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A bstract

This thesis explores four themes related to wage inequality, with particular em
phasis on differences between seemingly identically educated individuals. The effects 
of cognitive ability on measures of labour market success are assessed after providing 
new evidence on the socioeconomic determinants of ability progression and educa
tional attainment for two British birth cohorts. Implications for the evolution of 
meritocracy in Britain follow from cross-cohort comparisons in which the relative 
importance of ability and socioeconomic family background are considered.

By exploring the role of ability and education, it is possible to test and reject the 
hypothesis that individual ability is perfectly observable to British employers, who 
partly value education as an indicator of actual skills. Existing employer-learning 
theories are drawn upon to develop a model of asymmetric learning about abil
ity. Estimates confirm that incumbent employers learn faster than other potential 
employers about the ability of less skilled workers, thus giving them an important 
informational advantage. Competition in the labour market is likely to be hindered 
as a result.

This is followed by an analysis of the reasons why highly educated individuals 
are often employed at jobs for which they are excessively qualified. Evidence from 
European panel data shows that wage differences associated with degrees of ‘match 
quality’ are due to a large extent to individual heterogeneity. Job mobility patterns, 
wherein ‘mismatched’ individuals are more likely than others to have ‘positive’ and 
‘negative’ job changes, suggest that employers use ‘mismatch’ spells to screen work
ers.

Finally, this thesis proposes microeconomic foundations for matching in an on- 
the-job search model of the labour market. Frictions explain why firms differen
tiate themselves by offering higher wages to attract more applicants. This model 
is extended both to explain why better-paying firms invest more in capital and to 
endogenise individual search efforts, with implications for identification strategies in 
empirical studies.
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“The state of civilisation is therefore insujficient by itself 
to explain what suggests to the human mind the love of 
general ideas, or diverts it from them. When the condi
tions of men are very unequal, and inequality itself is the 
permanent state of society, individual men gradually be
come so dissimilar that each class assumes the aspect of 
a distinct race [...] losing sight of that general tie which 
binds them all within the vast bossom of mankind. ”

Alexis de Tocqueville, Democracy in America
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Chapter 1

Introduction

W hat explains pay differences? W hat lies behind the observed distribution of earn
ings in a population? Economists have traditionally argued that wage differentials 
can be interpreted within a supply-demand-institution frameworkd As early as in 
the tenth chapter of the Wealth of Nations^ Adam Smith distinguished between 
“inequalities arising from the Nature of the Employments themselves” and the “in
equalities occasioned by the Policy of Europe”. In the former group, Smith referred 
tod

• “the ease or hardship, the cleanliness or dirtiness, the honourableness or dis
honourableness of the employment”. This is what economist nowadays refer 
to as compensating differentials.

•  “the difficulty and expence of learning the business”.

He goes on to argue that “the difference of wages of skilled labour and those 
of common labour is founded upon this principle”.

•  “the constancy or inconstancy of employment”.

• “the probability or improbability of success in them ”. W hat Adam Smith has 
in mind here is the group of liberal professions, “in which but few arrive at 
mediocrity”̂ and excellence is “the most decisive mark of what is called genius 
or superior talents”.

^See the chapter by Katz and Autor (1999) in the Handbook of Labor Economics.
^Chapter 10, volume I of Adam Sm ith’s ‘An Inquiry into the Nature and Causes of the Wealth 

of Nations’, first published in 1776.
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Rephrasing these statements into more modern economic terms, they indicate 
that all workers should have an identical present discounted utility level at the be
ginning of their careers after considering the level of work dis-utility and investment 
costs in what we tend to refer to nowadays as human capital. This is obviously 
based on a key assumption: all individuals enjoy the same initial opportunities and 
complete freedom to choose whatever career they find most appealing. However, in 
Smith’s mind, economic rents are only possible because of what he calls the policy 
of Europe^ which restricts such perfect liberty:

• restraining ‘̂the competition in some employments to a smaller number than 
might otherwise he disposed to enter into them” and increasing “the competition 
in some employments beyond what it naturally would be”.

•  obstructing “the free circulation of labour and stock”.

Thus, economists have long acknowledged the importance of the interaction be
tween supply and demand factors as well as the institutional setup in which these 
transactions take place. Adam Smith’s views on the mechanisms at work in a labour 
market suggest a very egalitarian picture which is only disrupted by the effect of
institutions. In particular, it is surprising to realise that in his work, differences in
individual ability differences only accounted for a small share of observed inequality, 
and let alone wealth or parental background were not mentioned at all as possible 
determinants of an individual’s labour income.

Leaving aside positive considerations about what causes inequality, the concept 
itself has always been closely connected with morality and justice in general and 
distributive justice in particular. From antiquity, equality has been considered a 
constitutive feature of justice and often this has guided the design of social and 
economic institutions.

In modern economies, income from labour is central and often the exclusive 
component of total income for a working-age individual. It is not surprising that 
considerable research efforts are being directed into understanding what drives dif
ferences in the reward individuals obtain from renting their labour services to other 
individuals or corporations.

As a general principle, it is widely believed that equally gifted and motivated 
citizens should have about the same opportunities for reward and position, indepen
dent of their economic or social class and native endowments. This is understood as
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the principle of fair equality of social opportunity. On a normative basis, an unequal 
outcome should never arise as the pure result of social background characteristics 
or influences of milieu.

When inequalities are strictly due to differences in individual merit, whether that 
arises from ability, effort, etc., a society is described to be a ‘meritocracy’. This is 
frequently described as one of the most legitimate political goals and certainly enjoys 
wide popular support. However, there is a substantial degree of subjectivity implicit 
in what a society decides should be classiflecTaa describing an individual’s own merit. 
Additionally, this often conflicts with an alternative goal of a completely egalitarian 
society, rather than in the relative, proportional sense implicit in a meritocracy. 
Stability, cohesion and insurance arguments are often recalled to support this other 
view.

Both approaches and perceptions of what a society should aim for have been 
revisited in response to recent changes in the wage and income structure of many 
developed countries. Just a few of these changes in the U.S. and the U.K. wage 
structure may be cited as follows:

• There has been a large increase in overall wage inequality, independent of the 
inequality measure considered. At the top of the distribution, a radically large 
increase in earnings has been experienced, relative to changes in other parts 
of the distribution. At the bottom, earnings have basically remained stagnant 
or even fallen in real terms.^

• Inequality of compensation has expanded faster than pure earnings inequality. 
Income inequality has also increased following the explosion in CEO com
pensation packages and the high rates of return on capital throughout the 
nineties.

•  Pay differences between more and less skilled workers (as measured by edu
cation or occupation groups) have become more acute following a decline in 
these differences throughout the Seventies.^

^See, among others, Bound and Johnson (1992), Buchinsky (1994), Katz and Murphy (1992), 
Murphy and Welch (1992) and Pierce (1997).

^Hall and Liebman (1998) document changes in the average real total compensation of CEOs 
of large, publicly-traded US corporations.

^This finding is robust to the definition of skill used -for example, white vs blue collar or college 
vs high school educated workers.
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• Levels of participation in higher education have increased substantially, al
though the growth rate has varied greatly over time.®

• There has been a steady increase in residual inequality, which accounts for most 
of the observed changes in overall inequality. The beginning in this increase 
in inequality within demographic and skill groups appears to date back in 
the early seventies, prior to the observed between-group rise in inequality.^ 
Differences between individuals that cannot be observed byjthe researcher 
appear to be the leading force behind observed changes in inequality.

• Both the temporary and permanent components of variance of log earnings 
appears to have increased during the 1970s and 1980s.®

• There has been an acceleration in the growth rate of the stock of capital 
equipment and a substantial decline in its price. Adoption of IT technologies 
and decline in associated prices are probably the clearest example of this. 
Due capital-skill complementarities, this phenomenon has been hypothesised 
to have influenced the relative demand for skills.^

• Major changes have taken place in the structure of firms, following the in
troduction of information technologies and the automation of numerous task 
previously carried out by manual workers.

•  There has been an overall opening of these economies to trade from other 
countries, particularly developing countries.^®

• There has been a parallel decline in the unionisation rate with an increase in 
the prevalence of other equalising institutions such as the minimum wage.^^

These changes have led economists to become aware of the existence of numerous 
knowledge gaps relative to the functioning of labour markets. This includes a poor

®Katz and Murphy (1992) develop a very simple framework based on these changes to explain 
the changing relative wages using a trend component and the relative supply of skills.

^The gender gap is probably the only declining gap in this period. After an initial slowdown, 
the racial gap also increased in the U.S.

®See Gottschalk and Moffit (1994). Blundell and Preston (1999) use data on consumption and 
income for the UK to identify the separate growth of temporary and permanent components of 
variance. They argue that a strong increase in transitory inequality took place during the eighties, 
and that younger cohorts face higher levels of permanent inequality.

®See Krusell et al (2000).
^®See Sachs and Shatz (1994) and Krugman (1995).
^^See, for example, DiNardo et al (1996), Freeman (1996), Card (1996) and Lee (1999).
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understanding of how individuals and firms invest in skills and how these skills are 
valued. A further challenge is to have a better grasp of how new influences such as 
globalisation, regulation, technical and organizational changes are expected to affect 
the structure of labour markets and the distribution of earnings in the population. 
This thesis focuses on four distinct, although mutually related, aspects of wage 
inequality.

The Structure of the Thesis

The first theme to be dealt with in this thesis is the role of cognitive and other 
social abilities in explaining socio-economic differences between individuals, with 
a particular focus on wages. The methodological approach in this investigation is 
based on examination of the relative importance of family background and cogni
tive skills in determining different features of cognitive and educational development 
among other measures of socio-economic success as adults. By comparing patterns 
across two different British birth cohorts, this research provides new evidence lead
ing to a strong rejection of the hypothesis that British society is becoming more 
meritocratic. Additionally, the empirical findings shed new light on the mechanisms 
through which ability affects wages. This chapter also documents recent changes in 
the way the British labour market rewards different skills and qualifications.

Cognitive ability appears to be an important determinant of wages in its own 
right. As shown in chapter 2, economic returns to this variable do not appear to be 
constant over the life cycle. Ability test scores, which form the basis of such cognitive 
ability indices, are not easily observable by employers. This raises a question about 
how important information flows are in the labour market.

Chapter 3 addresses this topic by examining the hypothesis that, initially, em
ployers have little information about the abilities of new recruits beyond what can 
inferred from academic qualifications and the initial screening process which often 
takes the form of personal interviews, testing and probationary periods. A measure 
of this initial lack of knowledge is the extent of learning that takes place about work
ers’ abilities as experience is accumulated. A theoretical model of employer learning 
is developed in order to derive empirical predictions about how the experience profile 
of wages is a function of schooling and measured ability when learning by employers 
takes place in two possible ways: (a) When all potential employers learn about a 
worker’s ability, (b) When incumbent employers have an advantage in this learning 
process (by proximity). This type of inference is made possible because ability test
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scores, which are not observable to employers, provide an indication of unrealised 
abilities they might learn about.

The empirical results present a picture of the labour market in which informa
tional considerations are far more important than usually acknowledged by economists 
and policy makers. Statistical discrimination, screening efforts, inefficient invest
ments and related phenomena are likely to occur more frequently than what might 
be expected. For example, informational advantages by incumbent firms provide 
them with a degree of bargaining power with regard to wages. This partial monop- 
sonistic power has substantial implications for firm-sponsored training and worker 
mobility patterns. In this complex setting, policy interventions may fail to achieve 
the desired goals because they do not account for changes in the investment be
haviour of employers and employees.

A great degree of ability variation within educational attainment groups makes 
schooling a rather imperfect indicator of an individual’s skills. This is one of the 
most frequent and intuitive explanations for the finding that highly educated indi
viduals are often employed in jobs that are unrelated to their formal qualifications. 
It has also been argued that this educational-job mismatch can be the result of im
perfections in the labour market that hinder the complex matching process between 
workers (and their skills) and jobs.

In chapter 4, I address the problem of educational and skill-job mismatch in an 
European context. Cross-country comparisons help illustrate the impact of diverse 
institutional and skill-supply changes on wage inequality. This study uses data from 
a comparable European-wide panel data set which includes information about the 
relevance of formal qualifications to the current job and about the degree of skill 
under-utilisation. This data allows a more subtle classification of matching patterns, 
which is used in order to explore the wage return to a better quality of match. 
Interactions between both types of mismatch and the realisation of significant wage 
penalties lead me to compare mismatched, more educated individuals, with less 
educated ones. This provides a clearer picture of the economic incentives to invest 
in qualifications which are more likely to lead to mismatch. I study how these wage 
differences translate into different levels of satisfaction and job search intensity.

The longitudinal nature of the data is further exploited by examining patterns 
of job mobility and wage progression. Thus, fixed-effect wage estimates are used in

^^These investments may relate to screening, signalling, training efforts, etc.
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order to understand what part of cross-sectional wage penalties to skill/education 
mismatch is due to individual fixed effects. If skill mismatch is only a by-product 
of heterogeneity in individual ability, wage penalties should virtually disappear. 
In countries where the supply of highly educated workers outpaced demand, it 
should still be possible to find substantial wage differences between different states 
of skill/education match quality.

Another aspect of skill-mismatch subject to investigation is job mobility. This is 
quite important because in a short panel, it might not be possible to realise the full 
change in lifetime earnings associated with changes in the match quality from an 
individual point of view. In an economy where frictions have a limited importance, 
human capital models predict that mismatched and over-educated workers will tend 
to move faster into better jobs. This prediction is studied, along with the hypothesis 
that over-education spells correspond to screening periods that are taking place. If 
firms assign highly educated workers to simple tasks, they might be doing so in 
order to assess their real potential without severely compromising productivity. If 
this hypothesis is true, mismatched and over-educated workers are not only more 
likely to move upwards, but also to move downwards whenever their real skills or 
abilities do not match up to initial expectations. In contrast, adequately matched 
individuals are more likely to retain their current job position. Estimates strongly 
indicate that the screening hypothesis is a correct interpretation of mismatch spells 
and fits in well with the existing evidence in the literature.

The final contribution of this thesis is a theoretical analysis of the mechanisms 
that explain wage dispersion amongst identically skilled individuals. It is widely 
understood that matching frictions can divert employers from paying workers their 
marginal product because in this case, counter-offers cannot immediately be made 
by competitor firms. In chapter 5, I study a model in which firms create jobs and de
cide wages in an optimal way. Wages attract applications not only from unemployed 
individuals but also from employed workers who are interested in obtaining a better 
paying job. Little is known about the way in which the meeting process between job 
offers and applicants takes place when workers can search while employed. By pro
viding micro-foundations to the matching process, it is possible to gain additional 
insights about incentives for search and about the nature of technological advances 
that have completely changed the way in which workers and firms come together. 
Identical entrepreneurs may thus decide to offer different wages for identical workers 
because they follow different strategies with identical expected payoffs: some em
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ployers choosing to offer high wages manage to attract workers easily and to have 
low turnover rates. Other employers adopt a different approach, offering low wages 
and expecting to have the job filled for a shorter spell. If free-entry competitive 
forces are at work, firms will be indifferent between different combinations of both 
types of strategy. This is the environment in which endogenous dispersion becomes 
possible.

The fact is that better paying firms usually adopt better technologies which 
makes them more productive. Although it could be argued that such productivity 
differences are exogenous, the model shows that when job-specific investments are 
involved, the choice of technology is also endogenous. This means that a firm choos
ing to pay low wages will not find it profitable to make large investments which are 
subject to a large effective discount rate because of the risk that the worker will 
soon quit.

Simultaneously, job search efforts will depend on the potential to find better paid 
jobs. Thus, the basic framework can be extended in order to endogenise such efforts. 
In this setting, it is theoretically possible to evaluate the effect of changes in the 
minimum wage on residual inequality and the unemployment rate. The modelling 
of micro-founded frictions in this search environment has numerous implications for 
empirical studies. The feature of better paying jobs being more difficult to access be
cause they tend to receive more applications is completely absent from models which 
specify a standard aggregate matching technology. This chapter shows that when 
micro-foundations are introduced, the wage distribution of offers that is estimated 
from the wages earned by movers from unemployment is stochastically dominated by 
the true distribution of offers. The subsequent bias will lead to substantial problems 
in estimating search cost elasticities and other parameters of interest.

Methodology

This thesis combines a variety of instruments to analyse four important aspects 
of wage inequality. In chapter 2, principal component techniques are used to derive 
suitable measures of cognitive ability with which to test hypotheses about meritoc
racy and to assess its effect on a series of socio-economic outcomes. Intensive data 
work has been required, involving the retrieval of information from six different 
surveys corresponding to the 1958 British birth cohort of the National Child De
velopment Study and six surveys from the 1970 birth cohort of the British Cohort 
Study.
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Chapter 3 also exploits this data set to test the empirical predictions of a model 
of employer learning and statistical discrimination that embeds alternative scenarios 
of symmetric and asymmetric learningd^

Econometric techniques also constitute the main support for findings in chapter 
4, which does not include an explicit model of skill/education mismatch. However, 
tested hypotheses can easily be related to alternative interpretations of such phe
nomena. The results strongly indicate that employer learning takes place about the 
real skills of apparently mismatched workers. New models are needed to interpret 
this type of phenomenon and to complement existing symmetric information models 
in which skilled workers crowd-out the market for unskilled workers.

