard deviation of the rate of return increases fourfold. If the 

correlationn increases from -1 to +1, the standard deviation increases more than threefold. 

Wee have found substantial effects on the expected rate of return. Differences in 

earningss growth rates for different educations can easily bring an extra 4 percent return. 

Whilee obvious, this effect is routinely overlooked. Less obvious, just introducing stochastic 

componentss in earnings profiles has a marked effect on the expected rate of return. When in 

thee risk-less Mincer world the rate of return would be 0.065, in our reference case it has an 

expectedd value of 0.071. With increasing differences in shock distributions between the 

alternatives,, the difference can easily increase to several percentage points. 
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3.. 5. Appendice s to Chapte r 3 

Appendi xx 3 A . The simulatio n procedur e 

Ourr simulation problem is stated for certain values of the variance in errors: <TUHS , 

crcrUcUc,, correlation between errors: pmc, and inter-temporal correlations: yHS, yc. Therefore, 

firstlyy we set the values of these parameters in a vector p = (CTUHS , aUc, PHS,C>YHS>YC)

Givenn this targeted structure, we construct the errors uHS, and uc,, t from 0 to 40, as 

follows: : 

-att time t=0: 

UUffS,0ffS,0 = ^//S.O' UC,0 ~ ^c.o 

wheree ijHSfiJ TJCO are independent, normally distributed N(Qtcr*Hs) and N(0,a*c), 

respectively. . 

-att timet, 1<t<40, 

UUHS,lHS,l ~YHSUHS,t\+rlHS,t \*> 

wheree the innovations r]mi,T)Ct are independent, normally distributed N(0,<rls)and 

N(0,al)N(0,al),, respectively. The variances of the innovations are obtained from 

aa22
HSHS={\-y={\-y22

HSHS)<jl)<jl and &1 = c
 T n e correlation between the errors uHSl and uci 

cann be set by controlling the correlation between the innovations t]HSl,TfCt. In order to do 

this,, the innovations are generated using four scalars X1t X2, A3, A4, and three independent 

randomm variables e1<tl ezt, e3it, normally distributed N(0,<J2
C) , i = l,3, such that: 

r?HS,t=Ai£i,r?HS,t=Ai£i, t+tezt (HI) 

T]C,tT]C,t==^3^3££2.2. &&4£3,t (IV) 
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Takingg variances in (I), (II), (III), and (IV) we write the equations system (we dropped the time 

subscripts): : 

wheree the correlation in innovations, p{nm,r]c), satisfies p{f]HS,t]c)<rHSac =kïkia\ . 

Withh the parameters initially set in the vector p = [aUfjs,aUc,PHS,CTYHS'YC)< w e w a n t t o 

findd the values for aE i e {1,2,3} and A,, j e {1,2,3,4} that satisfy the constraints in equations 

systemm (V). Hence, we have to solve an over-determined equations system that has three 

equationss and seven unknowns A^ Aj, A3, A4, o^, <rSi, aSi. We have to set the four freedom 

degreess (for instance A,, a£i, aEi, oE^) and solve the system for the remaining three 

unknownss (A?, A^ X4). 

Tablee 3.A. Dispersio n Effect s - Weighte d Estimate s of the Residua l Function s for 

Earning s s 

Country y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

Yo Yo 
8.66e+08 8 

(14.17) ) 

1.85e+08 8 

(2.77) ) 

2.23e+09 9 

(24,59) ) 

8.47e+09 9 

(34.77) ) 

5.26e+09 9 

(18.15) ) 

5.73e+08 8 

(28.12) ) 

1.34e+09 9 

(23.68) ) 

-7.54e+08 8 

(-3.03) ) 

Y\ Y\ 
-7.84e+07 7 

(-16.99) ) 

3120766 6 

(0.50) ) 

-2.26e+08 8 

(-27.74) ) 

-9.52e+08 8 

(-43.16) ) 

-9.24e+08 8 

(-44.25) ) 

-4.36e+07 7 

(-30.66) ) 

-9.39e+07 7 

(-30.63) ) 

1.19e+08 8 

(6.12) ) 

r2 2 
3099869 9 

(23.10) ) 

199437.5 5 

(1.04) ) 

5318958 8 

(20.94) ) 

2.58e+07 7 

(36.92) ) 

2.91e+07 7 

(47.47) ) 

1090233 3 

(24.40) ) 

2533197 7 

(29.12) ) 

-2031871 1 

(-3.58) ) 

Y3 Y3 

1020410 0 

(13.51) ) 

704458.3 3 

(8,89) ) 

4616731 1 

(42.73) ) 

1.26e+07 7 

(42.80) ) 

1,29e+07 7 

(33.47) ) 

661901.8 8 

(31.11) ) 

1674272 2 

(29.88) ) 

-1380569 9 

(-4.89) ) 

YA YA 

-3.011 e+07 

(-12.79) ) 

-1.95e+07 7 

(-8.94) ) 

-6.45e+07 7 

(-21.53) ) 

-1.86e+08 8 

(-23.06) ) 

-6.57e+07 7 

(-5.92) ) 

-1.80e+07 7 

(-21.92) ) 

-5.25e+07 7 

(-21.02) ) 

-1.018+07 7 

(-1.11) ) 

Y5 Y5 

292901.2 2 

(11.03) ) 

214420 0 

(8.80) ) 

209882.2 2 

(6.33) ) 

662654.6 6 

(7.45) ) 

-718736.2 2 

(-5.65) ) 

166689.8 8 

(18.27) ) 

534995.3 3 

(18.44) ) 

714266.2 2 

(7.15) ) 
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CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

1.75e+09 9 

(9.37) ) 

2.97e+09 9 

(5.83) ) 

2.08e+08 8 

(2.30) ) 

1.54e+09 9 

(17.27) ) 

-4.40e+08 8 

(-1.52) ) 

-5.23e+09 9 

(-10.59) ) 

1.14e+10 0 

(13.85) ) 

8.38e+09 9 

(11.10) ) 

4.88e+09 9 

(17.66) ) 

2.12e+09 9 

(14.52) ) 

3.20e+09 9 

(12.41) ) 

6.03e+09 9 

(13.66) ) 

4.15e+08 8 

(0.63) ) 

4.34e+08 8 

(32.52) ) 

2.69e+08 8 

(25.68) ) 

8.85e+08 8 

(29.82) ) 

1.72e+09 9 

(30.38) ) 

-5.211 e+08 

(-30.47) ) 

-6.58e+08 8 

(-17.52) ) 

-1.85e+07 7 

(-1.52) ) 

-1.73e+08 8 

(-18.86) ) 

-5.78e+07 7 

(-2.87) ) 

-4.51e+08 8 

(-24.23) ) 

-1.53e+09 9 

(-47.82) ) 

-8.19e+08 8 

(-24.38) ) 

-4.34e+08 8 

(-16.62) ) 

-1.54e+08 8 

(-13.71) ) 

-2.15e+08 8 

(-13.15) ) 

-3.98e+08 8 

(-7.91) ) 

-2.89e+08 8 

(-4.03) ) 

-3.57e+07 7 

(-39.67) ) 

-2.92e+07 7 

(-42.00) ) 

-8.59e+07 7 

(-39.05) ) 

-1.13e+08 8 

(-29.47) ) 

2.23e+07 7 

(42.84) ) 

1.72e+07 7 

(18.28) ) 

-159293.2 2 

(-0.35) ) 

5780681 1 

(19.79) ) 

1653038 8 

(2.20) ) 

2.35e+07 7 

(30.34) ) 

5.97e+07 7 

(49.67) ) 

1.96e+07 7 

(20.43) ) 

6235962 2 

(7.69) ) 

3686632 2 

(10.25) ) 

3174648 8 

(6.81) ) 

5390255 5 

(3.23) ) 

8347703 3 

(3.55) ) 

721516.6 6 

(28.20) ) 

742809.8 8 

(35.30) ) 

2307027 7 

(32.89) ) 

1770733 3 

(15.57) ) 

1880721 1 

(8.64) ) 

1.07e+07 7 

(17.87) ) 

851665.6 6 

(9.63) ) 

1260282 2 

(12.32) ) 

1392873 3 

(4.44) ) 

9407692 2 

(23.54) ) 

2.85e+07 7 

(42.19) ) 

2.211 e+07 

(32.27) ) 

9257964 4 

(27.88) ) 

2824145 5 

(16.42) ) 

5622483 3 

(19.76) ) 

1.01e+07 7 

(20.16) ) 

6991867 7 

(9.13) ) 

706170 0 

(47.45) ) 

533656.8 8 

(47.27) ) 

1290296 6 

(38.09) ) 

2495818 8 

(40.83) ) 

4.68e+07 7 

(7.79) ) 

5428072 2 

(0.31) ) 

-7050351 1 

(-3.53) ) 

-2.711 e+07 

(-9.97) ) 

3.65e+07 7 

(2.73) ) 

2.86e+08 8 

(11.48) ) 

-5.411 e+08 

(-13.21) ) 

-3.611 e+08 

(-9.71) ) 

-1.53e+08 8 

(-17.02) ) 

-8.40e+07 7 

(-14.17) ) 

-1.44e+08 8 

(-13.46) ) 

-2.23e+08 8 

(-19.08) ) 

1.45e+07 7 

(0.80) ) 

-1.60e+07 7 

(-27.32) ) 

-8717107 7 

(-19.40) ) 

-2.79e+07 7 

(-22.08) ) 

-6.92e+07 7 

(-29.14) ) 

-804077.8 8 

(-12.74) ) 

-1431314 4 

(-7.71) ) 

-5986.757 7 

(-0.28) ) 

169961.7 7 

(5.76) ) 

-487864.5 5 

(-2.98) ) 

-3760397 7 

(-12.06) ) 

6147733 3 

(12.10) ) 

3692796 6 

(8.03) ) 

892638.7 7 

(9.08) ) 

952670 0 

(13.53) ) 

1533987 7 

(12.56) ) 

1456048 8 

(11.14) ) 

-897720.7 7 

(-4.38) ) 

147986.9 9 

(21.81) ) 

71329.76 6 

(13.79) ) 

235609.5 5 

(15.79) ) 

665573.8 8 

(24.43) ) 

t-valuess in parenthesis. 
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Appendi xx 3.B. Paramete r value s fo r the simulation s 

Wee have scanned the literature for our key parameters, with the aim of selecting parameter 

valuess in a representative range. In no way have we aimed for a complete review of the 

empiricall literature. 

Ratess of return s to schoolin g and experienc e 

Thee Mincer parameters have been documented very often. Estimates of rates of 

returnn to education have been controversial because they are based on ex-post realizations 

andd need not reflect structural parameters necessary for correct predictions. They are subject 

too selectivity effects from individuals' schooling choices. However, it is not inconceivable that 

individualss deciding on extending or not their education use uncorrected, biased estimates 

simplyy because they do not have more information than a researcher. A meta-analysis based 

onn the collected OLS estimated rates of return to schooling from the PURE project and 

supplementedd by a number of findings for the USA points to a range for return to schooling 

fromm 4.5% to 9.5% with an average return of 6.5%. We take this as our base value. We note 

thatt it is lower than the value reported by Card {1995, 1999), ranging from 8 to 13 percent, 

butt in fact the base return is not very essential to our results. 

Usingg dummies for educational levels and accounting for the number of years usually 

requiredd for completing a degree at each particular level is a way of comparing the returns to 

differentt educational levels. Obviously, the outcome varies considerably depending on the 

numberr of years assigned to each educational level. The PURE project (Table 4.5 page 76) 

reportss for Finish men a rate of return to one year of upper secondary school at 0.071 and to 

onee year of college at 0.059. Chen (2001, Table 7, page 32) presents marginal returns to 

yearss of schooling of about 4.5% for two-year college and 6.5% for four-year college 

educationn respectively. Thus, we have conflicting evidence on returns as a function of length 

off education. 

Experiencee in Mincer specifications is seldom directly measured in typical data sets 

andd is often proxied by age minus the age of leaving school. We read the male average 

valuee of the experience coefficient to be 0.05 and the experience squared coefficient -0.001. 

Thee steeper experience/age profile for the higher educated is well documented (Heekman, 

Lochnerr and Todd, 2003; Brunello and Comi, 2004, Chen, 2001). 
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Parameter ss in the erro r structur e 

Whenn the log of earnings is the dependent variable, the estimated standard deviation 

off the residual usually lies in the interval (0.25, 0.65). This assertion is based on a causal 

inspectionn of empirical earnings functions studies, including Blomquist (1976), Fagerlind 

(1975),, Hause (1972) and Mincer (1974). 

Comparingg characteristics of college graduates and high-school graduates, Chen 

(2001,, Table 3, page 28) shows that the college graduates in her sample have 10% higher 

standardd errors in average real hourly wage. Becker (1964, 1993) and Chen (2001) use the 

coefficientss of variation in earnings to measure earnings uncertainty for those who attended 

collegee vs. those who did not. Both find that four-year college graduates exceed high-school 

graduatess in terms of variation in earnings. Chen (2001) defines risk for a given schooling 

choicee as the variance in permanent and transitory shocks conditional on schooling, 

individuall characteristics and scholastic ability. The time invariant individual effect represents 

thee permanent shock whose variance is adjusted for selection bias. With this method Chen 

findss the risk, i.e. the variance of log earnings conditional on individual characteristics, of 

0.3855 for high-school graduates and of 0.449 for college graduates (Table 8 page 33). For 

otherr results on earnings variance in relation to schooling length, I refer to Table 3. 

Iff the shocks of alternative educations' paths are not independent we have to assume 

unrestrictedd covariances among the unobservable. As Willis and Rosen (1979) noted, there 

mayy be negative covariance among talent components. Plumbers (high-school graduates at 

most)) may have very limited potential as highly schooled lawyers, but by the same reasoning 

lawyerss may have much lower potential as plumbers. This contrasts with single factor 

specificationss (IQ) in the literature that assume that the best lawyers would also be the best 

plumberss and would imply strictly hierarchical sorting in the absence of financial constraints. 

Inn effect an IQ ability model constrains to large positive covariances in the unobserved ability 

components.. Willis and Rosen only speculate on these matters: they cannot identify the 

relevantt parameters. 

Hausee (1980) assumes that the covariance matrix of log earnings time series is 

composedd of an individual-specific parameter related to the amount of "on-the-job training" 

receivedd and of a variance component generated by a non-stationary AR(1) process with 

timee varying autoregressive parameters (uu=fi-iUj,t.i+£jtt), and innovations independent across 

periodss and individuals, with time varying variances ot. Hause obtains estimates of the 

variancee of individual earnings profiles over six years for a sample of young Swedish males 

inn their twenties with elementary and intermediate school education. Hause omits the "On-

the-jobb training" structure and finds (Table I, model 4, page 1023) a model that still fits the 
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dataa fairly well. He finds an average AR parameter of 0.63 (asymptotic standard error 0.4) 

andd an average innovation variance of 0.045 {asymptotic standard error 0.4). 

Lillardd and Weiss (1979) provide a parameterization of an earnings function that 

incorporatess three distinct aspects of the residual covariance structure over time: individual 

differencess in the level of earnings, individual differences in the growth of earnings and 

transitoryy but serially correlated differences. The sample only contains highly educated 

individuals:: a few categories of American scientists. The parameter estimates are quite 

stablee across different scientific fields with an average / o f 0.52 and an average u\ of 

0.0072.Theyy find that the residual log earnings variance of chemistry scientists varies from 

0.0422 to 0.067. Maximum likelihood estimates of the residual covariance structure for 

chemistss include y=0A3 and o\ =0.0191 (Table II, page 444). For the same category of 

scientistss they ignore the variance components in growth and level and obtain y=0.88 and 

(71=0.0133. (71=0.0133. 

Carneiro,, Hansen and Heekman (2003) have developed a model that identifies the 

counterfactuall distribution of outcomes for "treated" and "non-treated" individuals. They apply 

thee model to the decision to attend college or not. In their Table 8, they give the earnings 

decilee probabilities for college attendance conditional on earnings decile for high school 

attendance.. Probabilities are fairly concentrated along the main diagonal, which motivates 

ourr choice of a reference value for the disturbance correlation coefficient between high 

schooll and college of 0.5. 



Chapte rr  4 

Earning ss Dispersio n by Educatio n and Age in 

Sevenn Countrie s 

4.1.. Introductio n 

Thiss chapter investigates the return to educational attainment and the residual earnings 

variancee in seven nations using the LIS (Luxembourg Income Study) database. 

Itt is well established that higher educated people earn higher wages. The core of the 

"Humann Capital" Theory (Becker 1962, 1964, Mincer 1974) is the estimation of the ability of a 

personn to influence future income. Mincer (1974) put the basis for estimating the rate of 

returnn to education relating log of earnings to education, experience and experience squared. 

Mincer'ss earnings model has implications for the earnings distribution. According to 

Mincerr the variance of earnings and log earnings vary over the lifecycle, depending on the 

dispersionn in post-school investments and the correlation between post-school investments 

andd the earnings capacity. Earnings variance will change with experience, as a consequence 

off differences in investment activity, and hence the variance profile will be determined by 

tastess (and perhaps opportunities) for investment. In models considering the risk associated 

withh investment in human capital, the relationship between investment (schooling level) and 

riskrisk is crucial for the effect of risk on investment (Levhari and Weiss, 1974; Groot and 

Oosterbeek,, 1992; Hartog and Diaz-Serrano, 2002). Often and admittedly crudely, this 

relationshipp is studies by looking at the residual earnings variance in relation to schooling 
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level.. Residual variance will be determined by heterogeneity in individual earnings capacity 

(ability)) and the stochastic returns to this capacity. To the extent that individuals are unaware 

off their true earnings capacity when deciding on schooling, residual variance reflects risk. To 

thee extent that individuals know their earnings capacity and residual variance is an 

overestimatee of this risk. Whether risk or anticipated consequence of intended investment 

behavior,, we consider the pattern of residual earnings variance and interesting issue for 

empiricall analysis1. In this chapter, we compare returns to education and earnings variance 

inn seven OECD countries: The United States, Australia, Netherlands, Finland, Canada, Italy 

andd Germany, using a standard econometric specification, to enable better comparisons 

betweenn countries. 

Althoughh the conclusions deserve more detailed comparative studies, several basic 

conclusionss can be stated. The school attendance has increased everywhere during the last 

decades,, but there is no unequivocal trend in the rates of return to education over time. 

Residuall variance apparently may be U shaped, inverse U shaped or have no relation at all 

withh the years of education. For most of the countries the residual variance is U shaped in 

age.. With three exceptions the overtaking point is consistent with rising human capital rates 

off return. 

Thee remainder of this chapter is divided into nine sections. Section 4.2 briefly 

describess the Luxembourg Income Study database and the technical decisions taken in 

definingg the sample of interest. Section 4.3. looks at the previous related research and 

commentss on the results. Section 4.4. discusses the econometric strategy. Section 4.5. 

containss the results regarding the educational attainment in the countries study. Section 4.6. 

presentss the returns to education and the dispersion in earnings. Section 4.7. presents 

resultss of Mincer estimations. Section 4.8. summarizes the results. Section 4.9. draws some 

conclusionss and Section 4.10 describes to some detail the educational systems in the 

countriess under study. 

4.2.. Luxembour g Incom e Stud y Data 

Thee Luxembourg Income Study (LIS) contains over 70 household datasets from 29 

countries.. The database provides statistics on demographics, income and experience 

11 As noted in the previous chapter, the relation between education and variance in earnings has not 

beenn much studied. 
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variabless on three levels: household, person and children. We have selected seven different 

nationss with a rather high variation in the institutional features. Hence, we included The U.S. 

(US),, Australia (AS), Netherlands (NL), Canada (CN), Finland (Fl), Italy (IT) and Germany 

(GE).. For our selection we required availability of recent data (eighties through nineties), 

includingg complete measure of earnings, and educational attainments2. 

Wee eliminated women from the samples in order to avoid the common problem of 

workk interruption for child's birth and care. Because young workers may be still in training 

whereass older workers are a self-selected group from the retirement category we discard 

themm and examine only workers between ages of 25 and 55. To eliminate the spells of 

unemploymentt or part-time employment we study full-time full year workers. Full year, full 

timee employees are those who work at least 35 hours per week, at least 48 weeks per year. 

Inn this way we avoid the problems associated with whether increased earnings are a function 

off increased hours or increased wages (Blackburn and al., 1991, Gottschalk and Joyce, 

1992). . 

Anotherr important technical decision concerns the treatment of self-employment 

income.. Self-employment income is notoriously misreported and we decided to expunge from 

thee sample the earnings of the self-employed workers, the freelancers, the workers in family 

businessess and the voluntary workers. 

Forr several countries we only know whether the individual worked full or part time not 

thee actual hours worked. Therefore hourly wages, calculated as earnings divided by the 

numberr of hours worked, are not available for all countries included in the analysis. This is 

anotherr reason why we only look at the individuals who work full year full time. The measure 

off income used, is the annual earnings gross of taxes, including any employee's share of 

sociall insurance contribution. Although a net income concept might be theoretically preferred 

duee to different tax structures across countries, with the exception of Italy that provides net 

incomes,, only gross incomes are available at the individual level. 

Inn conclusion we isolate non-disabled males, household heads between the ages of 

255 and 55 who work full year, full time and earn positive wages (gross or net). The results are 

weightedd with the sampling frames of the original data sets. 

Inn an attempt to make the results as comparable across countries as possible, we 

examinedd and reclassified the coding of the education variable. Although many studies, 

includingg the Mincer theoretical model, use years of education attained, much of the data we 

usedd is coded as highest degree attained (which is not highly comparable across countries 

withh different educational levels). However in several data sets, the education is reported in 

22 In the Appendix of this chapter we present the educational system of each selected country. 
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yearss spent in school. We choose to create both specifications for each country: we measure 

thee education as years of education, by translating levels of education into the number of 

yearss that is normally required for a particular level, and conversely we organize or re-

organizee the reported years of education spent in school into various educational groups. 

Thee education is coded in five categories: low or no education (approximately 0-6 years), low 

educationn (7-11 years), High School (12 years) Some College (13-15 years), and College (16 

orr more years). We opt for restrictive definitions of educational levels. For instance we 

excludee from higher education level (the level "College"), the students with two year 

Americann associate degree. The education category "Some College" includes the individuals 

withh some post high-school education or some college degree. The appendix of this chapter 

summarizess some used coding. The rationale for our choice of coding draws heavily on the 

workk of O' Connor (1994), the descriptions available on Eurydice database3 and in the PURE 

study4.. We ignore the issue of repeated years of education since we do not have data on 

them. . 

Agee is used as a proxy for thee labor market experience. In general age is measured in 

years.. There are several exceptions in which age coded as "midpoint" of age ranges replaces 

thee information on detailed age. 

4.3.. Theoretica l Foundation s and Previou s Researc h 

Thee basis of human capital investment theory was put forward by Becker (1964). He 

advancedd the idea that human capital and education in particular may be viewed as an 

investmentt and as such has an associated rate of return. Mincer (1974) formally developed a 

modell of earnings that became a cornerstone in empirical economics. It is the framework 

usedd to estimate returns to schooling: 

Inn w = /J0 + /J, J + p2x + p3x
2 

wheree w is the wage rate, s is the amount of education, x and x2 is the working experience 

andd its square and the parameters/?, are parameters to be estimated. 

33 Eurydice is the information network on Education in Europe. 
44 PURE project generated private returns to education across Europe from a standard Mincer earnings 

equation. . 
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AA large literature refers to the coefficient of schooling in an earnings regression as the 

ratee of return to schooling without acknowledging the conditions under which this 

interpretationn is true. The model assumes that the only cost of schooling is forgone earnings, 

thatt the life length of the individual is independent of schooling, that individuals have 

unrestrictedd access to any schooling level and that the conditions between cohorts are 

stationary. . 

Somee criticisms to the Mincerian earnings approach include the omission of school 

quality,, ability and selectivity. People who attain better schools obtain more education (Card 

andd Krueger, 1992). High ability individuals obtain more education. Therefore there is a 

similarr biased upward effect on coefficients. The selection problem arises because people 

whoo choose more education are different from people who choose less education and 

thereforee the capacity of any known earnings function to suitably measure the opportunities 

off an individual is limited. Schooling exogeneity has been challenged by Willis and Rosen 

(1979),, Card (1999) and Heekman and Vyctacil (2003) among others. 

Researchh has been done on changes in the rate of return to education over time (cf. 

Chapterr 3.). The changes in the rate of return over time are disputed. For the US, Murphy 

andd Welch (1992) found an increasing trend. In a study for Europe (PURE project) the results 

aree more mixed. Some countries experience an increasing trend in the rates of return, some 

aa decreasing trend and several even mixed patterns. Comparability of the results is an issue 

sincee the results are based on different methodologies and assumptions. 

