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Chapter 5 

Job-worker matching and wages 

5.1 Introduction 

The literature shows a variety of causes for the existence of wage differentials among 
workers. Such a diversity of opinion has resulted in various specifications of the wage 
functions. In the human capital theory only individual characteristics should affect wages. 
Labour with different amounts of human capital, e.g. various levels of education, is perfectly 
substitutable (i.e. homogeneous). The theory also implicitly assumes a perfect allocation in the 
labour market where each worker is assigned to a job where his education has a proper value. 
This makes the role of jobs redundant. Education has a unit-price characteristic throughout the 
labour market. Job characteristics are the major determinant in segmented labour market 
theories. Thurow (1975) developed a radical model fitting these theories. In his job 
competition model, marginal productivity (and hence wages) are attached to the job and not to 
the worker. Contrary to the human capital theory, wages are expected to depend on the length 
of education intended for the job rather than on that actually completed by the worker. Finally, 
assignment models combine individual and job characteristics and stress the existence of an 
assignment problem in the labour market. 

The main aim of this chapter is to bring together the development of the demand side and the 
supply side of the labour market in Portugal over the 1980s and early 1990s and conclude on 
the evolution of the price of education.31 We consider a symmetrical treatment of the demand 
and the supply of labour with varying amounts of education. The importance of such a 
symmetry for wage formation was stressed by Tinbergen: "[e] ven if we stick to the use of only 
one aspect of labour quality, the quantity of schooling, we must differentiate between the 
schooling normally required for the production of a given productive task and the actual 
schooling of the person engaged for that task" (Tinbergen, 1973, p. 215). This is because: "[i]t 
is essential, for an attempt to understand the formation and distribution of incomes from 
production, to deal with the supply and the demand side of the compartments of the factor 
income markets" (Tinbergen, 1977, p. 317). These compartments can be regarded as separate 
submarkets differentiated by a specific labour characteristic. At least in the short-run, the 
labour market equilibrium likely deviates from a perfect allocation, i.e. from an exact 
correspondence between the demand and supply in each submarket. 

As background the chapter has the assignment literature pioneered by Tinbergen (1956) and 
followed by Sattinger (1980), Hartog (1981a and 1986b). Empirical applications relying on this 
type of setting can be found, in among others, Tinbergen (1975, 1977), Lucas (1977) and 
Hartog (1986a, 1986b, and 1988). A key feature of these models is a symmetric treatment of 

31 This was reported by Tinbergen (1975) as a "race between technological development and education". 



supply and demand, where heterogeneous workers are assigned heterogeneous jobs. In a 
general formulation, one may conceive individuals differing in a personal characteristic (e.g. 
education) affecting their potential productivity and tastes, and jobs differing in the amount 
required of that characteristic. Moreover, the job requirement affects the productivity of a 
given worker and enters the individual's utility function. In this setting workers will care about 
the type of job to be performed and employers will care about the type of worker to hire for a 
specific job.32 

Faced with a given wage offer for the job characteristic, utility maximising individuals with 
identical potential productivity (common wage offers) will choose the job with a job 
characteristic value at a tangency between the market wage function and the indifference curve 
(combinations of wages and the job characteristic yielding equal utility). Similarly, profit 
maximising firms deciding on hiring workers from a set of workers with identical potential 
productivity and on the assignment to their different jobs will seek the tangency between the 
wage market function and an iso-profit function (combinations of wages and job characteristics 
yielding equal profits). Because of differences in tastes and characteristics unobservable to the 
researcher, different equilibrium points along the market wage function will be selected. 
Market clearing, in the sense of matching choices, generates a hedonic wage equation, as a 
reduced form outcome of the market wage-setting process. This function connects equilibrium 
positions, i.e. points of tangency of an indifference curve and iso-profit curve, for a group of 
workers with common wage offers. It may differ for different groups of individuals (see e.g. 
Lucas, 1977). 

In this setting, the price of a specific labour characteristic is not expected to be uniform 
across the economy. It will be the outcome of two distributions: one applying to the supply 
side and one referring to the demand side of the market. The labour market system equals the 
two frequency distributions, with wages as the instrument. The price will depend on the 
allocation that is realised, which is determined by the entire distribution of demand and the 
entire distribution of supply of the respective characteristic. At each time, the equilibrium will 
depend on the two distributions being matched. Changes in the underlying distributions will 
change the corresponding prices and the allocation. 

This chapter applies this notion to the educational component of labour quality in Portugal 
in 1982, 1986 and 1992. In particular, it focuses on required education as grading jobs and 
actual education as grading individuals. The goal of the chapter is twofold. First, we evaluate 
whether there is any discernible effect of allocation in the earnings equation. Second, we use 
this approach to trace and interpret changes in the price of education over time. 