The analysis in chapter 5 mainly has a theoretical focus, although it is highly 
motivated by empirical evidence on wage dispersion patterns. It provides micro
foundations for the matching function, one of the theoretical instruments most 
widely used in the literature, inserts them into the cumbersome setting of on-the- 
job search, and exposes shortcomings of the current aggregate specifications. These 
specifications are now being brought into the realm of empirical analysis. This study 
provides analytical conditions for the existence of equilibria and characterises them 
completely. The absence of a closed-form solution imposes the use of numerical 
methods which were implemented with the help of the Mathematica package.

Chapter 6 concludes the thesis with a review of the key findings and some sug
gestions for further research.

^^Similar although differentiated modelling efforts have also been carried out by Schonberg 
(2002), with very similar conclusions.

'̂^This is the type of model described in Albrecht and Vroman (2002) and Dolado et al (2002).
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Chapter 2

M eritocracy in Britain and the  
Role of Cognitive and 
N on-cognitive Ability: A  
Cross-Cohort Analysis^

2.1 In trodu ction

The benefits of a truly meritocratic society, where individuals’ economic success 
is determined by their true ability, have been widely touted. Governments of all 
persuasions now stress the need to enable individuals to achieve their potential. Yet 
the role of ability in the labour market is not well understood. Is it the case that 
the most able individuals do better in the labour market? Do the clever kids go on 
to get the best jobs and earn the most money? Or is it the case that the brightest 
students only do better in the labour market because they do better at school and 
have more qualifications? Can someone who is very bright but from a poor back 
ground do as well or better than more privileged but less able individuals? Or is it 
the case, as the columnist Julie Burchill said, that...

^.. while the rich stupid are being artificially buoyed up, the bright poor 
are being kept at the bottom; there is only so much room at the top, after 
all. I f  we sacrifice the meritocracy on the altar of blood sentiment, and

^This chapter draws on joint research with Anna Vignoles.
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do not let upper- and middle-class junior dullards slide down in order 
for clever proles to clamber up, we will continue to create a society in 
which youth crime and alienation continues to rise. And all because 
that kid stealing your son’s mobile should perhaps be taking your son’s 
opportunities while your son, in turn, should really have the old-school 
safety net pulled away and get a job in a call centre...

These are important social questions that are also of great importance to policy 
makers. Specifically, policy makers need to understand the determinants of cog
nitive skills, and their relationship with social class and education. This will help 
with interventions designed to improve children’s cognitive skills and overcome their 
poor social background, such as HeadStart in the USA and SureStart in the UK. 
Greater understanding of the inter-relationship between ability and qualifications 
will also improve policy-makers’ understanding of the impact of further educational 
expansion.

In this chapter, I investigate the role of “ability” in the British labour market. 
Using numerous measures of children’s cognitive and non-cognitive ability, for two 
different birth cohorts (1958 and 1970), and applying principal components tech
niques to synthesise such information, the relationship (and changes in its nature) 
between ability, parental social class, educational attainment and labour market 
success is thoroughly analysed.

The key results can be summarised as follows:

1. Children’s cognitive skills change throughout childhood. However, children 
from higher social classes and wealthier families are more likely to move up 
the ability distribution, when their initial attainment is low. They are also 
more likely than poorer children to remain at the higher end of the ability 
distribution, when their initial attainment is high.

2. Not only is social class important in determining a child’s position in the 
ability distribution (and their movement up and down it) but there is also 
evidence that the gap between children from higher and lower social classes 
has widened between the two cohorts considered here. In other words, social 
mobility appears to have receded. Social class has become a more important

^The Guardian, Saturday 13 July 2002.
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determinant of cognitive skills. As the introductory quote suggests, it is the 
bright poor who seem to be losing out.

3. The effect of cognitive ability on educational attainment has actually de
creased, while the role of parental social class and income in determining edu
cational attainment has increased. This also suggests that society is becoming 
less meritocratic. Furthermore, it appears that the probability of gaining a 
higher level qualification (e.g. a degree) has increased similarly for different 
ability groups. In other words, it is not the most able who have benefited from 
the expansion of the UK education system but rather the most privileged.

4. Cognitive skills are an important determinant of labour market success, inde
pendent of any effect of educational attainment. Specifically, those with higher 
cognitive skills are less likely to be inactive and unemployed and, in the case 
of women, more likely to be in full-time, rather than part-time, work. In fact 
cognitive skills, rather than educational qualifications, are the most important 
individual determinants of whether or not men are unemployed.

5. Cognitive skills also have an impact on wages. The pricing of cognitive skills 
differs between men and women, with women’s skills appearing to be the 
more valuable. Returns to cognitive skills appear to have increased slightly 
over time, although this conclusion is extremely tentative given the problems 
of making inferences about changes over time with panel data derived from 
only two cohorts and limited longitudinal observations.

6. The data also allows the examination of other non-cognitive abilities, such 
as social skills. These also have a significant impact on labour market out
comes. Enhancing these skills through policy interventions might be a very 
cost-effective way of reducing inequality of opportunities amongst children 
even if little progress can be made with regard to cognitive skills.

7. 1 also consider the impact of ability on wages for different social groups and 
educational levels. In other words, the interaction of ability, parental social 
class and income, and education is examined. The results suggest that, at least 
in terms of higher education, the expansion of the education system in Britain 
has disproportionately benefited the higher social classes. Less able children 
from higher social classes are more likely to participate in higher education and
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benefit from the on-going increase in the labour market demand for graduates. 
Important earnings differences can now be found amongst men with secondary 
education. Nevertheless, higher education appears to have become a successful 
class leveller.

8. Finally, this chapter provides some new evidence on the phenomenon of inter
generational transmission of cognitive ability. Observed correlations between 
the ability of members of the 1958 cohort and their offspring are considerable. 
This is likely to be influenced by a strong genetic component. However, I 
find evidence that these correlations are very much mediated through socio
economic factors.

These findings are not consistent with an increasingly meritocratic society. Social 
class remains an important determinant of how well a child will do in the labour 
market. However, it is certainly the case that more able individuals do better in 
the labour market than the less able, regardless of their social class and educational 
attainment.

This chapter is set out in the following manner: Section 2.2 reviews the debate on 
the concept of cognitive ability and its socio-economic implications, with particular 
emphasis on U.S. and U.K. findings. Considerable attention is also paid to evidence 
on the effectiveness of intervention programmes in enhancing cognitive and related 
abilities. Section 2.3 describes the nature of the cognitive data used in this chapter 
and the statistical manipulations carried out to derive an ability index. In section 
2.4, I test a first set of meritocracy-related hypotheses on the role of parental influ
ences on children’s ability progression and related cohort changes. This is followed 
by an examination, in section 2.5, of the determinants of the propensity to invest 
in education, comparing the relative contributions of parental characteristics and 
cognitive ability. In section 2.6, the analysis proceeds with the investigation of the 
role of ability in influencing standard measures of economic success, such as occu
pational social class, economic activity and earnings. Additional effects of cognitive 
ability are studied in section 2.7, which assesses the intergenerational transmission 
of ability in the 1958 cohort. Section 2.8 concludes.
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2.2 B ackground on cogn itive  ab ility

Concepts such as intelligence, IQ and cognitive ability have become the subject of 
renewed widespread attention following the controversial book by Herrnstein and 
Murray (1994) entitled “The Bell Curve” . This represents the return of a long 
running debate in which “The Bell Curve” provides a synthesis of some views and 
evidence on the link between biology (genes), intelligence and socio-economic out
comes. IlMll-l #11%, .<«**•«»»■ • -•*

The debate on the biological and social properties of IQ as a measurement of 
intelligence had actually became topical twenty-five years earlier, with the work of 
Arthur Jensen (1968,1969). He argued that intelligence is a highly inheritable trait; 
that there is a pattern of intelligence differences across races which is, to some extent, 
genetic; and that this genetic-inheritable component can be held responsible for the 
apparent failure (in his view) of compensatory education programmes. Herrnstein 
and Murray (1994) brought into the debate a long and complex set of research find
ings on the correlations between test scores of cognitive ability and a range of social 
outcomes. They went a step further than Jensen by arguing that intelligence (largely 
inheritable in their opinion too) is the key determinant of socio-economic achieve
ment and social pathology relative to other “environmental” factors. In their view, 
this implies that society will become increasingly based on meritocratic principles 
and cognitively-stratified in spite of any compensatory interventions. This sequence 
of arguments deserves careful scrutiny before moving on to testing any evidence on 
changes in meritocracy in Britain. This section will review the different concepts 
of intelligence that have just been referred to and will discuss whether the available 
evidence agrees or contradicts Herrnstein and Murray’s propositions.

2.2.1 A brief description of concepts

Intelligence testing first came in to practice, in the way we are familiar with nowa
days, with the work of a French psychologist named Alfred Binet. His work was 
motivated by the conviction that mental testing should not be based only on sensory 
and motor functions, but actually aim at identifying intelligence as an independent 
attribute. Therefore, he proposed tests of memory, mental imagery, attentiveness, 
comprehension, visual judgement of distance, etc. It was he who devised a procedure 
in 1904 to identify subnormal children in the Parisian schools so that they could be
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assigned to special needs schools where they could be helped. The term “intelligence 
quotient” or IQ is due to the German psychologist William Stern, and is based on 
relative comparisons of an individuals test score performance with that of her/his 
peers.^

The subsequent widespread generalisation of these measurements soon gave rise 
to a discussion about the question of cultural specificity and cultural bias in the 
design of such tests. The question was raised about whether intelligence could 
really be considered as an attribute in the same way as other attributes (such' as 
height), which that can be expressed as a scalar. Charles Spearman (1904) took the 
inter-correlations between scores from simple mental tests as the basis for his work 
on the construction of an intelligence scale. He concluded that there is a “universal” 
intellectual capacity, labelled ‘g ’ for general^ and specific and unrelated capacities 
with a minor scope. His view was that this construction ‘g ’ embodied the sought 
attribute of intelligence. Measurement of intellectual capabilities should be inferred 
mainly from tests that performed better at the task of approximating this underlying 
factor.

The single factor approach to intelligence was extended by Thurstone (1934,1947), 
one of Spearman’s pupils, who developed multiple factor analysis techniques in order 
to subdivide Spearman’s general factor, ‘g \ into a set of Primary Mental Abilities 
(PMAs): spatial visualisation, perceptual ability, verbal comprehension, numerical 
ability, memory, word fiuency and reasoning. These primary mental ability factors 
should be considered as conceptual “labels” of the mathematical constructs derived 
using factor analysis techniques. These labels are due to the conceptual similarities 
between the specific tests, with higher loadings for (correlations with) each con
struct. For example, a derived factor that shows a high correlation with scores in 
tests deriving synonyms, opposites, vocabulary, etc will be referred to as measuring 
“verbal ability” . The existence of inter-correlations between these PMAs led Thur
stone to study the existence of hierarchical patterns among mental abilities, with a 
general intellectual power, ‘g \ pervading all mental activity. As he put it: “there can 
be debate as to whether we should describe the tests by a single factor even though 
one factor is sufficient. It is in a sense an epistemological issue. Even though a set 
of intercorrelations can be described in terms of a single factor^ it is possible, i f  you 
like, to describe the same correlations in terms of two or three or ten or any number

^Adult tests were generalised by the work of Wechsler (1944), whose comprehensive test of 
cognitive ability for adults is widely used nowadays.
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of factors. ”
Similarly, Guilford set up a three-dimensional scheme based on these elements: 

(a) The sort of mental operation involved in the factor (cognition, memory, divergent 
and convergent production, evaluation), (b) The type of information processed 
(figurai, symbolic, semantic, behavioural), (c) The type of mental products (units, 
classes, relations, systems, transformations and implications).'^

The instability of the ‘g ’ loadings across different tests partly motivated the 
work by Raymond Catell (1987). He argued that there exist two distinct, albeit 
related, general capacities that would separately embody “crystallised” and “fluid” 
intelligence. He claimed that each set of tests is likely to intersect the two ‘g ’s 
idiosyncratically. By crystallised intelligence, Catell meant a facility with the items 
of cultural knowledge that are found in intelligence tests, whereas fluid intelligence 
is supposed to be relatively culture-free. The latter is meant to represent fiexible 
reasoning, which is used to draw inferences and understand relations. Crystallised 
intelligence sums up the accumulation of facts, information and knowledge that 
comes with experience.

Jensen’s work on the learning abilities of normal and mentally retarded individu
als across different socio-economic status (SES) backgrounds led to the development 
of yet another theory of mental abilities. According to this theory, there are two 
levels of intelligence . Level I is meant to “refer to a class of abilities whose defining 
characteristic is that they involve no conscious or intentional mental manipulation 
of stimuli” (Vernon, 1987). Level II, in contrast, is the ability which is thought nec
essary to transform or manipulate stimuli in an effective manner. This second type 
of intelligence is commonly identified with the concept of fiuid ‘g \ This distinction 
turned out to be quite controversial because of the finding of no significant differ
ences in measured Level I intelligence across SES and racial groups, whereas middle 
SES groups and whites obtained higher average scores than did low SES groups 
and blacks in Level II intelligence. It also led Jensen to argue against traditional 
schooling and pre-school enrichment programs for children with low Level II abili
ties, suggesting instead instructional programs based on the learning of useful skills 
from Level I abilities. According to Jensen, programmes should be designed for chil
dren on the basis of their abilities and potential. Because of the intricate connection 
with race or SES background, this suggestion triggered accusations of him being

Tor more on the existence of a single or multiple g's, see Gardner (1983).
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segregationist, elitist or even racist.^ Defining and measuring intelligence is not a 
trivial exercise: there are key implicit beliefs about the driving forces of human and 
social differences, as well as on the malleability of specific human characteristics.^ 

Herrnstein and Murray (1994) interpret the existing evidence stemming from 
measures of general intelligence and their relationship with socio-economic outcomes 
as follows:

'"̂ “’.^•’I'^Hmwans''differ according to a general factor of intelligence that can be termed 
as cognitive ability.

•  Standardised tests of academic aptitude measure this factor to some degree, 
but IQ tests are more accurate measurements. IQ scores are a valid first order 
approximation to the conventional concept of social intelligence.

There is no evidence that IQ tests are demonstrably biased (in design) against 
any social group.

Cognitive ability is substantially inheritable. The role of genetics exceeds other 
effects from parental or social interventions.

There are dysgenic trends in the American society. This term, borrowed from 
population biology, is intended to describe a supposed downward pressure on 
the distribution of IQ following from faster reproduction of social groups with 
worse intelligence genes.

On the other hand, they assert that the most recent increase in returns to 
education, apparently concentrated amongst the most able, is a confirmation of 
the fact that current social inequalities reflect the achievement of a meritocracy 
based on cognitive ability.

As a corollary, Herrnstein and Murray argue that certain support and welfare 
programmes with bad dysgenic effects should be interrupted. In their view, 
only a return to ‘individualism’ can handle the group differences in cognitive 
ability.

^These accusations were somewhat justified by Jensen’s misleading implication that between- 
group differences are genetic in origin because of high within-group inherit ability of intelligence. 

®See Heckman (1995).
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These points have received a lot of attention and substantial doses of criticism. In 
fact, the results presented in the “Bell Curve” were never published in peer-reviewed 
journals. Herrnstein and Murray’s scientific contribution is small compared to the 
size of the public and academic debate they have generated. Let us examine the key 
points:

It has been argued that the correlation pattern between parental and child IQ 
hides an unidentified transmission of “genetic” and “environmental” factors. The 
role of the strictly “genetic” component is by and large still undetermined because of 
the lack of experimental evidence under proper counterfactuals. Current advances in 
the field of genetics have not yet identified the transmission of a genotype associated 
with any hypothesised single IQ fenotype. Most of the existing research on the 
genetic basis of IQ has been based on the comparison of monozygotic twins reared 
apart (MZAs) and separated in early infancy. As may be expected, these studies 
are based on small, probably unrepresentative, sample sizes.^

The issue of whether IQ tests are biased against certain groups is still unresolved, 
judging from the existing evidence. All test outcomes are derived after there has 
been room for environmental effects to have an effect on a child’s development. IQ 
tests may still be biased in the sense that the parental input can provide skills to the 
child, which will allow them to perform better in this type of tests. If children from 
less favoured social groups receive less parental input, tests scores could be biased 
as measurements of potential cognitive ability. Nevertheless, substantial advances 
have been made in terms of removing culture-specific aspects that used to lead some 
social groups to score lower in such specific items.

Spearman hypothesised the existence of a single factor common to all tests in
volving complex mental processes that later became known as “general intelligence” 
or ‘g\  He observed that most “intelligence tests” correlated positively, though not 
perfectly, and interpreted this as evidence of tests measuring the same attribute 
(intelligence), with some independent, test-specific error.

To put it in mathematical terms, denote i  as the individual indicator and j as 
the test indicator from a battery of tests indexed j  = 1,2,..., J. The term 
indicates individual z’s score in test j  and according to the theory, could be expressed.

hSee the account in Hearnshaw(1979) of the ‘controversial’ study by Sir Cyril Burt (1966) and 
the survey by Bouchard et al (1990).
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under the assumption of a linear relationship, as

where u is a test-specific error which is independent across tests and individuals; 
f{i)  represents the unobserved common intelligence factor; and a{j) is the unknown 
factor loading of test j.