Mincerr (1974) has derived predictions on variances of earnings and log earnings from 

hiss human capital investment model, by comparing the situation at graduation, at overtaking 

andd at the peak of earnings: overtaking occurs when observed earnings equal potential 

earningss upon graduation, as the return on earlier investments just equals investment in the 

overtakingg year. Peak earnings occur when investment ceases. For a given group of 

graduates,, dollar variances will increase from overtaking to peak if the correlation between 

dollarr investment and earnings capacity is positive. With sufficiently high correlation, dollar 

variancess will also increase from graduation to overtaking, and hence, increase throughout 

workingg life. For log variances, with weak correlations between log earnings capacity and 

investmentt share, the pattern will be U shaped: declining from graduation to overtaking, 

increasingg thereafter. In Mincers's earnings model the predicted U shaped profile for all 

levelss of education finds support in Dooley and Gottschalk (1984) and Polachek (2002), but 

nott in Hartog et al.(1993) who find mixed results regarding the theoretical predictions, that 

mayy be well due to different data organization. 
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Thee human capital model has no predictions on the variances in relation to the 

schoolingg level. This can be seen by considering observed earnings at the overtaking point 

Att that point, earnings equal potential earnings at graduation. The variance is then 

determinedd by heterogeneity within the schooling level, a topic on which the Mincer model is 

silent.. Lauer (2003) has estimated the impact of education on earnings dispersion, taking 

gender-specificc selectivity into account. More education is associated with larger earnings 

variancee (in logs). As summarized in Table 3.1., in the previous chapter, for log variance, 

bothh positive and negative effects of education have been found. 

4.4.. Econometri c Specificatio n 

Inn the standard human capital earnings function, the regular assumption is that the 

residuall dispersion in earnings is constant across individuals and cohorts. However the true 

dispersionn may vary. We allow the dispersion in earnings to vary across individuals by 

makingg it a function of the covariates. We specify the earnings for individual / as: 

Inn wt = p0 + j9, J,. + p2st
z + P& + pAa2 + £,. (4.1.) 

wheree for the \th observation lnw. is the logwage, s, is years of schooling, ai is the age and 

e.iss the usual residual, assumed to be normally distributed with mean zero and standard 

deviationn a,. We use the more general specification of a quadratic in schooling, to prevent 

potentiall misspecifications to affect the pattern of the residuals. Instead of the commonly 

adoptedd homoscedasticity of the disturbances we will allow the disturbances to be 

heteroscedastic.. The scedastic equation for the \th observation is presented in the following 

way: : 

tf,tf,22 = Yo+Yisi+ïi sf+ïi siai+Wt + id+«i (4-2-) 

Thee disturbance variance is assumed to be a non-linear function of the human capital 

variabless (second order polynomials in years educated and age, respectively), an interaction 

termm between the two variables, and some unobserved component ut. Here, y is the vector 
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off coefficients to be estimated, and it describes the way the explanatory variables affect the 

expectedd variances. 

Thus,, the model described by the Equations (4.1.) and (4.2.) is a specific example of 

aa general heteroscedastic model. Practically, we first estimate the wage equation (4.1.) and 

obtainn the residuals. In the second step we use the variance of these residuals as the 

dependentt variable following the equation (4.2.). Finally we obtain the fitted values per group5 

andd use them as weights in the re-estimation of the earnings equation (4.1.). 

Itt is worth noting also that the estimates in the residual regression need not be 

affectedd by ability bias even if the returns in the earnings function are. But if they are, we can 

simplyy treat them as giving the dispersion of wages conditional on the observed 

characteristics. . 

4.5.. Educationa l Attainment s 

Recalll that the earnings measure is the reported annual earnings of full-year full time non-

disabledd male workers aged 25 to 55. 

Tablee 4.1. shows the proportion of men who work full year, full time, by education 

statuss as an indication of potential bias, which may result by not including those who work 

lesss than full-year, full-time, in the analysis. We see that in the U.S. and Canada the 

percentagee of men working full-year, full-time increases with their level of education. Whether 

thiss is by choice or by necessity (e.g. the inability to find full time employment) is unclear. 

Fromm 52 to 84 percent of men worked full-year, full-time in the U.S. in 1986. From 59 to 91 

percentt of men worked full-year, full-time in the Italy in 1995. These represent the largest 

differencess across educational categories in full-time status among the seven countries 

examined.. If there is a bias that results from examining full-year, full-time exclusively, it will 

likelyy have the largest effect in U.S. or Italy. Variation in the number of men who work full-

year,, full-time based on educational attainment is much smaller and less systematic in other 

countries. . 

55 groups: 5 age categories x 5 educational levels. The five age categories are, in order, Age1 

(individualss between 25 and 29 years old), Age2 (individuals between 30 and 34 years old), Age3 

(individualss between 35 and 39 years old), Age4 (individuals between 40 and 44 years old), Age5 

(individualss between 45 and 55 years old). 
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Tabl ee 4.1. PERCENT OF MEN AGED 25-55, WHO WORK FULL-YEAR , FULL-TIM E BY 

EDUCATIONA LL LEVEL 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Colleg e e 

84.67 7 

86.99 9 

87.12 2 

87.99 9 

89.08 8 

87.53 3 

89.42 2 

89.64 4 

88.43 3 

84.02 2 

87.70 0 

90.88 8 

91.47 7 

91.05 5 

84.81 1 

95.00 0 

83.71 1 

91.25 5 

89.75 5 

84.70 0 

89.75 5 

74.57 7 

85.34 4 

70.65 5 

81.69 9 

ii Som e Colleg e 

77.95 5 

83.06 6 

84.55 5 

85.84 4 

88.81 1 

81.02 2 

86.96 6 

84.13 3 

83.80 0 

82.73 3 

89.37 7 

91.32 2 

93.88 8 

84.77 7 

74.07 7 

91.39 9 

n.a. . 

86.89 9 

92.24 4 

n.a. . 

Hig hh Schoo l i 

74.53 3 

81.79 9 

83.95 5 

85.15 5 

85.81 1 

86.32 2 

88.06 6 

86.86 6 

83.99 9 

82.23 3 

84.26 6 

91.34 4 

91.48 8 

79.08 8 

75.39 9 

87.42 2 

92.76 6 

92.68 8 

90.49 9 

84.76 6 

87.94 4 

92.39 9 

95.13 3 

91.33 3 

91.12 2 

Low w 

68.79 9 

69.37 7 

75.57 7 

78.66 6 

77.67 7 

74.48 8 

80.16 6 

80.52 2 

79.93 3 

77.12 2 

86.14 4 

86.20 0 

89.36 6 

66.81 1 

63.11 1 

83.64 4 

91.10 0 

91.37 7 

94.06 6 

84.17 7 

87.04 4 

91.09 9 

92.54 4 

89.18 8 

87.89 9 

;; No/Ver y Low 

52.77 7 

68.47 7 

70.91 1 

71.76 6 

75.89 9 

62.65 5 

76.05 5 

75.84 4 

72.26 6 

71.06 6 

100.00 0 

80.00 0 

91.77 7 

n.a. . 

86.79 9 

92.56 6 

90.90 0 

n.a. . 

72.22 2 

85.10 0 

59.25 5 

75.75 5 

Notation:: "n.a." for not applicable. 

Source:: Author's tabulations from Luxemburg Income study. 
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Tabl ee 4.2. EDUCATIONA L ATTAINMENT S (in percentages ) 

67 7 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Colleg e e 

30.25 5 

29.45 5 

31.54 4 

30.63 3 

30.42 2 

15.66 6 

17.81 1 

17.53 3 

20.67 7 

18.27 7 

13.10 0 

16.72 2 

18.65 5 

13.17 7 

13.86 6 

14.30 0 

23.70 0 

27.11 1 

35.53 3 

24.14 4 

31.99 9 

9.66 6 

9.69 9 

9.34 4 

10.73 3 

Som e e 

Colleg e e 

19.57 7 

25.44 4 

26.39 9 

26.88 8 

8.83 3 

21.50 0 

26.03 3 

31.88 8 

33.78 8 

38.66 6 

42.47 7 

44.01 1 

8.50 0 

10.54 4 

11.33 3 

8.72 2 

n.a. . 

15.15 5 

20.85 5 

n.a. . 

|| Hig h Schoo l \ 

37.36 6 

34.66 6 

32.01 1 

31.54 4 

49.46 6 

21.78 8 

23.40 0 

28.98 8 

28.01 1 

29.83 3 

12.28 8 

11.36 6 

29.28 8 

17.87 7 

19.50 0 

15.94 4 

48.43 3 

49.37 7 

48.57 7 

46.17 7 

40.24 4 

31.99 9 

36.65 5 

41.28 8 

43.72 2 

Low w 

10.16 6 

6.32 2 

6.23 3 

6.86 6 

7.96 6 

26.80 0 

22.91 1 

16.48 8 

13.66 6 

10.35 5 

32.06 6 

27.80 0 

1.66 6 

58.42 2 

55.31 1 

61.04 4 

19.02 2 

16.89 9 

12.86 6 

17.81 1 

6.92 2 

57.12 2 

52.45 5 

48.77 7 

44.61 1 

;; No/Ver y Lo w 

1.76 6 

4.13 3 

3.83 3 

4.09 9 

3.33 3 

14.26 6 

9.85 5 

5.13 3 

3.88 8 

2.82 2 

0.09 9 

0.11 1 

41.91 1 

n.a. . 

8.85 5 

6.63 3 

3.04 4 

n.a. . 

1.23 3 

1.21 1 

0.61 1 

0.94 4 

Notation:: "n.a." for not applicable. 

Source:: Author's tabulations from Luxemburg Income Study. 

Thee proportion of the relevant population at the various attainment levels is reported in 

Table4.2.. The five columns show the percentage in each education category. We have opted 

forr quite restrictive definitions of the education levels in the U.S. For instance, we include the 
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Americann two-year associate degree in the educational category "Some College" education 

andd not in the high-level attainment ("College") category. We draw also strict definitions for 

thee more specialized educational systems as the Dutch and German ones and also for the 

Europeann educational systems in general. In spite of the strict rules that qualify an 

educationall attainment into the "College" category, the U.S sticks out as a nation with large 

sharess of the highest education. The figures for Canada and Australia show a smaller 

percentt in the high-educated category, compared to the U.S. Probably, as a consequence of 

thee vocational education, Germany and the Netherlands have a large proportion of males 

havingg attained secondary education. In these countries about half of the sampled population 

meetss the definition of secondary education. Germany, the U.S and the Netherlands peak out 

ass nations with very few low educated individuals or not educated at all. The opposite holds 

forr Italy and Finland. Overall, people are on average obtaining more education (Kosters, 

1991).. Our evidence suggests that too. We should be aware of some odd jumps in the data 

off which the reasons could not be traced: the data for the US 2000 and for Australia 1994 are 

ratherr out-of-step with the other years. 

4.6.. Return s and Dispersion : A firs t Look 

Thee percentage differentials between different levels of attainment are a measure of 

thee rewards associated with the education. We measure the percentage differential between 

thee mean earnings in the higher category to mean earnings in the immediately lower 

category.. We report the results in Table 4.3. 
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Tablee 4.3. PERCENTAGE EARNINGS DIFFERENTIAL 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Means 1 1 

College / / 

Somee Colleg e 

24.98 8 

24.14 4 

33.12 2 

34.95 5 

38.67 7 

21.87 7 

23.45 5 

22.66 6 

24.44 4 

26.26 6 

24.76 6 

25.66 6 

21.39 9 

15.84 4 

18.86 6 

16.39 9 

n.a. . 

13.72 2 

21.86 6 

n.a. . 

Means 22 \ Means J Some j Means* High - j Means 3 High -

College // High - \ College / School / School / 

Schoo ll  i High-Schoo l i Low i No.VeryLo w 

36.711 15.64 20.41 19.47 

36.166 16.89 18.71 21.39 

44.477 15.46 22.44 11.32 

45.244 15.81 16.75 20.58 

45.988 11.90 29.13 22.07 

24.355 1.90 7.38 10.18 

28.488 6.55 4.16 11.74 

29.677 8.10 6.72 7.96 

28.944 6.90 4.63 12.96 

22.511 8.45 10.35 9.62 

28.244 4.62 6.49 23.40 

28.855 4.27 10.18 54.77 

-0.200 -2.33 20.18 11.73 

34.400 22.04 25.00 

35.611 20.63 24.13 n.a. 

29.666 15.86 19.51 

25.977 9.69 12.9 

27.455 n.a. 12.74 -0.08 

26.699 15.28 -6.42 

33.966 23.44 3.62 
11 i \ n.a. 

34.133 15.64 8.14 

29.711 18.51 17.27 

22.455 15.82 10.28 

30.066 18.03 17.65 

26.966 16.88 21.48 

Notation:"/"" suggests the division operator. 
11 Percentage differential between mean earnings in "Some College" and "College" attainments. 
22 Percentage differential between mean earnings in "High-School" and "College" attainments. 
33 Percentage differential between mean earnings in "High-school" and "Some College" attainments. 
44 Percentage differential between mean earnings in "Low" and "High-school" attainments. 
55 Percentage differential between mean earnings in "No/Low" and "Low" attainments, 

"n.a."" for not applicable. 
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Resultss on schooling categories are more informative on the earnings structure by education 

thann the smoothing Mincer's equation. There are marked differences between countries. In 

particular,, in the US there are rather large percentage differentials at all pairs of educations 

categories.. It seems that the largest percentage differential across educational categories is 

betweenn higher education and the immediately lower education category. The exceptions are 

Finland,, with a more egalitarian payroll system at the top, and Germany in year 1994. There 

seemss to be no association between the mean earnings in different educational categories 

andd the proportion who failed to achieve a certain educational level. The interpretation is that 

greaterr differences are not related with how many individuals stayed in school. A straight and 

simplee supply interpretation does not explain cross-country differences. Blau and Kahn 

(1996)) and Leuven, Oosterbeek and van Ophem (2004) elaborated applications of the supply 

andd demand framework, but as an explanation of international differences in returns is not 

ourr goal, we will not discuss this further. 

Tablee 4.4. reports the coefficients of earnings variation by education levels. At the first 

glance,, the coefficients are reasonably close together, in a range of about 0.4 to 0.6 and with 

noo obvious pattern across levels of education. But a closer look reveals some differences. 

Thee coefficient of variation (standard deviation divided by the mean) is almost always greater 

inn the U.S. than in the rest of the countries. Canada is placed also high in the countries' 

leaguee with highly variable incomes. In all the countries the variation of earnings at the higher 

levell of education is higher than the variation at the intermediate, post-secondary education 

("Somee College") level of education. Perhaps there is more heterogeneity between 

individualss at the higher level, or perhaps the skills provided by the vocational systems are 

lesss risky than the skills obtained at the higher level. The U.S., the Netherlands and Italy 

(exceptt Italy of the year 1989) show a U shaped pattern of the coefficient of variation by 

educationall level. In Finland, the pattern is U shaped. At least one result stands out: the 

coefficientt of variation is higher for university then for high-school in cell countries except 

Finland. . 
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Tablee 4.4. EARNINGS COEFFICIENT OF VARIATION BY EDUCATION LEVELS 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Colleg e e 

0.56 6 

0.49 9 

0.65 5 

0.88 8 

1.34 4 

0.41 1 

0.53 3 

0.62 2 

0.54 4 

0.88 8 

0.43 3 

0.43 3 

0.58 8 

0.39 9 

0.43 3 

0.40 0 

0.43 3 

0.39 9 

0.42 2 

0.50 0 

0.50 0 

0.46 6 

0.41 1 

0.48 8 

0.51 1 

Some e 

Colleg e e 

0.49 9 

0.46 6 

0.56 6 

0.62 2 

0.64 4 

0.37 7 

0.40 0 

0.42 2 

0.48 8 

0.63 3 

0.41 1 

0.37 7 

0.42 2 

0.46 6 

0.46 6 

0.37 7 

n.a. . 

0.36 6 

0.37 7 

n.a. . 

::  High Schoo l i 

0.49 9 

0.48 8 

0.54 4 

0.65 5 

0.72 2 

0.37 7 

0.43 3 

0.44 4 

0.44 4 

0.53 3 

0.48 8 

0.42 2 

0.53 3 

0.46 6 

0.44 4 

0.41 1 

0.34 4 

0.33 3 

0.38 8 

0.42 2 

0.45 5 

0.43 3 

0.38 8 

0.37 7 

0.48 8 

Low w 

0.52 2 

0.47 7 

0.59 9 

1.02 2 

1.02 2 

0.42 2 

0.46 6 

0.43 3 

0.93 3 

0.48 8 

0.35 5 

0.38 8 

0.38 8 

0.34 4 

0.28 8 

0.31 1 

0.30 0 

0.29 9 

0.25 5 

0.27 7 

0.64 4 

0.31 1 

0.26 6 

0.28 8 

0.27 7 

No/Very y 

Low w 

0.61 1 

0.51 1 

0.72 2 

1.21 1 

0.67 7 

0.43 3 

0.40 0 

0.45 5 

0.42 2 

0.52 2 

0.25 5 

1.08 8 

0.48 8 

n.a. . 

0.33 3 

0.31 1 

0.46 6 

n.a. . 

0.44 4 

0.24 4 

0.42 2 

0.28 8 

Notation:: "n.a." for not applicable. 

Source:: Author's tabulations from Luxemburg Income study. 
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4.7.. The Mince r Framewor k 

Thee model described by the equations (4.1.) and (4.2.) requires estimates of the 

effectss of education6 and age on earnings, both in terms of level and of unexplained 

dispersion.Inn Table 4.5. and Table 4.6. we present the results corresponding to different 

Minceriann earnings function specifications. Since we estimate the earnings functions for 

differentt countries and for different years we will have trends of the rates of return within 

countriess as well as rates of return to education across countries. The explanatory power is 

likelyy to be a result of the extent to which education is employed in society. For instance in 

Europee the systems of education are more structured and career paths better defined. In 

Germany,, to become an engineer, you must attend Fachhochschule. In the U.S. you can 

becomee an engineer by attending various types of schools. 

Firstt we estimate earnings functions for each year and country using years of 

schooling.. The estimates of the schooling coefficient are presented in column one of Table 

4.5.. Then we estimate earnings functions for each year and country using dummies for 

educationall levels. Low education is the omitted level of education. Thus, it is expected that 

thee coefficients for secondary ("High-School"), intermediate ("Some College") and high 

educationn ("College") will be positive whereas the coefficient for "No/Very Low" Educated will 

bee negative. We present the estimates in the following columns of Table 4.5. In both 

estimationss we control for age and age squared. The age has a positive effect on earnings, 

butt at a declining rate so that the coefficients on the age squared are negative. The rates of 

returnn to one year of education range from 2.3% to 10.8%. In the US there is a clear 

increasingg pattern in the rate of return to years of education. The large increase in the rate of 

returnn in the U.S. during the eighties and nineties has no match in other countries. 

66 The endogeneity of schooling in the earnings equations and the correction of the bias caused by it 

hass been the object of numerous studies (Card (1999), Heekman, Locher and Todd (2003)). However, 

sincee the literature still argues on the optimal correction of the endogeneity problem, one important 

problemm stemming from the non-availability of valid instruments, we take the Harmon, Hogan and 

Walkerr (2003) approach to consider the education exogeneous conditional on other explanatory 

variables.. The focus of the analysts is on comparing the hierarchy and the dispersion effects of 

differentt education levels, years spent in education and age groups across countries and over time, 

ratherr than determining their absolute values. Of course, rankings may also be affected by 

endogeneityy bias, but perhaps this is less likely. 
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Tablee 4.5. MINCER ESTIMATES 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

Yearss Som e 
Colleg ee I High-Schoo l 

Schoolin gg  I Colleg e 

0.0833 j 0.679 0.464 0.286 

(21.49)) j (17.75) j (11.31) (7.70) 

Ö.Ö977 j Ö.65Ï Ö.4ÖÖ Ö.2Ö7 

(33.14)) | (20.13) | (12.21) (7.46) 

Ö.ÏÖ55 j 0.763 0.418 0.251 

(66.44)) ! (44.04) (23.83) | (14.53) 

Ö.ÏÖ99 j Ö.759 0.412 0.245 

(63.55)) | (41.97) | (22.46) | (13.63) 

0.1088 ! 0.902 0.531 0.375 

(68.02)) | (50.88) | (24.84) | (21.90) 

0.0411 j 0.394 0.159 0.101 

(21.67)) j (18.06) | (8.09) (5.21) 

Ö.Ö333 j Ö.375 0.181 Ö.1Ï4 

(16.55)) | (14.32) | (7.10) (4.48) 

Ö.Ö544 : Ö.423 Ö.Ï48 Ö.ÏÖ7 

(23.41)) | (19.39) | (7.22) (5.21) 

0.0622 | 0.403 0.202 0.099 

(31.81)) j (25.81) j (13.72) (6.58) 

0.0577 0.511 0.230 0.123 

(24.39)) | (21.55) (10.49) (5.50) 

0.0455 | 0.373 0.107 0.097 

(13.65)) | (16.01) j (6.57) (4.06) 

0.0644 ; 0.433 0.167 0.116 

(24.97)) | (25.11) \ (12.42) | (5.88) 

Ö.Ö233 j 0.284 Ö.Ö48 Ö.2Ï9 

(10.02)) j (3.42) ) (2.09) 

0.0233 0.540 0.405 0.205 

(24.72)) | (29.27) | (21.59) \ (14.78) 

0.0255 0.560 0.371 0.195 

(27.89)) | (30.03) (22.02) | (15.18) 

No/Lo w w 

-0.274 4 

(-2.95) ) 

-0.355 5 

(-7.04) ) 

-0.192 2 

(-7.12) ) 

-0.282 2 

(-9.95) ) 

-0.190 0 

(-5.94) ) 

-0.160 0 

(-7.03) ) 

-0.168 8 

(-4.99) ) 

-0.230 0 

(-6.82) ) 

-0.160 0 

(-6.18) ) 

-0.142 2 

(-3.46) ) 

-0.315 5 

(-1.18) ) 

-1.951 1 

(-11.40) ) 

-0.059 9 

) ) 

n.a. . 

Sampl e e 

Size e 

3305 5 

4587 7 

18586 6 

17279 9 

18691 1 

4347 7 

3845 5 

6570 0 

11462 2 

8144 4 

2832 2 

4830 0 

2530 0 

4174 4 

3706 6 
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FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

0.0288 I 0.502 

(27.81)) (29.79) 

0.0666 0.366 

(16.29)) | (11.54) 

0.0455 j 0.390 

(20.69)) | (17.15) 

0.0455 j 0.407 

(21.23)) j (17.56) 

0.0722 ; 0.379 

(14.51)) j (12.88) 

0.0755 j 0.350 

(18.58)) j (14.71) 

0.0433 j 0.496 

(31.25)) j (23.69) 

Ö.Ö388 [ Ö.4Ï9 

(29.56)) j (22.93) 

0.0455 I 0.523 

(27.17)) j (23.50) 

0.0388 0.410 

(23.99)) (20.99) 

0.3322 0.163 

(15.77)) (10.76) 

0.0777 -0.205 

(2.77)) (-4.94) 

0.1177 -0.050 
n.a. . 

(5.75)) ; ) 

0.1311 -0.061 

(5.92)) | ) 

0.1955 0.023 

(6.19)) ) 
ii i n.a. 

0.1022 -0.021 

(3.78)) ) 

0.2400 -0.244 

(19.76)) (-4.92) 

0.2099 -0.142 

(19.17)) (-3.33) 
n.a.. i [ 

0.2022 -0.513 

(15.74)) (-6.06) 

0.1688 -0.273 

(13.72)) (-4.82) 

2923 3 

1561 1 

1693 3 

1725 5 

1880 0 

2738 8 

3188 8 

3361 1 

2655 5 

2701 1 

Notation:: "n.a." stands for not applicable. Notes: in rows parameters by country and year; t-values in 

parenthesis;;  insignificant any reasonable confidence level. In the specification with dummies for 

education,, the reference category is "Low Education"; we control for Age and Age squared. 

InIn the dummy specification, nearly every coefficient of education level dummies is 

statisticallyy significant at the one percent level. The exceptions are Germany, with 

insignificantt effects of the "High-School" on the earnings level, the Netherlands with a zero 

effectt of No/Low Education on earnings and a bothersome zero effect of "Some College" and 

"No/Low"" Education on earnings and a similar effect of "College" and "High-School" in the 

Australiaa of year 1994. These may be real results. For example, the lack of difference 

betweenn "No/Low" education and "Low" education in the Netherlands may be due to the level 

off minimum wage. As would be expected, a higher education degree yields a high earnings 

premiumm on average, anything else equal. Thus, there is a large gap between the average 
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earningss premium of tertiary level degrees and that of the qualifications below this level. 

Theree appear to be increasing returns to "College" education over time in the U.S. only. 

Tabl ee 4.6. DETERMINANTS OF EARNINGS - Eq . (4.1.) (Weighte d by Sampl e Weights ) 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

Yearss of 
Constan tt  j E d u c a t i o n 

7.3033 0.071 

(27.01)) (3.47) 

6.8522 0.140 

(29.48)) (5.80) 

7.2855 0.065 

(56.95)) (5.12) 

7.2277 0.093 

(52.46)) (6.72) 

8.1200 0.002 

(74.25)) (0.30) 

8.7377 -0.020 

(54.95)) (-2.13) 

7.7388 -0.009 

(40.75)) (-1.53) 

8.8344 -0.032 

(56.03)) (-2.77) 

8.7300 -0.050 

(68.61)) (-3.84) 

8.3444 0.034 

(49.92)) (2.67) 

8.9566 -0.116 

(37.28)) (-3.53) 

8.2566 0.088 

(42.06)) (3.91) 

8.8544 -0.018 

(32.84)) (-1.16) 

Yearss of 

Educ . . 