Although the main wage equation to be estimated has no immediate representation in the 
existing assignment models (see Hartog, 1997), it is reminiscent of this theory. Indeed, the lack 
of a coherent theoretical framework imposes limitations of interpretation and changes in the 

Not all assignment models accomplish this general formulation. For instance, in Tinbergen (1956) only 
workers adjust (see details in section 5.6.2). 
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parameters. In any case, the results suggest that education does not have a unit-price 
characteristic, but varies according to the job placement of the worker (e.g. whether the job 
requires more or less education than she has). This is in line with the assignment literature. The 
equation proves to be statistically superior to both the human capital and the job competition 
specifications. Neither the individual's education nor the education required for the job are 
alone sufficient to determine wages. They must be considered jointly, which suggests that the 
price of education, and hence wage differentials, should be interpreted in light of an assignment 
problem in the labour market. With respect to changes over time, we cannot restrict our 
analysis to examining changes in the mean values of required and actual education alone to 
trace out the evolution of the price of education. The consideration of the dispersions may also 
be relevant. But at this level the development of a consistent backdrop for comparative static 
analysis seems necessary. Moreover, comparisons among countries and conditions are certainly 
important and require further analysis. 

The outline of the chapter is as follows. The next section presents the estimation method. 
Section 5.3 describes the data and discusses the criteria for measuring required education. 
Section 5.4 examines the evolution of actual and required education over time. Section 5.5 
examines the prices of education. Section 5.6 is concerned with a comparative static analysis. 
A decomposition of wage inequality over time is included in section 5.7. Finally, section 5.8 
concludes and summarises. 

5.2 A simple method 

Duncan and Hoffman (1981) introduced a simple wage equation relating the supply and the 
demand for education.33 It is specified as: 

lnwi=a + ßrE
r
i +ß0E? +ßuEf +y'Xi+£j i=l,...,N (5.1) 

where Er denotes years of education required for the job. With £°for an individual's actual 
attained years of education, the other variables are defined as: 

Eo = Ea_Er jfEa>Ert o otherwise 

and (5.2) 

E" =Er-Ea if Er > Ea, 0 otherwise 

This type of equation was also used by Hartog and Tsang ( 1987), Hartog and Oosterbeek ( 1988), 
Sicherman (1991), and Alba-Ramirez (1993). For easy reference, this wage equation was called by Hartog 
(1997) the ORU specification, for Over-Required and Undereducation. 
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and, therefore, measure discrepancies between actual and required education. By definition, the 
equality Ea = Er +E°-EU must hold. The vector X is designed to control for other variables 
such as experience, tenure, firm size, firm age, and hours worked. It will also include dummy 
variables for Lisbon, public company, sectoral bargaining, blue-collar job, gender, and seven 
one-digit industries. The disturbance terms are assumed to be iid N(0, a2). 

Equation (5.1) resembles the assignment literature, and indeed every presentation includes the 
reference. But the exact connection with the existing models is not easily made, although 
conceptually there are possibilities for linking both (for a discussion of this issue see, Hartog, 
1997). This appears to be a limitation mainly when one is concerned with comparative static 
analysis. If derived from the assignment literature, the coefficients of that reduced form 
equation would most likely nest information on the parameters of the underlying distributions 
of supply and demand (and on preferences). Surely that information on the dependence 
between the reduced form coefficients and those parameters would be useful. We make no 
attempt here to overcome this limitation.34 

Nevertheless, equation (5.1) has an attractive feature. If ßr = ß0 = -ßu, we have the human 
capital specification. If ß0 = ßu = 0, we have the job competition specification. The rejection of 
these hypotheses in empirical testing will suggest the existence of an assignment problem in the 
labour market. 

For the interpretation of the parameters in (5.1) we follow conventional literature. In the 

sequel, workers whose actual education is exactly equal to the education required for the job 

that they perform are referred to as having a proper allocation. The coefficient ßr is interpreted 

as rate of return to a year of required (adequate) education for the job. The coefficient ß0is the 

rate of return to a year of education exceeding that intended for the job, relative to workers 

with a proper allocation and in jobs with the same required education. Finally, ßu is return to a 

year of education below that intended for the job, relative to workers with a proper allocation 

and in jobs with the same required education. 

5.3 The determination of actual education and required education 

To apply the symmetric approach conceived here, one condition is that workers must be 
classified according to education actually completed, and jobs must be classified according to 
education required. In the following we concentrate on the latter classification, which is seldom 
transparent in available data sets. 