Estimates of f{i)  are used in the psychometric literature as measurements of 
‘g\  An alternative approach is the method of principal components, which does not 
distinguish between common and idiosyncratic components of test scores. Principal 
components analysis sequentially extracts a series of indexes or “components” in 
the following way: The first component is imposed to maximise the variance of the 
observed vector of raw variables with a unit variance. Successive components are 
sought in order to maximise this variance under the additional constraint that they 
must be orthogonal to the previously derived components. Using the same notation 
as for factor analysis, the vector of principal components y is defined as

y { i j )  = a { l j )  * z{l , i )  4-... +  a{JJ )  * z(J,z),

where the vector a{j) = [a(l, j)...a (J, j)]^ maximises the fit of y{j) to the observed 
variation in the matrix Z  of test scores and a{j)^a{j)  =  1 (normalisation) and 
a{jYa{k)  =  0 (independence) conditions hold, for all j  = 1...J and j  ^  k.^

Because of the decreasing explanatory power of additional components (whose 
number is limited by the number of raw variables) some authors calculate ‘g ’ from 
the first principal component. Algebraically, principal component analysis can be 
thought of as the process of extracting a linear combination of the raw variables to 
provide the best fit. The eigenvalue decomposition of the correlation matrix provides 
a series of eigenvectors which coincide with the vectors a{j).

A fundamental indeterminacy problem affects the derivation of ‘g ’ with factor 
analysis methods. More importantly, empirical characteristics of the estimated ‘g ’ 
cannot be used as proof for the single index theory because the calculation process 
has already imposed such properties. Cawley et al (1996) recall an earlier result from 
Suppes and Zanotti (1981) and a further generalisation by Holland and Rosenbaum 
(1986). These authors prove that it is always possible to find a factor x such that the

*See the appendix for a more detailed explanation of principal components.

30



conditional distribution of a vector v  of countable-valued random variables on this 
factor X satisfies the property that the different variables are conditionally mutually 
independent:

/(v |x )  =  Y i f i { V i \ x ) .
i

This applies to the case of batteries of tests that are used to measure different 
aspects of intelligence. Thus, finding a common factor does not in itself validate a 
theory of single intelligence. -

Following from this problem, which has certainly confused the debate on g for 
a long period of time, the emphasis has shifted to more practical concerns, such as 
whether measured g plays a significant role in determining life outcomes of interest 
as opposed to the additional set of factors that could be extracted. The object of 
attention in our paper is a set of socio-economic outcomes.

2.2.2 Intelligence and socio-econom ic outcomes: U.S. evi
dence

The main source of information in the U.S. on intelligence and socio-economic out
comes is the National Longitudinal Survey of Youth (NLSY). In 1980, NLSY respon
dents were administered a battery of ten ‘aptitude’ tests referred to as the Armed 
Services Vocational Aptitude Battery (ASVAB). These subtests measured 1) knowl
edge of physical and biological sciences, 2) resolution of arithmetic word problems, 
3) word knowledge, 4) reading comprehension, 5) capacity to perform arithmetic 
computations, 6) coding speed, 7) knowledge of tools, automobiles and shop termi
nology, 8) knowledge of high school maths principles, 9) mechanical comprehension 
and 10) knowledge of electricity and electronics.

Out of this battery of tests, the Armed Forces Qualification Test (AFQT) is com
puted as the sum of scores in word knowledge, reading comprehension, arithmetic 
reasoning and maths knowledge. This measure is frequently used as an indicator of 
intelligence.

The ASVAB was administered to NLSY respondents aged between 15 and 23 
years-old. In many cases, educational experiences had already been completed. 
AFQT, taken as a measure of cognitive ability, is contaminated by previous expe
riences, including educational attainment. Therefore, it emphasises endowments of 
crystallised versus fluid intelligence, which should be taken into account carefully
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when making inferences or even deriving policy implications. Using AFQT as a 
measure of an individual’s potential will be misleading if some groups are more 
favoured than others in their development, which gives rise to a given AFQT score.
This implies that low AFQT scores need not be indicative that an individual has a 
low level of potential achievement. Attainment progression through childhood is an 
element missing from all studies based on NLSY data.

Moving now to the results, Cawley, Conneely, Heckman and Vytlacil (1996) re
examine the role of cognitive ability in determining socio-economic s ta tes .T he 'y" '*^ ' 
first extract principal components from the ASVAB in order to construct a measure 
of g by race and gender. They show that more than half of the variance in test scores 
can be attributed to the first principal component labelled as p, but state that “the 
key test for a theory of single intelligence is not how well g explains performance 
on the intelligence tests from which it is derived, but how well it predicts social 
outcomes” .

This constitutes the next focus of their paper, with particular emphasis on the 
determination of wages. Estimates appear to contradict the interpretation of p as 
uniquely responsible for the unexplained wage variation that is left after control
ling for a typical set of individual attributes. Furthermore, most of the extracted 
principal components are significant regressors, which leads to rejection of the hy
pothesis of an underlying single factor responsible for socio-economic success. This 
result is robust to a series of specifications as detailed below and suggests that factor 
omission will bias e s t i m a t e s .

Such estimates conflict with the model of cognitive determinism implicit in the 
work by Herrnstein and Murray and its implied view of the role played by meritoc
racy in America. In fact, identical cognitive abilities are differently priced across 
social groups. The return to the first principal component is lower for racial mi
norities (blacks and hispanics) compared to whites and higher for women relative to 
men.

The estimation results based on components derived from residuals imply a re-

^Some of these results are anticipated in an earlier paper by Heckman (1995).
^°Such specifications standardise ASVAB scores by age and/or cohort. Then principal compo

nents are calculated and standardised by cohort. They also include/exclude in their regressions 
human capital variables, experience related information, local labour market features, etc. Another 
approach is to derive principal components from residuals of the test scores’ regressions on age, 
education and parental background variables by cohort; then standardise the components again 
by cohort. This identifies that part of performance in tests which is unexplained by background.
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duced effect in the magnitude of the estimated coefficients, as might be expected. 
This conflicts with the model of cognitive determinism implicit in Herrnstein and 
Murray. Cognitive ability, partialled out from human capital variables, has a rather 
small (although statistically significant) impact on earnings. Because of the fact 
that education is a potential outcome of abilities, it is hard to identify the explana
tory power of cognitive ability variables. Some sort of lower bound is provided by 
estimates which are based on education-residualised scores. By estimating wage 
equations excluding human capital variables, Cawley et al (1996) show that the 
range of values for the ability-related marginal R-squared lies within .068 and .179, 
with ability as only regressor, and .034 and .005 when human capital proxies are 
included.

Finally, they explore the possibility that cognitive ability affects wages through 
two possible routes, namely by influencing occupational choice and by determining 
the wage within occupations. They go on to estimate a simultaneous model of 
occupational choice and wage determination with an unobserved independent factor 
structure. As this is a structural-simultaneous model, the authors need two exclusion 
restrictions. It is assumed that parental occupational choice may be excluded for 
the wage determination process whereas local and national unemployment rates are 
assumed independent of the occupational choice decision. The latter is certainly 
difficult to justify, particularly because unemployment rates are a major driving 
factor in an individual’s choice of a career. Individuals may choose to stay on in 
education for reasons other than expected wage differentials. For example, they 
may be influenced by adverse labour market conditions, and choose to specialise in 
occupations which are less subject to unemployment risk.

The findings of Cawley et al (1996,1998b) on occupational choice and earnings 
may be summarised as follows. White collar wages appear to be more highly loaded 
on g than are blue collar wages, but this does not exclude the “usefulness” of other 
ability scores in both sectors. Also, the factor g is shown not to be a single predictor 
for occupational choice.

This work does not conclude the examination of the views expressed in “the 
Bell Curve” . In another critical examination of the hypotheses stated by Herrnstein 
and Murray, Goldberger and Manski (1995) point out some flaws in the cognitive 
ability debate. Much of their criticism relates to what is considered to be a dom
inant explanation for social outcomes. Herrnstein and Murray examine the role 
of a disadvantaged socio-economic background and low cognitive ability as predis

33



posing factors for illegitimacy, welfare recipiency, home environment quality, crime, 
civility and citizenship values. Golberger and Manski criticise comparisons based on 
estimated coefficients on distinct variables which have been previously standardised.

For example, Herrnstein and Murray argue that higher value of the cognitive 
ability coefficient supports the argument of ability prevailing over SES in shaping 
poverty status. This analysis does not take account of the change in scale driven 
which is driven by dividing the deviations from the mean by the standard deviation. 
The estimated coefficient will reflect this scaling effect and therefore “penalise” 
variables with stronger variation.

2.2.3 Recent trends and cognitive ability

Known as the ‘Flynn e f f e c t ' t h e  supply of cognitive skills, as measured by the 
average of ability test scores, has been observed to increase dramatically over recent 
years. Faced with the puzzle of reconciling such a dramatic increase with very 
moderate improvements in productivity, some authors have suggested that the rise 
in scores may not reflect a real increase in intelligence, but merely in test-taking 
skills. Jensen (1987) considers that the problem in interpreting intergenerational 
changes in IQ is the absence of an absolute scale, arguing that IQ is at best an 
“interval scale” .

This casts some doubts on the validity of IQ scores as measures of intelligence or 
on the notion of intelligence as an ahistorical, culturally neutral construct. Indeed, 
initial tests were normalised in a population where access to education was not 
as widespread as it is nowadays and families diverted resources from investing in 
enhancing cognitive skills towards other targets. As staying-on rates have increased, 
it is plausible that average scores have also improved because of the high loading of 
cognitive skills involved in generic schooling. This may be considered in some way 
similar to advances in the food industry which have sustained nutritional changes 
that have lead to an overall increase in children’s average height. Thus, children 
have become on average better prepared to deal with the type of cognitive skills 
required by these type of tests. This phenomenon has been parallel to an increase in 
the demand for such skills in the labour market (relative to others such as physical 
strength, etc.).

Blackburn and Neumark (1993) report that the rise in the economic return to

“ See Flynn (1987,2000).
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education experienced in the U.S. is concentrated among those with high ability 
-a cornerstone of Herrnstein and Murray’s contention. Murnane, Willet and Levy 
(1995) use data from two longitudinal surveys of high school seniors (NLS72 and 
High School and Beyond) and show that cognitive skills had a higher impact on the 
wages of 24 year old men and women in 1986 than they did in 1978. After condi
tioning on ability, the rise in the economic return to education becomes attenuated.

However, Hauser and Huang (1997) find no evidence of a systematic increase 
of the effect of ability on earnings in the US over the period 1974 to 1994. Their 
data is obtained from the General Social Survey (CSS), which only includes a short 
vocabulary test that is used as a proxy for ability. The brevity of such a test 
(only 10 items) implies a high measurement error that leads to estimates which 
are downwardly biased. Furthermore, it will fail to capture a measure of cognitive 
ability relative to others such as the Wechsler Scale for adults or the AFQT test. 
The general advantage of the CSS relative to the NLSY stems from its general design 
and longer time span that allows separate identification of age and year effects in a 
much easier way.

Cawley et al (1998a) and Heckman and Vytlacil (2000) consider the problems 
that arise in simultaneously determining the level and change in the rate of return to 
schooling with heterogeneous ability. Ability measures, particularly those derived 
from the NLSY, are strongly statistically correlated and logically inter-connected 
with education, so it is impossible to estimate their respective impacts separately. 
The problem of ‘sorting’, with ‘almost empty cells’, appears because it is basically 
impossible to find individuals at the top of the ability distribution with no qualifi
cations and vice versa.

Furthermore, the panel data structure in this type of study, with a very limited 
number of birth cohorts, restricts the scope for a non-parametric identification of 
age and year effects. This leads researchers to impose an arbitrarily linear pattern 
or suppress certain interactions. Heckman and Vytlacil (2000) test and reject the 
widely used specification wherein age and time effects are linear, as well as the milder 
assumption that there are no interactions between age and year effects. They also 
provide estimates mildly supportive of the view that in the mid-80s there was an 
increase in the college-high school wage differential concentrated amongst the most 
able.

Taber (2001) develops and estimates a dynamic programming selection model 
in order to investigate the plausibility of the hypothesis that unobserved ability is
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mainly responsible for the growing college premium. He concludes that this is a valid 
explanation which is also consistent with the increase in within-group dispersion.

Given the oft-cited observation that cognitive ability explains little of the ob
served wage variation across individuals, alternative characteristics have attracted 
the focus of many social researchers. The concept of social intelligence^ advocated 
by Thorndike (1919), refers to the ability to manage people and act wisely in social 
situations. This is certainly a multi-faceted personality feature which is far more 
difficult to measure and to use for ranking individuals. Batteries of tests devised to 
measure non-cognitive skills have been developed by psychologists.^^ Jencks (1979) 
found a series of work-oriented personality attributes such as industriousness, perse
verance and leadership to be significant determinants of labour market success even 
after controlling for the more usual human capital variables. The focus of such stud
ies has switched to using personality traits measured prior to labour market entry 
in order to minimise the endogeneity problem that could follow from the possibility 
that more (less) successful individuals are driven to improve (neglect) their social 
skills.

The work by Heckman and Rubinstein (2001) is motivated by the observation 
that General Education Diploma (GED) recipients earn low wages relative to sim
ilarly smart High School Graduates and other drop-outs. Using NLSY data, they 
demonstrate the quantitative importance of non-cognitive skills in determining earn
ings and educational attainment. The measures of school instilling behaviour and 
other social skills such as records on violent behaviour or alcohol/ drug-abuse can ex
plain the relatively worse performance of GED recipients, making this qualification 
a mixed signal for potential employers.

Similarly, Cawley et al (2001) use responses from the ‘High School and Beyond’ 
study on school-absenteeism, obeyance, violent episodes and alcohol and drug abuse. 
These variables have a significant negative impact on educational attainment. This 
is the main mechanism underlying the overall impact on earnings.

Osborne (2000) and Bowles et al (2001a) look at the effects of measures of fa
talism at various ages that are included in the National Longitudinal Survey of 
Young Women (NLSYW). They also find that differences in personality traits have 
a significant influence on women’s wages even after controlling for cognitive ability, 
schooling and family background characteristics.

12 See, for example, Sternberg (1985).
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Implications of these studies are numerous. The results call for a more extended 
system of evaluating educational interventions and reforms, not strictly focused on 
cognitive test results which are more difficult to influence and maintain in the long- 
run. In terms of targeting policies, those aimed at improving non-cognitive skills 
may have a higher chance of meeting the requirements established by social welfare 
cost-benefit analyses.

Evidence from the U.K.

The major nation-wide data sources with information on parental/family back
ground, childhood development and further life progression are the National Child 
Development Study and the British Cohort Study. The National Child Development 
Study (NCDS) was set up as a perinatal mortality survey of the children born in 
Great Britain in the week 3-9 March of 1958. The surviving cohort members have 
been interviewed on six further occasions during their childhood (ages 7 and 11), 
adolescence (age 16) and adult life (ages 23, 33 and 42).

The British Cohort Survey (BCS70) had similar aims to those of NCDS. Origi
nally named as the British Birth Study, its further development also involved efforts 
to obtain detailed information about the longitudinal progression of the cohort born 
in Britain between 4 and 11 April 1970. Respondents have been surveyed as chil
dren at the ages of 5 and 10 under the ‘Child Health and Educational Study’. The 
Youthscan study surveyed the cohort members at the age of 16, followed by a postal 
questionnaire at 26 and a personal interview at the age of 30.

There is a substantial literature about the effects of family resources on children’s 
educational attainm ent and subsequent labour market performance. This literature 
has focused on the effects of parental income as well as social class and has more 
recently extended to consider school quality, neighbourhood characteristics, etc.^^ 

Mobility in the distribution of cognitive attainment throughout childhood has 
been well documented by Feinstein (1998, 2000). Using assessments of children’s 
intellectual, emotional and personal development at the ages of 22 and 42 months 
and 5 and 10 years-old (provided in the BCS), he examines the degree of correlation 
between those different stages. The 42 month ability rank appears to provide a 
fairly stable guide to a child’s later position in the distribution, although there is a

^^See the literature review by Haveman and Wolfe (1995) on the determinants of children’s 
attainment.
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substantial degree of mobility.
The association of test rank with social class appears to strengthen with time, 

leading to increased polarisation by socio-economic status. Feinstein (forthcoming) 
also shows that although children are already stratified by social class at early tests 
(in terms of higher average rank positions for higher SES levels), the stratification 
becomes more extreme as time passes. Some evidence is provided on the interaction 
between early test scores and socio-economic environment in shaping further pro
gression. The importance of SES seems to be confirmed by the fact that, on average, 
children from high SES with early low attainment overtake low SES children with 
higher early attainment in later ability tests. Early low ability appears to influence 
relatively lower performance in later years particularly in circumstances where the 
socio-economic background is not favourable.

This phenomenon can be explained in two different ways: First, it could be ar
gued that these tests are unstable and that only those used at an older age can 
actually identify the true underlying cognitive ability. In this case, if parents from 
higher social classes have better intelligence genes and these are transmitted to their 
children, it would be possible to find an age-increasing association between SES and 
more accurate test results. The alternative and even complementary explanation is 
that parents from a higher social class influence their children’s attainment progres
sion by spending more resources on them. If the relative importance of the latter 
effect is substantial, Feinstein’s findings suggest that promoting educational equality 
is not sufficient to compensate for earlier inequalities unless alternative policies are 
adopted to support the learning of children before they enter school.