Sq./100 0 

0.045 5 

(0.57) ) 

-0.150 0 

(-1.78) ) 

0.137 7 

(3.06) ) 

0.056 6 

(1.16) ) 

0.418 8 

(13.87) ) 

0.311 1 

(6.58) ) 

0.261 1 

(7.03) ) 

0.399 9 

(7.46) ) 

0.473 3 

(8.68) ) 

0.086 6 

(1.87) ) 

Ag ee i AgeSq./10 0 

0.0800 -0.083 

(6.46)) (-5.30) 

0.0800 -0.084 

(9.52)) (-7.83) 

0.0822 -0.083 

(17.77)) (-14.29) 

0.0799 -0.082 

(15.97)) (-13.15) 

0.0699 -0.071 

(13.93)) (-11.35) 

0.0466 -0.045 

(5.91)) (-4.64) 

0.1033 -0.111 

(10.51)) (-8.86) 

0.0588 -0.055 

(7.57)) (-5.68) 

0.0699 -0.068 

(12.98)) (-10.03) 

0.0744 -0.075 

(10.27)) (-8.34) 

0.6499 0.073 -0.084 

(4.93)) (10.47) (-8.97) 

-0.0944 0.052 -0.058 

(-1.05)) (7.19) (-6.25) 

0.1900 0.069 -0.077 

(2.65)) (5.23) (-4.61) 
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FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITO O O 

10.100 0 

(77.71) ) 

10.488 8 

(83.78) ) 

10.682 2 

(80.64) ) 

8.825 5 

(27.44) ) 

9.263 3 

(47.96) ) 

9.078 8 

(50.34) ) 

11.478 8 

(26.47) ) 

9.920 0 

(25.20) ) 

8.294 4 

(69.03) ) 

8.632 2 

(75.61) ) 

8.510 0 

(59.70) ) 

8.461 1 

(59.57) ) 

-0.039 9 

(-12.18) ) 

-0.034 4 

(-11.50) ) 

-0.009 9 

(-3.37) ) 

0.083 3 

(2.54) ) 

-0.037 7 

(-2.67) ) 

-0.025 5 

(-2.46) ) 

-0.225 5 

(-4.19) ) 

-0.120 0 

(-2.58) ) 

0.035 5 

(5.93) ) 

0.022 2 

(3.73) ) 

0.020 0 

(2.28) ) 

0.020 0 

(2.67) ) 

0.448 8 

(20.10) ) 

0.425 5 

(20.98) ) 

0.249 9 

(14.07) ) 

-0.066 6 

(-0.54) ) 

0.344 4 

(6.01) ) 

0.290 0 

(7.05) ) 

1.071 1 

(5.55) ) 

0.701 1 

(4.22) ) 

0.039 9 

(1.37) ) 

0.077 7 

(2.71) ) 

0.118 8 

(2.87) ) 

0.082 2 

(2.30) ) 

0.053 3 

(7.73) ) 

0.048 8 

(7.31) ) 

0.041 1 

(6.04) ) 

0.044 4 

(3.70) ) 

0.072 2 

(8.08) ) 

0.079 9 

(9.19) ) 

0.014 4 

(1.18) ) 

0.066 6 

(5.73) ) 

0.045 5 

(7.47) ) 

0.039 9 

(6.96) ) 

0.052 2 

(7.44) ) 

0.061 1 

(8.78) ) 

-0.051 1 

(-5.84) ) 

-0.046 6 

(-5-52) ) 

-0.035 5 

(-4.18) ) 

-0.036 6 

(-2.41) ) 

-0.071 1 

(-6.33) ) 

-0.078 8 

(-7.26) ) 

-0.001 1 

(-0.12) ) 

-0.070 0 

(-4.89) ) 

-0.044 4 

(-5.81) ) 

-0.037 7 

(-5.35) ) 

-0.048 8 

(-5.47) ) 

-0.059 9 

(-6.87) ) 

Notes:: in rows parameters by country and year; t-values in parenthesis. 

Inn Table 4.6., we present the estimates of equation (4.1.), with a quadratic in schooi 

years.. There is no consistent shape of earnings as a function of years of education, but there 

aree certain common properties common for some country's data. With a few exceptions, 

Mincer'ss log-linearity in years of education is always rejected in favor of a quadratic 

specification.. For the U.S., the returns tend to be increasing in school years. The same holds 

forr Italy. The pattern varies for the other countries, sometimes within countries for different 

years.. Earnings are indeed always inverse U shaped in age, with the exception of Germany 
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1994.. The coefficient on Age is always positive and between 3.9% and 10.3%. Age squared, 

ass would be expected, has a negative effect of between -11.1 % and -3.5%. 

Tablee 4.7. DISPERSION EFFECTS - Eq. (4.2.) (Weighte d by Sampl e Weights ) 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

US00 0 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CN00 0 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

To To 

-0.571 1 

(-4.40) ) 

0.840 0 

(15.39) ) 

0.774 4 

(29.82) ) 

1.481 1 

(46.55) ) 

0.656 6 

(23.64) ) 

1.544 4 

(39.55) ) 

1.847 7 

(30.54) ) 

1.575 5 

(35.75) ) 

1.589 9 

(44.06) ) 

0.909 9 

(20.47) ) 

-0.449 9 

(-6-52) ) 

2.547 7 

(30.84) ) 

1.085 5 

(20.17) ) 

-0.317 7 

(-25.79) ) 

Yi Yi 

0.060 0 

(6.14) ) 

-0.037 7 

(-7.41) ) 

-0.010 0 

(-4.20) ) 

-0.089 9 

(-31.03) ) 

-0.001 1 

(-0.53) ) 

-0.072 2 

(-26.56) ) 

-0.050 0 

(15.37) ) 

-0.063 3 

(-18.33) ) 

-0.101 1 

(-30.73) ) 

-0.017 7 

(-5.50) ) 

0.084 4 

(9.13) ) 

-0.290 0 

(-34.20) ) 

-0.049 9 

(-14.13) ) 

0.016 6 

(35.83) ) 

7^100 0 

-0.0054 4 

(-1.92) ) 

0.143 3 

(9.18) ) 

0.093 3 

(12.86) ) 

0.229 9 

(25.15) ) 

0.072 2 

(12.35) ) 

0.102 2 

(12.01) ) 

0.094 4 

(10.14) ) 

0.122 2 

(12.16) ) 

0.256 6 

(25.61) ) 

0.011 1 

(1.45) ) 

-0.339 9 

(-9.79) ) 

1.028 8 

(37.99) ) 

0.016 6 

(1.26) ) 

-0.042 2 

(-22.11) ) 

73 73 

-0.001 1 

(-6.35) ) 

-0.0001 1 

(-2.45) ) 

-0.0002 2 

(-9.30) ) 

0.0007 7 

(19.08) ) 

-0.0001 1 

(-2.85) ) 

0.0012 2 

(29.58) ) 

0.0008 8 

(13.50) ) 

0.0008 8 

(16.30) ) 

0.0007 7 

(18.96) ) 

0.0004 4 

(8.37) ) 

-0.0001 1 

(-1.59) ) 

0.0004 4 

(4.56) ) 

0.0011 1 

(22.53) ) 

-0.00001 1 

(-1.64) ) 

7* 7* 

0.018 8 

(3.60) ) 

-0.019 9 

(-11.15) ) 

-0.026 6 

(-31.19) ) 

-0.035 5 

(-33.79) ) 

-0.025 5 

(-23.78) ) 

-0.049 9 

(-31.77) ) 

-0.069 9 

(-26.04) ) 

-0.050 0 

(-31.24) ) 

-0.035 5 

(-30.91) ) 

-0.031 1 

(-20.77) ) 

0.009 9 

(6.06) ) 

-0.026 6 

(-10.37) ) 

-0.028 8 

(-11.14) ) 

0.016 6 

(27.11) ) 

)%/100 0 

0.003 3 

(0.58) ) 

0.030 0 

(15.12) ) 

0.039 9 

(41.43) ) 

0.035 5 

(30.35) ) 

0.034 4 

(28.34) ) 

0.046 6 

(26.56) ) 

0.074 4 

(24.17) ) 

0.051 1 

(29.09) ) 

0.029 9 

(24.23) ) 

0.035 5 

(21.97) ) 

-0.015 5 

(-9.14) ) 

0.022 2 

(8.34) ) 

0.018 8 

(5.83) ) 

-0.021 1 

(-27.59) ) 
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FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

0.026 6 

(3.00) ) 

0.168 8 

(13.67) ) 

-1.536 6 

(-7.15) ) 

0.322 2 

(7.39) ) 

0.225 5 

(8.46) ) 

-0.011 1 

(-0.12) ) 

-0.052 2 

(-0.55) ) 

0.773 3 

(40.22) ) 

0.302 2 

(26.22) ) 

0.628 8 

(28.76) ) 

0.501 1 

(25.81) ) 

EarningsEarnings Dispersion by Education and Age in Seven Countries 

\\ 0.0004 

|| (1-37) 

0.005 5 

(9.55) ) 

0.052 2 

|| (2-58) 

-0.022 2 

(-6.66) ) 

0.013 3 

(7.80) ) 

0.011 1 

(1.11) ) 

0.032 2 

(3.19) ) 

-0.041 1 

jj (-32.01) 

-0.016 6 

II (-21.69) 

-0.032 2 

II (-19.97) 

-0.020 0 

|| (-15.85) 

0.003 3 

(2.82) ) 

-0.034 4 

(-22.25) ) 

-0.246 6 

(-3.91) ) 

0.199 9 

(18.61) ) 

-0.001 1 

(-0.35) ) 

0.066 6 

(1.90) ) 

-0.086 6 

(-2.55) ) 

0.104 4 

(28.36) ) 

0.048 8 

(20.76) ) 

0.108 8 

(20.98) ) 

0.069 9 

(17.75) ) 

0.0001 1 

(27.52) ) 

0.0001 1 

(13.38) ) 

0.00007 7 

(0.30) ) 

-0.0007 7 

(-14.48) ) 

-0.0002 2 

(-6.92) ) 

-0.0002 2 

(-2.27) ) 

0.0004 4 

(4.44) ) 

0.0005 5 

(26.40) ) 

0.0002 2 

(21.95) ) 

0.0002 2 

(11.66) ) 

0.0002 2 

(12.78) ) 

-0.001 1 

(-3.34) ) 

-0.008 8 

(-13.24) ) 

0.072 2 

(10.37) ) 

-0.006 6 

(-3.75) ) 

-0.013 3 

(-12.50) ) 

-0.002 2 

(-1.09) ) 

-0.014 4 

(-5.65) ) 

-0.026 6 

(-31.47) ) 

-0.010 0 

(-21.13) ) 

-0.022 2 

(-23.69) ) 

-0.019 9 

(-23.87) ) 

0.001 1 

(3.47) ) 

0.009 9 

(12.35) ) 

-0.091 1 

(-11.95) ) 

0.020 0 

(9.82) ) 

0.020 0 

(16.44) ) 

0.007 7 

(2.54) ) 

0.016 6 

(5.62) ) 

0.026 6 

(27.02) ) 

0.011 1 

(19.84) ) 

0.025 5 

(22.76) ) 

0.022 2 

(24.15) ) 

Note:: in rows parameters by country and year; t-values in parenthesis. 

Tablee 4.7. reports the dispersion effects (vector y ) for the scedastic equation (4.2.). 

Hence,, we fit a regression equation of log residual variance on a quadratic in the years of 

educationn and age. The residual variance apparently may be U shaped, inverse U shaped or 

monotonicallyy increasing with the years of education. With two exceptions, yl and y2 always 

havee opposite signs and both coefficients are highly significant. We will summarize the 

profiless in the next section. The one country with a rising log-variance age profile is the U.S. 

inn year 1986. In Australia of year 1985, Finland of 1987 and the Netherlands of 1991 the log-

variancee age profiles exibit inverse U shapes. All the other countries show U shaped profiles 

off log earnings with age. This conclusion is consistent with Mincer (1974) that the log-

variancess are U shaped if the correlation between the initial earnings capacity and the post-
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schooll investments are weak. The results are in line also with what Dooley and Gottschalk 

(1984)) found in US using the CPS data sets and Polachek (2002) confirmed using ten LIS 

countries. . 

Interactionss (/3) are highly significant but unstable in sign. In the U.S. (except for the 

U.S.. in year 1997) and the Netherlands the negative and significant signs of the coefficients 

y3off education-age interactions indicate that education has less power as the individual ages 

inn terms of earning dispersion. The effects are larger in magnitude for the Netherlands than 

forr the U.S. Thus, aging reduces more strongly the effect of education on the dispersion in 

logg earnings in the Netherlands than in the U.S. In Germany we find both positive and 

negativee signs for interactions. In the rest of the countries and the US in year 1997, the 

positivee and significant sign indicates that education has more effect as an individual ages in 

termss of the effect of education on earnings dispersion. The magnitudes of the interactions 

seemm to decrease in time for all countries except Australia. 

Mincerr (1974) derived some predictions and implications from relating the overtaking 

pointt to the inverse of the rate of return to post-school investments. In his model, the 

overtakingg point occurs at an experience level equal to this inverse, if dollar investments are 

constantt over time. If they decline, overtaking happens earlier. Computing the overtaking 

pointt as the inverse of the rate of return to schooling (the estimates are given in the first 

columnn of Table 4.5.) and separately computing the troughs that correspond to the minimum 

off the parabolas (from equation (4.2.)) several interesting observations are apparent. In the 

casee of Germany 1994 the overtaking age is equal to the trough of the dispersion profile. 

Thiss result is consistent with constant human capital investments. For the rest of the 

countries,, we see that, with three exceptions (Finland (1987), Finland (1991), the 

Netherlandss (1994)) the age when overtaking takes place is always smaller than the age at 

thee minimum of the dispersion profiles (provided by the estimation in equation (4.2.)). Thus 

thee overtaking point is consistent with declining human capital investments (in euros). 

Alternatively,, the findings may stem from difference in the rates of return between schooling 

andd on the job training. Schooling is subsidized which normally implies higher levels of 

investmentt in human capital and lower rates of return. Thus it is likely that schooling rates of 

returnn exceed on-the-job training rates of return, thereby leading to upward biased estimates 

off the overtaking age. Another explanation may be that underlying earnings function 

parameterss vary across members of the population. This heterogeneity adds to the earnings 

dispersion,, making the overtaking point less discernable. Still another reason may be rates of 

returnn that depend on investment level that could alter the shape of the earnings-dispersion-

agee (experience) profile. 
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Tabl ee 4.8. RE-ESTIMATION - Eq. (4.1.) (WEIGHTED BY THE PREDICTED RESIDUAL 

DISPERSIONS) ) 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Constan t t 

7.4600 (25.06) 

6.8977 (31.55) 

7.3077 (59.28) 

7.3111 (56.58) 

8.0455 (74.60) 

8.8222 (54.80) 

7.848(43.19) ) 

8.819(57.79) ) 

8.7144 (73.37) 

8.4666 (52.56) 

9.7344 (26.09) 

7.4811 (47.27) 

8.9588 (33.53) 

9.4799 (55.29) 

8.365(39.16) ) 

10.601(68.76) ) 

9.2599 (19.33) 

8.6833 (40.82) 

8.6644 (43.65) 

11.921(27.04) ) 

9.9411 (18.27) 

8.4466 (66.27) 

8.7544 (75.36) 

8.5144 (59.98) 

8.4722 (58.32) 

Yearss of 

Educ . . 

0.0599 (2.49) 

0.135(6.36) ) 

0.0566 (4.70) 

0.0833 (6.83) 

-0.0066 (-0.84) 

-0.0199 (-2.02) 

-0.0133 (-2.12) 

-0.0399 (-3.57) 

-0.0555 (-4.74) 

0.0311 (2.55) 

-0.2377 (-4.31) 

0.214(21.79) ) 

-0.0199 (-1.24) 

-0.0111 (-1.57) 

0.245(12.40) ) 

0.008(0.91) ) 

0.077(1.97) ) 

-0.0011 (-0.12) 

-0.0100 (-0.67) 

-0.3199 (-5.60) 

-0.1866 (-2.76) 

0.0333 (6.00) 

0.007(1.29) ) 

0.0277 (3.77) 

0.0055 (0.66) 

Yearss of 

Educ . . 

Sq./100 0 

0.0888 (0.98) 

-0.1499 (-1.97) 

0.159(3.79) ) 

0.0911 (2.13) 

0.4400 (14.97) 

0.2911 (6.04) 

0.2611 (6.94) 

0.4111 (7.97) 

0.4866 (9.69) 

0.084(1.88) ) 

0.0111 (5.10) 

-0.573(-13.55) ) 

0.1911 (2.74) 

0.3633 (12.32) 

-0.5422 (-7.93) 

0.185(4.61) ) 

-0.0211 (-0.14) 

0.2022 (3.38) 

0.237(4.13) ) 

1.405(6.91) ) 

0.9300 (3.99) 

0.047(1.92) ) 

0.136(5.06) ) 

0.0933 (2.79) 

0.172(4.99) ) 

Age e 

0.0777 (5.87) 

0.0800 (9.52) 

0.085(18.70) ) 

0.078(15.84) ) 

0.076(15.58) ) 

0.0433 (5.54) 

0.100(10.51) ) 

0.0622 (8.33) 

0.072(13.94) ) 

0.0688 (9.82) 

0.072(9.01) ) 

0.0511 (6.33) 

0.0666 (4.96) 

0.0722 (8.46) 

0.052(6.13) ) 

0.0377 (4.86) 

0.025(1.26) ) 

0.0922 (9.57) 

0.094(10.88) ) 

0.024(2.01) ) 

0.0866 (6.69) 

0.0388 (5.98) 

0.0355 (6.23) 

0.0488 (6.86) 

0.0622 (8.63) 

Ag ee Sq./100 

-0.0800 (-4.93) 

-0.0833 (-7.87) 

-0.087(-15.24) ) 

-0.080(-13.12) ) 

-0.079(-12.95) ) 

-0.0444 (-4.50) 

-0.1088 (-8.98) 

-0.0611 (-6.53) 

-0.072(-10.96) ) 

-0.0677 (-7.82) 

-0.0833 (-7.46) 

-0.0555 (-5.35) 

-0.0755 (-4.46) 

-0.0688 (-6.20) 

-0.0444 (-4.13) 

-0.0277 (-2.90) 

-0.0144 (-0.59) 

-0.0977 (-8.11) 

-0.0955 (-8.86) 

-0.0177 (-1.17) 

-0.0933 (-5.99) 

-0.0355 (-4.37) 

-0.0322 (-4.51) 

-0.0411 (-4.79) 

-0.0588 (-6.60) 

Note:: in rows parameters by country and by year; t-values in parenthesis. 
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Wee have used the estimated variances as weights in the re-estimation of the wage 

equationn (4.1.)- The results are presented in Table 4.8. and we see that they remain roughly 

unchangedd with some differences in magnitudes only, compared to Table 4.6. 

Wee have also estimated the model with dummies for education levels, rather than years of 

schoolingg and age intervals. The scedastic equation for the \th observation can then be 

writtenn formally as: 

a]a]  =(p0+<p ] Colli + 1̂Otheri + (p^High + <pANo/ Lowi + 
(4.o.) ) 

++  <psAge2i + (p6Age3i +(p^Age4i +(piAge5i +v( 

Thee disturbance variance is obtained from equation (4.1.) and is assumed to be a function of 

dummiess for each educational level, dummies for the age categories and some unobserved 

componentt vh The estimated effects of the education level are to be interpreted in reference 

too the group of individuals with "Low" education. The estimated coefficients of an age 

categoryy (age categories are described in the footnote 6 of this chapter) are to be interpreted 

inn reference to the groups of individuals aged 25-29 years old (Age1 category). Interaction 

hass now been suppressed. 

Wee estimate earnings dispersion effects for each level of educational attainment 

computedd on the basis of equation (4.3.). The estimates are represented graphically, without 

thee standard errors. Figures 4.1. show the effect that is caused by a specificc education level 

ratherr than "Low" education. Again we see clearly, that the level of educational attainment 

nott only affects the level of earnings but also the level of earnings dispersion, although there 

iss not a common education level-earnings dispersion link. Interestingly, the graduates of 

Higherr Vocational Educations ("Some College" category) in Finland and Germany face lower 

earningss dispersion than graduates of College or High-School education. On the one hand, 

thee upper secondary level includes some general studies that are not really designed to meet 

thee needs of the employers and graduates might experience difficulties in finding a job or at 

leastt a better rewarded job. On the other hand, the College educated category entails those 

highlyy skilled workers whose skills are highly demanded by the economy. Thus, the group of 

highh level graduates workers is likely to be more heterogeneous and this could explain that 

theyy face higher earnings dispersion even though they have on average the highest earnings 

premium.. The age groups also affect the earnings dispersion (Figures 4.2.). On the whole no 

commonn age group-earnings dispersion relation is found. 
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Figure ss  4.1. Earning s Dispersio n by Level s of Educatio n 
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Figure ss 4.2. Earning s Dispersio n by Age Categorie s 
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4.8.. Summarizin g the Result s 

Inn this chapter, we used data from the Luxembourg Income Study, to analyze the residual 

variancee of earnings in a standard specification for seven countries, to check if there is any 

standardd pattern across countries and if the conclusions from section 3.2.1 hold up7. We 

havee selected data from the U.S. (US), Australia (AS), the Netherlands (NL), Canada (CN), 

Finlandd (Fl), Italy (IT) and Germany (GE), representing a fair range of developed countries 

differingg in school systems and labor market institutions. 

Wee added a quadratic in schooling years to the usual Mincer specification to get a 

moree flexible specification, reducing the extent to which the residual may be fed by 

misspecificationn of the basic relation, and in fact follow the specification developed by David 

Cardd (see Card, 1995). The quadratic term in years of schooling is always significant, 

showingg that Mincer's linear specification is too restrictive. We use age rather than (potential) 

experiencee because it is exogenous. 

Forr the residual, we use a quadratic specification in education and age and their 

interaction.. In Tables 4.9.A. and 4.9.B., we have deduced the key information from these 

estimates:: the nature of the relationship, and the location of the turning point (the minimum or 

maximumm value of the parabola). We present this for the estimates of the log specification 

givenn above, as well as for the specification in real values (of which we only give the 

summary,, not the full details). Using Mincer's log specification (Table 3.9.B), the conclusion 

fromm our survey in Chapter 2.1. is confirmed: there is no universal standard pattern in the 

residuall log variance across time or countries. The linear and the quadratic term mostly have 

oppositee signs, so we should check whether the turning point of the parabola is within the 

schoolingg length interval. This shows that the relationship between residual log earnings 

variancee and schooling length is monotonically negative for all years in Canada, 

monotonicallyy positive for both years in Germany, and U shaped for all years in Italy. It 

alternatess between positive and U shaped (1991 and 1997) in the US, between inverse U 

shapedd and positive (1991) in Finland, it moves from inverse U shaped to U shaped to 

negativee in Australia and it is initially inverse U shaped and then remains positive in The 

Netherlands. . 