Three approaches have been used to determine education required for the job.35 A first 
approach is to directly ask workers the education required for their job (e.g. Duncan and 
Hoffman, 1981, Hartog and Oosterbeek, 1988, Sicherman, 1991, Alba-Ramirez, 1993, Conn 
and Khan, 1995). A second approach is based on an exogenous measure of job evaluation by 

Chapter 7 presents a model which derives from the assignment literature in a more elaborate way. 
' A detailed discussion and comparison among them can be found in Hartog (1997). 
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job analysts who define the level (and type) of education required for the job (e.g. Rumberger, 
1987). A third alternative relies on summary statistical values of the data. Verdugo and 
Verdugo (1989) use means and standard deviations of years of actual education by 
occupational group. Required education is defined on the range of one standard deviation 
above or one standard deviation below the mean of the specific occupation. Santos (1995) 
tried the modal level of actual education within a specific occupation as a measure of the job 
requirement. However, a method based on this type of statistics involves serious drawbacks, 
because it is very sensitive to labour market conditions (see Hartog, 1997). 

The data used here were drawn from firm records (Quadros the Pessoal) for 1982, 1986 and 
1992. The description of the data set is as in section 3.2 of chapter 3. In the data, workers are 
classified according to the maximum level of education actually completed. Jobs are classified 
according to their requirements, since firms have to provide information to the Labour Office 
on the requirements of the job performed by individual workers. This is ranked on a seven-
point scale: level 1 is called 'very simple', level 7 is called 'scientific'. The job's score is meant 
to indicate the required level of intellectual ability and knowledge necessary to perform the job, 
and has as its counterpart a specific level of education required (see details in Coelho et al, 
1982). This measure is used in the current study. 

5.4 A glance at the job-worker matching 

The data reveal that there exist discrepancies between an individual's actual education and 
the education required for the job she performs. It is precisely the existence of these deviations 
which allows for an estimation of the wage equation outlined in section 5.2. 

The evolution of some educational variables over the 1980s and early 1990s is in Table 5.1. 
Discrepancies appear more frequently among men than women. The incidence of workers 
whose actual education is above that intended for the job has increased. The reverse occurred 
for workers whose education is below the job requirement.36 

Hartog (1997) summarises the information from other studies and concludes that this type of 
trend also holds for the Netherlands (1960-1995) and for Spain (1985-1992). The development 
in the U.S. indicates that those performing a job requiring less education than what they 
actually had may have followed a U-shaped pattern between 1969 and 1977, and decreased in 
the subsequent period until 1984. The frequency of those whose educational attainment is 
below the job requirement appears to have declined between 1978 and 1984 in the U.S. 

This evolution is apparently robust to different criteria of measuring the level of education required for the 
job. Santos (1995) compares three alternative criteria to measure it. Although the incidence of educational 
discrepancies varies across them, they all point to the same trend between 1985 and 1991 in Portugal: an 
increase of the proportion of those performing a job requiring less education than what they actually have 
and a decrease in the proportion of those performing a job requiring more education than what they actually 
have. 
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Average years of attained education increased from 1982 to 1992 in Portugal. Average years 

of required education also increased during that period. However, the growth rate was higher 

on the supply side. It is also interesting to look at the dispersions of these variables. Contrary 

to the mean values, the demand side apparently won the race in terms of dispersions. This was 

more pronounced for women than for men. 

Table 5.1: Summary statistics 

23.55 26.45 33.22 
28.90 29.43 28.53 
47.55 44.12 38.25 

21.85 24.03 29.21 
24.74 25.96 25.82 
53.42 50.00 44.97 

28.03 31.82 40.53 
39.83 37.13 33.45 
32.14 31.05 26.01 

A - Discrepancies between actual and required education (sample percentages) 

1982 1986 1992 
all workers: 
actual > required education 
actual = required education 
actual < required education 
men: 
actual > required education 
actual = required education 
actual < required education 
women: 
actual > required education 
actual = required education 
actual < required education 

B - Sample means and standard deviations of actual and required years of education 

all workers: 
actual education 

mean 
std. deviation 

required education 
mean 
std. deviation 

men 
actual education 

mean 
std. deviation 

required education: 
mean 
std. deviation 

women 
actual education 

mean 
std. deviation 

required education: 
mean 
std. deviation 

5.027 5.308 5.947 
3.228 3.186 3.255 

5.619 5.643 5.816 
3.223 3.247 3.349 

5.014 5.305 5.887 
3.237 3.208 3.275 

5.887 5.945 6.146 
3.407 3.451 3.511 

5.060 5.316 6.057 
3.205 3.137 3.215 

4.914 4.970 5.213 
2.548 2.619 2.938 
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The nature of the deviations between required and actual education is not yet fully 
understood, although suggestions have been given in the literature. First, there may exist a 
trade-off between education and skills acquired through other forms of human capital (e.g. 
experience and tenure). If job requirements are based on the total amount of human capital, 
and not simply on the level of education, discrepancies may simply compensate for other forms 
of acquired skills. Having more education than required for the job can also be a temporary 
situation and part of a career mobility process. This state in the labour market has also been 
linked to sorting models, in which education is used as information on an individual's expected 
productivity, or even expected training costs (as in the job competition model). But temporary 
excess supply in a market can also explain this. Details on these perspectives can be found in 
e.g. Sicherman, 1991, and Hartog, 1997. 