The paper by Feinstein, Robertson and Symons (1999) explores some of these 
issues further. It examines the role of early schooling, parental involvement and 
school characteristics on the ability scores of NCDS and BCS cohort members. This 
is intended to shed further light on the mechanisms that underlie the transmission 
of attainment ability to children. They show that the positive effect of time spent in 
nurseries for NCDS cohort members disappears for children in the BCS cohort. In 
an earlier paper, Robertson and Symons (1996) provide evidence on the importance 
of streaming at school for NCDS children. Streaming turns out to have positive 
effects for children in the top stream and vice versa, with higher benefits for those 
children with low ability scores.

McCulloch and Joshi (2000) investigate the association between family poverty, 
the level of deprivation in electoral wards and childrens cognitive test scores using
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data from the 1991 sweep of the NCDS. Explanations for the links between family 
poverty and test scores range from long-term material disadvantage in poor families 
to problematic parenting behaviour associated with poverty. McCulloch and Joshi 
find that the size of the estimated effects of neighbourhood conditions are much 
smaller than those from family level conditions. They conclude that families should 
be viewed as key agents in promoting positive development in children.

These papers suggest that attainment scores are highly dependent on peer ef
fects, parental characteristics and similar environmental inputs in the process of 
development. The next step is to understand how these impacts translate to educa
tional and socio-economic outcomes. Feinstein and Symons (1997) estimate a model 
of educational attainment using NCDS children’s exam results at 16. They conclude 
that the major influence on attainment is parental interest, which reduces the direct 
effects of parental education and class. The strong association between these vari
ables makes it difficult to identify whether parental interest is the main transmission 
mechanism or simply one possible manifestation of a more general process.

Harmon and Walker (2000) carry out a similar exercise focusing on school char
acteristics at an older age. Their purpose is to disentangle the effects of schooling 
quantity and quality measures. In their estimations, they look at the distribution of 
maths and reading ability by quintiles at the age of 7 and examine the interaction 
between school type and maths ability as explanatory factors for wages at the age of 
33 and years of post-16 schooling for the 1958 Birth Cohort. Their results show that 
there is little evidence of direct school quality effects on earnings, being all effects 
mediated through peer group and selective schooling. Conditional on the quantity 
of schooling, private schooling has no effect on wages after controlling for ability 
and peer effects. However, high ability children tend to receive additional schooling 
(stay-on longer) from attending selective schools. A similar result is also obtained 
by Dearden et al (2000) who, after controlling for ability and family background, 
notice that the pupil-teacher ratio for NCDS children has no impact on educational 
qualifications or on male wages at 33. However, female wages appear to be sensitive 
to the pupil-teacher ratio instead, and enrolment in selective schools has a positive 
impact on male educational outcomes and wages.

The effects of family characteristics and financial situation on educational at
tainment are also discussed by Chevalier and Lanot (2002). Using both NCDS and 
BCS data, they find that the simulated effect of family income on a child’s schooling 
attainment is rather limited and dominated by the effect of other family character

39



istics, especially parental education .H ow ever, this finding is contradicted by the 
very recent and still provisional evaluation of the Education Maintenance Allowance 
programme. Dearden et al (2002) show that the schooling subsidy aimed at enhanc
ing school participation in England is quite substantial, with an participation/ cost 
elasticity value around 1.5.

Saunders (1997) finds that intellectual ability (as measured by test scores at age 
11) is the single most important determinant of class destinations and that its effect 
is independent of class origins. These findings have been disputed by many others, 
including Breen and Goldthorpe (1999). Their analisys reveals that while merit, de
fined in terms of ability and effort, does play a part in determining individuals’ class 
destinations, the effect of class origins remains strong. This implies that children of 
less advantaged class origins need to show substantially more merit than children 
from more advantaged origins in order to gain similar class positions. Breen and 
Goldthorpe argue that differences in findings are partly due to the correction of 
biases introduced by Saunders.

Using NGDS data, Currie and Thomas (1999) also test several hypotheses about 
the role of test scores from early-childhood as predictors of future socio-economic 
outcomes. They find that early test scores are significant determinants of later test 
scores and labour market outcomes. Interestingly, these results are robust to all 
possible sample selection choices that can be made in this panel data set (which is 
affected by attrition). In all cases, the effect of test scores on wages increases with 
age, although it is not possible to tell to what extent this is due to age or year effects 
or some combination.

Having established the importance of test scores (not determinism), with and 
without C O -varying additional characteristics, Gurrie and Thomas address the ques
tion of whether the existing relationship between scores and outcomes varies with 
socio-economic status (SES). They only find evidence of significant interactions be
tween social class and ability with respect to the determination of attainment scores 
at age 16 and 0-level results. Important variation can be neglected by collapsing 
the test score results into three general groups and doing the same with SES. By 
using both reading and maths scores at 7, the sorting problem might well be in-

^^Data used refers to NCDS surveys up to age 33 and BCS surveys up to age 26. BCS results are 
likely to be negatively affected by the incomplete response rate to the age-26 postal questionnaire. 
This paper does not attempt to draw comparisons between the cohorts and derive implications for 
changing meritocracy in Britain.
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creased, but it appears in general that low SES children are more likely to benefit 
from higher ability scores. This could be considered as partial evidence in support of 
the hypothesis that the attainment tests are class-biased against low SES children.

They argue that the observation of a low SES child scoring poorly in an ability 
test is quite uninformative, whereas a low SES student that scores high is supposed 
to be exceptional. The authors themselves realise that this explanation does not 
seem to account for why similar interactions are not found in wage equations. They 

to rationalise this exception in terms of other skills compensating for poor 
scores in reading and mathematical ability, but no evidence is provided on this.

The impact of non-cognitive skills in Britain has been investigated by Osborne 
(2000). She calculated two orthogonal personality variables termed as “aggression” 
and “withdrawal” using the social adjustment inventory of observations about NCDS 
children’s behaviour. Both aggression and withdrawal were shown to have a negative 
influence on wages at 33, but such effects were not found to be homogenous across 
gender or social class groups. However, the contribution to the R-squared is very 
small.

The evolution of meritocracy in Britain has been studied by Blanden et al (2002) 
with respect to income intergenerational mobility. They have compared estimates 
based on the NCDS and BCS cohorts and analysed the role of parental income in 
explaining their children’s income when adults. They find an increase in the associa
tion between parental and children’s income over time and further demonstrate that 
education is a very important mechanism through which intergenerational income 
transmission takes place.

Education seems to be the main candidate both as instrument and object of 
policy interventions. It is thus important to identify the real economic returns to 
exogenous variations in schooling and attained qualifications, taking into account 
individual differences in academic ability, parental investments, etc.

Dearden (1999a) provides a detailed analysis on the returns to education for 
NCDS cohort members at the age of 33. She finds that the return to an additional 
year of full-time education for the UK population as a whole is somewhere between 
5 to 7 per cent for men and 8 to 10 per cent for women even after correcting for 
the effects of measurement error. She also presents evidence that the returns to an

^^Intergenerational income mobility in Britain had been earlier characterised by Dearden et al 
(1997) using NCDS data. They provided robust evidence of limited mobility between parents and 
children, with upward mobility from the bottom more likely than downward mobility from the top.
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additional year of schooling in the UK are heterogeneous, according to qualifications 
and individual characteristics. Individuals undertaking education that involves some 
sort of formal qualification have significantly larger rates of return to an additional 
year of education than individuals who have obtained no formal education. Indi
viduals whose highest educational qualification is an A-level (the highest schooling 
qualification in the UK) appear to have the highest average return to an additional 
year of education, at around 15 per cent for both men and women. There is also 
some evidence that individuals with lower tastes for education, have significantly 
higher marginal returns to education. The results of the paper suggest that re
cent IV estimates of the returns to schooling in the UK (which exceed typical OLS 
estimates) may overestimate the average marginal return for the population as a 
whole.

Data on education and earnings of twins are an exceptional source of information 
to test some of the hypotheses stated by Herrnstein and Murray (1994) on the rela
tive importance of genetic and environmental factors. Bonjour et al (2002) present 
the first set of estimates based on within-group comparisons of identical British 
twins. Even though twin ability differences are not strictly genetic, estimates from 
twin studies will be less ability-biased than other alternative estimates.

The results from this study are based on a sample of female identical twins and 
suggest that returns to education are not spurious in the sense of being driven by 
genetic ability differences. Estimated returns (reflected in hourly wages) lie within 
the range of 7 to 8 per cent for an additional year of education. This is widely consis
tent with Bearden’s estimates and her suggestion that conventional OLS estimates 
provide a reasonable approximation to real returns because measurement error and 
ability biases tend to offset each other.

The existing literature appears to be convincing enough to prove that observed 
educational premia cannot be solely explained by unobserved ability differences. 
However, it is important to have a sense of whether, as predicted by Herrnstein 
and Murray for the US, cognitive skills in Britain are becoming more valuable. 
Even though there is compelling evidence that returns to education have increased 
in recent decades, less is known about the changing returns to cognitive ability 
and whether observed changes have been concentrated amongst a particular ability 
group.

^®This issue is further investigated in Dearden (1999b).
^^See for example Harkness and Machin (1995), who demonstrate that the wage premium (for
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2.2.5 Evidence on the im pacts of interventions

Herrnstein and Murray (1994) have argued that cognitive ability will become a deci
sive dividing force in the population. In this context, they believe that no practical 
policy instrument can raise cognitive ability: “For the foreseeable future, the prob
lems of low cognitive ability are not going to be solved by outside interventions to 
make children smarter” (p.389). In their opinion, rising trends in IQ scores are irrel
evant beçause they argue that it is the position in the ability distribution that really 
matters. However, by definition this makes it impossible to increase everybodys 
position in the distribution in terms of IQ scores.

Hence, the appropriate question is whether interventions can improve children’s 
level of cognitive skills. Interventions may not be only reject able on the grounds that 
their impact on cognitive skills is small. As it has been shown, there is substantial 
evidence on the importance of social skills, which might more be more malleable 
and responsive to “environmental” interventions. Thus, the natural implication for 
research is to try to understand which intervention mix is more beneficial from a 
social point of view. This involves finding out what are the most effective policies in 
terms of cognitive and non-cognitive outcomes (private and social benefits), as well 
as their cost to society.

The fact that the inheritability of IQ is very large does not necessarily imply that 
educational programmes have no real impact on cognitive abilities. In any case, the 
more interesting debate than this old genes vs environment issue is about gene- 
environment associations and gene-environment interactions. Gene-environment in
teractions provide for the possibility of multiplier effects as environments improve, 
they improve the effect of genes. The effect might be registered as ‘genetic’ in a 
black box decomposition of twin variations in a behavioural genetics approach but 
it is environments that hold the key. The classic case of this is ‘ phenylketonuria’, 
a genetically determined condition that can result in a substantially lower IQ. The 
effects of the condition depend crucially on diet. An environmental manipulation 
that involves changing the amino-acid constitution of the diet normalises intelligence 
dramatically.^®

education) increased substantially throughout the eighties and marginally in the nineties. Gosling 
et al (2000) show that even though within-group dispersion is an important aspect of the observed 
rise in male wage inequality, about a third of the total increase in wage dispersion is due to increased 
educational differentials.

Additionally, new research by Gesch et al (2002) based on a randomised experiment on a sample 
of UK prisoners tested if physiologically adequate intakes of vitamins, minerals and essential fatty
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Shadish et al (2002) draw a distinction between ‘efficacy trials' and ‘effectiveness 
trials’. The former involves evaluation of small-scale interventions, often with much 
higher budgets than what is plausible for scaled up programmes and commonly find 
positive benefits. In the latter, interventions are tested in more realistic contexts. 
Unfortunately, efficacy trials are far more common and are referred to more often 
in the presentation of experimental evidence.

The ‘Perry Preschool Project’ undertaken in Ypsilanti, Michigan, is often cited 
as an example of a succ5§^®*ixperimeni.''*^lii?‘'was *a pre-school, two-year long 
intervention project aimed specifically at disadvantaged children. It involved half 
day preschool and weekly home visits, lower teacher-student ratios and specifically 
trained class teachers in child development. This intervention cost $12,884 per 
c h i l d . T h e  project found that pre-school educated children caused less criminal 
damage, paid more tax and required less remedial help. They also had more success 
at school, which was independent of any impact on IQ, with 67 percent of the 
treatment group and 49 percent of the control group graduating from high school 
by the age of 19. For every $1,000 invested in the programme, at least $7,160 (after 
adjustment for inflation) had been, or would be, returned to society.

The ‘Elmira Prenatal/Early Infancy Project’ provided nurse home visits to first 
time mothers in Elmira, New York, between 1978 and 1980, with special emphasis 
on targeting higher-risk women. On average, nurses completed nine pre-birth and 
twenty-three post-birth visits until the baby reached the age of two, working with 
the mother on improving the pregnancy outcome, parenting skills and economic 
self-sufficiency. Olds et al (1997) report on the benefits of this programme using 
information on participants in the randomised control trial up to age fifteen. This 
project appeared to have substantial short and long run benefits to both mother 
and child. According to Karoly et al (1998), the monetary value of such benefits in 
terms of government savings exceeded the estimated costs of $ 6083 (1996 dollars) 
per child served.

The age-group of three and four year old children in economically disadvantaged 
neighbourhoods was targeted by the ‘Chicago Child-Parent Centers’ (CPC) pro
gram. This has been operating continuously since 1967 and focuses on pre-school 
interventions aimed at promoting reading and language skills and parental involve-

acids causes a reduction in anti-social behaviour. Compared with placebos, those receiving the 
active capsules committed an average of 26.3% fewer offences.

^®See Karoly et al (1998) and Schweinhart et al (1993).
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ment, accompanied by comprehensive health and social services. Reynolds et al 
(2000) estimate a total net benefit per child of $26,682.

Additional early-intervention programmes include the ‘Syracuse University Fam
ily Development’,̂ ® which consists of weekly home visits for parents plus all-year day 
care, and the ‘Caroline Abcedarian Project’. The latter involved a four-way design, 
randomising children in and out of care, plus an additional randomisation with 
regard to further intervention consisting of a ‘Home School Teacher’.

Childhood intervei%i%programmes have often tend to focus on very early stages 
of development. This can be explained well by the fast development that takes place 
throughout pregnancy and early years, when a child begins to acquire the necessary 
skills to interact with his/her environment. Recent research on autism, for example, 
shows how important early detection and support can be in contributing to the 
learning process. As a child grows older, some aspects of this condition can be 
considered more irreversible and less malleable. However, new challenges appear, 
often associated with social interactions between family and peers that will have a 
strong impact on the subsequent development.

Bowles et al (2001b) argue that interventions in adolescent years have also con
tributed to reducing delinquent behaviour. Seven months of education and voca
tional training were provided to 16-21 year-olds by the ‘Job Corps’ program. High 
school graduation rates subsequently i m p r o v e d . T h e  ‘Quantum Opportunities Pro
gram’ provided counselling, education and development services to youngsters from 
ninth grade for a period of years with similar r e su l t s . Improved  behavioural char
acteristics were found among participants in the Big Brothers/Big Sisters (BB/BS) 
mentoring p r o g r a m , a s  a result of providing young people with adult mentors.

Currie and Thomas (1993) have investigated the impact of participation in the 
‘Head S tart’ program, trying to avoid the small sample problems with the ‘Ypsilanti’ 
and similar studies described above. Head Start originated as a summer program 
in 1965 as one of the key elements of the “War on Poverty” initiated by the US 
government. Its basic principles have enjoyed massive bipartisan support although, 
and as it has been mentioned, has come under severe criticism by Jensen (1987) and 
Herrnstein and Murray (1994).

^^See Lally et al (1988).
^^See Long, Mallar and Thorton (1981). 
^^See Taggart (1995).
^^See Tierney and Grossman (1995).
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At its commencement, Head Start targeted three and four year-old children 
living in poor households. At an initial cost of $1000 (1999 prices) per child, it 
served about half a million children, predominantly African-American. It sought 
to provide a nurturing learning environment accompanied by better medical and 
nutritional assistance. The programme has substantially evolved over time and now 
has about eight hundred thousand beneficiaries at the higher cost of $5400 per child.

Criticisms of Head Start include the fact, among other aspects, that the evalua
tions were based on small unrepresentative samples; substantial attrition, and above 
all, the finding that most of the benefits appear to fade over time. For instance, 
Herrnstein and Murray mention the dissipation of test score gains.

Currie and Thomas (1993) use a national sample of data from the NLSY and 
the NTS ‘child-mother’ file in order to contrast children who have been enrolled 
in the program with their siblings who have not. Other pre-school participation is 
also compared to Pre-Start outcomes. They try  to increase the number of controls 
to account for further biases in the estimates due to the omission of child-specific 
determinants of participation in Head-Start in the latter case and family background 
effects in the former. They find that Head-Start closes over one third of the age gap 
between children attending the program and their more advantaged peers in terms 
of ability scores. Among white children, most of this beneficial effect persists at least 
into adolescence, thus raising new questions about the role of environmental factors 
in shaping cognitive and social development. Heterogeneity in the quality of the 
implementation of the Head-Start program can be considered as a possible factor 
driving this result. Although long-term benefits are restricted to white children in 
terms of additional schooling attainment, African-Americans benefit from improved 
utilisation of preventive medical care as proxied by immunization rates.

