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This paper analyses whether marital status has a significant effect on
wages and whether it is a determinant of the gender gap. We use the sto-
chastic frontier approach to explain the differences between the potential
and the observed wage that an individual could obtain, given his or her
human capital endowment. We construct a balanced panel of wage earn-
ers from the European Community Household Panel Survey (ECHP),
from 1995 to 2001. The sample is of young workers that remain seven
consecutive years in the labour market. Our results show that a significant
part of the gender wage gap (distance to the frontier) suffered by married
women in Germany, Italy, Spain and the United Kingdom is not attribut-
able to differences in human capital endowment or personal and job-re-
lated characteristics.
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t is well established by the literature that women earn less than men. This result
persists even when controlling for human capital endowment and other personal
characteristics. The huge gender gap literature! has tried to explain the factors
that account for this difference in earnings. In particular, the literature has
shown that differences in human capital accumulation could explain part of the
earnings gender gap. Different decisions with respect to education, commitment to
the labour market and types of occupation lead women to work fewer hours and ac-
cumulate less experience than men, reducing their human capital endowment and
their potential wage and explaining part of the earnings gender gap.
Some theories explain these differences by arguing that men and women dif-
fer in their preferences for market and non-market work? and these differences af-
fect their human capital endowment. From this point of view, women are more

(*) We obtained the European Community Household Panel Survey data from EUROSTAT
(ECHP contract n® ECHP/2004/17). The Science and innovation project ECO2008-06035/ECON
financed this work. Corresponding author: Rosario Sanchez. E-mail: rosario.sanchez@uv.es

(1) See Altonji and Blank (1999) for a survey.

(2) See Escriche et al. (2004).
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committed to household production and childcare and, hence, invest less in educa-
tion and training, decide to work fewer hours than men, more frequently interrupt
their participation in the labour market and choose low-effort occupations. Since
differences in human capital cause differences in productivity and since, in a com-
petitive equilibrium, marginal productivity equals wages, women obtain lower
salaries [see Becker (1985)].

The relevance of these factors has diminished in recent decades. In all Euro-
pean countries, differences in educational attainment between men and women
have diminished, women’s participation ratio has augmented and a major commit-
ment in the labour market has been observed and, thus, the gender gap has re-
duced over time. Women’s effort to increase their human capital in recent decades
explains the observed reduction in the gender gap. However, wage differences be-
tween men and women, although decreasing, persist in all countries, even when
controlling for differences in human capital and personal characteristics [see Blau
and Kahn (2003)].

This unexplained gender gap could be considered as discrimination. Discrim-
ination could arise because employers prefer a particular group of workers, the
idea of a “taste” for discrimination from Becker (1957), because of imperfections
in the labour market or because it is difficult to measure the productivity of work-
ers (statistical discrimination). Also, it has been argued that the existence of dis-
crimination in the labour market could influence women’s decisions about their
education, training and preferred jobs. In this sense, there would be a pre-market
discrimination against women.

To sum up, the gender gap could be attributed to a lower productivity of
women or to a lower market return on their characteristics, usually related to the
discrimination component or to unobserved variables. Thus, discrimination could
be defined as a situation in which equally productive individuals receive different
wages because of some observable characteristic such as their race or gender>.

Although the gender gap and the existence of gender discrimination have been
widely studied by the literature, differences among women have not received the
same attention. In particular, our interest is in married women, whose behaviour in
the labour markets presents some special features that justify a separate study. Our
aim is to show whether the earning differences of married women with respect to
single women and men, due to discrimination, still persist for young workers.

Married women earn less than single ones. This fact has usually been ex-
plained by their lower human capital accumulation. Firstly, married women show
lower participation rates than those of women as a whole. This lower participation
has been traditionally associated not only to their personal characteristics but also
to their family characteristics, particularly, their husband’s labour status. Second-
ly, they are more committed within the household. This produces a reallocation of
time and effort towards home production and, so, married women tend to inter-
rupt their labour market attachment with periods of non-participation, reduce the

(3) Economic discrimination refers not only to differences in wages in the same job but also to lower
opportunities to be hired or to be promoted, or to receive specific skills by training inside the firm.
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hours worked and choose lower earnings occupations. It also reduces their possi-
bilities of training inside the firm. All of these factors lead to a lower human capi-
tal accumulation and a lower productivity. The expected career interruptions have,
in turn, a negative impact on the human capital investment of young women. The
reason is that the incentives to accumulate human capital are directly proportional
to the time one expects to work over one’s lifetime?.