Table 5.2: Sample means for experience and tenure by sub-groups 

year=1982 year=1986 year=1992 
all men ' women all men women all men i women 

actual < required education: 
years of experience 29.26 29.96 26.24 29.68 30.54 26.60 29.70 30.64 26.73 
years of tenure 10.90 11.06 10.20 12.89 13.14 12.02 11.32 11.51 10.72 

actual = required education 
years of experience 24.84 26.16 22.69 25.03 26.08 23.40 23.93 24.93 22.54 
years of tenure 8.87 8.73 9.10 10.89 10.86 10.94 8.97 9.13 8.74 

actual > required education: 
years of experience 17.46 18.26 15.82 17.81 18.31 16.98 17.66 18.21 16.93 
years of tenure 5.75 5.61 6.03 7.28 6.90 7.91 5.61 5.52 5.73 

Table 5.2 compares the mean values of years of experience and tenure with the current 
employer within three groups, and is divided according to the observed relation between actual 
and required education. Workers whose level of education is lower than the job requirement 
have a higher average market experience and tenure when compared with the group whose 
educational attainment is above the job requirement. Those with a proper allocation fall in 
between these two extremes. This may indicate that skills acquired by labour market 
experience (and tenure) can substitute for education. 

5.5 Job-matching and the returns to education: estimation results 

Table 5.4 presents parameter estimates for the wage equation presented in section 5.2. As 
outlined there, by imposing some restrictions onto the parameters, the human capital and the 
job competition model wage equations can be retrieved from that specification. But these 
restrictions are rejected through empirical testing (see Table 5.3). This suggests that neither the 
individual's education nor the education intended for the job are alone sufficient to determine 
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wages. They must be considered jointly; this suggests that wage differentials should be 

interpreted in light of an assignment problem in the labour market 

Table 5.3: Hypotheses testing 

all workers men women 
1982 1986 1992 1982 1986 1992 1982 1986 1992 

ßo=ß=0 1951 1987 1762 1378 1357 968 443 509 736 

ß=ß0=-ßu 3283 3119 3217 2587 987 2360 471 646 768 

The values reported in the table are F-test statistics. In all cases, the null hypothesis is rejected at the 1% level 
of significance. 

Table 5.4: Rates of return to education (%) 

all workers: 
1. actual education only 

2. required education only 

3. required education 
actual > required education 
actual < required education 

men: 
1. actual education only 

2. required education only 

3. required education 
actual > required education 
actual < required education 

women: 
1. actual education only 

2. required education only 

3. required education 
actual > required education 
actual < required education  

All coefficients are statistically significant at the 1% level. 

The return (price) to education is not uniform across the labour market. It depends on where 

an individual ends up. A year of education exceeding that intended for the job is rewarded in 

the labour market, but at lower than a year of required education. A year of education below 
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1982 1986 1992 

5.25 5.47 6.35 

4.68 4.70 5.50 

6.93 7.02 8.35 
3.92 4.07 4.53 
•3.02 -3.05 -3.65 

5.55 5.84 6.52 

4.91 4.93 5.81 

7.18 7.28 8.48 
3.88 4.14 4.10 
•3.16 -3.23 -3.74 

3.80 4.10 5.69 

3.50 3.78 4.63 

5.40 5.83 7.69 
3.10 3.33 4.67 
•2.45 -2.46 -3.51 



that required for the job is penalised in the labour market. Finally, the penalty for a year of 

education below the job requirement is smaller than the return to a year of education above the 

job requirement37 

Let us now examine the changes over time. The results in Table 5.4 show an increase in the 

returns to education, estimated from a conventional human capital specification. This result 

had indeed already been reported and analysed in chapter 3. The results presented here show 

that such an evolution is found for men and women, although the expansion was sharper for 

women. The rate of return is invariably lower for women than for men, but the gap has closed 

as a consequence of that differential evolution. A wage function based on required rather than 

actual education also shows an expansion of the return to education across the board, but once 

again this has been more pronounced for women. 

Most appealing is the third specification. The results indicate that the returns to required 

education have shown a clear increase between 1982 and 1992. The same is valid with respect 

to the return to a year of education exceeding that required for the job. The penalty for a year 

of education below the job requirement has increased. As stated above, the pace of these 

changes has been faster for women than for men. 

5.6 Comparative static analysis and international comparisons 

5.6.1 A simple LSD approach 

Returns to education increased in Portugal over the 1980s. This type of evolution has also 

been reported in other countries. In particular, a large number of studies have analysed changes 

taking place in the U.S., but they have solely addressed the evolution of the returns to actually 

attained education. The basic equation used here has been estimated with data for several 

countries, but an examination and interpretation of changes over time has not been considered. 

In this section we attempt to understand the changes taking place in Portugal and, whenever 

possible, in other countries too. As mentioned in Hartog (1997), there is no solid theory for 

guiding the analysis, but we can begin with an exploratory analysis. As a first approach, we can 

analogise with the law of supply and demand (LSD). 