Garces, Thomas and Currie (2000) evaluate the long-run effects of Head Start 
using a non-experimental sample from the PSID, which includes questions on po
tential enrollment in Head Start. Their research also has different implications for 
whites and blacks. Among the former, participation is associated with a signifi
cantly higher probability of completing high school and attending college, whereas 
for the latter, the probability of obtaining criminal charges and/or convictions is 
substantially reduced. Estimates account for other forms of pre-school participation 
as well as using the typical family background controls and ‘mother’ fixed effect. 
The latter control reduces the sample to respondents with at least one sibling in the 
sample. The authors argue that the fixed effect assumption may not be correct in
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the event of positive spill-overs between siblings. Hence, they interpret the results 
as lower bound estimates for the real impact of Head Start.

Finally, the Rightstart program was designed to remedy an important knowledge 
gap. A significant number of kindergarten children, particularly from less favoured 
backgrounds, appear to use non-adaptive strategies in dealing with problems. Ac
cording to Griffin et al (1994), this prevents any further development of adaptive 
strategies right from the beginning of the formal schooling period. A programme was 
developed to teach the central conceptual pre-requisites for the first formal learning 
of arithmetic. The evaluation was based in small groups of four to five children 
for about twenty minutes a day and matched control groups. The Rightstart pro
gram appears to be effective in eliminating these differences in conceptual strategies 
by enabling a wide variety of children to acquire the conceptual knowledge it was 
designed to teach. Children who received the program in kindergarten did signifi
cantly better than their peers in the control group on several achievement measures 
at the end of first grade. This result emphasises the importance of choosing the 
right intervention area within the less malleable range of cognitive skills.

The OECD (1999) has also reviews international research evidence on the issue 
of early intervention studies in Australia, France, the USA, the UK and Ireland. 
This confirms that high quality pre-school education improves school performance, 
especially at the time of starting school, but also in later years.

British Intervention Programmes and Outcomes

The British experience of large-scale early-childhood interventions has been rather 
limited, as noted by Waldfogel (1999). She highlights two key knowledge gaps: on 
who is minding children while mothers work; on the effects of childcare and similar 
interventions on outcomes.^"^

Evidence on an initiative in nurseries run and evaluated by the NFER in 1968-73 
was reported by Woodhead (1976). This intervention aimed to enhance the spoken 
language development of about 100 children in five nurseries, using the Peabody 
Language Development Kit. However, when the children were tested at age 6, nei
ther of the two reading measures showed a statistically significant difference relative 
to the comparison group.

^^See Oliver et al (1998) for a report on the effectiveness of early interventions designed for the 
Comprehensive Spending Review.
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Sylva et al (see House of Commons, 2000) gave evidence in June 2000 to the 
House of Commons on a study in England called EPPE, Effective Provision of Pre- 
School E d u c a t i o n . T h e y  analyse data on children’s attainment at school entry and 
control for a whole range of possible confounding factors. They show that children 
who have attended no form of pre-school provision (who numbered about 250) have 
lower average scores on every measure of attainment than children who had been in 
some form of provision (numbering over 2,500).

Another British study is the NFER evaluationW Î^^Hlisi^^fâlls Agency’s^Fam
ily Literacy Demonstration Programmes’ (Brooks et al 1996, 1997). Writing samples 
were taken from 362 children in the evaluation, of whom about half were aged 3 or 4 
at the start. When various sub-sets of the children were re-tested at various stages 
up to 2 and a half years later, the 3- and 4-year-olds, along with the rest, showed sub
stantial average gains, which the evaluation team judged to be greater than would 
have been expected from ‘normal’ progress.

Probably the most remarkable experience that has taken place in Britain the 
‘Sure S tart’ initiative. This is a new pre-school programme that aims to “improve 
the health and well-being of families and children”. It is concentrated in neighbour
hoods where there is a high proportion of children living in poverty. Its services 
are provided on a local basis, covering four key aspects: family support, advice on 
nurturing, health services and early learning. Its declared objectives are as follows:

• Help families to function and enable the early identification and support of 
children with emotional and behavioural difficulties.

•  Promote healthy child development before and after birth.

• Provide stimulating and enjoyable play, improve language skills and ensure 
early identification and support of children with special needs.

• Involve families in building the community’s capacity to sustain the pro
gramme and thereby create pathways out of poverty.

The available evidence on interventions suggests that there are feasible alterna
tives to Jensen’s pessimistic proposal - th a t methods of learning for the less able 
should not focus on the development of level-11 type abilities (cognitive-analytical 
processes) but on alternative approaches.

^^See also Sylva (1994,2000).
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More systematic evaluation exercises are still needed in order to understand 
better what are the costs and benefits of social interventions. Any evaluation exer
cise certainly imposes a criterion for inter-personal comparisons of utility, with the 
standard cost-benefit analysis assuming the utilitarian criterion of perfect substi
tutability of net gains across individuals.

Such an exercise, if undertaken on a global scale, should account for two types 
of general equilibrium effects. First, the price of cognitive skills can no longer be 
considered as an exogenous parameter if massive interventionB^ake place to en
hance such skills as opposed to others. Two scenarios are possible: one in which 
the additional supply of cognitive skills makes other skills more scarce and therefore 
more valuable, leading to a subsequent fall in the economic return to the former. 
The alternative scenario, which seems to be supported by recent evidence of a si
multaneous increase in the supply and the return to education, suggests that rising 
supply incentivates cognitive-skill-intensive technical change. In this case, returns 
would not necessarily fall.

Additionally, interventions often make the implicit assumption that private parental 
investments are f ixed.However ,  in the advent of more egalitarian policies, parents 
might be driven to alter investment in their children so as to give them an addi
tional advantage with respect to others because the initial investments are no longer 
sufficient. From a social point of view, this additional investment could be some
how considered sub-optimal (excessive), but nonetheless consistent with parental 
preferences and optimal from their own individual perspective.

2.2.6 Summary

This section has reviewed the literature that examines the socioeconomic implica
tions of cognitive ability. After discussing the most widely used concepts, it shows 
that there is wide consensus that cognitive ability or alternative measures of intel
ligence contribute to explaining a series of socioeconomic outcomes (such as educa
tional attainment and labour market outcomes) but the claims made by Herrnstein 
and Murray about the relative unimportance of other background characteristics 
cannot be validated. Indeed, cognitive ability does little to reduce the size of the 
unexplained variation found in individual wages for example, though failing to ac
count for ability tends to overestimate the impact of education on earnings inferred

Particularly, those undertaken by parents of children who are not directly affected by reforms.
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from ordinary least squares estimates.
The existing evidence also suggests that observed increasing returns to education 

in the U.S. have been concentrated amongst most able individuals, but no similar 
evidence is yet available for the U.K.

This section has also discussed what the literature says about the role of other 
non-cognitive skills. More detail has been paid to the evidence on the importance of 
socioeconomic factors in children’s cognitive progression. Evidence from large and 

"small scale interventions points out how crucial the interaction between environmen
tal and potentially genetic determinants of ability can be, with early interventions 
being more likely to enhance cognitive scores.

The latter implies that measured cognitive ability will often fail to provide a 
measure of an individual’s potential ability, particularly for individuals from less 
favoured backgrounds. This issue is taken into account in the empirical analysis in 
this chapter.

2.3 M easures o f cogn itive ab ility  in B ritish  cohort 

data

There are substantial problems that prevent or complicate standard within and 
between-cohort comparative analysis using measures of cognitive ability available 
in the NCDS and BCS. Most of these shortcomings are linked to the lack of a 
single, uniquely defined test administered to all cohort members at each point of 
time. Furthermore, the interviewing date does not coincide across cohort studies, 
thus adding an undesirable component of time-heterogeneity. For example, NCDS 
children were tested at the ages of 7 and 11, whereas BCS children were tested at 
the ages of 5 and 10.

First, an index of cognitive ability has been derived for each age/cohort group 
(four in total) using the array of tests administered in each stage. Although the test 
score matrix for each survey has a given number of variables, it might be possible, 
as suggested by the theory, that there are fewer genuinely independent sources of 
variation for these scores.

The principal components methodology appears to be a natural approach in

^^There is also date variation within each follow-up, which in some cases, amounts to several 
months.
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Table 2.1: Principal com ponent derivation of g

Pcpal Eigenvalue Standard Cumulative Original variables Eigenvector
Compt. Deviation variance (1st comp.)

NCDS-Age 7
1 2.2024 1.48 0.44 Copying designs 0.43
2 0.9141 0.95 0.62 Word test 0.30
3 0.7792 0.88 0.78 Drawing man test 0.44
4 0.6417 0.80 0.90 Arithmetics 0.49
5 0.4625 &68 1.00 General reading 0.52

NCDS-Age 11
1 3.4256 1.85 0.69 Copying designs 0.26
2 0.8252 0.91 0.85 Verbal ability 0.50
3 0.3549 0.59 0.92 Non verbal ability 0.48
4 0.2280 0.47 0.96 Maths ability 0.49
5 0.1663 0.40 1.00 Reading ability 0.46

BCS-Age 7
1 2.0609 1.43 0.41 Copying designs 0.54
2 0.9383 0.97 0.60 Profile test 0.40
3 0.7616 0.87 0.75 English Picture & Vocab. test 0.43
4 0.7185 0.84 0^9 Reading test 0.33
5 0.5205 0.72 1.00 Human figure drawing. 0.50

BCS-Age 10
1 2.4784 1.57 0^2 Maths test 0.57
2 0.2668 0.51 0.91 Reading 0.58
3 0.2547 0.50 1.00 British Ability Scale 0.58

NOTE: Principal components calculated from age-residualised test scores, within every age-cohort 
group. Last two columns represent each test’s association with the first principal component.

order to use for deriving an index of cognitive ability for each survey. The first 
principal component is the linear combination of the original variables that provides 
a better fit on aggregate to the full set of scores.

This procedure first entails the preliminary step of removing within group vari
ation in each survey which is purely due to the fact that children have been tested 
in different m o n t h s . D e r i v i n g  residuals from a regression of each test score vari
able on time was meant to put respondents’ scores on a same level of comparison.

^^Those tested earlier have on average lower scores because their cognitive capacities are less 
developed than their peers interviewed months later.

^®For example, all BCS respondents at the age of five interviewed in different months become 
comparable this way.
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Using the residualised scores, the full set of principal components is calculated for 
each group.

As explained in section 2.2 and in one of this chapter’s appendix in more detail, 
the derived variables known as principal components are defined as linear combina
tions of the raw test score data, which are required to maximise the overall fit to 
the original set of variables under the constraint of being mutually independent.^^

The eigenvalue decomposition of the total correlation matrix displayed in table 
2.1 indicates that the first principal component explains, at most, 82 percent of 
the total variance (this occurs in BCSIO, the case with less original test scores). 
In all other cases, the proportion of the variance explained by the first principal 
component is more modest. In what follows, unless specified otherwise, the principal 
components referred to in tables and estimates have been also standardised.^^ For 
reference, table 2.1 also displays the standard deviations of the original components.

For the purpose of cross-cohort comparisons, the first principal component ob
tained from NCDSll and BCSIO seems to be the most adequate choice.^^ They 
both refer to a very similar stage of a child’s development, at the end of their pri
mary schooling. The NCDSll first component is highly correlated with all ability 
scores apart from that relating to ‘copying designs’, for which the correlation is 
much lower. Copying designs has been frequently associated with Level I abilities, 
which are less related to the concept of cognitive ability that is the subject of this 
analysis. The second NCDSll component is highly loaded on the copying designs 
score. Unfortunately, there is no copying designs test available in the BCS at the 
age of 10.

Cognitive ability, as measured by the standardised first principal component of 
a series of ability tests, cannot be considered as an absolute measure. It should 
be considered as a continuous index which provides information on an individual’s 
relative position in the distribution of ability in the population.

As an additional robustness check, I investigate the sensitivity of the ^factor 
derived from the NCDS-Age 11 ability measures to the actual variables involved in

best possible overall fit one can it is meant that the principal component should be derived 
so that regressions of scores on the component produce the lowest possible sum (over observations 
and regressed variables) of squared errors.

^^This is necessary to produce more comparable g measures across cohorts because of the different 
test administered.

^^For simplicity, I will refer to different cohort follow-up surveys by the general study name 
accompanied by the typical age the survey refers to. This is not the nomenclature used by the 
providers and users of this data.
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the factor extraction. Three different approaches are considered: (a) Use the five 
variables separately, as already shown, (b) Remove the copying designs score from 
the vector of variables, (c) Do as in (b), but convert results from verbal and non
verbal ability scores into a single variable by adding them up. In this case, the factors 
are derived from a set of three variables: maths, reading and general (verbal-hnon- 
verbal) ability scores. Even though these measures are actually different from the 
BCSIO variables used, they are supposed to measure exactly the same attributes.

Table 2.2: A lternative factor decom positions: N C D S ll

g(4): Four scores only.
Factor order Contr.to var. Variable g(4) loadings

9 (4)=  1 0.811 Verbal ab. 0.51
2 0.089 Non-verbal ab. 0.49
3 0.057 Maths 0.50
4 0.042 Reading 0.48

g(3): Three scores only.
Factor order Contr.to var. Variable g(3) loadings

g ( 3 h  1 0.844 Ver-fnon ver.ab. 0.58
2 0.091 Maths 0.58
3 0.064 Reading 0.56
Correlation matrix of alternative ĝ s

P(3) 2(4) 2 (5 )
5(3)
5 (4 )

1
0.9951 1

5 (5 ) 0.9862 0.9913 1

NOTE: Principal component analysis of reduced sets of ability scores in N C D S ll. Proportion 
of variance explained =  Aj, where Xj is the eigenvalue. Factor loadings proceed from
eigenvector associated to first eigenvalue in each decomposition. The correlation matrix presents 
correlations between g(3), g(4) and the first principal component using the five variables 1.

Table 2.2 shows that there is almost no difference between the alternative cog
nitive ability indices or ĝ s that can be derived from NCDS data at age eleven. 
Once the raw scores of the copying designs test are omitted, the proportion of the 
variance explained by g is very similar to that for BCSIO variables. Finally, using 
only three variables, it can also be checked that the contribution of each one of 
the tests (general ability, maths and reading) are almost identical to those loadings

have also checked that that estim ates using alternative g’’s are practically identical.
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derived for comparable BCSIO tests. In what follows, all estimates are based on the 
cognitive ability index which is derived from the largest possible set of variables.

The indices derived from NCDS7 and BCS5 can be used separately in order 
to understand the process of attainment progression through childhood. However, 
at this earlier stage, the larger age difference and the even stronger discrepancies 
between the underlying tests make level comparisons harder to accept. For example, 
it would be problematic to state whether parental background in the NCDS is a 
stronger predictor of early attainment than in the BCŜ .

An individual’s position in the test attainment distribution should not be ex
pected to remain constant throughout childhood. Numerous factors can bring about 
a relative improvement (or the opposite) due to a range of factors such as health 
and nutrition-related issues, parental attention and support, as well as many other 
types of interventions. In the next section, the role of parental SES on attainment 
progression is examined.

2.4 A tta in m en t progression, parental SES and m er

itocracy

As a society becomes more meritocratic, it should be expected that mobility in the 
attainment distribution is less due to parental socio-economic characteristics and 
more to every individual’s realisation of their own potential, as determined by their 
efforts and innate mental capacities.

As explained in section 2.2, ability progression has been well documented. The 
evidence suggests that there is a permanent component underlying attainment scores 
measured at different ages. However, it has been also shown that parental class, as 
defined by the father’s occupational classification, contributes to an explanation for 
a child’s score even after accounting for early attainment.

The first hypothesis tested here is whether parental class has become a less crucial 
determinant of attainment progression through childhood, as would be suggested by 
the view that meritocracy has increased.

This will also provide an investigation of the determinants of the age 11 (and more 
comparable) measures of cognitive ability that are going to be used in the following 
sections. I start with a simple linear specification of the ability index at 11 as a
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function of parental characteristics and earlier attainment indices.Unfortunately,  
there is no age overlapping between early measures for NCDS7 and BCS5, which 
makes these measures less comparable. The simplest model that can be estimated 
for a child i in cohort c can be summarised as follows:

9ll = +  7cSeSi,c +  ( ĉXf,c +

where g denotes the ability index derived at 10 (dependentrimriable) or at an ear
lier age (regressor), ses is a vector of socioeconomic status variables that includes 
parental social class at different points and family income and x  is a vector of ad
ditional controls that contributes to isolating the genuine impact of early ability 
and social class variables.^^ Changes in the coefficients between cohorts can provide 
important important information about changes in the determination of ability at 
10, at which point most experts agree this measure becomes stable and constitutes 
a good proxy for IQ.

Table 2.3 provides the full estimation results of the expected index at 11 condi
tional on earlier ability and parental characteristics.^® Results suggest that measures 
of parental SES play an important role in determining the ability index at 1 1 .®? The 
coefficient on the earlier ability measure can be considered as the partial correlation 
between the earlier and later ability indices. This value is reasonably large and sta
tistically significant, suggesting a considerable degree of serial correlation. However, 
it is important to note that this coefficient is smaller than one and thus allows for 
a substantial degree of mobility in the distribution of ability as age increases.

The simple fact that parental SES characteristics have an important effect on 
ability progression does not prove alone that the distribution of cognitive ability

®^For NCDS at age 7, children were administered the following tests: (i) ‘Southgate reading 
test’ (Southgate), (ii) ‘Copying designs test’, (iii) ‘Draw a man test’ (Goodenough), (iv) ‘Problem  
arithmetic’ (Pringle), (v) ‘Word test’. BCS children were tested at age 5: (i) ‘Schonell graded 
reading test’, (ii) ‘Copying designs’, (iii) ‘Human figure drawing’, (iv) ‘English Picture Vocabulary 
Test’, (v) ‘Complete a profile’. The ability index for each cohort was also derived using principal 
components of these ability scores.