Iff we take the specification in earnings itself, instead of its logarithm, we find more 

regularityy (Table 3.9.A). The basic pattern is now a negative relationship between residual 

earningss variance and schooling length, as in several U shaped relationships, the upturn 

Fulll details are given in Chapter 3. 
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occurss only at the very end of the interval. Hence, the assumption of increasing risk that 

Levharii and Weiss (1974, 954-955) tentatively embrace, has only weak empirical support: it 

wouldd only hold for the upper part of the U shaped patterns in the cases with a substantial 

positivee stretch (8 out of 25 cases). If we were to take this as a test on Levhari and Weiss' 

predictionn of the effect of uncertainty on the extent of investment, we would get rather 

variablee results. 
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Tabl ee 4.9.A. DISPERSION PROFILES FROM THE ESTIMATES OF THE RESIDUAL 

FUNCTIONSS FOR EARNINGS 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Schoolin g g 

Years s 

u u 
0 0 

I I 
u u 
u u 
I I 
I I 
Ï Ï 
u u 
u u 
0 0 

u u 
u u 
u u 
u u 

u u 
u u 
I I 

Turnin g g 

poin t t 

12.6 6 

--

21.2 2 

18.4 4 

15.8 8 

19.9 9 

18.5 5 

-29.2 2 

11.6 6 

19.1 1 

--

14.9 9 

17.4 4 

9.5 5 

12.8 8 

20.8 8 

34.7 7 

20.8 8 

33.8 8 

36.9 9 

17.3 3 

24.7 7 

19.6 6 

18.6 6 

31.9 9 

Yearss of 

Schoo l l 

Rang e e 

[0,18] ] 

[8,20] ] 

[8,20] ] 

[8,20] ] 

[0,20] ] 

[4,16] ] 

[0,161 1 

[4,16] ] 

[6,16] ] 

[0,20] ] 

[0,16] ] 

[0,16] ] 

[6,20] ] 

[0,20] ] 

[0,20] ] 

[0,20] ] 

[8,18] ] 

[6,20] ] 

[0,20] ] 

[10,17] ] 

[10,17] ] 

[0,21] ] 

[0,21] ] 

[0,21] ] 

[0,21] ] 

Age e 

u u 
u u 
I I 
J J 
1 1 
u u 
u u 
/ / 

n n 
i i 
\ \ 

i i 
n n 
n n 
u u 
u u 
i i 
u u 
u u 
i i 
ï ï 
u u 
i i 
i i 
u u 

Turnin g g 

poin t t 

51.3 3 

45.4 4 

153.6 6 

-140.3 3 

-45.7 7 

53.9 9 

49.0 0 

7.0 0 

29.1 1 

0.1 1 

-588.8 8 

79.7 7 

37.4 4 

38.0 0 

44.0 0 

48.8 8 

85.7 7 

44.0 0 

46.9 9 

76.5 5 

8.0 0 

54.0 0 

61.1 1 

59.2 2 

51.9 9 

Ag e e 

Rang e e 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[23,52] ] 

[27,52] ] 

[27,52] ] 

[27,52] ] 

[27,52] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

Notations:: [j - U shaped; f\- inverse U shaped; 0 no relation; / - linear increasing; \ - linear decreasing; 

^^ - decreasing convex, ( - increasing concave; ^ - decreasing concave; ) - increasing convex; "-" - no 

turningg point in linear relation. Note: For Australia) and Fl (Finland) age categories. 
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Tabl ee 4.9.B. DISPERSION PROFILES FROM THE ESTIMATES OF THE RESIDUAL 

FUNCTIONSS FOR LOG-EARNING S 

Countr y y 

US86 6 

US91 1 

US94 4 

US97 7 

USOO O 

CN81 1 

CN87 7 

CN91 1 

CN94 4 

CNOO O 

AS85 5 

AS89 9 

AS94 4 

FI87 7 

FI91 1 

FI95 5 

NL91 1 

NL94 4 

NL99 9 

GE94 4 

GEOO O 

IT87 7 

IT89 9 

IT95 5 

ITOO O 

Schoolin g g 

Years s 

( ( 

u u 
) ) 

u u 
J J 
I I 
I I 
I I 
I I 
\ \ 

n n 
u u 
\ \ 

n n 

n n 

u u 
u u 
u u 
u u 

Turnin g g 

poin t t 

55.5 5 

12.9 9 

5.3 3 

19.4 4 

0.6 6 

35.2 2 

26.5 5 

25.8 8 

19.7 7 

77.2 2 

12.3 3 

14.1 1 

--

19.0 0 

-6.6 6 

7.3 3 

10.5 5 

5.5 5 

--

-8.3 3 

18.6 6 

19.7 7 

16.6 6 

14.8 8 

14.4 4 

Yearss of 

Schoo l l 

Range e 

[0,18] ] 

[8,, 20] 

[8,, 20] 

[8,, 20] 

[0,20] ] 

[4,16] ] 

[0,16] ] 

[4,16] ] 

[6,16] ] 

[0,20] ] 

[0,16] ] 

[0,16] ] 

[6,20] ] 

[0,20] ] 

[0,20] ] 

[0,20] ] 

[8,18] ] 

[6,20] ] 

[0,20] ] 

[10,17] ] 

[10,17] ] 

[0,21] ] 

[0,21] ] 

[0,21] ] 

[0,21] ] 

Age e 

/ / 

u u 
u u 
u u 
u u 
u u 
u u 
u u 
I I 
u u 
n n 
i i 
i i 
0 0 
u u 
u u 
n n 
) ) 

u u 
) ) 

u u 
u u 
u u 
u u 
u u 

Turnin g g 

poin t t 

--

31.6 6 

33.3 3 

50 0 

36.7 7 

53.2 2 

46.6 6 

49.0 0 

60.3 3 

44.2 2 

30 0 

59.1 1 

77.7 7 

38.1 1 

50 0 

44.4 4 

39.5 5 

15 5 

32.5 5 

14.2 2 

43.7 43.7 

50 0 

45.4 4 

44 4 

43.1 1 

Age e 

Range e 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[23,52] ] 

[27,52] ] 

[27,52] ] 

[27,52] ] 

[27,52] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

[25,55] ] 

Notations:: \J- U shaped; f\- inverse U shaped; 0 no relation; / - linear increasing; \ - linear decreasing; 

^^ - decreasing convex, ( - increasing concave; ^- decreasing concave; ) - increasing convex;"-" - no 

turningg point in linear relation. Note: For AS (Australia) and Fl (Finland) age categories. 
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Interactionn between length of education and age also has no universal sign and may 

evenn switch over time for a given country. By contrast, the relationship between age and 

residuall log variance is virtually universal: inverse U shaped in all years and countries, 

exceptt the US in 1986, Canada in 1994, Australia in 1989 and 1994, The Netherlands in 

19944 and Germany in 1994. This conclusion is consistent with Mincer's (1974) prediction that 

thee log-variances are U shaped if the correlations between the initial earnings capacity and 

thee post-school investments are weak. The results are in line also with what Dooley and 

Gottschalkk (1984) found for the US using the CPS data sets and what Polachek (2002) 

confirmedd for several LIS countries. There is no standard pattern in the relation between age 

(experience)) and variance of residual earnings. 

4.9.. Conclusion s 

Earningss distributions by education and by age give information on how human 

capitall accumulation moves individuals to distributions with different variances. This is 

relevantt for issues of inequality and as an indication of risk associated with investment in 

humann capital. Therefore, we consider the distributions of residuals from an earnings function 

andd we differentiate by years of education and by age. The results obtained reveal no 

unequivocall pattern of residual dispersion by years of education by education level. It seems 

thatt residual variance may have a U shape, inverse U shape or no relation with the education 

level.. To the extent that we may use residual variance as an indicator of risk, there is no 

uniformm pattern of risk in relation to level of investment in schooling. The log-variance profile 

iss mostly U shaped in age, in tune with a low correlation between investment and initial 

earningss in Mincer's overtaking model. With three exceptions the overtaking point is 

consistentt with rising human capital rates of return. 

Differencess in patterns between countries might point to consequences of different 

educationall systems, through differences in school admission rules, curriculum structures 

etc.. A further analysis of residual variances in relation to school systems, as sorting systems 

forr labor market positions and a decomposition in terms of unobserved heterogeneity (known 

apriorii to the individuals themselves) and risk, is certainly in order. 
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4.10.. Appendice s to Chapte r 4 

Descriptionn of the Educational Systems in the Countries in Study 

Unite dd States 

Thee education in the US has three levels: primary, secondary and post-secondary with 

vocationall education available at both secondary and post-secondary levels. 

Primaryy education begins at age six and lasts for six years (eight in some schools and 

districts).. Usually at this level of education there is one teacher who is responsible for all the 

activitiess in the classroom. 

Thee next level is typically the middle school or junior high school. Generally this 

includess grades seven through eight or nine, although some schools do not have this level at 

all. . 

Secondary,, or high-schools, typically begin with grade nine (ten in some places) and 

goess through grade twelve. Students can take either academic or vocational courses or both, 

alll of which will lead to a high-school diploma. 

Vocationall education often begins at the secondary level and continues for two years 

att the post-secondary level, though either can be done without the other. 

Thee higher education can be split in two-year community or junior colleges and four 

yearr undergraduate colleges and universities. The two-year schools are open to anyone with 

aa high-school degree and focus, though not exclusively, on vocational and occupational 

training.. At graduation the students earn an associate degree. 

Admissionss to colleges and universities usually require a high school degree, 

minimumm secondary grades, minimum scores on national tests, recommendations from 

secondaryy teachers and interviews with admissions officers. After four years of study a 

bachelorr degree is earned. 

Post-graduatee studies are undertaken in universities. Students can earn a Master's 

degreee typically with one or two years of study combined with a thesis or final oral 

examination.. A Doctoral Degree requires two years beyond the Master's degree, qualifying 

examinationss and a dissertation. 
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Canad a a 

Thee Canadian educational system has much in common with that of the United States. As in 

thee United States, where the control over education is left to the states, in each of the ten 

Canadiann provinces the local government regulates the educational matters. Therefore the 

educationall system varies widely across Canada. 

Firstt level, or elementary school, begins at age six in Alberta, Nova Scotia, Ontario 

andd Quebec and at the age of seven in the other provinces. Compulsory education also 

variess by province: to age twelve in the North West territories; to age fifteen in British 

Columbia,, Newfoundland, New Brunswick, Price Edward Island, Quebec and the Yukon; and 

too age sixteen in Alberta, Manitoba, Nova Scotia, Ontario and Saskatchewan. 

Initiallyy the students attended elementary school for eight years followed by four years 

off secondary education, though nowadays it is common to see systems that contain the 

equivalentt of a middle school which students attend for two or three years after attending 

elementaryy school for six years. Both elementary and middle schools are considered first 

levell education. 

Secondd level, or secondary education, begins at either grade nine or ten and 

continuess through grade eleven (Newfoundland, Quebec), twelve (most provinces) or thirteen 

(Quebecc pre-college level) depending on the province. 

Thirdd level, or higher education splits in community colleges and colleges and 

universities.. Community colleges have flexible admission policies and provide degrees that 

alloww a student to transfer to a university after two years. Post-secondary level offers trade 

andd occupational educations. Both post-secondary vocational schools and community 

collegess require a high-school degree for admission. 

Admissionss in universities require a high-school degree, although in Quebec students 

aree required to have completed two years at the college "d'enseignment general et 

professionef'professionef' (CEGEP), a program that follows high-school for those intending to continue 

theirr studies. As in the US, each university sets its own standard, but they typically rely on 

student'ss academic record to assess whether the admission should be granted. As in the US, 

aa Master's degree usually requires one to two years of additional study and a Doctoral 

degreee another two years beyond the Master's degree. 
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Australi a a 

Primaryy education begins at age five with kindergarden, although compulsory schooling 

beginss at age six. Children typically attend primary education for seven or eight years, until 

gradee six or seven. 

Secondaryy education starts at age twelve or thirteen and lasts up to six years. 

Studentss can obtain "leaving certificates", or diplomas, after grades ten, eleven, or twelve. 

Technicall education can be found at all levels from secondary to post-graduate. 

Studentss choosing a technical career would typically attend a technical and further education 

(TAFE)) institute starting anywhere from after grade nine to after grade twelve. Students 

graduatingg after grade twelve receive a technical certificate, after grade thirteen an advanced 

certificatee and after grade fourteen an associate diploma. After completing their studies at a 

TAFEE students may join the work force or continue into a college of advanced education 

(CAE). . 

Collegess of Advanced Education comprise technical colleges, agriculture colleges, 

andd other college degrees in industry, commerce and government. Students may attend CAE 

eitherr after leaving secondary education or after attending a TAFE. After two years of CAE 

studentss earn an advanced certificate or an associate diploma. After three years of CAE 

studentss earn a three-year bachelor's degree. Those attending four years earn a four-year 

bachelor'ss degree. After completing a CAE students may work toward a master's degree. 

Admissionn to a university requires passing a matriculation exam. Students obtain a 

bachelor'ss degree after three to five years. Students obtain a bachelor's degree after three, 

fourr years and a professional bachelor's or post-graduate diploma after five years of study. 

Studentss with a bachelor's degree are eligible for a Master's degree. This will take 

onee or two more years of study. Beyond Master's degree students may work toward a 

Doctorall degree which typically requires two additional years of study. 

German y y 

Thee German education is supervised by the government and differs across Lander (states). 

Compulsoryy education begins full-time at age six, continues nine years to age fifteen, and is 

followedd by three years of part-time study. 

Primaryy education, or first level schools are the Grundschule. Usually children attend 

itt for four years and in some places, like Berlin and Bremin, attendance takes six years. 
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Studentss in Germany are tracked according to their abilities and desires beginning at 

thee secondary school level. Changing tracks is possible and common. There are two levels of 

secondaryy education: Sekundarstufe I spanning grades five through ten and Sekundarstufe II 

spanningg grades eleven to thirteen. There are three main secondary tracks: Hauptschule, or 

mainn school, Realschule, or middle school, and Gymnasium, or college preparatory school. A 

fourth,, Gesamtschule, or comprehensive school, is an experimental type of school providing 

alll three tracks. 

Hauptschulee is the main type of secondary school. Children following this track are 

usuallyy from low social groups. The subjects introduce children to the working world. Upon 

completionn after grade nine, students receive either a certificate of completion 

(Abschlusszeungnis)) without taking an exam or a qualifying school certificate 

(Hauptschulabsschlusszeugnis)) after passing an exam. After completing Hauptschule it is 

possiblee to enter an apprenticeship with part-time vocational schooling, transfer to 

Realschulee or enter full-time vocational education. 

Realschulee is a superior level of secondary level than Hauptschule and is a popular 

choicee among children from lower and middle class families. Upon completion at grade ten, 

studentss receive an intermediate certificate (Realschulabsschlusszeugnis); some states also 

requiree taking an exam (Abschlussprufung). After completion of Realschule a student may 

attendd full-time or part-time vocational schools, apprenticeships or if his/her grades are 

excellentt he/she can transfer to the Gymnasium at the level of eleventh grade. 

Thee Gymnasiums are the most prestigious and academic of the secondary schools. 

Admissionss exams are required to enter gymnasium. Prior to grade eleven students have the 

optionn of leaving school and obtaining the equivalent certificate to that obtained by those 

attendingg Realschule. After grade thirteen, students must take an exam, Abitur or 

Reifezeugnis,, which are secondary leaving certificates. 

Theree are five main types of vocational education (Berufsbildinde Schulen): 

Berufsschule,, Berufsfachshule, Berufsaufbauschule, Fachoberschule and Fachhochschule. 

Thee Berufsschule (part-time vocational school) is aimed to those students who leave 

att grade nine or ten. The Berufsschule is designed to be combined with an apprenticeship. 

Thiss type of combined schooling and training meets the compulsory part-time schooling 

requiredd after age fifteen. Upon completion at grade thirteen to fifteen, students receive an 

Abschlusszeugniss which enables them to take the final apprentice exam 

(Lehrabschlussprufung)) administered by the industry. They can continue their education after 

this.. Usually they don't. 
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Thee Berufsfachshule (full-time vocational school) is aimed as an alternative to the 

Berufsschule.. Students attend for one year and do not participate in apprenticeship while 

attending.. The usual fields of study include hotel work, medical and laboratory work, child 

caree and hairdressing. Upon completion students receive an Abschlusszeugnis which 

qualifiess them as Fachabeiter (skilled worker). 

Thee Berufsaufbauschule (extended vocational school) provides a somewhat higher 

levell of education. Students take both vocational and general courses, but at a higher level 

thann the Berufsschule provides. After a year or two of study, students must take an exam 

(Abschlussprufung)) which is equivalent to Realschule intermediate certificate and qualifies 

themm for jobs in business and industry, at a higher level than the one obtained from the 

previouss two vocational schools. 

Thee Fachoberschule (specialized secondary school) is a two-year full time course of 

studyy for students who have completed Realschule or its equivalent. Upon completion, 

studentss receive an certificate (Abschlusszeugnis) which qualifies them for attendance at a 

Fachhochschule. . 

Thee Fachhochschule (the most advanced vocational school) admits students upon 

completionn of The Fachoberschule or part-time vocational schooling. The full time training 

requiress three years of study. There are two types of training within this vocational school: 

Meisterschulenn that trains master crafts people and Technikerschulen that trains advanced 

industriall technicians. 

Higherr education can be found in the Fachhochschule (previously discussed), in 

Kunsthochschulenn (Colleges of the Arts or of the Education) that require an Abitur for 

admissionn and in the Universities. Universities require an Abitur. Afterwards students choose 

too take exams when they are ready. The first exam, that entitles students to a Vordiplom or 

Zwischenprufungg is typically taken after four or six semesters. After at least eight semesters 

upp to twelve a new exam entitles students to a Diplomingenieur or Diplomkaufmann. The 

highestt degree attainable is the Doctorate degree. Students wanting to teach at the university 

levell must have completed a Habilitation, or thesis. 

Ital y y 

Inn Italy the compulsory school takes 8 years from age 6 to age 14 and is divided in a primary 

partt (5 years) and a lower secondary part (3 years). Primary school (scuola elementare) is 

compulsoryy for children aged 6 to 11. The compulsory lower secondary school (scuola 

media)) is divided into two distinct tracks, academic and vocational. The compulsory leaving 
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agee was raised form 14 to 15 in 1999, a change to be effective from the year 2000. After 

completingg compulsory education, and passing the lower secondary leaving examination, 

youngg people may enter one of the five types of upper secondary education (scuola 

superiore)) courses lasting five (university qualification), four or three years (vocational 

qualification).. For those continuing education there is another leaving exam (known as 

esamee di maturita). This exam is mostly taken at age 19. Two and three year diplomas were 

introducedd in 1990 as an alternative to the traditional tertiary education. This is known as the 

lowerr level university education. The regular level university takes between four to six years. 

Besidess the undergraduate level, the university includes the postgraduates (master and 

doctorate)) studies too. 

Finlan d d 

Inn Finland the compulsory school takes nine years from age 7 to age 16, which provides the 

basicc education. The next level covers upper secondary education, which divides into 

generall and vocational education. The General education is provided in Gymnasium and 

leadss to a matriculation examination (=12 years of schooling). The Vocational education is 

providedd by vocational schools and may last for less than three years (=lower level, 10-11 

years)) or about three years (=upper level, some 12 years). After vocational training the 

studentss have the possibility to join an additional three to four year lasting polytechnic 

education.. Students who finished the secondary school have the permission to enter 

university.. Higher (or Tertiary) education comprises both vocational colleges and universities. 

Vocationall colleges provide short non-university vocational education (=13-14 years). Lower 

candidatee (BA-level) degrees (=some 15 years), higher candidate (MA-level) degrees 

(=somee 16 years) as well as post-graduate degrees (licentiate and doctoral degrees=18 

yearss or more) are taken at universities. 

Thee Netherland s 

Inn the Netherlands the compulsory school takes 12 years from age 4 to age 16. Primary 

education,, or first level, begins at age six and continues for six years. Parents, with 

recommendationss from the schools, choose which of the four types of secondary school to 

sendd their children to: LAVO, MAVO, HAVO, VWO. Lager Algemeen Voortgezet Onderwijs 

(LAVO),, or lower general secondary education is essentially a continuation of primary school. 
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Loww achievement may go to either LBO, a low level vocational school for boys or LHNO, a 

schooll for girls, which focuses on home skills. These types of schools (LBO and LHNO) are 

consideredd a less attractive option, and students and parents try to avoid them. 

Thee standard secondary school for students is the MAVO (Middelbaar Algemeen 

Voortgezett Onderwijs), or intermediate general secondary school. Students typically attend 

MAVOO for four years, which prepares them for employment, transfer to a HAVO school as a 

fourthh year student or continuation at an intermediate technical and vocational school. 

Studentss attend Hoger Algemeen Voortgezet Onderwijs (HAVO) for five years. The 

HAVOO prepares students for higher education other than university education, although 

studentss may attend a university after the HAVO with additional schooling and an exam. 

Studentss who anticipate attending a university choose Voorbereidend 

Wetenschappelijkk Onderwijs (VWO) or preuniversity secondary school, for six years 

beginningg right after primary school. 

Intermediatee vocational education (MBO) is available to students with general 

secondaryy or junior vocational education. A certificate from this level also entitles students to 

attendd post-secondary vocational schools or teaching training for vocational schools. 

Theree are two types of higher education in the Netherlands-higher vocational 

educationn and university education. Higher vocational education (HBO) is provided at 

technicall colleges, for two to five years. Upon completion, students are eligible for 

employmentt or may transfer to a university for further study. Students are eligible to attend 

afterr completing HAVO or MBO education. Students typically attend the university for four 

yearss and if they choose, post graduate training generally takes another four years. 
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Chapte rr  5 

Riskk Compensatio n in Wages 

5.1.. Introductio n 

Differentt educations and occupations provide different probabilities of success on the 

laborr market, and the labour market may compensate for these risks. Risk neutral individuals 

willl only enter an education if the earnings they can expect are high enough to compensate 

forr the possibility of failure. As Adam Smith1 put it the winners should gain what the losers 

loose2.. When risk averse, individuals want more than just what is lost by the losers. 

Inn this chapter we study the risk compensation in wages using an American dataset. 

Detailedd information on length and type of education and intellectual abilities is available. The 

incomee shocks are disentangled into transitory (time series) and permanent (cross sectional) 

components.. The permanent component is the time-invariant education-ability cell effect. 

Exx ante, from the perspective of an individual deciding on schooling and education, 

theree are several uncertainties. First, when an individual starts a certain education track he 

doess not know if he has the capability to complete it. Second, even when completing the 

education,, the individual does not know if he holds the abilities to become a successful 

practitioner.. The third uncertainty regards the market value of the output. For all kinds of 

reasons,, unrelated to the individual's ability, the returns in an occupation may fluctuate, due 

11 In "Wealth of Nations", page 208. 
22 Suppose, one may opt for training as a teacher and earn, riskless, 50.000 euro annually. Or one may 

enterr a business school and face an 80% chance of ending up with 40.000 and a 20% chance of 

endingg up with 90.000 annually. Expected earnings from the business school are 50.000, equal to 

beingg a teacher (no risk premium). From 100 students entering business school, 80 "fail" and loose 

80*(50.000-40.000)) = 800.000 euro and 20 "succeed" and gain 20*(90.000-50.000) = 800.000 euro. 
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too fluctuations in product demand, the general business cycle and so on. These are all 

foreseeablee risks, in the sense that individuals will have a perception on the distribution of 

potentiall earnings when they make their decision on entering the field. And foreseeable risks 

normallyy require compensation in expected returns. 

Thee effect of risk on wages has been tested empirically in several studies. The 

problem,, of course is to find a measure of risk. The basic approach is to consider variation in 

wagess around the mean in the alternatives. Means are predicted from a Mincer regression: 

individuall wages regressed on years of schooling, experience and perhaps some other 

variables.. Risk is then measured as the variance around the mean in the particular group to 

whichh the individual belongs: education, occupation, gender. The argument is that individuals 

cann foresee average wages for alternative educations and occupations, by just looking at the 

averagee wages for individuals who have selected that alternative and who are already in the 

labourr market. The variance around the mean, within schooling-occupation groups, is a 

measuree of ignorance, of the unpredictability of wages and hence, of risk. It is included in a 

second-roundd wage regression, to see if wages are related to the risk in the individuals' 

chosenn alternative. Measuring risk in this way is critical and open for debate. Essentially, it 

assumess that individuals cannot make better predictions of their future wages than a 

researcherr can with a few variables at hand. The residual will also contain the effects of 

differencess between individuals in abilities and motivation. One might think that individuals 

havee information on these variables that allow them to make better predictions on their future 

positionn in the wage distribution, and thus have better information on their risk. But these are 

meree speculations and without empirical evidence. Selectivity may also be a problem. If risk 

differss across individuals, and plays a role in selecting an education, observed variance gives 

aa distorted picture: it is the variance for those individuals who have chosen the education, not 

thee risk facing an individual considering to start that education. But again, the relevant 

questionn is what information individuals themselves use. If they have no better information 

thann we have, and they base their choices just on the variance as observed in earlier 

cohorts,, this is the variance that will be the basis for supply behaviour, and hence for 

compensationn in wages. 

Thee chapter is structured into four sections as follows. Section 5.2. develops the 

conceptuall framework and the model. Section 5.3. provides a description of the data used 

throughoutt the paper. Section 5.4. includes empirical results and discussions. In the final 

sectionn the findings and conclusions are gathered. 
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5.2.. Theoretica l Development s 

AA number of early articles have attempted to measure the riskiness of schooling in a 

no-unemploymentt context. Weiss (1972) has considered the variance of earnings by 

schoolingg level and corrected the rates of return to education under different degrees of 

relativee risk aversion. Assuming that individuals cannot borrow, Weiss shows that the 

coefficientt of variation in earnings is a valid measure for the risk of schooling only if risk 

aversionn is moderate. 

Thee impact of uncertainty on the investment in human capital has also been analyzed 

inn Levhari and Weiss (1974). They showed that an increase in uncertainty about the return to 

humann capital investment decreases the level of investment, under probable assumptions 

aboutt the preferences and risk-return production. Snow and Warren (1990) extended the 

modell incorporating post-investment labor-supply as a choice variable. Human capital 

investmentt decreases if the risk of its return increases if investment is an inferior activity and 

preferencess exhibit decreasing risk aversion. If the investment is a normal activity the effect 

off risk on investment is unclear. 

Olson,, White and Shefin (1979) control for individual heterogeneity and use the 

residuall variance of an ordinary least squares estimation to measure the earnings risk. In 

particular,, Olson, White and Shefin identify transitory shocks as the only source of earnings 

uncertaintyy and use a fixed-effects model to estimate the transitory earnings uncertainties. 

Thee empirical literature on compensation for imperfect knowledge on the human 

capitall investment adds measures of earnings dispersion to an individual Mincerian earnings 

functionn The common finding is that individuals dislike risk (earnings variance) but like 

skewnesss (because they appreciate the small probabilities of receiving high earnings). This 

findingg was formally proven by Tsiang (1972). Starting from a utility function for a risk averse 

individuall he showed that workers will prefer entering occupations with less uncertain 

earningss but characterized by small probabilities of receiving higher earnings. The result is in 

accordancee with the intuition: assuming risk-averse individuals and measuring the risk as the 

variationn in the income distribution, if risky occupations offer the same wage as the riskless 

occupationss then the risky occupations would face a shortage of workers. Therefore, to 

attractt workers, they compensate them for the risk. In addition, a positive skewed distribution 

impliess a small probability of receiving large incomes3. The jobs that provide such 

33 More precisely: for a given probability of receiving an income far below the mean, the probability of receiving an 

incomee at equal distance above the mean is larger. Large "gains" still have a positive probability, large "losses" 

havee virtually zero probability. 
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opportunitiess would face an excess of workers, therefore we expect a negative correlation 

betweenn earnings and skewness. 

McGoldrickk (1995), Hartog et al. (2001), Hartog et al. (2003) and Diaz-Serrano et al. 