In panel A of Figure 5.1 we plot the estimates for ßa and for ßr against the mean values of 

actual (/ i a) and required (//,.) education, respectively. This yields an upward sloping relation, 

which apparently indicates that the demand has shifted along the supply curve. This is the 

common explanation for the observed increase in returns. 

But since we have more information on both supply and demand, we can probe a little 

deeper. The returns to education are plotted against an excess demand measure given by 

37 This is in line with the results of other studies using the same equation to examine the wage effect of over-
and undereducation (e.g. Duncan and Hoffinan, 1981, Hartog and Tsang, 1987, Hartog and Oosterbeek, 
1988, Alba-Ramirez, 1995). 
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e =(Mr-Ma) m P311^ B o f Figure 5.1. The slopes violate the standard Walrasian price 
adjustment hypothesis: dp = f(e),f(e)>0 where e = excess demand. Indeed, as we had seen 
in section 5.4, the supply side clearly won the race in terms of average years of education. In 
addition, the incidence of those whose education is above the job requirement increased and 
the incidence of those whose education is below the job requirement decreased. A first 
approach would be to assume that these were homogeneous general shifts towards excess 
supply: the distribution of actual education has moved upwards faster than the distribution of 
the education intended for the jobs. A simple LSD model would predict a decrease in the 
returns to education across the board: actual education, required education and years of 
education above the job requirement would be rewarded lower, the penalty on years of 
education below the job requirement would decrease (hence, an additional year of education 
given that the individual is and remains below the job requirement has lower returns), see 
Hartog (1997). As the plots of panel B indicate, this was not the case, and therefore a 
homogeneous human capital demand shift is not the story. We cannot restrict the analysis to an 
examination of changes in the mean levels of the two distributions. 

Perhaps this is not specific for Portugal. Hartog (1997) notes that it also holds to some extent 
for the Netherlands (although the evidence is mixed). But for the U.S., the picture is apparently 
different. In that case, the data indicates a shift towards excess demand. This predicts a rise in 
the returns to education, an increase in the return to years of education above the job 
requirement, and a decrease in the penalty for years of education below that required for the 
job. That is what has actually occurred in the U.S. This suggests that the situation there is 
different from that in Europe. 

For Portugal, the explanation may be in the dispersions (see panel C of Figure 5.1, where we 
plot the returns to education against the 'excess demand dispersion' ea = (ar-aa). In this 
case the evolution of the demand side clearly outperformed the supply side. It is likely that this 
elongation of the required education distribution relative to attained education distribution, 
rather than the evolution of the mean values, has increased the returns to education. The 
observation that the gender group whose returns increased faster (women), has also observed a 
more rapid increase of the (demand) dispersion, gives further credence to this hypothesis. 

In order to gain a more accurate picture we split the sample into two regions: Lisbon and the 
Tagus Valley (LTV) and the rest of the country. The results did not reveal significant 
differences with respect to intertemporal variation. Like the above, the cause of increased 
returns to education over time within these regions may be in the evolution of the dispersions 
rather than in the means of required and actual education. This did not work well in terms of 
regional variation, however. The rates of return to education are higher in LTV than in the rest 
of the country and this cannot be explained by the difference in the mean values of required and 
actual education. However, in this case changes in the dispersions do not explain the facts 
either. The 'excess demand dispersion' is a reasonable story over time, but not across regions. 
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Figure 5.1: Returns to education versus changes in required and actual education 
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5.6.2 The Tinbergen model (1956) 

From the previous section we can draw at least one important conclusion: we cannot 
restrict the analysis to the study of consequences of changes in the mean level of attained 
education and mean level of required education. We may also have to consider the dispersions 
on both sides of the labour market. In the assignment model, the coefficients of the wage 
equation estimated above would be built on the parameters of the distributions of supply and 
demand. But it is not straightforward to retrieve the structural relations in such a model. In the 
following we develop a simple analysis based on Tinbergen's (1956) model. In chapter 7 we 
will apply an estimation strategy based on the model developed by Teulings (1995a). 

The Tinbergen model provides a theoretical setting for examining the extent to which 
changes in the distributions of required and actual education may have influenced the wage 
structure. An advantage is that it gives an explicit solution for the prices of (required) 
education fully determined by the parameters of the underlying distributions of actual and 
required education: means and standard deviations. Therefore, changes in prices will reflect 
changes in these parameters. 