®®For example, a stronger impact of family income could be in principle due to changes in the 
parental interest in their children’s education that becomes more concentrated in better off families.

^®This specification also includes parental income, which refers to age 16, so income should be 
interpreted as an additional control for permanent family income. Unfortunately, there are no 
earlier comparable measures of income available in the data. The coefficient on earlier ability is 
unaffected by different specifications, such as those excluding income at 16.

^^The number of siblings has a negative impact on cognitive development, whereas parental 
education and interest in the child’s education help improve a child’s cognitive performance.
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Table 2.3: D eterm inants o f ability index at 11 /10

Men Women
NCDS BCS NCDS BCS

Coef. R.S.E. Coef. R.S.E. Coef. R.S.E. Coef. R.S.E.
Cognitive ability index 5 /7 0.577 0.016 0.349 0.028 0.576 0.014 0.435 0.023
Father’s SES at 11/10
Professional 0.088 0.083 0.525 0.138 0.081 0.088 0.340 0.141
Intermediate 0.122 0.061 0.306 0.128 0.224 0.066 0.181 0.116
Skilled non-man 0.121 0.064 0.352 0.134 0.202 0.069 0.079 0.119
Skilled manual 0.088 0.050 0.219 0.118 0.120 0.059 0.167 0.106
Semi-skilled 0.062 0.054 0.210 0.128 0.089 0.060 -0.016 0.112
Father’s SES at birth
Professional 0.100 0.093 0.355 0.136 0.266 0.080 0.112 0.126
Intermediate 0.036 0.060 0.121 0.128 0.132 0.058 0.248 0.103
Skilled non-man 0.060 0.058 0.161 0.122 0.098 0.057 0.180 0.099
Skilled manual 0.008 0.044 0.026 0.108 0.114 0.045 0.096 0.086
Semi-skilled 0.005 0.052 0.011 0.114 0.082 0.051 0.118 0.091
Parental education
Father middle 0.095 0.043 0.133 0.062 0.119 0.037 0.111 0.059
Father high 0.172 0.057 -0.006 0.082 0.133 0.053 0.089 0.076
Mother middle 0.159 0.035 0.125 0.058 0.077 0.032 0.126 0.054
Mother high 0.123 0.059 0.239 0.088 0.235 0.053 0.102 0.076
Father’s age at birth -0.003 0.004 0.011 0.005 0.000 0.003 0.002 0.005
Mother’s age at birth 0.006 0.004 -0.008 0.006 0.008 0.003 0.001 0.005
Father’s interest in ed.
Middle 0.189 0.047 0.132 0.130 0.097 0.046 0.327 0.113
High 0.351 0.054 0.301 0.140 0.275 0.054 0.331 0.117
Does not know 0.132 0.048 0.125 0.131 0.075 0.047 0.159 0.110
Mother’s interest in ed.
Middle 0.057 0.049 0.258 0.131 0.165 0.048 0.266 0.118
High 0.223 0.055 0.512 0.140 0.328 0.056 0.483 0.124
Does not know 0.064 0.059 0.221 0.143 0.075 0.061 0.211 0.128
Log parental income 0.079 0.024 0.115 0.038 0.059 0.023 0.085 0.035
Log number of children -0.121 0.025 -0.052 0.052 -0.096 0.023 -0.025 0.047
Constant -0.637 0.131 -1.485 0.263 -0.919 0.134 -1.371 0.239
Number of obs 3015 1734 2892 1771
R-squared 0.5849 0.385 0.6128 0.4064

NOTE: OLS estimations of expected ability score at 11/10, conditional on earlier 
attainment and additional family parental characteristics.

is the result of unmeritocratic influences. However, if earlier ability has become 
a less effective predictor of later ability and parental SES variables have become 
better predictors for the later cohort, this would imply that British society may
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have become less, rather than more, meritocratic over time.^^
Assuming that the earlier ability index for BCS at 5 is a good proxy for the 

unmeasured ability of BCS children at 7 (and thus comparable to NCDS), table 
2.3 suggests that early ability has become a less important determinant of later 
ability by a large factor, for both boys and girls. Conversely, parental log income 
and SES appear to have become more correlated with ability at 11. Measurement 
error (driven by the unobservability of BCS ability at 7) may be responsible for 
these cohort differences. Greater measurement error of early ability in BCS could 
attenuate the estimated coefficient. However, it is possible to give an approximate 
value of the extent of measurement error that would be required to account for the 
observed cohort differences. Thus for BCS, the unobserved ability index that would 
be measured at age 7 following an identical procedure to that in NCDS can be written 
as i =  g7 î~\-Ui. The asymptotic bias for the estimated coefficient in a regression 
of ability at 10 on ability at 5, where satisfies giô i = Pgj^i +  is determined 
by: /?cr^/(u‘̂  +  whenever u and e are independent and e is independent of the 
unobserved Under the assumption that the true P has not changed between
cohorts, it is possible to infer the minimum proportion of the variance of ĝ î which 
is due to error in order to fully explain the observed changes in estimated /?:

n  ^  ^  P  -  P b c s

Even though ^ at 7 for NCDS can also be measured with error, the key issue 
here is the existence of differential measurement error that could possibly explain 
the differences in the coefficients. Therefore one can fix /? =  P n c d s -  In fact, the 
required 9 for men should be approximately 9 = 0.4, which is extraordinarily high 
The large differences in estimated coefficients thus suggest that measurement error 
does not seem to be the only reason for the observed decline in the relationship 
between earlier and later child ability.

Different models have been tried in order to explain progression throughout 
childhood in the ability distribution. I have estimated the conditional probability

^®This statement requires that parental SES characteristics are not more related to aspects of 
ability that can be transmitted to their offspring through genes. This is a less restrictive assumption 
than other restrictions imposed in the literature. In addition, I also control for parental interest in 
child’s education.

^®It is possible to extend this discussion by allowing additional controls so that the latter may 
hold true.

■̂ °For women, this value is about 9 =  0.25
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Table 2.4: Probability o f staying in original ability quartile: 
changes in SES gap._________________________________________

Children in lowest ability quartile at 7/5

Cohort

Comparison Boys Girls
Father’s
Social
Class

Prof vs Unskilled -0.037 -0.253
(0.178) (0.198) 

Skilled man vs non manual 0.084 -0.014
(0.073) (0.088)

Parental
Income
Quintiles

Top vs bottom quintiles 0.260 0.488
(0.105) (0.087) 

Second vs fourth quintiles 0.129 0.0523
(0.071) (0.094)

Children in highest ability quartile at 7/5
Boys Girls

Father’s
Social
Class

Prof vs Unskilled 0.208 0.242
(0.116) (0.107) 

Skilled man vs non manual 0.082 0.061
(0.058) (0.059)

Parental
Income
Quintiles

Top vs bottom quintiles 0.146 0.087
(0.087) (0.086) 

Second vs fourth quintiles 0 . 1 0 2  0.046
(0.075) (0.073)

NOTE: Change in SES gap computed as the deference between cohorts in the staying probability 
gaps by SES. For children in bottom ability quartile, this gap is defined as the difference in 
the staying probability between low and high SES (positive difference as lower SES always less 
likely to progress). For children with high early ability, the gap is computed as the difference in 
staying probability between high and low SES (high SES children are always more likely to retain 
a high cognitive position). Positive gap changes reflect stronger stratification by SES in ability 
progression.

of being in a given ability quartile at 1 1 , conditional on being in a given ability 
quartile earlier and being part of a family in a given SES group. Changes across 
cohorts in the gap between higher and lower SES groups can identify the parameter 
of interest if SES and cohort fixed effects remove the type of measurement errors 
discussed above. Summarised results are provided in table 2.4. The conclusion is 
always that better off children find it easier in the more recent cohort both to keep 
their initial high position in the ability distribution and to move upwards when their
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initial position is low.^^
Another potentially interesting aspect to look at is the change in the level of 

cognitive stratification by social class. This implies comparing the distribution of 
ability by social class at a given point where comparisons are feasible for both 
cohorts. The simplest possible specification involves estimating;

9 c , i  =  l l , c 9 l , c , i  +  ••• +  ' y j , c 9 j , c , i  +  ••• +  7 5 ,c^5 ,c,z +  ^c,i

where pc,i is the cognitive index value for an individual i in cohort c and the indicator 
variable qĵ c,i adopts value one if this child belongs to a family in the j- th  income 
quintile, and zero otherwise. The estimated 7  parameters will be actually the average 
cognitive index for the associated income quintile in each cohort. A possible measure 
of cognitive stratification is given by the difference between extreme income quintiles: 
Me =  7 5 ,c — 7 i,c- A positive difference may just reflect that better off children 
have better cognitive ability genes or parents who are more able to perceive the 
importance of cognitive development up to that age. However, table 2.5 shows that 
this difference has become larger in the BCS cohort (/X7 0  > Mss), leading to a stronger 
degree of cognitive stratification by class. Further analysis controlling for parental 
interest measures do not perturb this key result.

There are not many plausible alternatives to the hypothesis of a reduction in 
the meritocracy involved in the cognitive progression of children between the NCDS 
cohort and the BCS and cognitive stratification by class at the end of primary 
schooling. One possibility is that measurements of ability or IQ are unstable at 
earlier ages and it is perfectly plausible then that children with better genes, more 
likely to come from better off backgrounds, evolve faster towards the higher positions 
in the ability distribution. Although valid, this interpretation can be questioned 
from the point of view of what is considered as stability of IQ measures. This 
can easily mean that time is given for educational and environmental influences 
to shape progression. In this case, it is not true that later measures are a better 
approximation to ‘potential’ ability than earlier ones.

^^The possibility of differential attrition at this stage has been also investigated. There are no 
statistically significant differences between the dependence of the probability of attrition between 
earlier and posterior surveys between NCDS (age 7 to 11) and BCS (age 5 to 10).
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Table 2.5: Changes in the statistical association betw een g  and parental 
income

Boys Girls
Cohorts 58 70 58 70
Income quintiles
1 ; Bottom quintile -0.254 -0.358 -0.177 -0.389

938 509 929 516
2 -0.130 -0 . 0 2 1 -0.059 -0.025

847 909 838 969
3 -0.026 0.187 0.042 0.153

952 371 823 369
4 0 . 1 0 0 0.451 0.094 0.325

928 486 858 501
5: Top quintile 0.329 0.693 0.390 0.679

8 8 8 359 889 368
R-Squared 0.0385 0 . 1 1 1 2 0.0392 0.1148

NOTE: Average g  in each cohort-gender-income quintile cell. Number of observations in each cell 
displayed below. R-squared refers to adjusted R-squared from regression of g  on income quintile 
dummies, by cohort-gender group.

2.5 E ducational a tta in m en t and m eritocracy

The next logical step in this analysis of changes in meritocracy in Britain is to look 
at the role of cognitive ability in determining educational attainment. The potential 
benefits of education are well documented. Therefore, if one were willing to assume 
that measured cognitive ability is an accurate measure of an individual’s actual 
ability, meritocracy-related changes could in principle be inferred from observing 
how this variable, together with other environmental characteristics, changes its 
influence on the level of educational attainment, and how this in turn translates to 
other forms of socio-economic success.^"^

Tables 2.6 and 2.7 describe the distribution of highest achieved academic qualifi
cations conditional on ability. Qualifications are grouped according to the National 
Vocational Qualification level classification.^^ Level 1  broadly corresponds to CSEs 
and very low qualifications, level 2  indicates that an individual has O-levels or equiv-

^^Recall that measured ability is highly influenced by social class and parental income and 
important changes have taken place in Britain. Results should therefore be interpreted with this 
earlier finding in mind.

thank Gerry Makepeace for providing this reconciled NCDS and BCS qualifications data.
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Table 2.6: Qualification attainm ent, by ability group: Boys

NCDS BCS
Ability quartile Ability quartile

Acad. Qual. 1 2 3 4 Total 1 2 3 4 Total
None 557 264 121 41 983 399 219 138 62 818

.^0.^7
CSE (2-5) 276 311 163 34 784 205 170 87 20 482
Level 1 gg .g7 17 .15 & 07 1 .59 1 1 .IS
C SE l & 0-level 233 435 566 390 1624 294 410 497 339 1540
Level 2 4 6 .5 5 g^.P7 ,9^.7g
A-levels 19 45 122 237 423 18 33 74 166 291
Level 3 1.71 10 .03 17.71 &75 g.7^
Degree & Sub-degree 25 100 213 527 865 63 146 249 547 1005
Level 4 17.P 1^.7^
Higher Degree 3 11 31 109 154 2 13 33 126 174
Level 5 0.^7 1.31 10
Total 1113

100
1166

100
1216

100
1338

100
4833

100
981
100

991
100

1078
100

1260
100

4310
100

NOTE: Figures in italics indicate percentages

aient; and level 3 refers to A-levels as highest qualification. First degrees and similar 
diplomas are grouped into level 4 and level 5 includes more advanced postgraduate 
degrees.

It is easy to notice the sorting problem of education and ability which complicates 
the identification of their separate effects on earnings, for instance. There are very 
few individuals who obtain an equivalent higher education degree at the bottom 
of the ability distribution. The sorting problem is not a symmetric one. Very 
able individuals with no qualifications can be seen in the data. Judging from this 
table, it is not possible to argue that this group has become a smaller proportion 
of the population. Something is preventing these individuals from becoming more 
educated.

One can also see how participation in education has increased from the time of 
the NCDS to the BCS, with a lower proportion with no qualifications and at level
1 . This is counteracted by more people obtaining level 2 qualifications and even 
degree-related level 4. This effect is even stronger for girls, as may be inferred from 
table 2.7.
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Table 2.7: Qualification attainm ent, by ability group: Girls

NCDS BCS
Ability quartile Ability quartile

Acad. Qual. 1 2 3 4 Total 1 2 3 4 Total
None 483 241 103 33 860 324 178 96 29 627

g.^7 17.^^ 7.5^ 15. Og
CSE (2-5) 228 282 148 23 681 190 171 84 18 463

1.7jg 1&77 l. .̂jg7 5.05 1.5^ 10.05
CSË1  & 0 -level 2 1 2 560 718 443 1933 344 580 596 316 1836
Level 2 51.14 go. 71 50.57
A-levels 16 52 160 257 485 24 69 149 166 408
Level 3 1 .65 11.4 5.7g 11 .85 1 4 . 0 3 5.50
Degree & Sub-degree 32 94 256 508 890 84 191 309 548 1132
Level 4 7.g;g )&jg^ 18 15.94 .^0.5g g. .̂05
Higher Degree 1 5 19 71 96 1 9 23 106 139
Level 5 0.1 0.1 0.75 1.55 5.00 5.0g
Total 972 1234 1404 1335 4945 967 1198 1257 1183 4605

100 100 100 100 100 100 100 100 100 100

NOTE: Figures in italics indicate percentages

Probably the most interesting effect observable from these tables is the fact that 
the increase in the probability of obtaining an NVQ level 4 qualification (degree) has 
been generally uniform across all ability quartiles. This contradicts an interpretation 
of increased meritocracy in which higher participation in education is concentrated 
amongst the most able. It also contradicts a view of egalitarianism that would 
predict faster expansion being localised among the ability groups with a lower initial 
educational attainment.

To examine the hypothesis of stronger meritocracy in terms of educational out
comes, I estimate an ordered probit model where the highest achieved academic 
qualification level is the dependent variable. Denote the propensity of an individual 
i  in cohort c to become educated as:

P ic  =  OLc-\- PcQic + 'ycVic + Qc,
where gic is an individual’s measured cognitive ability index, reflecting her position 
in the ability distribution of her cohort at age 1 0 ; yic denotes, for example, family 
income as a child and is an idiosyncratic component that is independent of all
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other observed variables and normally distributed.
The propensity pic is unobservable. The ordered probit model specifies that an 

individual will reach a given educational level provided the unobserved Pic lies within 
the also unobservable thresholds that separate the immediately higher and lower 
levels of education, i.e. the highest education level is 0  if Pic < 0 , 1  if 0  < Pic < Âc,i; 

k  if H c k - i  < Pic < !^c,k and K  (highest) if f i c , K - i  < Pic-

Estimating this model provides information about meritocracy changes in the 
overall educational system from age 10. If ability becomes more important it is 
expected that the coefficient Pc should increase {P̂ g < Pio) and expanding equality 
of opportunity should imply that the coefficient 7  becomes less important. The 
interpretation of these coefficients in this context is not straightforward, particularly 
when overall participation levels have been changing due to many possible reasons 
and marginal effects are required.

For example, the probability of reaching the highest level of education K  is given 

by Proh[pic^K < +  PcQic +  IcVic +  =  1  -  -  PcQic ~  IcVic], where 0 [.]
is the cumulative normal distribution function. The marginal effect of an increase 
of one standard deviation in the index g would lead to a marginal effect on this 
probability of Pc^'[gc,K — olc — Pc9ic ~  TcPiJ- Table 2.9 presents selected marginal 
effects from the overall estimation in table 2 .8 .