(2004)) documented the impact of uncertainty on wages. They all find what the theory 

predicts:: a positive sign for the variance of earnings when included in the standard Mincer 

earningss function and a negative sign for skewness. Notably, Olson et al. (1979), Chen 

(2001)) and Diaz-Serrano et al. (2004) identify the transitory shocks as the only source of 

earningss uncertainty and use a fixed-effects model to estimate the transitory earnings 

uncertainties. . 

Thee income variation has an anticipated and an unanticipated part. Systematic risk is 

duee to supply side fluctuations that are anticipated. Variation due to anticipated factors 

shouldd be purged from the risk estimation since they do not require real compensation on the 

laborr market. Without eliminating them the risk premium is underestimated. The discussion 

thatt follows outlines how the education-ability affects the systematic variation and their 

impactt on wages. Unsystematic risk is determined by the demand-side factors. This risk is 

attributablee to labor market conditions and is expected to generate compensating 

differentials. . 

Notably,, if the sample is homogenous the systematic variation is very small. The 

systematicc variation may be purged through the standard earnings function. It consists of a 

two-stepp procedure in which the standard earnings function is estimated and then the 

residuall earnings are plugged into the earnings function in order to provide an estimate of 

unsystematicc variance. 

Extensivee evidence on compensation for earnings risk is outlined with data for the 

Netherlands,, Germany, Portugal and Spain Hartog et al. (2003) find that wages indeed 

increasee with risk (variance) and decrease with skewness. The elasticity of risk is mostly in 

thee interval [0.1, 0.3]: an increase in variance by 10% is associated with an increase in 

wagess of 1 to 3%. The elasticity for skewness is much smaller, negative, as predicted, and 

usuallyy in absolute magnitude substantially below the upper threshold of -0.15. The values 

foundd by McGoldrick for thee United States also fit in these ranges. 

Hartogg and Vijverberg (2004) reproduce the basic results of risk compensation using 

dataa for the second half of the 1990's in the United States. They proved that the results are 

nott due to ignoring compensation for other variables that affect the attractiveness of jobs. 

Whenn variables measuring job amenities and disamenities (job hazards, uncomfortable 

workingg conditions, extreme physical demands etc) are included, the basic results are 

unchanged.. For men they find that wages on average would be some 8 to 16% lower if 
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workerss would experience no earnings risk rather than the average risk. Their average wage 

wouldd be 11 to 15% higher if their earnings distribution would be symmetric rather than 

exhibitingg the average skewness across occupations and time. For women, the 

compensationn for risk is statistically not significant (and the coefficient is very small). 

Eliminatingg skewness, from the average value, would increase their average wage by 8 to 

10%.. From the American data we learn mostly that results are quite sensitive to the 

measuress of risk and skewness. Generally, annual values are measured with substantial 

error;; because of small numbers of observation, the outcomes are very sensitive to outliers. 

Theyy get statistically more reliable results if they measure risk and skewness over a number 

off years (and use the median value), rather than using annual observations. The risk 

compensationn in wages for the American dataset is tested by calculating risk {and skewness) 

forr education-occupation cells. This is done in order to generate sufficient observations on 

thee measures of risk and skewness. This is inappropriate to the extent that occupational 

attachmentt is not fixed. In case of bad outcomes, individuals may switch occupation, thus 

leavingg us with an underestimate of the bad risks. Diaz-Serrano, Hartog and Nielsen (2003) 

usee a large Danish dataset and construct measures based on education only. Observations 

onn 75 educations (as an aggregate of some 1750 types of education) and 17 years of 

earningss for a 10% sample of the Danish labour force is available. Solid evidence of positive 

compensationn for risk and negative compensation for skewness, is found in every single 

year.. The data allow to distinguish "permanent risk", associated with persistent differences 

betweenn individuals, and "temporary risk", as the variance in earnings over time for given 

individuals.. Compensation for temporary risk is larger than for permanent risk, which is 

compatiblee with the thesis that individuals are better informed on these permanent effects 

thann on the transitory effects. If the permanent effect reflects differences between individuals 

thatt they are well aware of (as they know their abilities and motivation), this would involve no 

riskrisk and would require no compensation. The Danish data also allow to approximate earnings 

riskk differently, with measures for the probability of moving up or down in the educational 

earningss distribution over time. The tests indicate that when risk is measured differently, we 

stilll find compensation in expected wages. Clearly, empirical support for risk compensation is 

nott dependent on measuring risk as the residual variance. 

Inn the large majority of literature cited above, the potential problems of selection bias 

aree omitted. Selection bias arises when the distribution of the individual returns correlates 

withh the schooling decision. Therefore the OLS estimated variance would understate the true 

variance. . 
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Inn this chapter we will replicate the earnings function with "unsystematic earnings risk" 

ass measured by Diaz-Serrano et al. (2004) by disentangling the income shocks in transitory 

andd permanent components. Instrumental variable techniques are used to correct for 

selectionn biases. We also control for ability differences with an IQ score, thus eliminating one 

possiblee source of unobserved heterogeneity. 

Wee expect large compensation for the transitory risk and small compensation for the 

permanentt risk as large parts of the individual fixed effects are known to individuals when 

theyy make their decisions and hence, require no risk premium. 

5.3.. Data Descriptio n 

Thee analysis is based on the National Longitudinal Survey for Youth (NLSY 1979): 1979-

2000.. The sample consists of 12 686 young respondents who were between the ages of 14 

andd 22 in 1979. Observations are included if (1) respondents are males, high-school 

graduatess or have general equivalency diploma (GED); (2) if they work full time (at least 35 

hourss per week) full year (at feast 48 weeks per year) and are not in the military; (3) the 

nominall hourly wages is between 1 and 150 American dollars (hourly wages were obtained 

fromm dividing annual earnings by regular hours worked in a year). The first criterion excludes 

48900 respondents. The second criterion excludes other 5267 respondents who did not 

graduatee from a high-school or an equivalent. The third one excludes 123 more. The nominal 

variabless are normalized by the Gross Domestic Product Implicit Price Deflator for the base 

yearr 1992. According to these criterions, in the remaining sample there are 2406 

respondentss and each respondent has 12 to 18 years of observations. There are a total of 

311577 observations remaining in the sample. 

Thee NLSY education measure is given in years spent in school and we transfer it in 

educationall levels equivalents. When comparing it to the variable recording highest grade 

completedd we find some inconsistencies. For example, several respondents claimed that 

theyy attended a two-year or a four-year college but the number of years of schooling is no 

moree than nine. Therefore we corrected the discrepancy manually using both college 

attendancee and highest grade completed to identify high school graduates and college 

attendees.. More specifically, a respondent is identified as a high-school graduate if his 

highestt grade completed equals twelve. A respondent is identified as college graduate if he is 

aa two-year college attendee (he attended a two-year college but never attended a four-year 
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college,, or his highest grade completed is higher than twelve and no more than fifteen) or if 

hee is a four-year college attendee (he has attended a four-year college, or his highest grade 

completedd exceeds this). The respondents are finally categorized in two levels: medium 

educatedd (high-school) and high-educated (two, four year college or more). Among the 2406 

respondentss 1411 are identified as college attendees. 

Inn order to avoid exogeneity problems age is used as a proxy for work experience. 

Thee scholastic ability is measured by the Armed Forces Qualifying Test (AFQT) 

score,, which is a composite score consisting of four tests: a mathematics test, a vocabulary 

test,, an analytical test and a reading-comprehension test. Since the test was conducted for 

alll cohorts in the year 1980, the original AFQT scores are not comparable across different 

agee groups. To resolve this problem, we regressed each score on a set of seven age 

dummiess and use the individuals' residuals as the new test scores. Finally, we categorized 

thee new variable by 10 deciles. Theoretically this yields 20 cells for each education-ability 

combinationn (2 education levels x 10 ability deciles). Since the high-ability individuals usually 

findd themselves in the high-educated group, we will have some cells with too few 

observationss and we omit them (we delete all the cells with less than 5 observations). In the 

endd we are left with 17 cells. The variance and the skewness are calculated for each 

education-abilityy cell. 

Parentall education is measured by two variables: the highest level of education 

completedd by the father and the highest level of education completed by the mother. 

Tablee 5.1. STATISTICS ON SELECTED VARIABLES , FOR INDIVIDUALS AT AGE 32-40 

INN YEAR 1997, BY COLLEGE ATTENDANCE AND SCHOOLING ABILIT Y 

Log-wage e 

Education n 

Age e 

Samplee Size 

Overal ll  sampl e 

Totall  High-Schoo l Colleg e 

2.8(4.9)) 2.1(0.1) 2.9(0.5) 

13.9(2.2)) 12(0.5) 15.8(0.2) 

33.77 (4.0) 32.5 (3.8) 35.7 (3.8) 

24066 995 1411 

AFQTT Top Decile s 

High-Schoo ll  Colleg e 

2.22 (0.3) 3.4 (0.2) 

12(0.4)) 15.9(1.1) 

33.44 (3.2) 37.7 (3.0) 

3266 1294 

Stdd dev are in parenthesis, log real hourly wage. 

Inn Table 5.1., we summarize some of the variable used, giving a short composition of 

thee college and high-school variables. The results compare characteristics of college 

graduatess versus high-school graduates. Columns one to three use the full sample and 
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columnss 4 and 5 use the sample in the AFQT top deciles. Notably, the most talented people 

whoo attended college have 0.1 more years of postsecondary education than the average 

collegee attendees. For college education, people with academic talent tend to earn more than 

thee average. 

5.4.. Method s and Result s 

Wee propose and estimate different measures of risk (hereafter R) and skewness 

(hereafterr S). To test the existence of compensating differentials for risk and skewness, we 

usee reduced form wage equations; we include these measure of R and S as regressors in a 

Mincerr earnings equations4. Alternatively, we calculate the risk as the variance of the actual 

earningss distribution for the education-ability groupings and the skewness as the skewness 

off the actual earnings distribution for the education-ability groupings. Variance and skewness 

calculatedd in this way are plugged directly into Mincer earnings equations. 

5.4.1.. Cross-section s 

Firstly,, we will use a two-step procedure to look for the risk compensation in wages. 

Firstt step estimation is the earnings equation: 

ta^=^+X>Ata^=^+X>A++*ff*ff ( 5 1 ) 

i i 

wheree the subscripts / and } denote individual and the education-ability cell the individual 

belongss to respectively. Y is the gross yearly real earnings measured in American dollars in 

19922 prices. The matrix X contains earnings generating characteristics: completed 

44 Hartog and Vijverberg (2002) provide also structural equation estimates for different assumptions on 

thee utility function and for non-normal errors. They show that this kind of specification is a good 

approximationn to a proper structural equation. 
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schoolingg years, age5, age squared, AFQT scores. The dummies dtj are dummies for each 

education-abilityy cell. The education-ability fixed effects, a}, are included in order to control 

forr the bias that might occur within the education-ability cell. As in McGoldrick (1995), Hartog, 

Plug,, Diaz-Serrano (2003), Diaz-Serrano, Hartog, Skyt-Nielsen (2004), we take the antilog6 

off the random term: 

Thee estimated values of £,, | . are collected within education-ability cells, to calculate the 

secondd moment, for risk, R, and the third moment, for skewness, S, respectively: 

RRj=j= EEMij-Mij- EEAlj)) Alj)) 

Sj=Sj=EEMu-Mu-EEA)f A)f 

Then,, the earnings function is re-estimated including the estimated values of risk and 

skewness: : 

lnYlnY¥¥=fiX,+0,^+3^=fiX,+0,^+3^ +  ̂ (5.2.) 

wheree y/U) is an error term. 

Resultss for the cross-section estimations for each year using the annual measures 

aree summarized in the Table 5.2. 

Tablee 5.2. ANNUAL ESTIMATION OF RISK PREMIUM AND SKEWNESS PENALTY (Eq. 

5.2.) ) 

Year r 

1979 9 

1980 0 

Coefficientt of R 

-0.0211 (-1.01) 

-0.0122 (-1.30) 

Coefficientt of S 

0.004(0.31) ) 

0.099(0.15) ) 

55 We prefer age over potential experience for two reasons. First, age is exogenous, whereas 

experiencee is not. Second, the profile shifts upward for longer education, rather than being 

independentt of education. 
66 The exponential transformation is applied in order to transfer back % into money metric. 
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1981 1 

1982 2 

1983 3 

1984 4 

1985 5 

1986 6 

1987 7 

1988 8 

1989 9 

1990 0 

1991 1 

1992 2 

1993 3 

1994 4 

1996 6 

1998 8 

2000 0 

-0.0199 (-1.21) 

-0.0999 (-1.60) 

-0.0877 (-1.29) 

-0.0322 (-1.22) 

-0.0766 (-1.11) 

0.456(1.88) ) 

0.325(1.89) ) 

0.5677 (2.20) 

0.555(1.79) ) 

0.657(1.88) ) 

0.118(2.67) ) 

0.3399 (2.12) 

0.345(3.01) ) 

0.7999 (2.09) 

0.709(1.99) ) 

0.2311 (1.69) 

0.3766 (2.99) 

Chapter Chapter 

0.0344 (0.03) 

0.0011 (0.89) 

0.097(1.01) ) 

0.0566 (0.04) 

0.045(1.19) ) 

-0.0566 (-1.77) 

-0.0788 (-1.99) 

-0.0399 (-1.89) 

-0.0777 (-1.95) 

-0.0911 (-2.25) 

-0.0333 (-2.00) 

-0.0544 (-1.78) 

-0.0677 (-3.33) 

-0.1011 (-2.09) 

-0.0299 (-1.86) 

-0.0366 (-1.92) 

-0.0477 (-1.50) 

5.5. Risk Compensation in Wages 

t-valuess in parenthesis. 

Exceptt for the years 1986 to 1980 and 2000 when the risk and the skewness are significant, 

forr the rest of the years they do not possess significant levels. In there is significance in 

estimates,, higher risk offers higher mean incomes, whereas higher skewness slightly 

depresss the incomes. For example, one unit increase in the risk R raises wages a maximum 

aroundd 79% (1994) and a minimum around 11% (1991). A unit increase in skewness S 

depressess the wages at a maximum around 10% (1994) and at a minimum of 2.9% (1979). 

Wee note that the results are spread, mainly due to the fact that R and S vary substantially 

overtime. . 

Thee estimation of risk compensation and skewness penalty based on the residuals of 

thee first round regressions might produce inconsistent estimates. Unless the two stages have 

differentt control variables the same risk measures (up to a rounding error) can be obtained 

byy actual log earnings distribution directly. Thus, as an alternative, variance and skewness 

aree calculated from the actual log earnings distribution for the education-ability cells and are 

pluggedd into the earnings equation. Therefore, the risk, RJ,', and the skewness, Sy, in cell ], 

aree given by: 
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R^EjQnYy-EjQnYy)}R^EjQnYy-EjQnYy)}2 2 

S^EjilnYi-EjQnYg)}S^EjilnYi-EjQnYg)}3 3 

thenn earnings function is re-estimated including the estimated values for risk and skewness: 

I n i ; . = ^ r i . + ^ ; + J2 5 ; + ^.. (5.3.) 

wheree y/2i. is an error term. 

Resultss for the cross-section re-estimations for each year using the annual measures 

aree summarized in the Table 5.3. with the estimates for risk and skewness obtained as 

indicatedd above. 

Tablee 5.3. ANNUAL ESTIMATION OF RISK PREMIUM AND SKEWNESS PENALTY (Eq. 

5.3.) ) 

Year r 

1979 9 

1980 0 

1981 1 

1982 2 

1983 3 

1984 4 

1985 5 

1986 6 

1987 7 

1988 8 

1989 9 

1990 0 

1991 1 

1992 2 

1993 3 

1994 4 

1996 6 

1998 8 

2000 0 

Coefficientt of R 

-0.0300 (-1.22) 

-0.0200 (-1.45) 

-0.0566 (-1.53) 

-0.0099 (-1.11) 

-0.0788 (-1.20) 

-0.0300 (-1.33) 

-0.0999 (-0.99) 

0.129(2.00) ) 

0.3055 (2.25) 

0.812(1.79) ) 

0.607(1.88) ) 

0.234(1.75) ) 

0.2711 (1.91) 

0.220(1.99) ) 

0.4522 (2.78) 

0.559(2.01) ) 

0.2911 (3.01) 

0.394(1.81) ) 

0.512(1.69) ) 

Coefficientt of S 

0.013(0.02) ) 

0.0455 (0.59) 

0.0111 (0.77) 

0.099(0.19) ) 

0.076(1.60) ) 

0.055(1.11) ) 

0.0811 (1.15) 

-0.0033 (-2.20) 

-0.0455 (-2.00) 

-0.0099 (-2.51) 

-0.0933 (-3.33) 

-0.0555 (-2.55) 

-0.0655 (-1.71) 

-0.0777 (-1.79) 

-0.0222 (-1.79) 

-0.0399 (-2.91) 

-0.0122 (-3.01) 

-0.0399 (-2.61) 

-0.0433 (-1.55) 

t-valuess in parenthesis. 
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Onee unit increase in R in a given education-ability cell raises wages a maximum around 81% 

(1988)) and a minimum around 12% (1986). A unit increase in S depresses wages at a 

maximumm around 9.3% (1989) and at a minimum of 0.3% (1986). 

Thee empirical results are similar with the previous evidence and the stability over time 

iss not much improved. 

5.4.2.. Permanen t and transitor y shock s in earning s 

Inn this subsection we disentangle some of the dynamics of earnings. We make use of 

thee fact that we have panel data, therefore we can decompose the shocks into transitory and 

permanentt shocks and we include them in a cross-section Mincer equation. 

Iff there is no selection bias, both variances of the transitory and permanent shocks 

cann be easily estimated by a random effects model. 

Thee regression model7 is described by the following random-effects model: 

l n ^ = / ? ^ + v ^^ (5.4.) 

Thee error term is decomposed as: 

vv¥l¥l=iJ=iJ ii+y+yJJ+£+£ ltlt (5.5.) 

00 i^ p I 0 j ^ r [ 0 otherwise 

wheree / indicates the individual and j indicates the education-ability group that the individual 

belongss to. As before there are two levels of education and the ability is categorized by ten 

deciles.. The residual component 7, is the time-invariant individual effect, yj i s t n e t i m e 

invariantt education-ability cell effect and eu is the time-variant residual effect. 

Thee vector of variables X includes the factors affecting systematic earnings: level of 

education,, age, age squared and IQ scores. To isolate the time-invariant education-ability 

cell,, i.e. Yj we add to the set of the explanatory variables, a set of dummies for each 

77 We assumed that all individuals are identical in risk attitude and in risk by education-ability. 
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education-abilityy cell. Then taking the antilog of the random components yj and eit the 

estimatedd values are collected within education-ability j, to calculate the second moment, for 

risk,, and the third moment, for skewness. 

Systematicc earnings will be computed as predicted earnings from equation (5.4.). 

Residuall earnings are defined as the difference between the actual and predicted earnings. 

Thee risk in the permanent shocks is given by the antilog of the residual earnings 77, for each 

education-abilityy group. Earnings uncertainty in a particular education-ability category is 

measuredd by the standard deviation of the permanent shocks associated with individuals of 

thatt education-ability category. Each individual is then assigned the level of risk associated 

withh its respective education-ability cell. A measure of skewness is also calculated from the 

permanentt shocks in earnings within each education ability cell and is assigned to the 

respectivee individuals. 

Thee permanent risk, Rp, and the permanent skewness, Sp are given by: 

Longitudinall earnings uncertainty in a particular education-ability category is measured by 

thee standard deviation of transitory shocks associated with individuals of that education-

abilityy category. Each individual is then assigned the level of risk associated with its 

respectivee education-ability cell. A measure of skewness is also calculated from the transitory 

shockss in earnings within each education ability cell and is assigned to the respective 

individuals. . 

Thee transitory risk, R', and the transitory skewness S', are8 given by: 

1 11 j r=i i=i '  ij (=11=1 

Wheree in both (5.6) and (5.7), the subscript j indicates the education-ability cell individual 

belongss to and /, is the number of individuals who belong to the education-ability cell;'. 

Inn the second step the earnings function is re-estimated, including both the estimated 

valuess of risks and skewnesses: 

Thee two measures capture the longitudinal schooling risk. 
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Iny^Xyfij+x.RfIny^Xyfij+x.Rf +T1R
I
]+ !,£ƒ + k2S'} +e9 (5.8.) 

wheree we expect rt^0, t2>0, X,=0, A2<0. 

Too estimate equation (5.4) we restrict the sample period from 1979 to 1998, and we 

usee the sample of the last year of the panel, 2000, to estimate equation (5.8). 

Tablee 5.4. EARNINGS EQUATIONS - RANDOM EFFECTS) (Eq. 5.4.) 

Variable s s 

Yearss of Schooling 

AFQT T 

Age e 

Agee Squared 

Transitoryy Shocks - Variance 

Permanentt Shocks - Variance 

R2 2 

Numberr of Respondents 

Numberr of Observations 

Estimate ss t-value s 

0.0522 10.62" 

0.0233 11.12" 

0.0644 12.93" 

-0.00022 -14.67" 

0.181 1 

0.139 9 

0.195 5 

2406 6 

31157 7 

Note:: Estimates include dummies for each education-ability cell, marital status age and age squared. 

"" significant at 5% (two tailed test). 

Inn Table 5.4., we report the basic results of the panel estimation of the equations (5.4) 

andd (5.5). One more year of school increases the income by about 5.2%. The age-earnings 

profilee follows a quadratic form and thus experience has a positive but decreasing effect on 

earnings.. As expected the IQ scores positively affect the earnings. As Chen (2003) for the 

Unitedd States, and Diaz-Serrano et ai. (2004) for Denmark reported the variance of the 

permanentt shock is larger than the variance of the transitory shock. 

Inn Tables 5.5.a and 5.5.b. we report some summary statistics of the distributions of 

Rp,, Sp, R' and Sl. The statistics reveal that R and S display sufficient variation across 

educationn types and across levels of individual academic talent to look for their effect on 

wages.. The 10th ability decile individuals are the top ability individuals. Notably, the risk in the 

permanentt shocks is higher for more talented individuals and decreases for less talented, in 

bothh categories of education. 
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Tablee 5.5.a. RISK AND SKEWNESS - PERMANENT SHOCKS 

Abilit yy  Decile s 

10" " 

20th h 

30th h 

40th h 

50th h 

60th h 

70th h 

80th h 

90th h 

Educatio n n 

Colleg ee High-Schoo l 

R;;  S R; S 

0.333;; 0.121 NA 

0.231;0.0188 0.285;0.088 

0.240;; 0.020 0.295; 0.089 

0.241:0.0199 0.200:0.077 

0.106:0.0111 0.154;0.071 

0.106:0.0088 0.116:0.016 

0.084;; 0.009 0.087; 0.016 

NAA 0.086:0.018 

NAA 0.001:0.009 

Notes:: (i) The 10th decile represents the top IQ individuals, (ii) In each cell contains first the risk and 

secondd the skewness. (iii) "NA" indicates "not available". 

Tabl ee 5.5.b. RISK AN D SKEWNESS - TRANSITORY SHOCKS 

Abilit yy  Decile s 

1<P P 

20th h 

30th h 

40th h 

50th h 

60th h 

70th h 

80th h 

90th h 

Educatio n n 

Colleg ee High-Schoo l 

R;;  S R;S 

0.0154:0.00044 NA 

0.0111:0.00066 0.0091:0.0009 

0.0099;0.00111 0.0112;0.0012 

o.oioi ;o.ooi ii o.oi28;0.ooi3 

0.0089;; 0.0016 0.0079; 0.0024 

0.0077;; 0.0031 0.0061; 0.0031 

0.0008;; 0.0030 0.0021; 0.0175 

NAA 0.0007; 0.0020 

NAA 0.0006:0.0018 

Notes:: (i) The 10th decile represents the top IQ individuals, (ii) In each cell of the table the first number 

indicatess the risk and the second the skewness. (iii) "NA" indicates "not available". 

Includingg the fixed effect in an empirical analysis is a test on information. Estimation 

off equation (5.8) using Rp, Sp, R' and S' is reported in Table 5.6. We find weak results for 
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permanentt risk and skewness. Both for risk and skewness, permanent variability is less 

compensatedd for than transitory variability. This is consistent with "permanent shocks" 

containingg a large part of individual heterogeneity, on which an individual is better informed 

thann the researcher, and which requires less or no compensation. All reported t-values are 

basedd on robust standard errors. 

Tablee 5.6. ESTIMATION: RISK COMPENSATION IN 2000, RESIDUAL MEASURES 

Permanen tt  Shock s 
Risk k 

Skewness s 

Transitor yy Shock s 

Risk k 

Skewness s 

Coefficient s s 

0.001 1 

0.076 6 

0.309 9 

-0.976 6 

t-value s s 

0.99 9 

1.32 2 

12.05" " 

-11.94" " 

Notes:: The set of covariates include years of education, age, age squared, marital status and IQ 

scores,, dummies for occupations, dummies for regions. Absolute t-values are based on robust 

standardd errors. " significant at 5% (two-tailed test). 

Too solve the problem of potential inconsistency, we calculate dispersion measures 

directlyy from the earnings distribution in a given education-ability cell, rather than from 

residuals.. We calculate the permanent risk and skewness as the between individuals 

variationn in logearnings and the transitory risk and skewness as the within individuals 

variationn in logearnings. 