For a single variable (education) the model can be summarised as follows. The demand side 
of the labour market is considered inelastic. Firms fix traits of jobs independently of wages. 
The supply side is modelled by utility maximising job choice: individuals choose jobs 
(education required) to maximise their utility. Workers evaluate potential jobs by a utility 
function linear in log wages and in the square of the match quality given by the difference 
between required and actual education. A particular aspect of the model is that performing a 
job that involves the use of more or less education than is possessed by the worker is equally 
unpleasant, and has to be compensated for in wages. The wage function serves to solve the 
assignment problem: a normal distribution of required education is to be matched to a normal 
distribution of attained education. This log-wage equation is quadratic in education required 
for the job, the parameters being determined by the means and standard deviations of the two 
frequency distributions. Specifically, 

lnw = Â0+ÂiE
r + -À2(E

r)2 (5.3) 

where E' indicates (as before) years of education required in the job. The parameters A, and A2 

are given by: 

A1=û>f— Mr-Ma) (5.4) 

X2=a(\-—) (5.5) 
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where /j and a denote the mean and standard deviation of the distributions of required and 
actual education; co is the marginal rate of substitution between wages and match quality, 
specified in the utility function. The resulting equilibrium job assignments can be found in 
Hartog (1992), and are given by: 

Ef-Ef=Mr-^Ma + (ZL-l)Ef (5.6) 

which can also be written as 

%=ßr-^-ßa+^Ef (5.7) 
<5n On 

The model has the following implications for wages and allocation: 

Wages 

-if the two distributions had equal means and dispersions then lnw=As, where A» is a constant. 
Therefore, all wages would be equal regardless of the level of education required for the job. 
-if the dispersions were equal, but the means differed, the wage function would be linear in the 
required level of education. 

-if the dispersions differed, the wage function would be quadratic in the level of required 
education, with a positive quadratic term if the required education distribution was more 
dispersed than the actual education distribution; a negative quadratic term would appear in the 
converse situation. 

Allocation 

-if means and dispersions were equal, the education utilisation gap ( E\ - E"t ) would equal 

zero. Therefore, every worker would have a proper allocation. 
-if dispersions were equal, but the means differed, individuals would all shift up or down the 

education scale, depending on the size of the mean required (/V) and the mean actual (/4) 
education. 
-if means were equal, but the dispersions differed, the actual education distribution is matched 
into the required distribution, with the sign of an individual's allocation gap depending on his 
location relative to the mean: the distribution is stretched or contracted. 

Some comparative static analysis can be undertaken for the log-wage function parameters 
and for the education utilisation gap with respect to means and standard deviations of the 
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underlying distributions for required and actual education. Only some are presented below in 
order to give an idea of the predictions of the model in the context of changing economic 
conditions. Details and derivations can be found in Hartog (1992). 

First, suppose that, ceteris paribus, the mean level of required education increases. Then the 
model predicts an increase in X, and no change in Xi. the slope increases but any existing non-
linearity remains. In the new equilibrium, this would increase the education utilisation gap in a 
one-to-one relation. Second, suppose instead that it is the mean level of actual education which 
increases. In this case, the model predicts a decreased A,i and no change in X2: the slope falls, 
but any non-linearity remains. This increase in the mean of actual education will reduce the 
education utilisation gap. Third, an increase in the dispersion of required education will 
decrease Xi and increase X,2. Therefore, the price of required education will decrease at low 
levels of required education and will increase at high levels. With respect to the education 
utilisation gap, this will increase for individuals with actual education above the mean value of 
this variable and decrease for those below the mean. Finally, let us suppose that the dispersion 
of actual education increases. This will increase Xt and decrease X2: the rewards to required 
education increase for low levels of required education and decrease for high levels. The 
education utilisation gap decreases for individuals with actual education above the mean value 
of this variable and increases for individuals below the mean. 

Next we have observations on the means and standard deviations for the two distributions 
from individual observations for the three years being examined (see Table 5.1). Panel A of 
Table 5.5 compares two estimates of the coefficients of the wage equation: an OLS regression 
on equation (5.3) and a calculation from equations (5.4) and (5.5) by using the sample means 
and standard deviations for the two frequency distributions. The signs of the coefficients match 
in 4 out of 6 cases in the total sample, and the changes as predicted from the underlying 
distribution parameters are realised in 3 out of 6 cases.38 For men, 5 out of 6 coefficients and 2 
out of 6 changes have the right sign; for women, the score is 2 out of 6 cases. It is a rather 
poor outcome. 

A similar exercise can be conducted for the assignment function. In Panel B of Table 5.5 an 
estimation of the coefficients with a regression for equation (5.7) is compared with a definition 
of the slope as the ratio of the standard deviations of the two frequency distributions we 
directly observe. The signs of the coefficients match in all cases (they are all positive). By 
looking at the sign of the changes, the two calculations agree in 2 out of 3 cases if we apply the 
model separately for men and women. If we take them together, the changes agree in all cases. 