For each cohort, and for both men and women, cognitive and non-cognitive abil
ity are important determinants of educational attainment. The results also suggest 
that in the later cohort there has been a reduction in the marginal effect of cognitive 
ability on the probability of obtaining A-levels, although there has been no change 
regarding the effect of cognitive ability on the probability of becoming a college 
graduate. Simultaneously, for the later cohort there has been an increase (partic
ularly for men) in the marginal effect of parental income (measured at 16) on the 
probability of obtaining a higher education qualification. Broadly speaking, these 
estimates illustrate the process of investment in education that takes place between 
the ages 10 and 2 2 . For the NCDS cohort this covers the period from 1968 to 1980 
whereas the equivalent period in the BCS cohort is 1980 to 1992. These results do 
not suggest that the UK education system has become more meritocratic from the 
seventies to the eighties.

‘̂ '^These results are consistent with Blanden, Gregg and Machin (2002) but differ somewhat from 
those in Chevalier and Lanot (forthcoming) in that I do find evidence of significant changes in the 
determinants of education between cohorts. They use a different education measure for the BCS 
cohort strictly based on the age 26 survey, implemented through a postal self-completion question-
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Table 2.8: D eterm inants o f educational attainm ent: Ordered probit esti
m ates

Men Women
Variable NCDS BCS NCDS BCS

Coef. R.S.F. Coef. R.S.F. Coef. R.S.F. Coef. R.S.F.
Cognitive ability index 0.731 0.033 0.582 0.040 0.765 0.035 0.609 0.041
Antisocial index -0.085 0.025 -0.037 0.032 -0.084 0.032 -0.071 0.038
Log family income at 16 0.029 0.047 0.178 0.061 0.166 0.050 0.203 0.061
Father’s SFS at 11/10
Professional 0.398 0.156 0.335 0.234 0.362 0.178 0.618 0.225
Intermediate 0.281 0.135 0.297 0.194 0.255 0.136 0.509 0.166
Skilled non-man 0.195 0.136 0.422 0.204 0.164 0.139 0.411 0.171
Skilled manual 0.149 0.116 0.089 0.180 0.207 0.122 0.258 0.146
Semi-skilled 0.103 0.123 0.217 0.194 0.048 0.126 0.235 0.158
Father’s SFS at birth
Professional 0.508 0.161 0.591 0.241 0.228 0.166 0.384 0.216
Intermediate 0.226 0.117 0.268 0.181 0.035 0.119 0.264 0.155
Skilled non-man 0.115 0.117 0.155 0.171 0.069 0.116 0.079 0.148
Skilled manual 0.061 0.090 0.140 0.150 0.051 0.090 0.215 0.124
Semi-skilled -0.019 0.104 0.063 0.163 -0.045 0.102 0.299 0.138
Parental education
Father middle 0.212 0.072 -0.006 0.106 0.056 0.072 -0.086 0.098
Father high 0.290 0.100 0.211 0.135 0.180 0.104 -0.041 0.126
Mother middle 0.141 0.065 0.207 0.096 0.201 0.063 0.323 0.092
Mother high 0.101 0.112 0.239 0.151 0.592 0.122 0.578 0.144
Father’s age at birth -0.006 0.006 0.002 0.008 0.000 0.006 0.000 0.008
Mother’s age at birth 0.010 0.007 0.000 0.009 0.003 0.007 0.003 0.009
Father’s interest in ed.
Middle 0.277 0.087 0.048 0.174 0.201 0.095 -0.227 0.209
High 0.393 0.100 0.172 0.184 0.308 0.111 -0.048 0.209
Teacher can’t say 0.312 0.090 0.123 0.172 0.255 0.099 -0.130 0.200
Mother’s interest in ed.
Middle 0.046 0.094 0.065 0.188 0.028 0.104 0.431 0.195
High 0.060 0.103 0.167 0.197 0.140 0.118 0.555 0.199
Teacher can’t say -0.151 0.116 0.157 0.206 -0.062 0.127 0.380 0.202
Cutpoints (ancillary parameters)
No quals to C SF,0-lev(-) -0.359 0.254 0.477 0.405 0.044 0.272 0.612 0.388
C SF,0-lev(-) to 0 - le v (4-) 0.377 0.255 0.902 0.406 0.711 0.272 1.156 0.387
0-lev(-H) to A-level 1.708 0.259 2.169 0.408 2.158 0.276 2.596 0.389
A-level to Higher Fd. 2.065 0.261 2.403 0.409 2.632 0.279 2.912 0.390
Observations 2561 1467 2601 1620
Pseudo R2 0.1906 0.1519 0.1852 0.1572
Log-likelihood -3136.79 -1769.37 -3174.91 -1910.09

NOTE: Full set of coefficients from ordered probit estimates of highest educational 
attainment. Robust standard errors displayed next to coefficients. Selected marginal 
effects displayed below.

naire and indeed subject to differential attrition^elative to the NCDS data. Their specifications 
also differ: specifically, they only control for reading and maths scores and instead of age 11 NCDS 
scores, they use age 7 test scores from NCDS that are less comparable to age 10 BCS scores.



Table 2.9: M arginal effects o f cognitive ability and log-incom e

Men Women
Education group Variable NCDS BCS NCDS BCS
CSEs/0-levels(-) Ability

Log-income
-0.053
-0 . 0 0 2

-0.033
-0 . 0 1 0

-0.058
-0 . 0 1 2

-0.046
-0.015

0 - levels (-I-) Ability
Log-income

0.009
0 . 0 0 0

-0.029
-0.009

-0 . 0 0 2

-0 . 0 0 1

-0.053
-0.017

A-levels Ability
Log-income

0.025
0 . 0 0 1

0 . 0 1 1

0.003
0.039
0.008

0.014
0.004

Higher education Ability
Log-income

0.153
0.006

0.159
0.049

0.164
0.033

0.166
0.055

NOTE: Based on ordered probit estim ates of the probability of achieving a given 
level of educational attainment, derived from table 2.8. No qualifications category 
excluded from table (marginal effects add up to nil).

Although this evidence suggests family income is an important determinant of 
educational attainment, this might be simply because parents who are more inter
ested in their child’s education, and whose children consequently do better at school, 
also happen to be wealthier. I therefore follow Feinstein and Symons (1999) and 
control for the level of parental interest in the child’s education. These variables 
are important. Furthermore, these parental interest variables are not responsible 
for the observed changes between the cohorts in the effects of income or other fam
ily characteristics on educational a t ta in m e n t .T h e  significance of family income 
as an important determinant of educational attainment is also supported by new 
quasi-experimental evidence, also from the UK, on a recently piloted government 
initiative that pays children or families an allowance if they stay on in school after 
the compulsory school leaving age.'^^

I have also investigated the existence of cognitive ability and family income inter
actions in the determination of an individual’s propensity to obtain more education. 
Table 2.10 provides evidence on this. For the 1958 cohort, the effect of ability was 
almost independent of income. For the 1970 cohort the positive effect of ability on 
attainment is only noticeable for those with higher family incomes. Moreover, the

'̂ Îf one excludes parental income at 16 to increase the sample size, the role of father’s SES 
differences also appears to become more important. If this same estimation is performed on the 
reduced sample with valid parental income, the results are basically identical.

^®This scheme is called the Education Maintenance Allowance, see Dearden et al (2002).
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independent effect of income also appears to be higher than for the older cohort. 
Thus for the later cohort, cognitive ability only leads to higher chances of success 
in education for higher levels of family income.

Table 2.10: A bility-incom e interactions in educational attain
ment: Ordered probit coefficients

Men Women
NCDS BCS NCDS BCS

Cognitive ability index 1 1 / 1 0 0.55 -0.53 0.60 -0.09
(0.17) (0.26) (0 .2 0 ) (0.25)

Log parental income at 16 0 . 1 2 0.27 0.24 0.34
(0.04) (0.05) (0.05) (0.04)

Ability index*log income 0.06 0 . 2 2 0.04 0.14
(0.04) (0.05) (0.05) (0.04)

NOTE: Based on ordered probit estimates of the probability of achieving a given 
level of educational attainment. Other controls include measures of parental and 
maternal interest in child’s education from teacher’s reports and number of children 
in household at 11/10.

Further investigation of family income, social class and cognitive ability interac
tions confirmed that the expansion of the British education system appears to have 
disproportionately benefited children from wealthier backgrounds and higher social 
classes (see tables 2 . 1 1  and 2 .1 2 ).

For example, I found that for girls in the highest ability quartile, the probability 
of getting a degree if they come from a family in the bottom income quintile goes 
down from 38% to 29% between the cohorts. For a girl whose family is in the 
top income quintile, this probability increased from 60% to 77%. For boys, the 
participation gap by income group becomes larger between the two cohorts, and 
these results also hold true if children from different social classes are separated. 
For example, consider again the top ability quartile: sons of professionals increased 
their probability of getting a degree from 76% to 85% whereas sons of unskilled 
workers had a reduced probability of becoming a college graduate, from 40% to 
199F

All this evidence paints a convincing picture of an increasingly unmeritocratic 
education system, despite being a period of rapid expansion in the UK education 
system. Thus, although the probability of a randomly selected child achieving a 
higher level of qualification increased over the period, this expansion has not im-
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Table 2.11: Probability of obtaining a higher education qualifi- 
cation: B y incom e and ability group

Men
Income Ability quartiles
quintiles Q l (lowest) Q 2 Q3 Q4 (highest)

58 70 58 70 58 70 58 70
Qi 0.028 0.024 0.087 0.198 0.169 0.182 0.353 0.431
(lowest) 178 126 172 101 136 8 8 133 58
Q 2 0.025 0.082 0.094 0.128 0.187 0.198 0.43Ô' 0.419

163 159 139 188 139 192 135 191
Q3 0.024 0.085 0.082 0 . 2 1 1 0.235 0.313 0.452 0.531

164 59 183 71 179 80 177 96
Q4 0.025 0.045 0.082 0.177 0.208 0.369 0.503 0.630

118 44 184 79 192 111 195 181
Q5 0 . 0 1 1 0.080 0.181 0 . 2 2 0 0.246 0.397 0.595 0.764
(highest) 93 25 105 50 187 63 257 178

Women
Ability quartiles

Q l (lowest) Q 2 Q3 Q4 (highest)
58 70 58 70 58 70 58 70

Q l 0.043 0 . 0 2 1 0.045 0.129 0.148 0.175 0.385 0.296
(lowest) 185 140 200 139 182 97 143 54
Q 2 0.014 0.083 0.053 0.135 0.180 0 . 2 1 2 0.313 0.487

145 204 170 230 178 226 147 199
Q3 0.037 0 . 1 1 1 0.107 0.165 0.131 0.327 0.288 0.456

109 54 169 85 198 98 163 90
Q4 0.026 0.173 0.075 0.248 0.208 0.329 0.319 0.637

117 52 159 109 2 1 2  161 191 146
Q5 0.049 0.150 0.140 0.348 0.293 0.453 0.604 0.770
(highest) 81 2 0 129 46 205 106 273 174

NOTE: Proportion of individuals in each with a university degree or higher in first 
row. Number of observations in second row.

proved the educational opportunities for all income groups and social classes equally. 
Nor has this expansion been largely about more able children gaining better edu
cational opportunities. Instead, it is the children from the wealthiest backgrounds 
that have benefited most.

These results also reinforce the earlier picture of increasing cognitive gaps for 
children born to parents from different social classes with differences carrying on
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Table 2.12: Probability o f obtaining a higher education qualifi- 
cation: B y social class and ability  group

Men
Social Ability quartiles
class QI (lowest) Q 2 Q3 Q4 (highest)

58 70 58 70 58 70 58 70
Professional 0 . 0 0 0 0.250 0.059 0.400 0.360 0.523 0.765 0.845

1 2 8 17 2 0 50 44 119 142
Intermediate 0.033 0.075 0.105 0.179 0.256 0.363 0.572 0.657

61 53 105 84 168 124 283 236
Skilled non-manual 0.053 0.II9 0.071 0 . 2 2 2 0 . 2 1 2 0.341 0.506 0.561

75 59 99 108 132 164 174 244
Skilled manual 0.026 0.063 0.096 0.154 0.I7I 0.231 0.375 0.426

531 506 605 505 596 497 501 432
Semi-skilled 0.017 0.067 0.075 0 .II7  0.178 0.182 0.302 0.398

174 195 147 162 107 148 106 108
Unskilled 0.013 0.047 0.096 0.086 0.I3I 0.081 0.404 0.194

154 106 104 58 61 37 52 31
Women

Social class QI (lowest) Q 2 Q3 Q4 (highest)
58 70 58 70 58 70 58 70

Professional 0 . 0 0 0 0.167 0.095 0.536 0.443 0.571 0 . 6 8 8 0.794
3 6 2 1 28 61 56 1 1 2 136

Intermediate 0.030 0.204 0.I4I 0.196 0.235 0.392 0.510 0.653
33 49 92 107 179 153 312 245

Skilled non-manual 0.056 0.148 0.109 0.218 0.188 0.273 0.445 0.6II
54 61 lOI 119 138 183 155 198

Skilled manual 0.026 0.093 0.068 0.139 0.179 0.241 0.373 0.451
465 485 635 606 698 573 502 412

Semi-skilled 0 . 0 2 1 0.070 0.071 0.I6I 0.139 0.213 0.265 0.344
146 187 154 199 151 155 1 0 2 93

Unskilled 0.041 0.044 0.068 0.130 0.159 0.055 0.270 0 . 2 0 0

146 91 132 69 82 55 37 25

NOTE: Proportion of individuals in each with a university degree or higher in first 
row. Number of observations in second row.

to later stages of educational progression. Nevertheless, two important questions 
remain unexplored. First, it is important to know whether these patterns have 
remained unchanged for cohorts younger than that of 1970. Additionally, it is 
also crucial to explain what precise mechanisms (educational reforms, rising income
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inequality, social trends) underlie this apparent ‘unmeritocratic’ trends.

2.6 C ognitive ab ility  and adult ou tcom es

According to advocates of a single factor theory of intelligence, an increase in meri
tocracy would imply that observed differences in individual labour market outcomes 
should eventually depend less on factors such as race, gender and social background, 
with a measure of cognitive ability becoming increasingly important as an explana
tory factor. Three general types of labour market outcomes are examined:

1 . Occupation destination.

2. Economic activity status.

3. Wages.

It is of particular interest to know whether conventionally defined social class groups 
by occupation have become increasingly stratified according to cognitive ability. The 
second aspect of interest focuses on objective measures of labour market success. 
The focus is on trying to identify potential changes in the role of measured g in 
promoting labour market participation and increasing an individual’s hourly wages.

2.6.1 Occupational choice by cognitive ability. Cohort com
parison

In a more meritocratic s o c ie ty ,o n e  would expect to find a higher proportion of 
more cognitively able individuals occupying those social classes traditionally labeled 
as higher. This hypothesis is tested by a cross-cohort comparison of the cognitive 
ability distribution for each cohort member’s social class. In this comparison, the 
three year age difference between the two cohorts may not produce a very distorted 
image because social class is much less likely to change over an individual’s adult 
life than, say, wages.

According to table 2.13, there is no evidence that higher ranked occupations are 
becoming increasingly occupied by more intelligent men. The last column displays

^^This statement is once again based on the assumption that that intelligence should be the 
defining characteristic of the ‘m erit’ concept. This is certainly not the only possible concept of 
merit a society could agree on.
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the change in the conditional probability of belonging to the top ability quartile for 
each occupational class. In general, there are no significant changes from the 1958 
to 1970 birth cohort. Only the group of skilled manual workers (iii.2 ) appear to be 
changed in that a larger proportion of men come from the highest ability quartile. 
It is also important to notice that the proportion of individuals from the lowest 
quartile in the lower ranked occupations appears to have decreased, while according 
to the views of Herrnstein and Murray we should expect the opposite.

Table 2.13: O ccupation and cognitive ability

MEN
NCDS Soc.class at 33 BCS Soc.class at 30 P [ g ^ 4 \ B C S \ -

Cog. ability quartiles Cog. ability quartiles - P [ g  G 4|iVC'D5]
Class 1 2 3 4 Total 1 2 3 4 Total (St.Err.)
i 14 41 69 196 320 13 37 56 161 267 -0.95

g.f.2J 100 .^.^7 20. g7 60.3 100 .^.05
ii 130 281 428 635 1474 121 211 318 530 1180 1.84

19.06 29.6% 100 26.95 . .̂ .̂02 100 1.94
iii.l 44 116 173 153 486 73 113 126 135 447 -1.28

9.05 100 16.33 2&22 2& iP 50.2 100 5.05
iii.2 482 498 338 175 1493 366 320 297 162 1145 2.43

22. JL?2 100 31.97 2TPJ 25. Pj 14 .1 5 100 .f.52
iv 255 166 93 59 573 145 109 86 42 382 0.69

g&g? 10.3 100 37.4G 2&5J 10.99 100 2.0.^
V 83 31 24 8 146 32 24 11 5 72 1.46

100 44-44 33.33 .f5.25 0.0.^ 100 5.5.^
WOMEN

NCDS Soc.class at 33 BCS Soc.class at 30 P[g  G 4 |S C 5 ] -
Cognitive ability quartiles Cognitive ability quartiles - P [ g  G 4\N C D S]

Class 1 2 3 4 Total 1 2 3 4 Total (St.Err.)
i 1 5 20 93 119 4 10 39 80 133 -18.00

0.5.^ 4 .2 16.81 7 5 J 5 100 3.01 7.52 20.52 60.15 100 5.00
ii 113 239 436 566 1354 85 234 326 466 1111 0.14

5.55 17.65 52.2 .^L5 100 7.05 2.Z.00 20.5.^ 100 2.00
iii.l 231 457 530 432 1650 223 347 362 277 1209 -3.27

14 27.7 5 2 J 2 2 0 J 5 .^00 .Z5..̂ .̂ 25.7 20.0.^ 22.0.Z 100 ^.02
iii.2 90 102 94 45 331 73 83 61 23 240 -4.02

2 7 J 0 50.52 25..^ ^5.0 ^00 50..^2 5.̂ . 55 25..^2 0.55 100 2.05
iv 280 261 182 98 821 114 107 84 40 345 -0.35

5. .̂./ 5L 70 22. 7 11.94 .fOO 55.0.^ 31.01 2^.55 11.59 100 2.00
V 104 82 43 24 253 27 19 12 6 64 -0.11

41.11 17 .ZOO # .Z 0  20.00 .Z5.75 0.55 100 ŵ .05

NOTE: Figures in italics represent percentages. Last column: For each class, the first row repre
sents the difference in the conditional probability of being in the top quartile, in percentage points. 
Standard errors displayed in second row, in italics.
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The evidence for women is also summarised in table 2.13. I find that the class 
of professionals and managers (i) has become relatively less densely occupied by 
the most able women. Thus, judging from this data, there is no reason to believe 
that cognitive ability is more strongly associated with an individual’s rank in the 
traditional occupational classification.