However, it seems that the relevance of these factors has diminished over re-
cent decades in all European countries. The participation rates of married women
have risen, differences in schooling, experience and training have decreased and
marital status appears to be of declining significance for productivity and labour
supply decisions’. Despite this fact, differences in wages, although decreasing,
persist in all countries. Married women earn less than single ones, just as both
married and single women earn less than men.

Our paper aims to analyse whether these differences in wages reflect dis-
crimination or could be explained by differences in their human capital endow-
ment. We use the stochastic frontier approach as an alternative to the traditional
method of measuring discrimination that follows the work of Oaxaca (1973) and
Blinder (1973).

The stochastic frontier approach is an alternative method that includes a one-
sided error term to capture the possibility of the inefficient behaviour of an eco-
nomic unit when trying to reach an economic objective®. The frontier approach is
usually applied to the analysis of inefficiency in firms’ production. Adapting this
methodology to the analysis of wage differentials allows us to explain the differ-
ences between the potential and the observed wage that an individual could ob-
tain, given his or her human capital investment. The earnings frontier will de-
scribe the highest potential income associated with a given stock of human
capital. If a worker earns less than the potential wage, the difference in wages in-
dicates inefficiency in the transformation of human capital variables (schooling,
experience and tenure) into earnings, and we can analyse which factors explain
these differences between the potential and the effective wage’.

Discrimination could be one of the possible reasons for these differences in
earnings. The existence of discrimination affects the position of each individual with
respect to the frontier: individuals will receive lower returns in the labour market
than they should, according to their human capital and job-related characteristics.

(4) Mincer and Polacheck (1974).

(5) See Lundberg and Rose (2000), Prieto-Rodriguez and Rodriguez-Gutiérrez (2003) and Olivetti
(20006)

(6) See Lovell (1993)

(7) There is a growing literature in which the stochastic frontier approach is used to estimate earn-
ings functions. Attempts to measure discrimination include, among others, the work of Robinson
and Wunnava (1989), Robinson (1993), Hunt-Mccool and Warren (1993), Slottje er al. (1994),
Dawson et al. (2001) and Bishop et al. (2007). Others, including Herzog et al. (1985), Hofler and
Polachek (1985), Polachek and Yoon (1987, 1996), Hofler and Murphy (1992), Groot and Ooster-
beek (1994) and Polachek and Robst (1998), use stochastic frontier analysis to study incomplete
worker information.
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Compared to other methodologies, the stochastic frontier approach con-
tributes to a better estimation of the wage gap and discrimination in the following
ways. When estimating an earnings equation, the stochastic frontier approach es-
tablishes a relationship between the maximum wage attainable by an individual
and her human capital, and other personal characteristics, according to the neo-
classical theory, rather than considering the average wage. In addition, it allows
an evaluation to be made of the individual earnings gap (the distance to the fron-
tier) and makes it possible to analyse the variables that could explain the estimat-
ed wage inefficiency.

In this paper, we analyse whether a gender gap exists due to marital status in
Germany, Italy, Spain, and the United Kingdom. We choose a reduced sample of
young men and women with the following characteristics: they work for, at least,
seven consecutive years without interruptions; they are younger than 40 and work
15 or more hours per week. Our objective is to make men and women more com-
parable and for this reason we select a sub sample of individuals who have re-
vealed a strong commitment to the labour market. In particular, women who, de-
spite their marital status or their maternity, remain continuously employed during
the period analysed. We use panel data to estimate a wage frontier and the ineffi-
ciency model that allows us to analyse the variables that cause wages to deviate
from their potential value. Here, we introduce marital status, and we will define
wage discrimination as the difficulties experienced by married women in trans-
forming their human capital endowments into market wages.