The results just presented are not very convincing. Such an outcome is not adequate for 

38 The calculations based on the underlying frequency distribution parameters only yield values for (XJm) 
and (Wco). Because the marginal rate of substitution is positive, these values must have the same signs as Xx 
and X2, respectively. The comparison of the changes relies to some extent on the assumption that the 
marginal rate of substitution between wages and the match quality, m, is stable over time. 
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interpreting the changes that occurred in the price of education. It is worth noting that the 
model is restricted to only one attribute, but for a theory of income formation "a sufficient 
number of personality traits and job characteristics should be defined and measured" 
(Tinbergen, 1977, p.318). Perhaps we should bring in other control variables but this is not 
straightforwardly accomplished. The model is a general equilibrium model which cannot, ad 
hoc, be augmented by other variables. Above all it requires symmetry in the variables, and we 
only have education for this purpose. One may also criticise the strong assumptions, 
particularly that firms fix traits independently of wages, and the normality of required and 
actual education. Moreover, even the estimation method is quite simple and may embody 
limitations. Nevertheless, this type of comparative analysis, which accounts for changes in the 
parameters of supply and demand distributions, seems to be a promising avenue towards 
understanding the evolution of the wage structure. A more elaborate model along these lines 
will be estimated in chapter 7. 
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Table 5.5: Testing the Tinbergen assignment model 

A. wage function 

'Mr -Ma h .5/12 

men 
1982 

1986 

1992 

changes 
1982-1986 

1986-1992 

1982-1992 

women 
1982 

1986 

1992 

changes 
1982-1986 

1986-1992 

1982-1992 

Total 
1982 

1986 

1992 

changes 
1982-1986 

1986-1992 

1982-1992 

1982 

1986 

1992 

changes 
1982-1986 

1986-1992 

1982-1992 

.5792 

.2213 

-.1541 

.0316 .0498 

.0357 .0704 

.0317 .0672 

1.121 .0069 

.6369 .0138 

-.3525 .0138 

.6007 .0272 

.2290 .0315 

-.2942 .0295 

.0023 

.0022 

.0031 

.2578 .0045 

1978 .0042 

.0942 .0049 

+ + 

+ + 

.0016 .0031 

.0188 .0029 

.0280 .0037 

B. assignment fonction 
men women total 

CT r slope 
CT r slope 

CT r slope 
V a 

slope 
°" a 

slope 
er a 

slope 

1.052 .4748 

1.076 .4893 

1.072 .4698 

+ + 

.7950 .3787 

.8348 .3689 

.9138 .4373 

+ 

+ + 

.998 .4478 

1.019 .4528 

1.029 .4548 

+ + 
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5.7 Decomposing changes in wage inequality 

As reported in chapter 3, wage inequality increased over the 1980s in Portugal along with an 

increase in the returns to education. We further examine this evolution by decomposing the 

variance of log hourly wages based upon the estimation of a wage equation that explicitly 

accounts for the demand and supply sides of the labour market. This equation is as defined in 

section 5.2 (i.e. the ORU equation). Apart from the education-related variables, the 

independent variables include a quadratic expression for experience as covariates. Specifically, 

the variance of log-wages is decomposed as: 

a2 m * = ß2a2 + ß2a2 + ß2
0a

2
0 + X + Y + Z + (r

2, 

where 

X = a2,a2
Exp+a2

2a
2
Bxp! 

Y = 2ßrßuom + 2ßrß0arr> + 2ß0ßuaou 

(5.8) 

Z = 2ßraI<7rExp+2ßual<juExp+2ß0aI<joExp+2ßra2crrExp: 

+ 2 Ä » ; < W + 2 ^ < W +2a>a2(7EXp.E*P-' 

and er2 stands for the variance of variable/ and <jJk stands for the co variance between variable j 

and variable k. X lumps together the terms for the variance of experience and its square, Y 

includes the sum of the three education co variances (between Er, E" and E" ), and Z includes 

the sum of the remaining covariances (all including experience and experience squared). The 

parameters ß, ßu, ßm a, and a2 are the regression coefficients associated to E', E", E", 

experience and experience squared, respectively. 

Changes in inequality from period 0 to period 1 are determined as: 

a2m ,l-c72,„wo= (ß2
rP

2
rl - ß2

0a
2
0 ) + (ß2

ula
2

ul - ß2
0a

2
0 ) + 

(5.9) 

(ßlpli -PWOOJ + ÏXI-XOJ + W-YOI + ÏZ^ZJ + ïCT2,-^) 

Table 5.6 includes calculations based on expressions (5.8) and (5.9) separated by gender. The 

results for men and women are very similar. The variance of log-wages increased by about 

50% for both groups. The single most important contribution is given by the required 

education term. Another substantial contribution comes from the increase in residual variation. 
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Unobserved characteristics reap a higher return and/or become more dispersed. For men, the 
terms for experience and experience squared (lumped into the single term X) are also 
important, but for women their contribution is negative. 