Thee permanent risk in a particular education-ability category, j, will be the systematic 

variancee due to differences in means. Then, each individual is then assigned the level of risk 

associatedd with its respective education-ability cell. 

Thee permanent risk, /?ƒ , and the permanent skewness, £ƒ , are given by: 

ff  i, 

*j=j-i>h) *j=j-i>h) 
i^ ^ 

jj  < = ' 

ff  I. 

Z lny* * 
ll jj  '=1 Z' ' 

(5.9.) ) 
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wheree as before lj is the number of individuals who belong to the education-ability celly'. 

Thee transitory risk in a particular education-ability category,;', will be the unsystematic 

variancee due to other sources of variance. Each individual is assigned the level of risk 

associatedd with its respective education-ability cell. 

Thee transitory risk, R'. , and the transitory skewness, S'j, are given by: 

«/'=i£K)-iff  i> J  */=ii > J-£f LK>) <5-i°> 
(=11 r= l r= l ' j i=\ 1=1 1=1 (=1 j (=1 

Withh these estimates at hand, we re-estimate the equation: 

Inn j - = f$}Xi}  + zRpkf + rRtR) + z^Sf' + TJ'J + ey (5.11.) 

Thee estimation results of Eq. (5.11) are presented in Table 5.7. They are in essence not 

sensitivee to this specification: the permanent shocks are less compensated than the 

transitoryy shocks. 

Tablee 5.7. ESTIMATION: RISK COMPENSATION IN 2000, EARNINGS DISPERSION 

MEASURES S 

Permanen tt  Shock s 
Risk k 

Skewness s 

Transitor yy Shock s 

Risk k 

Skewness s 

Coefficient s s 

0.010 0 

0.002 2 

0.297 7 

-0.106 6 

t-value s s 

1.92 2 

1.15 5 

2.55 5 

-3.99 9 

Notes:: The set of covariates include years of education, age, age squared, marital status and IQ 

scores,, dummies for occupations, dummies for regions. Absolute t-values are based on robust 

standardd errors. " significant at 5% (two tailed test). 
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5.4.3.. Schoolin g Choic e Rule 

Inn the previous sections, the self-selection bias problems were ignored and therefore 

bothh variances (variances in the transitory and permanent shocks) were easily estimated with 

random-effectss models. 

Thee problem of self-selection bias might appear if the distribution of earnings is 

dependentt upon the schooling decision. Earnings uncertainty can influence individuals' 

schoolingg decisions if schooling is risky. It could happen that school is beneficial for future 

earningss but at the same time is unattractive because continuing going to school is risky. 

Self-selectionn to different levels of education affects the whole distribution of individual 

characteristicss (innate productive skills, risk preferences, information, etc). Because it is 

believedd that there is considerable heterogeneity in the determination of earnings, the 

analysiss is tailored to the schooling choice problem. The schooling variable may not be 

exogeneouss therefore we look for suitable instruments. If individual effect is correlated with 

permanentt earnings uncertainty, the distribution of observed earnings will be more 

concentratedd for a given level of schooling. Hence the estimated variance of the errors, using 

OLS,, is downward biased. 

Wee estimate the risk and the skewness caused by permanent shocks and transitory 

shockss (by calculating the residual variance and skewness of the permanent and transitory 

shocks)) and treat the potential selection bias at the same time. The schooling choice rule 

motivatess the use of instrumental variable techniques that facilitate a treatment for selection 

bias. . 

Thus,, we reformulate the model as follows: firstly, we compute the permanent and 

transitoryy risks and skewness, /?ƒ , R) , Sf , 5' directly from the log-earnings, as indicated in 

thee equations (5.9.) and (5.10). Secondly, we estimate the schooling equation. The 

dependentt variable, s, represents the completed years of schooling: 

ss = nu + £ (5.12.) 

wheree u are variables that affect the schooling attainment and £ is the error tern. £ 

representss the unobservable individual effect and it can be normalized to be a random 

variablee with zero mean and unit variance. 
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Iff n denotes the OLS estimate of n from (5.12), for each education-ability group, j , 

e\Ke\K u) 
wee compute A - V \. Including A as regressor in the equation we estimate the earnings 

function: : 

\ny\nyvv.=X,Pj.=X,Pj +TlRf +T2R
,
J' + r3S; + r4S;.' +T5AJ + ̂ t f (5.13.) 

wheree y/Vj is an error term. 

Inn this way we test for the risk compensation and correct for the bias at the same time. 

Thereforee the OLS estimation of the equation (5.13) is consistent. 

Tablee 5.8. EXPLAINING SCHOOLING ATTAINMENT (OLS ESTIMATES) (Eq. 5.12.) 

Variable s s 

AFQT T 

High-Schooll Graduation Year 

Regionall Dummies at age 14 

Parentall Education (Father)c 

Noo data, school father0 

Parentall Education (Mother)c 

Noo data, school mother6 

Fatherr professional9 

Fatherr clerical' 

Fatherr craftsman9 

Fatherr operative*1 

Fatherr laborer" 

Fatherr farmer* 

Noo data, father's occupationk 

Black k 

Coefficient s s 

0.047 7 

yes s 

yes s 

0.061 1 

0.007 7 

0.049 9 

0.0009 9 

0.609 9 

0.202 2 

0.200 0 

0.308 8 

0.233 3 

0.301 1 

0.003 3 

-0.0004 4 

t-value s s 

7.89** * 

yes** * 

yes** * 

2.13** * 

0.95 5 

2.67** * 

0.11 1 

2.99" " 

2.00" " 

8.98" " 

2.22" " 

1.95" " 

1.99" " 

0.08 8 

-1.01 1 

Numberr of Respondents 1606 

Notes:: " indicate significance at 5% level (two-tailed test). 

Secondd row contains terms of high-school graduation years. 

Thirdd row contains regional dummies including whether one lived in an urban area, northeastern, west 

orr south at age 14. 
aa number of years of schooling of father, if available 



1166 Chapter 5. Risk Compensation in Wages 

bb dummy variable equal to 1 if no data on father's schooling, 0 otherwise 
cc number of years of schooling of mother, if available 
dd dummy variable equal to 1 if no data on mother's schooling, 0 otherwise 
ee dummy variable equal to one if father's occupation is professional or manager, 0 otherwise 

'dummyy variable equal to one if father's occupation is clerical or sales, 0 otherwise 
99 dummy variable equal to one if father's occupation is craftsman, 0 otherwise 
hh dummy variable equal to one if father's occupation is operative, 0 otherwise 

'dummyy variable equal to one if father's occupation is laborer, 0 otherwise 

'' dummy variable equal to one if father's occupation is farmer, 0 otherwise 
kk dummy variable equal to one if no data on father's occupation, 0 otherwise 

Thee sample from the year 2000 is used for the estimation of equation (5.12). The 

estimatess are presented in Table 5.8. Years of education are calculated by imputing the 

nominall number of completed years, whether the education is secondary level education or 

collegiatee level education. The determinants of the schooling attainment include the person 

time-invariantt characteristics like race, regional dummies, the year when the person 

graduatedd from high school, AFQT scores, parental education and the place where he lived 

att 14 years old. The results reveal that both the scholastic ability and the parental education 

aree influential in the decision to stay longer in school. The high-school graduation year, as 

shownn in the second row has significant explanatory power for the total number of years the 

individuall stays in school. Blacks have a slightly lower education attainment than whites. 

Tabl ee 5.9. ESTIMATION: RISK COMPENSATION IN 2000, SELF-SELECTIVIT Y 

CORRECTED D 

Permanen tt  Shock s 
Risk k 

Skewness s 

Transitor yy Shock s 

Risk k 

Skewness s 

i i 

Coefficient s s 

0.005 5 

0.001 1 

0.234 4 

0.002 2 

0.007 7 

t-value s s 

0.67 7 

0.41 1 

10.00 0 

1.01 1 

1.23 3 

Notes:: The set of covariates include years of education, age, age squared, marital status and IQ 

scores,, dummies for occupations, dummies for regions. Absolute t-values are based on robust 

standardd errors. " significant at 5% (two tailed test). 



ChapterChapter 5. Risk Compensation in Wages 117 

Thee coefficients estimated in Table 5.8. are used to construct the selectivity variable 

X.X. This variable is included as a regressor in the earnings equation (5.13), following the 

proceduree indicated previously. 

Thee results are presented in Table 5.9. The estimates of the compensation for 

permanentt and transitory risk are somewhat smaller than the estimates obtained when the 

self-selectionn was not corrected. Both measures for skewness have no effect on earnings. 

Thee selection variable, X, has modest effect, at some 0.7%. 

5.5.. Empirica l Result s and Conclusion s 

Thee NLSY1979 data set provides a long panel that allows us to use detailed information on 

education,, abilities and earnings and to separate the shocks in earnings in permanent and 

transitoryy components. In this chapter we test how the risks arising from both types of shocks 

aree compensated. Selection problems are coped with as well. 

Thee permanent component is the time-invariant education-ability cell effect. The 

transitoryy component is the time-variant residual effect. Our estimates bear out that both risk 

andd skewness of permanent shocks are less compensated than the risk and the skewness of 

thee transitory shocks. The wage premium has to be enforced in the market from individuals' 

supplyy reactions and therefore it depends on how they perceive the variability they face. With 

panell data we eliminated individual fixed-effects because we expect that individuals know 

themm at the time they make their decisions (we assume that individuals know their positions 

inn the ability distributions for all possible education choices). Because individuals know from 

thee AFQT test what their abilities are, in a competitive market they can self-select into the 

optionn with low risk and this will reduce the perceived uncertainty of success. The variance 

observedd for individuals who have selected themselves into different education-ability 

categoriess is then a good indication for thee risk the individuals face. Therefore the permanent 

shockss contain individual heterogeneity and the individuals are better informed on their 

humann capital perspectives than the econometrician. 

Inn the estimates, we use measures of variance, R, and skewness, S, observed for 

individualss who have completed given level of educations and with given abilities. We 

assumee that individuals know their position in the ability distribution for all possible education-

abilityy choices. Thus conditioning on these variables, the heterogeneity, on which individuals 
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aree better informed than the econometrician, is picked up by the "permanent shocks". It is in 

factt a test on how much information the individual has before choosing his education. Becker 

(1964)) argued that measures as abilities scores and grades have a negligible role on the ex 

antee risk. On the other hand, Diaz-Serrano et al. (2004) conclude that the permanent 

componentt of the variability is pure individual heterogeneity and that the transitory shocks 

dominatee over the permanent shocks. 

Thee estimation strategy is divided in three parts. Firstly, we estimate R and S from the 

residualss within an education-ability category of a standard Mincer earning function. We also 

estimatee R and S directly from log earnings. Then, we test for compensation by using single 

yearr cross-sections, i.e. treating the years panel as single cross sections. 

Secondly,, we use our panel data to compute both transitory (time series) and 

permanentt (cross-section) measures of R and S and test the effect of both on wages for the 

lastt year of the panel. We find weak results for permanent risk and skewness. Both, for risk 

andd skewness, permanent variability is less compensated than transitory shocks. This is 

consistentt with "permanent shocks" containing a large part of individual heterogeneity, on 

whichh an individual is better informed than the researcher, and which requires less or no 

compensation. . 

Thirdly,, we use IV techniques to correct for selection biases. After correcting for the 

self-selectionn bias problem the results confirm the existence of risk compensation in wages. 

Thee coefficients of the permanent risk and of the transitory risk adjust downward. Permanent 

variabilityy is less compensated than the transitory variability, because the individual 

heterogeneityy is better known and requires less compensation in wages. Both measures for 

skewnesss are statistically insignificant. Apparently, the selection bias is modest. 



Chapte rr  6 

Educatio nn as a Real Optio n 

6.1.. Introductio n 

Inn this chapter we treat education as a sequential choice that is made under uncertainty. Our 

modell acknowledges the option of leaving now rather than waiting and keeping open the 

possibilityy of not leaving should the market wage fall. Uncertainty and irreversibility imply an 

optionn value of waiting and therefore greater hesitancy in individuals' going out on the labor 

market.. We also investigate which impact the probability of major shocks has on the decision 

too further invest in schooling: the individual may discover a sudden drop in the benefits from 

attendingg school. 

Itt has been long recognized that individual demand for education should be analyzed 

inn an investment framework. However, most of the enormous empirical literature on human 

capitall and earnings that has been developed from Mincer (1974), Becker (1964, 1993) and 

otherr human capital pioneers abstracts from uncertainty about whether a program will be 

completedd and on the role played by risk in education decisions. 

Whilee the literature on risk is not abundant some authors have analyzed the topic. 

Williamss (1979) uses a model in which the production of human capital, its depreciation and 

futuree outcomes are all stochastic. Higher risk (larger variance in the production of human 

capitall from given inputs) reduces the investment in schooling. Groot and Oosterbeek (1992) 

definee an increase in risk as a mean preserving increase in the spread in the distribution of 

returns,, for any arbitrary distribution. They find that greater dispersion in earnings by 

schoolingg level reduces the returns to schooling. 
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Mostt investment decisions have three features with different weights: they are 

partiallyy or completely irreversible, they have uncertain outcomes and their future rewards 

dependd on the timing of the investment. Using the theory of real options, Dixit and Pindyck 

(1994)) focus on the interaction of these three characteristics, in order to determine the 

optimall decisions of the investors. The option approach is relatively new and it is in essence 

thee view that an individual, while in school, has the option of leaving it whenever he prefers 

andd earn a wage that is related to the time spent in school. The decision to leave the school 

iss irreversible. We base our assumption on the fact that it is uncommon for individuals to go 

backk to school after they have decided to end it. This approach recognizes the option value 

off waiting for better (but never complete) information. 

Inn Hogan and Walker (2001), a stochastic dynamic programming model is 

constructed,, where being in school has utility value and the shadow wage follows a Brownian 

motion.. Once the student leaves school, this shadow wage becomes the fixed wage for the 

entiree working life. Increasing risk in the post-school wage implies an increase in the upside 

risk,, the probability to obtain a high-wage, while the increase in down-side risk remains 

ineffective,, because at low wage students stay in school anyway. As a result, individuals 

reactt by staying in school longer as the risk increases. As individuals can permanently 

monitorr the wage they may get when quitting school, one may be tempted to see this wage 

ass the given reward for the stochastic production of skills while in school, if one then also 

assumess that less able individuals face greater risk in their production of skills, the model 

impliess that less able individuals will stay in school longer, which is certainly at variance with 

reality.. We will start out from the same model, but adjust for its drawbacks. We will find that 

increasingg risk may not only increase but also decrease expected schooling length. 

Thee chapter is organized as follows: section 6.2. discusses the theoretical model. 

Sectionn 6.3.solves the model. Section 6.4. extends the model. Section 6.5. summarizes and 

drawss the conclusions. 

6.2.. Model 

Wee develop a particular model, based on Hogan and Walker (2001), but replace the 

assumptionn of fixed post-school wage by a stochastic wage. In our model we assume that 

whenn the income reaches a certain level, the threshold wage, the option to leave school is 

exercisedd and the individual leaves school and earns an income that evolves, from that initial 
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level,, in a manner dictated by the assumed underlying income process. We assume the 

returnn to schooling as being drawn from a normal distribution. Hence, the return from s years 

off schooling, rs, will be distributed as a normal random variable with mean a and standard 

deviationn a when one additional year of education (s =1) is taken. In other words for small 

additionall intervals, ds, rs = — will be normally distributed N\ptds,o2ds). Thus, we 

assumee that Y follows a geometric Brownian motion1, that is if the income at time t is 7,, then 

thee variation in Yt over a small interval dt is given by: 

dYdYtt=aY=aYttdtdt + trYtdz (6.1) 

Wee denote dz a Wiener process2. 

Wee assume that the decision process is made sequentially: each period the individual 

hass two alternatives: either, he can leave school, lose the value of the option to leave school, 

enterr the labor market and earn a stochastically determined wage that is a function of the 

accumulatedd schooling, or he can stay in school for a while, keep the option of leaving 

school,, while receiving some utility from school, «, and in the next period he can take again 

thee gamble of exercising the option. If he chooses not to exercise the option, its value 

evolvess according to the underlying income process. Once the option is exercised the 

individuall cannot return to school. The individuals are infinitely lived. 

Thee model of Walker and Hogan has the restriction of ignoring all risk once individuals 

leftt school, since they earn a fixed wage for the entire working life. However, we assume that 

earningss are not fixed but continue to fluctuate with Brownian motion while individual is on 

thee labor market. 

Ass the income flow Yt follows a Brownian motion in perpetuity, if the initial state is Y 

andd the future earnings are discounted3 at the discount rate /', then the expected present 

valuee of all future revenues4 is given by: 

11 See Dixit and Pindyck (1994), page 65. 
22 A formal description of the Wiener process is presented in the Appendix 6.1. 
33 The risk in the wages, V, has zero correlation with the overall labor market risk. Thus the riskless rate 

iss the discount rate for all future revenues, certain or uncertain. 
44 The proof of this formula is presented in Appendix 6.4. 



1222 Chapter 6. Education as a Real Option 

Y Y 
E[Y.e"dtE[Y.e"dt = — . 

JJ i-a 

Notee that the present value is a linear function of the initial value of the wages. We will 

calll it f(Y). For this to make economic sense we must assume that i>a. If i<a, waiting longer 

wouldd always be a better policy and an optimum would not exist. We will let S denote the 

differencee between i and a, S=i-a. Thus we are assuming S>0. 

Lett V(Y,) be the value of the option to leave school at time t and start earning income, 

thee current state of the income stream being Yt. The option value changes over time 

accordingg to a Bellman equation. The value of the option of leaving school at time t can be 

expressedd as the sum of the operating profit over the interval (t, t+dt) and its continuation 

valuee beyond t+dt. Since the individual receives net utility u from participating in education, 

then: : 

V(Y)V(Y) = udt + E(V(Y + dY)e'**). 

Expandingg the right hand side using Ito's Lemma5, we obtain: 

V(Y)V(Y) = udt + aYV(Y)aYV(Y) + -a2Y2V"(Y) + (l-idt)V(Y) + o(dt) 
2 2 

wheree o(dt) collects terms that go to 0 faster than dt, and V and V represent first and 

secondd derivative of V with respect to Y. Simplifying, dividing by dt and proceeding to the 

limitt as dt-^O we get the differential equation6: 

-a-a22YY22V'V' (Y) + aYV(Y) -iV{Y) + u = 0 
2 2 

Thee general solution for this equation has a homogeneous part: a linear combination of the 

twoo power solutions corresponding to the roots fiu fc of the quadratic equation: 

55 The option value V, being a constant multiple of Y, also follows a geometric Brownian motion with the 

samee parameters a and a. A proof can be found in Dixit and Pindyck (1994), page 79. Ito's Lemma is 

describedd in the Appendix 6.2. 
66 A generation of this formula is presented in the Appendix 6.5. 
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andd a constant —. Therefore we can write V(Y) as: 
i i 

V(Y)V(Y) = BXY* +B2Y
fil+-

i i 

wheree the constants B1t B2 are to be determined. 

Iff the shadow wage tends to 0 the individual will never leave school, so the value of 

beingg in school will be the present value of the direct utility of perpetual education: 

\\mV(Y)\\mV(Y) = -
r->oo j 

Wee focus now on the quadratic equation Q^ Since i>a, the larger root p-t of this 

equationn exceeds 1 and the other root, p2, is negative. Since p2<0, that power of Y in V(Y) 

goess to Qo as Y goes to 0. To prevent the value from diverging, we must set the 

correspondingg coefficient7, B2=0. The other term BxY
fii is not easy to get rid of. It represents 

aa component of Y attributable to speculative bubbles as Y->0. 

Att a threshold value of the wage, , it becomes optimal to exercise the option of 

leavingg school. Once the individual leaves school, the shadow wage becomes his real wage 

andd it continues its Brownian motion (with  as initial value) during the entire life. This is 

wheree we deviate from the Hogan and Walker model, which assumes a fixed wage after 

leavingg school. In order for the threshold to be chosen optimally, the value of the option at the 

thresholdthreshold , must equal the present value of lifetime income . This is the value-

matchingg condition: 

V(Y°)V(Y°) = . 
i-a i-a 

77 The mechanism is similar to a bubble in the price of a financial asset. 
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Furthermore,, the graphs of the option value and of the present value function should 

meett tangentially at the optimum. This is the smooth-pasting condition: 

V'(Y°)V'(Y°) = -

Replacingg V{Y) = BlY
Pl +— in the matching and smooth pasting conditions yields the 

i i 

valuee of the threshold wage: 

Y°Y° =  y] 5 (6.2) ) 

where e 

AA = 
--ttTT22-a]-a]  + Ia--a2\ +2a2i 

Sufficientt conditions such that 0 are u>0 and i>ct. Otherwise (u<0 and i<a) school would 

providee a better return and it would be optimal to stay in school forever. 

Too see how the decision to stop schooling is influenced by the variance in earnings 

wee differentiate for Y  totally, with respect to a2. Hence: 

dY°dY° da* 
(A-l ) ) 

dada22 ' 
dada1 1 

|%4^ ' - 1 ) >0 0 

dada 2 

^ LL = a + ( r
2 ( A - l ) > 0 

(A-i r r 
ssuu--

dQdQx x 

Implicit Implicit FunctionFunction Theorem ^ @P\ 

1_ _ 

ii  _ da2 

dada1 1 

dfidfix x 

<0 0 

S*,r>0S*,r>0 > d Y > Q 

dada2 2 

Therefore,, as a2 increases, Pi decreases and therefore the ratio -J-1— increases. The 

greaterr the level of uncertainty over future values of the earnings, the larger is the excess 

incomee the individual will demand before he is willing to make the irreversible choice of 

leavingg school. Hence, allowing for stochastic income after school, rather than assuming 
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fixedd income, is immaterial for the key conclusion obtained by Hogan and Walker that 

increasingg risk extends schooling length. 

Notee that the basic model of this chapter can be extended and generalized in several 

ways.. One is to allow a more general wage process, for example, a mean-reverting process, 

orr an even more general Ito process. The only difference this makes is that in the differential 

equationn for the option value and in that of the option, the coefficients become more 

complicatedd functions of Y. In almost all such cases we must rely on numerical solutions. 

Sincee there are no new general economic insights to be had from such calculations we will 

nott develop this line of models here. A different direction of extension is worth some 

attention. . 

6.2.. Allowin g for Risk Aversio n 

Inn the model described above, individuals are earnings maximizers and hence, risk neutral. 

Wee relax the assumption and specify a mode! with risk aversion where individuals evaluate 

futuree income by adding the variance of earnings to their expected income. The variance is 

weightedd by the individuals' risk attitude parameter, i.e. the certainty equivalent based on the 

individual'ss utility function. The solution to the dynamic programme depends crucially on how 

wee specify the budget constraint and in this section we generalize it by assuming that while in 

schooll the individual gets the same utility «, but after school the utility is provided by labor 

incomee via U, the instantaneous utility function. The utility function U is increasing and 

concave.. The form of the utility function only affects utility after leaving school as we have 

precludedd the possibility that an agent may borrow against future income in order to 

subsidizee consumption before leaving school. As before, the wage stream Yt follows a 

geometricc Brownian motion with parameters a and a, and we assume a constant income 

elasticityy of the utility function, specifically with Constant Relative Risk Aversion (CRRA): 

U(Y)=—U(Y)=——— Y1'" 
\-p \-p 

wheree p = —X^-Y>0 is the coefficient of risk aversion8. 
U{Y) U{Y) 

Thiss concept was introduced for the first time by Arrow (1965). 
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Followingg the same steps as before, let Y* denote the threshold wage and V(Y) be the 

valuee of the option to leave school. While unexercised, Y in the range (0, / ) , the option has 

merelyy an expected gain: udt+E[dV(Y)]. Setting this equal to the normal return from keeping 

thee option alive for dt. iV(Y)dtwe get the familiar solution: 

V(Y)V(Y) = AJPi +-
i i 

wheree Ai is a constant to be determined, and Pi is the positive root of the quadratic: 

QQ22::  ^<j2p(f}~\) + af}-i = Q 

Takingg the limit of Y to 0 we rule out the term with the negative root. The value of the 

optionn to leave school is worth, just at the time of leaving the school, the present value of the 

discountedd sum of utilities from income distributions after graduation. We can calculate this 

byy direct integration assuming as before that income follows the Brownian motion of equation 

(6.1.).. Hence the value matching condition should satisfy: 

V(r)V(r) = E\u{Yt)e
u dt dt 

wheree the initial level of the real wages, Yt, is Y*. 

Fromm the smooth pasting condition, Y* is at the point of tangency of the two curves: 

dE\u(Y,)e-dE\u(Y,)e-aadt dt 
dV(Y)dV(Y)ll i i 

BYBY l ^ dY \Y=Y \Y=Y 

Too solve for E \u{Y,)e~"dt we retain the first terms in Taylor series expansion of the utility 
0 0 

functionn U around the expected income at time t. We have that: 
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U{Y,)U{Y,) = u{Y)+{Yt-Yt)U\Yt) + ̂ (Yt-Yt)
2U\Yt) + o(.dt) 

wheree U' and U" are the first and the second derivatives U with respect to Y. 

Hence,, multiplying by e"rt, integrating and taking expectations on both sides: 

EE JU{Y, yudt = ju(Yt y
itdt + - jVar(Yt)U\Yt)e"dt (6.3) ) 

wheree V(Yt) is the variance of Yt. 