Our results showed that there are differences between potential and effective
wages not attributable to differences in human capital investment. Moreover,
when analysing the factors that could explain these differences, we found a signif-
icant effect of workers’ marital status in almost all the countries analysed. The re-
sults show that married women are far from achieving their potential wage com-
pared to single workers and married men with the same endowments in human
capital. In contrast, married men are the ones most likely to approach their poten-
tial wage compared to women, married or single, and to single men. The most im-
portant aspect of this result is that this analysis is performed for workers under 40,
which means that, in spite of the anti-discriminatory measures undertaken in the
European countries during recent decades, we still observe these differences for
young workers.

The paper is organised as follows. Section 2 analyses the stochastic frontier
methodology and its application to the earnings functions. Section 3 shows the
data and variables. Section 4 provides a discussion of the results. Finally, in Sec-
tion 5, we present the concluding remarks.

1. THE STOCHASTIC FRONTIER

We use the stochastic frontier approach developed by Aigner et al. (1977) and
Meeusen and Van der Broeck (1977) to estimate an earnings frontier, adding an
asymmetric error term representative of wage inefficiency to the standard earnings
equation. Specifically, we use a panel data version of this approach, following the
random effect model of Pitt and Lee (1981) who showed how a time invariant
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composed error model could be extended to a panel data version of the stochastic
frontier model. Moreover, we include heterogeneity in the mean of the inefficiency
term that has a truncated normal distribution, as suggested by Stevenson (1980).
That is, we estimate the wage inefficiency and simultaneously explain this ineffi-
ciency by a set of variables3. This approach avoids the inconsistency problems of
the two-stage procedure when analysing the inefficiency determinants®.

We adopt a standard semi-logarithmic earnings equation [see Mincer (1974)]
but assume that the potential or theoretical wage could differ from the observed
wage, that is, workers might not be able to transform the whole of their human
capital stock into earnings. We call this difference “wage inefficiency” and it is in-
cluded in the analysis through the addition of a one-sided error term to the stan-
dard earnings function, obtaining a frontier. Simultaneously we estimate the de-
terminants of this wage inefficiency (the inefficiency model).

The estimated model is:

W, =W, —u,=a+ X, +v, —u, (1]

Equation 1 shows the earnings frontier, which describes the highest potential
income associated with a given stock of human capital. W* is the potential or the-
oretical wage, B the set of parameters and X the set of human capital variables.
We include a composed error term: the first component, vy, is a two-sided term
representing the random error, assumed to be iid N(0, 6,%) and the second compo-
nent, u;, is a non-negative random variable representing the inefficiency, which is
assumed to be distributed independently as N*(;, 6,2).

The difficulty of transforming individual characteristics into outcomes is
measured by the ratio of observed wage over the maximum or potential wage ob-
tainable for an individual (when there is no inefficiency); the efficiency (EF) of an
individual is!:

o S B)exp(v, —u)
F (X Bexp(v,)

The scores obtained from Equation [2] take value 1 when the individual to-
tally transforms his or her characteristics into earnings and less than 1 otherwise.

The mean of the inefficiency term (W) is a function of variables that could ex-
plain the difficulties of transforming human capital into market earnings.

U=+ 87 [3]

= exp(=u;) (2]

(8) We use the Limdep statistical package to estimate the stochastic frontier and the inefficiency
determinants [see Greene (2002)].

(9) In a two-stage procedure, firstly, a stochastic frontier function is estimated and the inefficiency
scores are obtained on the assumption of independently and identically distributed inefficiency ef-
fects. However, in the second step inefficiency effects are assumed to be a function of some firm-
specific variables, which contradicts the assumption of identically distributed inefficiency effects.
(10) Individual efficiency scores u; which are unobservable, can be predicted either by the mean
or the mode of the conditional distribution of u; given the value of (v;- u;) using the technique sug-
gested by Jondrow et al. (1982).
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Here, Z;is a (Mx1) vector of variables that could explain the degree of ineffi-
ciency in the transformation of human capital into earnings, and &’ is a (1xM)
vector of parameters to be estimated.