Table 5.6: log-wage variance decomposition 

men women 
1982 1992 92-82 1982 1992 92-82 

Glnw 
.2199 .3251 +.1052 .1744 .2643 +.0899 

ßWl .1201 .1961 +.0760 .0754 .1544 +.0790 

ßl°l .0184 .0256 +.0072 .0167 .0159 -.0008 

ßWo .0187 .0382 +.0195 .0311 .0501 +.0190 

X .2738 .3110 +.0382 .1446 .1355 -.0091 
Y -.0717 -.1246 -.0529 -.0306 -.0749 -.0443 
Z -.2723 -.3125 -.0402 -.1665 -.1581 +.0084 

o\ .1339 .1914 +.0575 .1036 .1460 +.0424 

(5.10) 

With some elementary manipulations, equation (5.9) can be rewritten as: 

a*** -cr2,„„o = 0.5(ß2
l+ß2

0)(a
2

rI-a
2
r0) + 0.5(a2

rI + a2
r0)(ß

2
l-ß

2
0) + 

0-S(ßl, + ß2
uo)(°l, -°lo) + 0-5(a2

u, +a2
0)(ß

2, -ß2
lB) + 

0.5(ß2
ol + ß2

o0)(cj2
ol~a2

ol)) + 0.5(cT2
ol +a2

o0)(ß
2

l -ß
2

0) + 

(X1-X0) + (Y~Yg) + (Z-Z0) + (a2
tl-a

2
tO) 

The first terms in the right-hand side of this expression are to be interpreted as follows: 

-the term 0.5( ß2, +ß2
j0)(a

2, -a2
j0),j=r, u, o, denotes changes in the variance of log-wage due 

to changes in the variance of variable y from period 0 to period 1. 

-the term 0.5(a2, +<j2
0)(ßjl -ß

2
g),j=r, u, o, denotes changes in the variance of log-wage due 

to changes in the return to variable j from period 0 to period 1. 

The two terms decompose the changes related to education variables j = r, u, o into a 
variance and a return component. 
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The values in Table 5.7 are based upon expression (5.10) for the education variables. As 
noted above, changes in variances and changes in returns to required (adequate) education 
contributed most to increase wage inequality. However, the return component is larger than 
that of the variance. With respect to years of education below that required for the job, the 
total contribution to the increasing inequality is fairly low. The only notable point is that 
variances have a negative sign and prices have a positive sign. For years of education above the 
job requirement, both components worked to increase inequality. Their importance is equal in 
the women sample, but for men the return component dominates. 

Table 5.7: Decomposition of the contribution of the variance and return components to 
selected variables to changes in log-wage variance [1982-992] 

Avariances Areturns total Avariances Areturns total 

A(äV) .0095 .0666 +0760 .0316 .0474 +.0790 

MA2^2) -.0024 .0097 +0072 -.0026 .0019 -.0008 

A(/?X) .0071 .0123 +0195 .0096 .0095 +.0191 

In sum, observed wage inequality increased in Portugal from 1982 to 1992. This was mostly 
due to increased returns to required education and to increased dispersion of this variable. 
However, the return component clearly outperforms the variance counterpart. Together with 
the results of section 5.6, this will suggest that the growth of wage inequality is demand driven. 
But there is also an unexplained component, i.e. wage residuals, whose role should not be 
ignored. 

5.8 Conclusions 

This analysis has relied upon a symmetric treatment of the educational component of labour. 
The results indicate that in Portugal, there exist discrepancies between an individual's actual 
years of education and the education required in the job she performs. Furthermore, we 
analysed the wage effect of such deviations. Education does not have a uniform price across 
the labour market. It depends on the submarket in which the individual ends up. Both job and 
individual characteristics are important for wage determination. This suggests that wage 
differentials should be interpreted in light of an assignment problem in the labour market. 

Returns to education increased over the period analysed. This evolution should not be 
interpreted in terms of mean values of actual and required education. The distribution of actual 
education has moved upwards faster than the distribution of the education intended for the 
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jobs. A demand and supply model in its purest form would predict a decrease in the return to 
education. Contrary to the mean values, the demand dispersion increased faster than the supply 
dispersion. The increase in the return to education may be associated to this extension of the 
demand relative to the supply distribution. This implies that the human capital model in its 
purest form with perfect substitutability among different levels of education does not work for 
Portugal. However, at this level the development of a harmonious and formal framework for 
comparative static analysis seems necessary for a clear interpretation of the results. The study 
also suggests that international comparisons would be useful. 

Changes in the returns to education have contributed to raise overall wage inequality. In 
particular, required education played an important role. Altogether, the results suggest that the 
increase in overall inequality is demand driven. The dispersion of the residuals in the wage 
equation also increased and contributed to raise inequality. This unexplained component is too 
large to be ignored. 

Finally, we should extend an important warning. Education required for the job is assumed as 
constant for given jobs: it has been measured only once. Conceivably, required education for 
given jobs has changed. Perhaps with a 7-point scale such shifts are modest, but we cannot 
detect this. 

98 