Iff the starting value of Yt is Y, then the expected value and the variance of Yt are respectively: 

¥¥tt=EY=EYll=Ye=Yeat at 

Var(YVar(Ytt)=Y)=Y22ee2c2c*(e'*(e'7272'-\) '-\) 

Thee proofs of the formulas can be found in the Appendix 6.3. 

Workingg out equation (6.3.), under the assumption that the starting value of Yt is Y", we 

obtain: obtain: 

HfeHfeatatttpp _» . 1 "h„.. 
E\u(YE\u(Ytty'dt=y'dt= r e ) c~udt+- [(ffe7*^ -l)(-p)(Ytea'rp-le-i' 

oo *~P 2o 
dt dt 

whichh can be further rewritten as: 

000 / „ *  \ ] \ -p 00 . 00 

00 0 

Lett us denote EijLHY^e^dt with g(Y*). Thus, if /' > max[a(l - p\a2 - ap + a-ap + a\ then: 

\-p\-p [i-a(\-p)\ 2V 
ii  + a(p-\)-o2 i + a(p-\) == (ST'« 
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wheree A is a constant given by: 
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AA = 
11 1 

\-p[i-a{\-p)}\-p[i-a{\-p)}  2' 
I I 

ii  + a(p-\)-a i + a(p-\) 

Thee threshold Y* is jointly determined by solving the system: 

4(Y*) AA +- = (Y*)lpA "the value-matching condition" 

r*\-pr*\-p  A M AAxxppxx{Y{Y Y  ̂ =(\-p)(Y ) PA "the smooth-pasting condition" 

Solvingg the system yields the solution: 

YY = A A 
4A-(!-/>) ] ] 

_LL J_ 
(6.4) ) 

Forr the threshold to be positive, Y*>0, we need 4/?i-(l-/?)]>0. Because p!>1 and p>0, we 

havee that [/?,-(i-p)]>0. Therefore a sufficient condition for a positive threshold is that the 

constantt A>0. 

Thee effect of the variance on the threshold level is obtained from totally differentiating 

Y*withh respect to a2: 

dYdY 1 

dada22 l - /? [4A- ( l -
A A 

xx~p~p (u Y-P dada ca_ 

Rearranging,, the denominator of the last ratio in the right hand side will be: 

dada da 

Applyingg the Implicit Function Theorem to the quadratic Q2, as before, we get that —f-\< 0 
da da 

Differentiatingg A with respect to a2 we obtain that: 
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8 8 

8A8A 1 1 n 

aa 2 [i-a2 -a+apf 

Sincee pi>1 and 0<p<1, we have that A{p-l)-Qr-0l(&-l + p)—r>0. Therefore — r > 0 . 
dada da da 

Thus,, if the discount rate satisfies i >max[a(\-p),a2 -ap + a,-ap + a\, under risk aversion, 

thee threshold wage rises with earnings variance. Increasing uncertainty over future income 

inducess individuals to stay in school longer, even if they are risk averse. The same is true for 

riskk neutral individuals [p=0). The conclusion is less clear if the individuals are risk lovers 

(p<0),(p<0), their decision to continue or to leave school will depend on other parameters of the 

modell as well. 

6.4.. An Extensio n wit h Jump s in the Incom e Proces s 

Lett us now return to our basic model in which Y follows a geometric Brownian motion and 

extendd it in a different way. This time we allow for the possibility that at some random point in 

timee Y will take a Poisson jump9, which will be described in some detail in Appendix 6.6. This 

versionn of the model will describe innate risk of the school career. An education is a 

sequencee of many steps, each with their own feedback. The students may have to take 

compulsoryy fields, for which he discovers a lack of ability. There will be many tests and 

exams,, which the student may fail, and realize that his labor market prospects have seriously 

deteriorated.. He may even be banned from school, by not passing minimum requirements. 

Wee model this inherent uncertainty of the schooling process as a random event with a major 

reductionn in income. With this in mind, we modify our basic model, assuming that Yt follows 

thee mixed Brownian/jump process: 

dY,dY, = aYtdt + aYtdz - Y,dq (6.5) 

wheree dq is the increment of a Poisson process with the mean arrival rate X, and dz and dq 

aree independent. We will assume that if an "event" occurs, Y falls by some fixed10 percentage 

99 Demers (1991) is a more recent contribution to the study of investment when information arrives over 

time. . 
10 0 Notably,, an event might cause Y to fall by some random, rather than fixed amount. 
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9,, (with 0<9<1) with probability 1. Thus equation (6.5) says that Y will fluctuate like a 

geometricc Brownian motion but over each time interval dt there is a small probability A,dt that 

itt will drop to (1-6) times its original value, and it will then continue to fluctuate until another 

eventt occurs. Note that the expected percentage rate of change in Y is not a, but instead a-

XQ,XQ, because over each interval of time dt there is a probability A.dt that Y will fall by 1000 

percent.. Thus increases in A. reduce the expected rate of capital gain on Y by increasing the 

chancee of a sudden drop in Y. Second, because a Poisson event occurs only infrequently, 

mostt of the time the variance of — over a short interval of time dt is just that of the 

Browniann motion part a2dt. However, if the event occurs, a very large deviation happens, so 

itss contribution to the variance calculated given the information at t cannot be neglected. 

Notee that if for simplicity we set a=0 and write 

aY^dtaY^dt with probability-(l - Mt\ 

dYdY = \-crYyfdt with probability-(l- Adt\ 

-- 0Y with probability Adt. 

thenn EdY=-AdtffYand Var(dY)=c?Y2dt+A&!Y2dt. This variance has two components11. The first 

componentt comes from the Brownian motion part of the process, and is conditional on no 

jumpp occurring. The second component accounts for the possibility of a jump. 

Too solve for the optimal stopping rule, a Bellman equation for V(Y) is used: 

V{Y)V{Y) = udt + E(V(Y + dY)e-k*)  (6.6) 

Wee now expand E(V(Y+dY)) using the version of Ito's Lemma12 for combined 

Browniann and Poisson processes: 

111 When applying Ito's Lemma to a combined Brownian motion/jump process, it is only the first 

componentt of this variance that contributes to the new term involving second order derivatives. The 

jumpp part contributes a different term involving a difference in values at discretely different points (Dixit 

andd Pyndick (1994), Chapter 3). 
122 In the Appendix 6 we present Ito's Lemma for a combination of an Ito process and a jump process. 
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iV{Y)dtiV{Y)dt = udt + aYV\Y)dt + -a2Y"V{Y)dt - X{V{Y) - v[(l - 0)ï]}dt 

Thee solution to equation (5.6.) is again of the form V(Y) = CYfi' + — , but now p1 is the 
i i 

positivee solution of a slightly more complicated non-linear function: 

QQ33::  -<J2p2 + j3(a--o2)-(i + A) + A(l-0Y=O 

Thee value of Pi that satisfies Q3(p)=0 can be found numerically. If we evaluate the 

quadraticc Q3 at 1 and <x> we have Q3(1)<0 and Q3(<»)>0. Therefore fa must be larger than 1. 

Thenn given fa, the values for Y and C can be found from the boundary conditions13. 

Thee same boundary conditions apply as before at say Y the threshold. At the optimal 

exercisee point, we have the value matching and smooth matching conditions linking the 

presentt value of the expected earnings stream with the appropriate V(Y). 

Firstt we want we express the present value of the expected earnings stream: 

P{Y)P{Y) = E\Y,e-"dt 

Iff the wage earned on the labor market follows a Brownian motion all the time and 

dropss by a constant amount 6Y at random points in time, where X is the mean arrival rate of 

thee drops in income. We can treat P as an asset and equate the normal return on it at rate i 

too the sum of dividend (current wage) and the expected capital gain: 

iPdtiPdt = Ydt + E(dP) (6.7) 

Sincee Y follows a combination of Ito and Jump processes, applying Ito's Lemma to 

functionn P, we obtain: 

133 If 9=1 (so that the income drops to 0, and remains there forever), Q(P) simplifies to a quadratic 

equation,, which is just like our earlier equation except that the Poisson parameter gets added to the 

ratee of return in the constant term. The positive solution is: /?, = —-——-+ 
22 cr aa22 2 

+2i i i l l 
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EE(dP)(dP) =1 — V ' + f— \Ydt 

Pluggingg back the expression of E(dP) into equation (6.7.) wee get: 

P(Y)=—Y+^—Y P(Y)=—Y+^—Y 
ii  - a i(i  - a) 

Therefore,, P is equivalent to a perpetuity that pays out forever the current wage plus the 

capitalizedd value of the average drop per unit time. The value matching and smooth pasting 

conditionss are: 

CY*CY* + -

CftY^'CftY^'1 1 

== KY 

== K 

ii  + XQ 
wheree K is the positive constant, K = , i>a. 

i-a i-a 

Thee system in the unknowns C and Y readily yield the solution Y for optimal 

threshold: : 

Y^-^Y^-ÛU1^L1^L ( 6 8 ) 

Thuss — < 0 and — <0, therefore the higher the probability that a fall in income will occur 

dAdA 39 

(orr the larger the drop in income if an event occurs) the less willing will be the individual to 

stayy in school. Thus, we find that in increase in the inherent risk of the schooling process will 

reducee length of schooling. 
Differentiatingg Y and using the implicit function theorem we get: 
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d(A-D D 

133 3 

3ft t 

dada2 2 
dada2 2 

Cft-ir r 
r-a r-a 
rr  + XO 

001001 2 

dQ> dQ> 

DaDa22 oft 
<0 0 

*U-*L>< > > 
OCT2 2 

Hence,, higher the risk, higher the threshold at which the individual is willing to leave school. 

Tablee 6.1. DEPENDENCE OF Y 

8=0,anyy X 

Y Y 

9=0.15,, .̂=0.1 

Y Y 

6=0.15,, A=0.3 

Y Y 

9=0.15,, X=0.5 

Y Y 

6=0.15,, A=0.7 

K K 

9=0.15,, X=0.9 

Y Y 

e=i","x=ö! ï ï 

f f 
6=1,^=0.3 3 

y y 

e=i,x=o.5 5 

y y 

e=i,x=o.7 7 

Y Y 

8=1,, *=0.9 

f f 

o=0.00 0 

4999.9 9 

1719.4 4 

644.4 4 

398.7 7 

305.2 2 

253.2 2 

454.5 5 

161.2 2 

98.0 0 

70.4 4 

54.9 9 

ONN 0, k AND a (i=0.08, 

a=0.01 1 

5002.8 8 

1720.9 9 

645.2 2 

399.3 3 

305.6 6 

253.4 4 

454.8 8 

161.4 4 

98.1 1 

70.4 4 

54.9 9 

a=0.03 3 

5032.0 0 

1732.8 8 

651.9 9 

403.6 6 

308.4 4 

255.4 4 

457.4 4 

162.2 2 

98.6 6 

70.8 8 

55.2 2 

a=0.077 and 

o=0.05 5 

5088.6 6 

1756.6 6 

664.6 6 

411.8 8 

313.4 4 

258.8 8 

462.4 4 

163.9 9 

99.6 6 

71.5 5 

55.7 7 

H=5000) ) 

a=0.07 7 

5174.4 4 

1791.8 8 

682.8 8 

423.1 1 

320.3 3 

263.4 4 

469.6 6 

166.2 2 

100.8 8 

72.3 3 

56.3 3 

o=0.09 9 

5287.0 0 

1837.9 9 

705.6 6 

436.8 8 

328.6 6 

268.9 9 

478.8 8 

169.0 0 

102.3 3 

73.3 3 

57.0 0 
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Inn Table 6.1. we compute the values of the threshold Y for various levels of X, 9 and 

a.. In this table we assume 1=0.08, a=0.07 and u =5000. A positive value of X affects the value 

off stopping school in two ways. First, it reduces the expected rate of capital gain on Y (from a 

too a-X) which reduces V(Y). Second, it increases the variance of percentage changes in Y 

overr finite intervals of time, and this tends to increase V(Y). As Table 6.1. shows this net 

effectt is quite strong; small increases in X lead to substantial drop in Y. By contrast, the 

effectt of a is quite small. The effects of X and a are virtually independent {i.e. within rows, the 

ratioo of the values of Y are barely different between columns). We have increased X while 

holdingg a fixed. One could argue that the rate of return to education, i=a-?i8, should remain 

constant,, so that an increase in X should be accompanied by a commensurate increase in a 

(otherwisee nobody would remain in school anymore). Suppose 9=1, the income falls to 0 

whenn an event occurs. Then if a increases exactly as much as X, so that a-X remains 

constant,, we would have to replace the terms (i-5) in equation Q(p) with (i+X-ö). In this case 

ann increase in X would be equivalent to an increase in the rate of return i, and would lead to 

ann increase in V(Y) and Y. Thus, an increase in risk as an increase in the probability of the 

majorr event while holding the expected rate of return constant, will increase schooling length. 

Inn that sense, the reduction in schooling length with an increase in the probability X or the 

sizee of the shock 9 is apparently due to the decrease in the rate of return. This is a 

consequencee of our return to earnings maximization, or risk neutrality. Under risk aversion, 

theree will also be a compensating increase in the rate of return a, but it will now also have to 

compensatee for the utility loss from the uncertainty per se. 

Thee decision to continue studying is fraught with uncertainty concerning acceptance 

intoo the next stage and its successful completion. If X represents the probability of failing a 

classs or dropping out from school, the model can be used for determination of appropriate 

policiess for altering flows in the system. Such policies may include scholarships and 

alterationss in the drop out rates. 

6.. 5. Conclusion s 

Inn this chapter we developed a structural model to reflect sequential choices of education in a 

worldd with uncertain prospects. Our starting point is Harmon and Walker's (2001) Real 

OptionTheoryy application to the problem of education choice where returns to education are 
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uncertain.. Each period the individual may choose to stay in school or to exercise the option 

off stopping the education and go on the labor market. Harmon and Walker (2001) assume 

staticc expectations or myopia, that is when the individual chooses the option to leave school, 

hee receives a wage determined by the level of education via a Brownian motion, but the 

thresholdd income that triggers the exercising of the option is earned forever afterwards. 

Wee cast doubt on the realism of this claim, since in most real situations the individual 

mustt take into account that the future is and always will be uncertain. Hence a more natural 

theoreticall approach is to assume that the individual has rational expectations about the 

probabilisticc law of motion for its uncertain environment. Our model does just that, the 

individual'ss decisions are optimal given the stochastic process underlying the income. The 

Browniann motion that governed the motion while in school continues after leaving the school. 

Hencee in our model the wages earned while on the labor market are not fixed but evolve 

stochastically,, with the threshold wage as the initial level. 

Evenn with this modification in the model we find that uncertainty delays individuals 

fromm leaving school. This unusual result stems from the irreversibility of the option to leave 

school.. High volatility delays the option of leaving school, to see which way the uncertainty 

goes.. If we adapt our basic model and allow for risk aversion rather than risk neutrality, we 

stilll find that increasing risk in the wages will increase the length of schooling. However, if we 

alloww for inherent risk of the schooling process, by modeling the probability of a shock that 

reducess the wage (like failing tests or exams) we find that increasing risk reduces the length 

off schooling. Thus, we have shown that risk has two faces, which we might call the labor 

markett risk (wage risk) and the school risk (shocks in educational performance), which will 

havee opposing effects. This result is more in tone with intuitive anticipation of the effect of 

risk. risk. 
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6.6.. Appendice s to Chapte r 6 

Appendi xx  6.1. Wiener Processe s 

AA Wiener process-also called a Brownian motion- is a continuous time stochastic process 

withh three properties: first it is a Markov process, second it has independent increments and 

thirdd changes in the process over any finite interval of time are normally distributed with a 

variancee that increases linearly with the time interval. 

Formally,, if z(t) is a Wiener process, then any change in z, Az, corresponding to a 

timee interval At, satisfies the following conditions: 

1.. Az = £,VA7 , where et is a normally distributed random variable with a mean of zero and a 

standardd deviation of 1. 

2.. The random variable et is serially uncorrected (E(ei, es)=0 for tes). 

Byy letting At become infinitesimally small, the increment of a Wiener process is represented 

inn continuous time as dz^£ly[dt. The simplest generalization of this formula is the 

Browniann motion with drift: 

dYdY = ctdt + odz 

wheree dz is the increment of a Wiener process as defined above. 

Appendi xx 6.2. Ito' s Lemm a 

Iff we take the generalization of the simple Brownian motion with drift: 

dYdY = a(Y,t)dt + b(YJ)dz 

wheree dz is the increment of a Wiener process and a(Y,t) and b(Y,t) are known (nonrandom) 

functions.. In addition we consider a function F(Y,t) that is at least twice differentiate in Y and 

oncee in t then the total differential of F, denoted dF is given as: 

dFdF = 
dFdF

 tV ,8F ^ / v , d F 
—— + a(Y,t)— + -b\Y,t)—r-
dtdt dY 2 dY2 

dF dF 
dtdt + b(Y,t)—dz 

BY BY 
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Appendi xx 6.3. The Expecte d Value of Yt and The Varianc e of Yt 

Iff Yt follows a geometric Brownian motion with drift: 

dYdYtt = aYldt + aYldz 

wheree dz is the increment of a Wiener process, then F(Yt)=log(Yt) follows the geometric 

Browniann motion with drift: 

dF(YdF(Ytt)) = (a - -cr2)dt + adz . 

Hencee over a finite time interval (0, t) the change in the logarithm of Yt is normally distributed 

11  7 

withh mean (a—a )t and variance at. 
2 2 

Iff we denote Yt at t=0 with Yothen 

AtAt - „  2 2 E{YE{Ytt)=Y)=YQQe° e° 

e^e^iYiY--))--ll^^))-LN((a--a-LN((a--a22)t,)t,((7722t)^\t)^\ , , ^ ° / 
VV  J \var\fUe' 2 [e°' - l )=> Var(Y,) = Y0e

2al{e°' -1) 

Appendi xx 6.4. Presen t valu e of the lifetim e revenu e 

Iff Yt follows a geometric Brownian motion with drift: 

dYdYtt = aYldt + aY,dz 

wheree dz is the increment of a Wiener process 

Iff we denote Yt at t=0 with Yothen using the results in the Appendix 6.3, we obtain that: 

EE \Yte-üdt = fce'Vdr = — 
•• r i-a 

file:///var/fUe'
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Appendi xx 6.5. Proo f of equation : ~O2Y2V'\Y) + aYV(Y)-iV(Y) + u=o 

Wee start with the arbitrage equation: 

V(Y)V(Y) = udt + E(V(Y + dY)eidt) 

andd we obtain the differential equation: 

-a-a22YY22V'(Y)V'(Y) + aYV(Y)-iV(Y) + u = 0 

V(Y)V(Y) = udt + E(V(Y + dY)e~idt) <=> V(Y) = udt + (1 - idt)E(V(Y + dY)) 

usingg a Taylor expansion of V(Y+dY) around Y we get that 

(11 - idt)E{V(Y + dY)) = (1 - idt)E[V(Y) + V' (Y)dY + -V" {Y){dY)2 + o{dt)] 

therefore e 

V(Y)V(Y) - udt + E[V(Y) + V\Y)dY + -V"(Y)(dY)2 + o(dt)]- idtE[(V{Y) + V(Y)dY +-V" (Y)(dY)2 + o{dt)} 

Moreoverr the last term of the right hand side can be written as: 

idtE[(V(Y)idtE[(V(Y) + V\Y)dY + - V"(Y)(dY)2 + o(dt)] = idtE[(V(Y)] + idt[V(Y)EdY + - V" (Y)E(dY)2 + o(dt)] 

andd the last term: idt[V'(Y)EdY + -V'(Y)E(dY)2 +o(dt)] is equal to 0. 

Thatt is because 

idt[V\Y)EdYidt[V\Y)EdY + -V"(Y)E(dY)2 + o{dt)] - idt[V(Y)aYdt + -V"(Y)a2Y2dt + o(dt)] 

andd dt raised at powers higher or equal to 2 disappears as dt goes to 0. 
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Thus: : 

V(Y)V(Y) = udt + V(Y) + E[V\Y)dY] + E[-V"(Y)(dY)2]  - idtE{V(Y) 

V(Y)) cancels out and we obtain that: 

00 = udt + V' (Y)E[dY] + -V" (Y)E[(dY)2 ]  - idtE(V(Y) 

But t 

dYdY = oYdt + crYdz => (dY)2 = (aY)2 {dtf + 2(aY)(oY)(dt)2 + (oY)2dt 

withh the same argument that dt in powers higher or equal to 2 go to zero faster than dt as dt 

goess to 0, the only term that remains in the expression above is (aY)2dt. 

Finally, , 

-a-a22YY 2V"{Y) + aYV(Y) - iV(Y) + u = 0. 

Appendi xx 6.6. Jum p Processe s 

AA Poisson process is a process subject to jumps of fixed or random size, for which the arrival 

timess follow a Poisson distribution. These jumps are called events. Letting X denote the mean 

arrivall rate of an event, during a time interval of infinitesimal length dt, the probability that an 

eventt will occur is given by Xd\, and the probability that an event will not occur is given by 1-

Xdt.Xdt. The event is a jump of size u, which can itself be a random variable. 

Thee Poisson process is denote q, by analogy with the Wiener process. Hence: 

(00 with probability 1 — Xdt 

vv with probability Adt 
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Iff Yt follows a geometric Brownian motion with drift: 

dYdYtt=aY=aYttdtdt + aYtdz 

wheree dz is the increment of a Wiener process 

thenn the stochastic process for the variable Yt is written as a Poisson differential equation, as 

follows: : 

dY=a(Y,t)dt+b(Y,t)dq dY=a(Y,t)dt+b(Y,t)dq 

wheree a(Y,t) and b(Y,t) are known (nonrandom) functions. 

Appendi xx 6.7. Ito' s Lemm a fo r combinatio n of an Ito Proces s and a 
Jum pp Proces s 

Sometimess we meet a combination of an Ito process and a jump process. The former goes 

onn all the time, the latter occurs infrequently. The appropriate Ito's Lemma combines the two 

effects.. Thus if: 

dYdY = a{Y,t)dt + b(Y.t)dz + g(Y,t)dq 

andd G(Y,t) is some differentiate function of Y and t, then the expected change in H is given 

by: : 

<ƒƒƒƒ = ++ a(Y,t) + -bz(Y,t) -
êtêt 3Y 2 dY2 

dtdt + EV{X[H(Y + g(Y,t)v,t)~H(Y,t)}dt 

Appendi xx 6.8. Densit y of Optima l schoolin g Lengt h 

Becausee the evolution of the income is stochastic, we can only simulate the optimal choice of 

schooling.. If the individual starts with an income Y ^ i how long will it take for income to reach 

thee threshold value? 
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Iff Y evolves according to a Brownian motion law then the expected percentage rate of 

changee in Y is: 

—— — ads + ouz 
Y Y 

Thee probability that an individual will be in school at time t (so that S*, the optimal schooling 

choice,, is greater than t) is equal to the probability that the income process will not have 

reachedd the trigger level, , at time t. 

Since e 

InK-lnK.,,.,,-AT T « —— V,*2' 

wee obtain that: 

p(s**  < /)= 1 - p(s' > t)= 1 - P(\n Y, < In Y°) = 1 - O 

I n ^ - t o K ^ - U --
. 2 \ \ 

o4t o4t 
(6.9.) ) 

wheree 3> is the cumulative distribution function of a standard normal random variable. 

Iff the income evolves as a Brownian motion with Poisson jump then: 

—— = (a-W)ds + odz 

Inn this case, 

I n K - I n K . ^ , - ^ ^ a-k9-—\t,aa-k9-—\t,a22t t 

whichh implies: 
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p(s'p(s' < / )= ! -P{S" >t)=\- P(lnY, < In Y) = -<D D 

r r r^ï r^ï 
!'•>> - I n r ^ - l a - A Ö - — | r 

rV7 7 
(6.10.) ) 

wheree r is the threshold income. 

Twoo numerical simulations of the equations (6.9.) and (6.10.) are shown in the figures 

6.11 and 6.2. We see that the density of schooling times is approximately normal with mean 

aroundd 6. The density tends to flatten as a or X decrease, but remains centered around 6. 

Thiss is also quite clear from Table 6.1. that shows thresholds values for different levels of 

risk.. Figure 6.1. plots a surface where each cross section represents the density function of 

schoolingg time S* (from equation 6.9.) and Figure 6.2. plots a surface where each cross 

sectionn represents the density function of schooling time S* (from equation 6.10.). 

Figuree 6.1. Density of S' for Different Levels of Risks a (Yinitial=10 000, 5 000, a=0.08) 
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Figuree 6.2. Density of S for Different Levels of Risks X (Yiniliai=10 000, r=15 000, a=0.08, 

9=0.15,, a=0.055) 
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Chapterr 7 

Summary y 

7.1.. Introduction 

Schoolingg decisions have to be taken under conditions of uncertainty. Most schooling 

systemss confront students with an increasing array of choices as they advance in their 

schoolingg career. In this thesis we studied the risk of human capital investment. The 

existencee of risk has implications for schooling choices, for impact of differences in curricula, 

andd for the operation of the markets for educated labour. We estimated rates of return for 

graduatess from a single Dutch university, in an attempt to find in which way the education 

andd the market forces are responsible for the earnings inequality within educational levels in 

thee Netherlands. Just as in the financial markets where the variance in the returns are just as 

importantt as the mean, we use the variance of the internal rate of return to get some 

informationn on the risk facing investors in human capital. We noted that risk involves 

choosingg an education for which one does not know for sure what earnings this will generate; 

rather,, it gives access to a distribution of earnings. Thus, an obvious step in dealing with the 

financiall risk of an education is to consider how the distribution of earnings varies with 

education.. Therefore we assessed the dispersion in the distributions and we checked 

whetherr individuals with more advanced education move into wider or narrower earnings 

distributions.. Since different educations (and occupations) provide different probabilities of 

success,, we also considered how the labour market may compensate for these risks and if 
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thee risk is indeed compensated in individual wages. Finally we construct a theoretical model 

inn which being in school has utility value and the decision to continue or not to invest in 

schooll depends on the uncertainty of the labor market. 