We then estimate the earnings function, adding a term of inefficiency whose
mean is a function of a set of inefficiency determinants. The function coefficients
(B) and the inefficiency model parameters (8) are estimated using a panel data
technique to control for unobserved heterogeneity. From the estimation, we also
obtaine the variance parameters: 6, and A = 6, /G, and we calculate y = 62, /62
where 62 = 6,2+ 6,2, which allows us to know the relative relevance of the ineffi-
ciency with respect to the random noise in explaining differences between the po-
tential and the obtained wage.

2. DESCRIPTION OF THE DATA

The European Community Household Panel (ECHP) is a harmonized cross-
national longitudinal survey focusing on household income and living conditions.
It is a standardized questionnaire that involves annual interviewing of a represen-
tative panel of households and individuals in each country. We analysed the corre-
sponding balanced panel of wage earners currently working 15 or more hours per
week, from 1995 to 2001. The number of observations by country is: Italy with
1,484 (212 individuals), Spain with 1,169 (167), Germany with 3,745 (535 indi-
viduals) and the United Kingdom with 2,653 (379 individuals).

These samples were of young employed people with ages ranging from 18 to
40 who have been working for at least seven consecutive years. The dependent
variable is the logarithm of gross hourly wage. We removed from the sample the
observations with extremely high or low hourly wage.

The percentages of female workers in the sample ranged from Germany
(37.6%), which had the highest percentage, to Spain (16.8%), which had the low-
est. The average age, ranged from 31.6 years for Italy to 33.1 for Spain. We made
a sample selection of young working people and this selection increased the aver-
age level of education for both men and women. The proportion of workers with a
higher education degree in the sample ranged from the United Kingdom (54.8%),
which had the highest percentage, to Italy (8.4%), which had the lowest. Mobility
allows workers to obtain a better fit in the labour market, so this variable con-
tributes to explaining the potential wage. We found that, on average, 58.5% of
young workers in the United Kingdom were willing to relocate, followed by
Spain with 50%, while the percentages were lower for Germany (38.7%) and Italy
(40.2%). When we compared the differences in type of contract, we found that
Spain had the lowest percentage of permanent workers. In the ECHP, seniority is
defined as the number of years working for the same employer and here the val-
ues are: the UK with a mean of 6, Germany 7.8, Italy 10.7 and Spain 11.10 years.
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3. WAGES DIFFERENTIALS: DISCUSSION OF THE RESULTS

The maximum-likelihood estimates of the earnings frontier parameters, de-
fined in equation [1], given the specification for the inefficiency effects, defined
in equation [3], are presented in Table 1. At the end of Table 1 we show the aver-
age level of wage inefficiency and the variance value component estimated by the
statistical package. We tested the relevance of the inefficiency effects using the
generalised likelihood ratio (LR) test!!.

The lambda parameter indicates that inefficiency is stochastic and, thus, the
frontier model cannot be reduced to a mean-response wage equation (OLS esti-
mation). We also calculated the part of the distance to the frontier that can be ex-
plained by inefficiency as y = 6,%/62%, where 62 = 6,2 + 6,2. In our estimation,
these variance parameters are a significant component of the total error term vari-
ance for all the countries analysed and, hence, deviations from the potential wage
are not simply due to random factors.

The first generalised likelihood ratio test reported in Table 1 reinforces the
relevance of the inefficiency effects in the model. Our results reject the null hy-
pothesis, which considers that inefficiency effects are not present in the model.

During the period analysed, the estimated degree of wage inefficiency is
around 7% for Italy, 20% for Germany, 36% for Spain and 10% for the UK. This
means that, on average, these young European workers obtained a salary that was
lower than the salary they could have achieved given their human capital and
other personal characteristics.

3.1. The young workers’ wage equation

Human capital variables were significant and had the expected sign. Here we
had two sets of variables that showed the effect of age and education in relation to
the potential wage of the individuals.

Age is only significant in the case of Germany, where being older than 30
years increased the potential wage by 2.1% with respect to being younger than 30.
For Spain and the UK, this variable is not significantly different from zero, which
means that it has no impact on the determination of wages for young workers. In
contrast, we obtain a negative and significant impact for Italy.

Also, as expected, having primary or secondary education reduced the potential
wage that an individual could obtain with respect to higher education. In Italy, Ger-
many, Spain and the United Kingdom, to have secondary education reduces the ex-
pected wage around 24%, 14%, 5% and 2.6%, respectively. In these countries, to
have primary education reduces the potential wage around 28% for Italian, around
18% for German and 6% for Spanish but is not significant for young British workers.

With the occupational variables, we controlled for wage differentials generat-
ed by differences in occupations. The reference category was elementary occupa-
tions. We obtained the expected sign; the potential wage was higher as the occu-
pational skills increased.

(11) LR = -2{In[L(H)] - In[L(H,)]}, where L(H,) and L(H;) are the values of the likelihood func-
tion under the null and alternative hypotheses. LR has an approximately chi-square distribution
with degrees of freedom equal to the number of restrictions.
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As expected, when an individual moves from one place to another within the
same locality or to another area inside the same country, the potential wage in-
creased. This increment is higher in Spain (5.7%) and quite similar for Italy
(2.7%), Germany (2.8%) and the UK (2.6%). This variable reveals the benefits of
moving to obtain a better adjustment within the labour market. When we intro-
duce seniority with the same employer, we obtain a very interesting result, name-
ly, a negative and significant relation between seniority and potential wages.
However, these negative impacts are smaller than the benefits of mobility. For
Italy, Germany and the UK, the value is around -1% and, for Spain, around -4%.

We included the variable type of contract as another source of wage differen-
tials. We established two categories: permanent contract and non-permanent con-
tract, which is composed mainly of temporary contract, that is the category of ref-
erence. Spain is the country with the highest level of temporality especially for
young workers (see, Diaz and Sdnchez 2008). This explains why this is the coun-
try where this variable has the highest impact on wages (8%), followed by Italy
(3.3%), the UK (2.6%) and Germany (2.1%).

Large firms tend to pay higher wages than small and medium-sized firms.
Large firms might be more efficient in organising their work, in selecting employ-
ees and in adopting new technologies. This increases labour productivity, thus
raising wages. Our dummy of firm’s size affected the workers’ potential wage pos-
itively and significantly in the case of Germany (7%) and the UK (3.4%). For Italy
and Spain, we do not obtain a significant coefficient.

3.2. The inefficiency model: young married workers

The estimated frontier defines the highest wage that an individual could ob-
tain according to his or her human capital investment (potential wage). The wage
inefficiency measures the distance to the frontier for each individual, that is, the
difference between the potential and the observed wage. We have assumed that
this wage inefficiency is a function of gender and marital status and, so we have
included a set of two dummies that reflect marital status by gender. The category
of reference is not to be married. The estimated parameters of the inefficiency
model indicate only the direction of the variables’ effect on inefficiency. The
value of these parameters is presented at the end of Table 1.

The inefficiency model shows that the coefficients of the married women
dummies are positive and statistically significant in explaining wage inefficiency in
all the countries analysed. The positive sign indicates an increment in the distance
with respect to the stochastic frontier, that is, a rise in the difference between po-
tential and effective wage. These dummies reflect the relevance of women’s mari-
tal status in wages. The results obtained indicate that married women obtain lower
wages than similar single women and men. On the contrary, the variable married
men presents the opposite sign. For all the countries, this variable is statistically sig-
nificant, with the exception of Spain. The negative sign indicates that, for men,
being married reduces wage inefficiency and, so, the wages obtained by married
men are closer to their potential wage than those of single men and women. They
have a wage premium measured by its closeness to the wage frontier, compared to
single workers with the same human capital investment. This result reflects the
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perception of companies that married men are the main income earners in the
household so firms attribute a greater commitment to the labour market to them.
The positive signs that married men traditionally show, do not apply in Spain.
Spanish married men do not reduce the distance to the frontier with respect to sin-
gle men and women as happens with German, Italian and English workers.