7.2.. Summary 

Ourr contribution is focused on schooling as a risky investment, that is, an investment with 

uncertainn pay-offs. That was done in the framework of human capital theory. Attention was 

restrictedd to benefits in terms of income, thus ignoring other benefits without in any way 

denyingg their importance. In its five chapters, the thesis considers various and separate risk 

aspectss of the investment in human capital. 

Chapterr 2 has the dual objective of analysing the education (including educational 

mismatches)) and the job allocation effects on the wages for the graduates from an 

Agriculturall University. Therefore, both supply and demand side parameters have been used. 

Inn our specification the demand side is measured by job level and by employer's hiring 

standard.. The supply side includes among other things, education, matching in education, 

fieldss of study and experience on the labor market. The central results are that prior and post 

universityy education makes not much difference in terms of wages, whereas the level of the 

jobb is an important variable in the structure of earnings differentials and employers see in it 

ann indicator of the capability to generate commitment, effort and success. We explain these 

resultss on the counts of the homogeneity of this special sample with only graduates from a 

single,, specialized university, the Wageningen Agricultural University. 

Inn Chapter 3 we develop a simulation model where, instead of given annual earnings 

forr a given education, individuals face random lifetime earnings profiles for two levels of 

educationn (we extend a standard experience-earnings profile with annual random shocks). 

Wee solve for the internal rate of return for each set of draws for lifetime earnings shocks, and 

repeatt this 100 000 times. The distribution of the internal rate of return appears to be skewed 

too the right, with an elongated upper tail. The final conclusion of the chapter answers the key 

question:: how risky is investment in schooling? From our simulations of ex ante risk we 

concludee that the coefficient of variation in the rate of return to education, for most plausible 

valuess of the parameters is about 0.3 (i.e. the standard deviation is about one third of the 

mean).. This makes investment in schooling about as risky as investing in a portfolio of 30 
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randomlyy chosen stocks on the New York Stock Exchange, based on stock returns known in 

thee year 1970. 

Inn Chapter 4 our focus was on what earnings distributions by education can tell us 

aboutt moves to distributions with different variances. We made a targeted investigation on 

thee data from the Luxembourg Income Studies (LIS), for seven OECD countries. We tested 

forr systematic patterns by estimating a general quadratic relationship of residual earnings 

variancee with education and age. We found no evidence of simple relationships that are 

stablee across and within countries. The analysis is made on cross-sections, usually over a 

largee time span and therefore the differences in patterns within countries are not so hard to 

accept.. It may point to the effects of policy changes, structural changes of the educational 

systemss or simply regional or global socio-political and economical factors within a country. 

Differencess in patterns between countries might point to very different effects of education 

systems,, through differences in school admission rules and curriculum structures (e.g. broad 

versuss specialized educations). This suggests that the education systems in different 

countriess function quite differently in segmenting the labor force, and that such different 

segmentationn in school levels and school types has important consequences for the risk 

associatedd with different school systems. 

Inn Chapter 5 the effect of risk on wages has been tested empirically. The problem, of 

coursee is to find a measure of risk. The basic approach is to consider variation in wages 

aroundd the mean in the alternatives. Risk is then measured as the variance around the mean 

inn a group to which the individual belongs: education and intelligence cells. The argument is 

thatt individuals can foresee average wages for alternative educations and proven abilities, by 

justt looking at the average wages for individuals who have selected that alternative and who 

aree already in the labour market. The variance around the mean, within schooling-ability 

groups,, is a measure of ignorance, of the unpredictability of wages and hence, of risk. With 

dataa from the 1980's and 1990's in the United States (NLSY 1979) we reproduce the basic 

resultss of risk compensation. In the American dataset we test for risk compensation in wages 

byy calculating risk (and skewness) for education-ability cells. We do so to generate sufficient 

observationss on the measures of risk and skewness. Using annual data, we find solid 

evidenceevidence of positive compensation for risk and negative compensation for skewness, in every 

singlee year. The data allow to distinguish "permanent risk", associated with persistent 

differencess between individuals, and "temporary risk", as the variance in earnings over time 

forr given individuals. Compensation for temporary risk is larger than for permanent risk, 
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whichh is compatible with the thesis that individuals are better informed on these permanent 

effectss than on the transitory effects. If the permanent effect reflects differences between 

individualss that they are well aware of (as they know their abilities and motivation), this would 

involvee no risk and would require no compensation. The final conclusion of the chapter 

answerss the key question: Does the market provide any compensation to risk? And the 

answerr is yes. 

Inn Chapter 6 we treat education as a sequential choice that is made under 

uncertainty.. Being in school has utility value, and the shadow wage to be realized when 

leavingg school follows a certain stochastic motion. Once the decision to leave school is 

made,, it is irreversible and the shadow wage becomes the wage during the working life. We 

findd that an increase in risk (high volatility of labor earnings) delays the option of leaving 

school.. Intuitively, this is not very appealing but it stems from the irreversibility assumption. 

Risk-averterss are more reluctant to abandon the school. On the other hand, the probability of 

aa major event that drops the wage and the percentage of the income falls have an important 

negativee effect on the value of waiting: they stimulate individual to leave earlier. This result is 

moree in tone with intuitive anticipation of the effect. 

7.3.. Concluding Remarks and Policy Recommendations 

Thiss chapter provided a brief and non-technical summary of our contributions in the 

assessingg of the risk in human capital investment. Perhaps our contribution to analysing the 

effectss of risk on human capital issues is more in opening up the research area, and 

providingg some initial results, than in establishing solid new truths. In fact, we had to 

acknowledgee in many cases that there barely exists a literature on important and relevant 

issues.. The existence of risk is obvious but we did not discern simple stable relationships 

betweenn risk and education level between countries. This clearly suggests that risk 

propertiess of different schooling systems are quite different. We also have found evidence 

thatt the labour market generates compensation, in the form of higher wages for higher risk, 

andd lower wages for more skewness in the earnings distribution. Our theoretical and 

empiricall results indicate that the risk involved in choosing an education is by no means 

negligible.. It might be that in some countries, the market compensation is indeed 

commensuratee with what individuals demand. 
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Shouldd we worry about risk? The effect of risk and risk attitudes on schooling 

participationn decisions is quite important from the perspective of barriers that may hold back 

childrenn from lower social backgrounds. Higher aversion to take risks is often stated as a 

possiblee explanation for lower schooling participation from these backgrounds. The existence 

off heterogeneity in risk attitudes, in relation to a single market compensation and its 

magnitudee is certainly a line of research worth noting. The potential policy implications for 

promotingg efficient decisions on schooling participation of these results are obvious but we 

shouldd hasten to add that the numbers we report are no more than first indications of very 

relevantt parameters. Already the finding that the financial risk of an education finds 

compensationn in mean earnings implies a mitigation of financial risk as a deterrent to 

participationn in extended education. If the market compensates sufficiently, students will not 

bee deterred from starting a risky education as the ex ante reward is high enough, even 

thoughh some will ex post find that they have drawn a blank. 

Muchh work remains to be done. The most pressing issue is to allow for heterogeneity 

amongg individuals and selective allocation in the labour market. Indeed, risky education 

mightt be undertaken more easily by individuals who are less risk averse. But in such issues, 

ourr evidence is sketchy, and inferences are speculative but there is an interesting challenge 

forr very relevant research. On several issues, our research has broken new ground. On 

somee of these issues, further tests and replications are needed before we can draw reliable, 

robustt conclusions. In terms of modeling the individual perception of risk and the 

consequencess for behavior, it would be interesting to move from expected utility theory to 

prospectt theory. Expected utility theory has increasingly been attacked, on a priori grounds 

andd for lack of performance in laboratory experiments, but is still the main approach in 

empiricall work. The attraction of prospect theory is the explicit allowance for individual 

responsee to the probabilities of alternative outcomes and the use of reference situations for 

thee assessment of gains and losses. Prospect theory seems ready to leave the laboratory 

settingg and be used in empirical applications. It may also pay off to focus more on modeling 

schoolingg choices sequentially, rather than as a single choice for a lifetime plan. 
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Nederlandsee samenvatting 

Inleiding g 

Beslissingenn over scholing moeten worden genomen onder onzekere voorwaarden. De 

meestee scholingsystemen confronteren studenten met een toenemend scala aan keuzes 

naarmatee zij vorderen in hun scholingstraject. In dit proefschrift bestuderen we het risico dat 

verbondenn is aan het investeren in menselijk kapitaal. Dat er risico's aan verbonden zijn, 

heeftt implicaties voor de scholingskeuze, voor het belang van verschillen in opleidingen en 

voorr de werking van de markten voor geschoolde arbeid. Wij maken schattingen van de 

opbrengstpercentagess voor afgestudeerden van één enkele Nederlandse universiteit, in een 

pogingg een manier te vinden waarop de scholing en de marktkrachten verantwoordelijk zijn 

voorr de ongelijkheid in verdiensten binnen opleidingsniveaus in Nederland. Net als in de 

financiëlee markten, waar de variantie in de opbrengsten even belangrijk is als het gemiddelde 

ervan,, maken wij gebruik van de variantie in de opbrengstenvoet om zodoende enig inzicht 

tee krijgen in de risico's waarmee investeerders in hogere opleidingen {menselijk kapitaal) 

geconfronteerdd worden. Wij merkten op dat die risico's betrekking hebben op het kiezen van 

eenn opleiding waarvan men niet zeker weet, welke verdiensten dit zal genereren; eerder 

geeftt het toegang tot een verdeling van die verdiensten. Daarom is een voor de hand 

liggendee stap in het omgaan met de financiële risico's verbonden aan een opleiding om te 

bezienn hoe de verdeling van verdiensten varieert in samenhang met de opleiding. Daarom 

hebbenn wij de spreiding in de verdelingen vastgesteld en we hebben nagegaan of personen 

mett een meer geavanceerde opleiding opschuiven naar een bredere of smallere verdeling 

vann verdiensten. Omdat verschillende opleidingen (en beroepen) verschillende 

waarschijnlijkheidskansenn op succes bieden, hebben wij ook bekeken hoe de arbeidsmarkt 

dezee risico's kan compenseren en of de risico's inderdaad in individuele lonen worden 

gecompenseerd.. Ten slotte stellen we een theoretisch model op waarin scholing een 
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nutswaardee heeft en waarin de beslissing om wel of niet door te gaan met investeren in 

scholingg afhangt van de onzekerheid van de arbeidsmarkt. 

Samenvatting g 

Onzee bijdrage richt zich op scholing als een risicovolle investering - dat wil zeggen: een 

investeringg met een onzeker rendement. Het onderzoek vond plaats in het kader van de 

humanhuman capital theorie. De aandacht werd beperkt tot de voordelen in termen van inkomen, 

daarbijj dus andere voordelen niet zijn beschouwd zonder dat wij op enige manier afbreuk 

willenn doen aan hun belang. In de vijf hoofdstukken beschouwt het proefschrift verschillende 

enn afzonderlijke risicoaspecten van investeringen in goed opgeleide arbeidskrachten. 

Hoofdstukk 2 heeft een tweeledig doel: het analyseren van de opleiding (inclusief 

ongeschiktee opleidingen) en van de effecten van verschillende banen op de lonen voor 

afgestudeerdenn van een Landbouw Universiteit. Daarom zijn parameters van zowel de 

aanbod-- als de vraagkant gebruikt. Volgens onze specificatie wordt de vraagzijde gemeten 

aann de hand van het niveau van de baan en aan de normen van de werkgever die personeel 

inhuurt.. De aanbodskant omvat onder andere opleiding, geschikte opleiding, terreinen van 

studiee en ervaring op de arbeidsmarkt. De belangrijkste resultaten zijn dat opleidingen 

genotenn voor of na een academische opleiding in termen van lonen niet veel verschil 

uitmaken,, terwijl het niveau van de baan een belangrijke variabele is in de structuur van de 

beloningsverschillenn en werkgevers hierin een indicatie zien voor het vermogen om 

toewijding,, inzet en succes te genereren. Wij verklaren deze resultaten rekening houdend 

mett de homogeniteit van dit speciale voorbeeld met uitsluitend afgestudeerden van een 

enkele,, gespecialiseerde universiteit, de Landbouw Universiteit Wageningen. 

Inn hoofdstuk 3 ontwikkelen we een simulatiemodel waar, in plaats van gegeven 

verdienstenn per jaar voor een gegeven opleiding, individuen geconfronteerd worden met 

willekeurigee profielen van verdiensten over hun hele leven, voor twee opleidingsniveaus 

(waarbijj we een standaard profiel voor ervaringsverdiensten uitbreiden met jaarlijkse 

willekeurigee schokken). We bepalen de winstpercentages voor elke verzameling trekkingen 

voorr schokken in levenslange verdiensten, en herhalen dit 100.000 keer. De verdeling van 

hett interne winstpercentage is scheef naar recht, en blijkt te verschuiven naar rechts. De 
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eindconclusiee van dit hoofdstuk beantwoordt de belangrijkste vraag: hoe riskant is het om in 

scholingg te investeren? Uit onze simulatie van vooraf bekende risico's concluderen we dat 

voorr de meeste plausibele waarden van de parameters, de variatiecoëfficiënt in de 

opbrengstpercentagess per opleiding ongeveer 0,3 bedraagt (dat wil zeggen dat de 

standaarddeviatiee ongeveer eenderde van het gemiddelde is). Dit maakt investeren in 

scholingg ongeveer even risicovol als het investeren in een aandelenportefeuille met dertig 

willekeurigg gekozen aandelen op de beurs van New York, op basis van de winsten op 

aandelenn zoals die in het jaar 1970 bekend waren. 

Inn Hoofdstuk 4 richtten we ons op wat de verdeling van inkomsten uit opleiding ons 

kann vertellen over verschuivingen naar verdelingen met diverse varianties. We hebben een 

gerichtt onderzoek uitgevoerd op de data van de Luxembourg Income Studies (LIS) voor 

zevenn landen. We hebben getoetst op systematische patronen door een algemene 

kwadratischee relatie te schatten tussen restinkomensvarianties enerzijds en opleiding en 

leeftijdd anderzijds. Daarbij hebben wij geen aanwijzingen gevonden van eenvoudige relaties 

diee over en binnen landen stabiel zijn. De analyse is uitgevoerd over dwarsdoorsneden, 

meestall over een langere periode en daarom zijn de verschillen in patronen binnen landen 

niett zo moeilijk te accepteren. Het kan wijzen op de effecten van beleidsveranderingen, 

structurelee veranderingen van het opleidingssysteem, of eenvoudigweg op regionale of 

globalee sociaal-politieke en economische factoren binnen een land. Verschillen in de 

patronenn tussen landen zouden kunnen wijzen op zeer verschillende effecten van 

opleidingssystemen,, veroorzaakt door verschillende in de toelatingsregels van scholen en in 

dee structuur van de curricula (bijvoorbeeld brede opleidingen tegenover gespecialiseerde). 

Ditt suggereert dat de opleidingssystemen in verschillende landen nogal verschillend 

functionerenn in het segmenteren van de beroepsbevolking, en dat zo'n verschillende 

segmenteringg in schoolniveaus en schooltypen belangrijke consequenties heeft voor het 

risicoo verbonden met verschillende schoolsystemen. 

Inn Hoofdstuk 5 is het effect van risico op lonen empirisch getoetst. De moeilijkheid is 

natuurlijkk om een risicomaat te vinden. De basisbenadering is om de variantie in lonen rond 

hett gemiddelde te beschouwen in de alternatieven. Risico wordt dan gemeten als de 

variantiee rond het gemiddelde in een groep waartoe het individu behoort: de opleidings- en 

intelligentiecellen.. Het argument is dat individuen gemiddelde lonen kunnen verwachten voor 

alternatievee opleidingen en bewezen vaardigheden, alleen maar door te kijken naar de 

gemiddeldee lonen voor mensen die dat alternatief hebben gekozen en die al op de 
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arbeidsmarktt actief zijn. De variantie rond het gemiddelde, binnen groepen met 

scholingsvaardigheden,, is een mate van onwetendheid, van de onvoorspelbaarheid van 

lonenn en daardoor ook van risico. Met de gegevens over de jaren tachtig en negentig in de 

Verenigdee Staten (NLSY 1979), geven we de basisresultaten weer van risicocompensatie. In 

dee Amerikaanse verzameling van gegevens hebben we getoetst op risicocompensatie in 

lonenn door het risico (en de scheefheid) voor de opleiding-intelligentie cellen. We hebben dat 

gedaann om zo voldoende waarnemingen te bereiken over de mate van risico en de 

scheefheid.. Door jaarcijfers te gebruiken hebben we, voor alle jaren zonder uitzondering, een 

stevigg bewijs gevonden voor een positieve compensatie voor risico en een negatieve 

compensatiee voor de scheefheid. De data maken het mogelijk een 'permanent risico' te 

onderscheiden,, verbonden met aanhoudende verschillen tussen individuen, en een 'tijdelijk' 

risico'' als de variantie in verdiensten voor bepaalde individuen over een bepaalde periode. 

Dee compensatie voor tijdelijk risico is groter dan die voor permanent risico, wat in 

overeenstemmingg is met de stelling dat individuen beter geïnformeerd zijn over deze 

permanentee effecten dan over de voorbijgaande effecten. Als de permanente effecten de 

verschillenn tussen individuen weergeven waarvan zij zich bewust zijn (omdat zij hun 

vaardighedenn en motivatie kennen), zou dit geen risico betekenen en zou geen compensatie 

nodigg zijn. De eindconclusie van dit hoofdstuk beantwoordt de belangrijkste vraag: verschaft 

dee markt enige vorm van compensatie voor risico? Het antwoord is ja. 

Inn Hoofdstuk 6 behandelen we opleiding als een consecutieve keuze die gemaakt 

wordtt onder een toestand van onzekerheid. Naar school gaan heeft een nutswaarde, en het 

schaduwloonn dat behaald kan worden na het verlaten van de school volgt een bepaalde 

stochastischee beweging. Wanneer de beslissing om de school te verlaten eenmaal is 

gemaakt,, is die niet meer terug te draaien en wordt het schaduwloon het loon gedurende het 

werkzamee leven. Wij hebben gevonden dat een toename van het risico (de hoge mate van 

veranderlijkheidd van inkomsten uit werk) een uitstel betekent van de keuze om de school te 

verlaten.. Intuïtief gezien is dit niet erg aantrekkelijk, maar het komt voort uit de aanname van 

onomkeerbaarheid.. Risicomijders hebben er meer moeite mee om van school te gaan. 

Anderzijdss vormt de kans op belangrijke gebeurtenissen die ervoor zorgen dat de lonen sterk 

dalenn en dat het inkomenspercentage zakt, een belangrijk negatief effect op de waarde van 

hett wachten: het stimuleert individuen om eerder te vertrekken. Dit resultaat ligt meer op een 

lijnn met de intuïtieve verwachting van het effect. 
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Afsluitendee opmerkingen en beleidsaanbevelingen 

Inn dit hoofdstuk hebben we een korte en niet-technische samenvatting willen geven van onze 

bijdragenn aan het bepalen van het risico verbonden aan investeringen in hogere opleidingen. 

Misschienn ligt onze bijdrage aan de analyse van de effecten van risico op human capital 

kwestiess meer op het gebied van het verder openen van het onderzoeksveld en het leveren 

vann enkele beginresultaten, dan in het vaststellen van solide nieuwe waarheden. Eigenlijk 

hebbenn we in veel gevallen moeten toegeven dat er nauwelijks literatuur bestaat over 

belangrijkee en relevante thema's. Het bestaan van de risico's is duidelijk, maar we hebben 

geenn simpele stabiele relatie kunnen ontdekken tussen risico en het opleidingsniveau in de 

verschillendee landen. Dit suggereert duidelijk dat de risico-eigenschappen van de 

verschillendee scholingsystemen heel verschillend zijn. We hebben ook aanwijzingen 

gevondenn dat de arbeidsmarkt compensaties genereert, in de vorm van hogere lonen voor 

eenn groter risico, en lagere lonen voor een grotere scheefheid in de verdeling van de 

inkomens.. Onze theoretische en empirische resultaten wijzen erop dat het risico dat men 

neemtt bij het kiezen van een opleiding zeker niet verwaarloosbaar is. Het kan zelfs zijn dat in 

sommigee landen de marktcompensatie wel degelijk gelijk is aan wat individuen vragen. 

Moetenn we ons zorgen maken over die risico's? Het effect van risico en van 

risicohoudingenn ten aanzien van beslissingen over scholingsparticipatie is heel belangrijk 

omdatt deze factoren barrières kunnen vormen die kinderen uit lagere sociale groepen 

kunnenn tegenhouden. Een grotere weerstand tegen het nemen van risico wordt vaak gezien 

alss een mogelijke verklaring voor de lagere scholingsparticipatie vanuit deze groepen. Het 

bestaann van een heterogeniteit in houdingen ten aanzien van risico, in relatie met één enkele 

marktcompensatiee en de omvang daarvan, is zeker een onderzoekslijn die aandacht 

verdient.. De potentiële implicaties van deze resultaten voor het stimuleren van efficiënte 

beslissingenn op het gebied van scholingsparticipatie zijn duidelijk, maar wij haasten ons 

daaraandaaraan toe te voegen dat de getallen die wij gevonden hebben slechts een eerste indicatie 

vormenn van zeer relevante parameters. Het feit alleen al dat wij gevonden hebben dat het 

financiëlee risico van een opleiding gecompenseerd wordt in gemiddelde inkomsten, betekent 

eenn vermindering van dat financiële risico als een factor die mensen ervan weerhoudt aan 

voortgezettee opleidingen deel te nemen. Als de markt voldoende compensatie biedt, zullen 

studentenn er niet van weerhouden worden aan een risicovolle opleiding te beginnen, als de 

inn het vooruitzicht gestelde beloning maar hoog genoeg is - zelfs al zullen sommigen na het 

afrondenn van de opleiding ervaren dat ze er niets mee zijn opgeschoten. 
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Err moet nog heel veel werk worden gedaan. De meest dringende kwestie is om 

rekeningg te houden met de heterogeniteit onder individuen en de selectieve verdelingen in de 

arbeidsmarkt.. Risicovolle opleidingen zullen waarschijnlijk vaker worden gestart door 

mensenn die risico's niet mijden. Ten aanzien van deze kwesties zijn onze gegevens echter 

oppervlakkigg en onze gevolgtrekkingen zijn dan ook speculatief, maar ze vormen dus wel 

eenn interessante uitdaging voor zeer relevant onderzoek. 

Overr een aantal kwesties heeft ons onderzoek baanbrekend werk opgeleverd. Maar voordat 

wijj betrouwbare, stevige conclusies kunnen trekken, moeten sommige kwesties nog nader 

enn herhaald worden getoetst. In termen van het modelleren van de individuele perceptie van 

risicoo en de consequenties ervan voor het gedrag zou het interessant zijn om de aandacht te 

verschuivenn van de theorie over verwacht nut naar de theorie der verwachtingen {prospect 

theory).theory). De eerstgenoemde theorie wordt steeds vaker aangevallen, op a-priori gronden en 

wegenss een gebrek aan prestaties in laboratoriumexperimenten. Maar in empirisch 

onderzoekk is dit nog steeds de belangrijkste benadering. De aantrekkelijkheid van de 

prospecttheoriee is dat deze expliciet ruimte laat voor individuele reacties op de kansen van 

alternatievee uitkomsten, en voor het gebruik van referentiesituaties voor de bepaling van 

winstt en verlies. De prospecttheorie lijkt er klaar voor te zijn om de laboratoriumomgeving te 

verlatenn en te worden gebruikt in empirische toepassingen. Ook kan het de moeite waard zijn 

meerr aandacht te besteden aan het consecutief modelleren van scholingskeuzes, in plaats 

vann die te zien als één enkele keuze voor een levenslang plan. 
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Thee decision to invest in Human Capital has to be taken under conditions of 
uncertainty.. But should we worry about risk? We think so. The existence of 
riskk has implications for schooling choices, for impact of differences in cur-
ricula,, and for the operation of the markets for educated labour. 
Ourr contribution is focused to benefits in terms of income, thus ignoring 
otherr benefits without in any way denying their importance. The thesis con-
siderss various and separate risk aspects of the investment in human capital. 
Thee existence of risk is obvious but we did not discern simple stable relation-
shipss between risk and education level between countries. This suggests that 
thee education systems in different countries function quite differently in seg-
mentingg the labor force, and that such different segmentation in school levels 
andd school types has important consequences for the risk associated with dif-
ferentt school systems. We also have found evidence that the labour market 
generatess compensation, in the form of higher wages for higher risk, and 
lowerr wages for higher probability of receiving large incomes (more skew-
ness). . 
Ourr theoretical and empirical results indicate that the risk involved in choos-
ingg an education is by no means negligible. 
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