We would like to emphasize that these results are obtained from a selected
sub sample where individuals have been working for seven consecutive years and
work 15 or more hours. The married women included in our sample are those
who, despite their marital status and its implications, have remained active and
employed. They have not suffered losses of human capital due to spells of non-
employment, but, even so, they receive lower salaries. Thus, our results show evi-
dence of discrimination against young married women. As, on average, married
women are more likely to interrupt their careers and have longer interruptions of
their working life, in a context of imperfect information, they are considered as a
low productivity group and receive lower opportunities for training inside the firm
and lower opportunities to be promoted.

4. CONCLUDING REMARKS

The aim of this paper was to analyse the existence of discrimination in the
labour market against young married women. We have analysed the earnings gen-
der gap in four European countries using the stochastic frontier approach. Our
sample was restricted to continuously employed individuals younger than 40. Our
results show that a significant part of the gender wage gap is not attributable to
differences in human capital investment or personal and job-related characteris-
tics. We also obtain evidence of the existence of gender pay discrimination in
young married women with respect to men and single women in all the countries
analysed. Here, we obtained the opposite result for married men. They have a
wage premium measured by its closeness to the wage frontier, when compared to
married women or single workers with the same human capital investment.

APPENDIX 1: DESCRIPTION OF VARIABLES AND RESULTS OF THE STOCHASTIC
FRONTIER MODEL

Variables:
The dependent variable used for estimation is the logarithm of gross hourly wage.
The explanatory variables of the wage equation are:
Age: This is a set of two dummy variables:

Agel: equal to 1 if individual is younger than 30, zero otherwise, (reference
category).

Age?2: equal to 1 if individual is older than 30 and O otherwise.
Education Classification: This is a set of three dummy variables:

Primary: Less than upper secondary education: equal to 1 if the individual has
less than second stage of secondary education (ISCED 0-2).
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Secondary: Upper secondary education: equal to 1 if individual has finished the
upper secondary level of education (ISCED 3) and 0 otherwise.

Higher Education: Tertiary education: equal to 1 if individual has finished ter-
tiary education (ISCED 5-7) and 0 otherwise, (reference category).

Occupation in current job: This is a set of eight dummy variables:
Legislators, senior officials and managers
Professionals
Technicians and associate professionals
Clerks
Service workers and shop and market sales workers
Craft and related trade workers
Plant and machine operators and assemblers
Elementary occupations (reference category)
Type of contract: Dummy variable equal to 1 if the worker has a permanent
contract and O otherwise (fixed-term contract or a non-standard contract).
Mobility: Dummy variable equal to 1 if the individual has moved to another
place, area or country and O otherwise.
Firm size: Large firms, equal to 1 if the firm has more than 500 workers and O
otherwise.
Seniority: Number of years working with the same employer.
Seniority2: The squared value of seniority.
Trend: Time trend.

The inefficiency model:
Marital Status: This is a set of 2 dummy variables where we highlight the effect
of being married for women and men.
Married Women: The category of reference is not being married and non-mar-
ried men.
Married Men: The category of reference is not being married and non-married

women.
m
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RESUMEN

En este trabajo analizamos los determinantes de las diferencias salariales
entre hombres y mujeres segun su estado civil. Utilizando la metodolo-
gfa de frontera estocdstica, estudiamos las diferencias entre el salario po-
tencial y el salario que percibe un individuo dada su inversion en capital
humano y sus caracteristicas socioeconémicas. Para ello, construimos un
panel de datos, de jovenes trabajadores, que permanecen en la muestra
siete afios consecutivos. Los datos que utilizamos son el Panel de Hoga-
res Europeo (ECHP) para el periodo 1995-2001. Nuestros resultados in-
dican que las diferencias salariales, de mujeres casadas con respecto a
mujeres solteras y hombres, para Alemania, Espafia, Italia y Reino
Unido no se pueden atribuir a diferencias en capital humano.

Palabras clave: diferencias salariales, estado civil, Europa.
Clasificacion JEL: 124,31, J71.
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