2.6.2 Economic activity status and cognitive ability

The ranking of an individual’s status according to his/her occupational classification 
has become less frequent amongst economists, sociologists and other social scientists. 
Economists have focused their attention on more objective labour market charac
teristics that are also easier to compare across generations. Indeed, the concept of 
socio-economic status or social class is a hugely changing dynamic concept and may 
not constitute an ideal objective criterion for the purpose of cross-cohort compar
isons. Economic activity status, such as unemployment, can be considered as a first 
objective indicator of success (or lack of it) in the labour market.

In this section I assess whether cognitive ability is a strong predictor of an in
dividual’s economic activity status and whether significant changes have occurred 
between the two cohorts. In a more meritocratic society, cognitive ability should be 
a more important determinant of whether an individual is unemployed, as opposed 
to other characteristics, social background or just luck. To compare patterns across 
cohorts, I use the retrospective information contained in the NCDS33 and BCS30 
to obtain information on the respondents’ economic activity at an identical age. 
I choose to compare individuals shortly before their twenty-ninth birthday, in the 
month of January. The intention here is to minimise the problem of recall bias, as 
it is most recent available common date for members of both cohorts. This is also 
intended to overcome the problem of differential seasonal effects by choosing the 
same month in the two years

Table 2.14 shows the male marginal effects from a probit estimation where the 
dependent variable takes a value of one if the person is unemployed, zero otherwise. 
I have estimated the model with and without the cognitive and non-cognitive ability

^®Both dates refer to similar economic circumstances in the British economy, characterised by 
positive rates of economic growth and declining unemployment rates. Attrition in this data leads 
to marginally lower rates of unemployment and non-participation relative to the UK economy, but 
there is no evidence of differentiated attrition based on a large set of observable characteristics, 
including ability. Comparisons based on alternative earlier months show similar results and are 
not displayed here.
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measures, namely g and the index of anti-social behaviour respectively. Specifica
tions without these two variables suggest that academic and vocational qualifications 
play an important ‘protective’ role against unemployment. Mother’s education and 
parental social class also appear to be important protective factors. However, when 
both ability measures are included, the predictive power of the qualifications vari
ables falls substantially for both cohorts. Only intermediate vocational qualifications 
retain some part of their initial explanatory power. Thus, it is ability, both cogni
tive and non-cognitive, that is the more powerful determinant of whether a person 
is unemployed at a given time. Estimates suggest there are no significant cohort 
changes in the effect of cognitive ability on the probability of unemployment.

For females, non-participation, rather than just unemployment, is important 
in the data. Female participation in the UK has increased substantially in recent 
decades. Table 2.15 shows the results from a probit model where the dependent 
variable takes the value of one if the woman is not employed, zero otherwise. As 
for the male unemployment estimates, educational qualifications are important pro
tective factors, guarding against non-employment.'^^ However, unlike for the male 
model, the estimates on the qualification variables are robust to the inclusion of 
the cognitive and non-cognitive ability variables. W ith and without these ability 
controls, the positive effect from qualifications has increased in the later cohort, i.e 
those born in 1970. Thus, higher female participation has not been uniformly dis
tributed across the whole educational attainment spectrum. The role of cognitive 
ability also appears to have become stronger and this change is statistically signif
icant. No strong evidence for any change in the effect of the non-cognitive ability 
measure was found.

I have also analyzed the phenomenon of increased female participation by looking 
into the determinants of the type of participation in the workforce. More educated 
women who do participate are less likely to occupy part-time jobs. Women with 
higher qualifications also tend to be more likely to work full-time, and this phe
nomenon is also quite robust to controlling for measures of ability. Indeed, ability 
appears to have become a more important positive determinant of full time partici
pation for women.

is of course an arguable point whether this language is appropriate for women choosing to 
be out of the workforce.
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Table 2.14: D eterm inants of unem ploym ent am ong men: Probit 
estim ates

NCDS-Men (29) BCS-Men (29)
Basic Extended Basic Extended

Coef. R.S.E. Coef. R.S.E. Coef. R.S.E. Coef. R.S.E.
Aca.NVQl -0.251 0.110 -0.149 0.113 -0.055 0.134 0.018 0.137

[-0.015] [-0.008] [-0.003] [0.001]
Aca.NVQ2 -0.388 0.098 -0.128 0.109 -0.209 0.101 -0.045 0.111

[-0.024] [-0.008] [-0.012] [-0.002]
Aca:NW'#@WK^#m%35 0.165 -0.047 0.180 -0.544 0.221 -0.270 0.236

[-0.021] [-0.003] [-0.022] [-0.012]
Aca.NVQ4 -0.576 0.142 -0.162 0.158 -0.484 0.132 -0.201 0.150

[-0.028] [-0.009] [-0.024] [-0.010]
Aca.NVQ5 -0.442 0.252 0.039 0.267 -0.478 0.265 -0.061 0.283

[-0.020] [0.002] [-0.019] [-0.003]
Voc.NVQl -0.112 0.115 -0.086 0.119 -0.038 0.116 -0.028 0.118

[-0.007] [-0.005] [-0.019] [-0.001]
VOC.NVQ2 -0.063 0.104 -0.032 0.106 -0.369 0.126 -0.408 0.126

[-0.004] [-0.002] [-0.019] [-0.018]
Voc.NVQ3 -0.163 0.118 -0.078 0.121 -0.276 0.126 -0.228 0.128

[-0.010] [-0.004] [-0.014] [-0.011]
Voc.NVQ4 -0.234 0.118 -0.172 0.122 -0.164 0.133 -0.129 0.136

[-0.014] [-0.010] [-0.009] [-0.007]
Cogn.ability -0.190 0.051 -0.240 0.053

[-0.012] [-0.013]
Antisoc.index 0.154 0.034 0.084 0.039

[0.009] [ 0.005]
Intercept -1.054 0.098 -1.408 0.110 -1.134 0.125 -1.393 0.145
Proport.unemp 0.039 0.039 0.034 0.034
Observations 4178 4178 3639 3639
Log-likelihood -644.3 -622.4 -508.5 -491.8
Pseudo-R2 0.069 0.100 0.060 0.091

NOTE: Dependent variable=l if unemployed, 0 otherwise. Sample: Active men. 
Other controls: Father’s social class and parental education. Marginal effects within 
square brackets. Educational dummies refer to highest level of both academic and 
vocational qualification attainment.

2.6.3 Ability and wages

Labour market earnings are probably the most frequently used measure of economic 
success in the literature. This section investigates the following specific questions:

• Are measured wage returns to cognitive ability, i.e. g, identically distributed 
across different groups of workers?

• Are there any other abilities, aside from cognitive skills, that influence wages?
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Table 2.15: D eterm inants of econom ic inactivity am ong women: 
Probit estim ates

NCDS-Women (29) BCS-Women (29)
Basic Extended Basic Extended

Coef. R.S.E. Coef. R.S.E. Coef. R.S.E. Coef. R.S.E.
Aca.NVQl -0.193 0.071 -0.142 0.072 -0.331 0.086 -0.298 0.086

[-0.069] [-0.051] [-0.089] [-0.081]
Aca.NVQ2 -0.387 0.061 -0.278 0.067 -0.382 0.065 -0.275 0.068

[-0.141] [-0.102] -0.113] [-0.082]
Aca.NVQS -0.412 0.085 -0.254 0.094 -0.661 0.100 -0.482 0.105

[-0.141] ■ -0.090] [-0.157] ■ -0.122]
Aca.NVQ4 -0.683 0.077 -0.512 0.088 -0.679 0.080 -0.506 0.086

[-0.225] [-0.175] [-0.179] [-0.138]
Aca.NVQS -0.802 0.163 -0.618 0.171 -0.956 0.169 -0.707 0.175

[-0.237] [-0.195] [-0.191] [-0.159]
Voc.NVQl -0.110 0.058 -0.097 0.058 -0.289 0.062 -0.272 0.063

[-0.040] [-0.035] -0.082] [-0.077]
VOC.NVQ2 -0.083 0.063 -0.076 0.064 -0.164 0.062 -0.168 0.063

[-0.030] [-0.027] -0.046] [-0.047]
Voc.NVQS -0.035 0.071 -0.015 0.071 -0.462 0.080 -0.460 0.080

[-0.012] [-0.005] -0.119] [-0.118]
Voc.NVQ l -0.258 0.063 -0.251 0.063 -0.391 0.076 -0.374 0.077

[-0.092] [-0.089] [-0.104] [-0.100]
VOC.NVQ5 0.556 0.172 0.570 0.173 -0.407 0.171 -0.340 0.172

[0.217] [0.223] [-0.103] [-0.088]
Cogn.ability -0.088 0.029 -0.158 0.028

-0.032] [-0.047]
Antisoc. index 0.051 0.025 0.042 0.025

[0.018] [0.012]
Intercept 0.108 0.063 -0.001 0.069 0.166 0.076 0.019 0.080
Inactivity rate 0.359 0.359 0.245 0.245
Observations 
Log-likelihood 
Pseudo-R2

4335
-2724.9

0.038

4335
-2716.5

0.041

4139
-2151.0

0.068

4139
-2132.4

0.076

NOTE: Probit estimates. Baseline category: No qualifications, unskilled manual 
father and parents without any qualification. Estimated coefficients and robust stan
dard errors reported. Marginal effects within square brackets. Other controls included 
are father’s SES at birth and parental education measures.

Can this cohort data be used to identify changes in the returns to g over time, 
separately from age effects?

Is it really possible to separately identify the effect of education and cognitive 
ability?

How does g contribute to the explanation of unobserved wage differences?
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First, I have looked at the effects of cognitive ability on earnings by gender. 
Cognitive skills appear to be priced differently for men and women, with women’s 
skills the more valuable. The gender gap in returns to g is around 4% (0.039) in the 
NCDS33 and falls to just under 3% (0.027) in the BOS (age 30). This change par
allels an observed reduction in level earnings differences between men and women: 
from a 0.37 wage penalty for women in the 1958 cohort to a smaller yet still sig
nificant value of 0.18 for the 1970 cohort. Qualitatively, these gender differences 
in the estimated ‘returns’ to g coincide with the result in Cawley et al (1996) and 
may refiect different patterns of labour market participation based on cognitive abil
ity. Indeed, a one standard deviation increase in the cognitive ability index implies 
an increase in the probability of participation by 5.3 percent for men compared to 
6.5 for women in the NCDS33, and an impact of 3.7 for men and 8.9 for women 
in the BCS30. This implies that female participation is more related to cognitive 
ability and might explain the subsequent observed gender differences in wage re
turns. Comparing the two cohorts, the increased participation for women in the 
later cohort tends to reduce the gender gap in both levels and returns to cognitive 
ability, although the latter effect is not statistically significant. However, compar
isons across the two cohorts for women are extremely problematic with changes in 
fertility patterns: the later cohort having fewer children at an older age. Therefore 
as there are no reliable cross-cohort comparable exclusion restrictions to control for 
participation, I restrict the rest of the analysis on wages to men.

Consider for example a simple model that determines an individual z’s wages at 
age a if a member of cohort c.

'^i,c,a ~  T K c,a9i,c T ^c,alli,c T ^i,c,a-

This represents wages as a function of cognitive ability at 10  ̂ and parental
characteristics, for example, embodied in parental income as a child yî c- The co
efficient 7  reflects an approximation to the price of merit understood as cognitive 
ability. It has been already noted that this variable may not be acceptable as a 
valid representation of merit since it may substantially differ from genuine poten
tial ability. Since the focus now is on the meritocracy of the labour market, and

Cawley et al (1996) also find that female returns to measured cognitive ability are higher for 
all racial groups and returns to black males are systematically higher that those of their white 
and hispanic counterparts. These differences become stronger when controlling for additional 
characteristics.
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not that relative to individual’s cognitive and educational progression, the relevant 
hypotheses should be tested on the individual’s effective level of ability.

In a perfectly meritocratic labour market, it is unlikely that ĉ,a =  0. For exam
ple, better off children get better educational inputs and human capital is valued in 
the labour market (this might be considered unmeritocratic from the point of view 
of the educational system). Moreover, measurement error in cognitive ability may 
lead to parental class being correlated to real ability and therefore be a significant 
explanatory factor. It is particularly interesting to focus on changes in these coeffi
cients. A more meritocratic labour market will imply that an individual’s relative 
position in the ability distribution is more important and parental income differ
ences have a smaller impact on subsequent labour market outcomes. Thus, a move 
towards a stronger meritocracy would involve, for a given age a, 7 5 3 , 0  < 7 ?o,a and

5̂8,a > 7̂0,a •
This exercise requires that measurement error is comparable across cohorts. 

Breen and Goldthorpe (2001) use the general ability scores from both cohorts in 
their comparative study of intergenerational occupational mobility. They quote 
Douglas (1967) and Elliot et al (1978) to justify their analysis in that both measures 
display comparable correlations with IQ scores. It is important to note that the 
cognitive indices are not absolute measures of cognitive skills and they should be 
interpreted accordingly. Robustness checks have been carried out using cognitive 
ability quintile dummies as opposed to the raw index measure and the results are 
almost identical.

Additionally, it is possible to investigate the role of education on wages simulta
neously with ability. Interpreting meritocracy in this context is more complicated. 
However, it is important to understand whether ability has an independent role on 
earnings from standard human capital variables, and whether inclusion of this vari
able, normally absent from standard data sets, leads to misleading estimates of the 
returns to education.

The male wage results are shown in table 2.16, which presents estimates of the 
effect of cognitive and non-cognitive ability on log hourly wages in each of the avail
able surveys. Two specifications are provided: the first includes parental background 
information such as social class and education level. The second specification also 
includes the qualification level of the individual to control for highest educational 
attainment.
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Table 2.16: R eturns to  ability: OLS estim ates

Without qualifications With qualifications
Cognitive ability Non-cog.ability Cognitive ability Non-cog.ability

Survey Coeff. R.S.E. Coeff. R.S.E. Coeff. R.S.E. Coeff. R.S.E.
NCDS23 0.055 (0 .0 1 0 ) -0.023 (0.007) 0.049 (0 .0 1 1 ) -0 . 0 2 1 (0.007)
NCDS33 0.140 (0.009) -0.039 (0.008) 0.077 (0 .0 1 0 ) -0.031 (0.008)
NCDS42 0.172 (0 .0 1 0 ) -0.039 (0.009) 0.098 (0 .0 1 2 ) -0.029 (0.009)
BCS21 0.065 (0.027) -0.033 (0 .0 2 1 ) 0.044 (0.026) -0.030 (0 .0 2 1 )
BCS26 0.091 (0 .0 1 1 ) -0.017 (0 .0 1 0 ) 0.065 (0.013) -0 . 0 1 2 (0 .0 1 0 )
BCS30 0.130 (0.009) -0.016 (0.008) 0.085 (0 .0 1 0 ) -0.009 (0.008)

NOTE: Dependent variable: Log-hourly wages. All regressions include parental edu
cation and social class. Specifications with qualifications include both academic and 
vocational highest qualification dummies. Robust standard errors within parentheses.

Even though inclusion of the highest qualification variables reduces the size of 
the estimated returns to both types of ability, for both cohorts, cognitive and non- 
cognitive ability measures have a significant impact on an individual’s economic 
success as measured by hourly wages. In this case, early assessments of children’s 
capacity to interact with other individuals (the non-cognitive ability measure) help 
to explain not only their capacity to obtain higher qualifications, but also how the 
market will price their labour. This highlights the social dimension of the general 
concept of skill. Economists often wrongly see skill as a one-dimensional attribute, 
either measured by education level or cognitive ability test scores. However, this 
evidence confirms for the UK that different aspects of skill are valued in the labour 
market, which is consistent with some U.S. evidence (Bowles et al (2001)).

The availability of a measure of cognitive ability in these data also provides 
a rather unusual opportunity to check the validity of instruments commonly used 
to estimate the returns to education. I find that the number of siblings, parental 
education and related characteristics are all very correlated with g. The magnitude 
of this correlation is so large that on its own it can account for the usually found 
pattern of IV estimates being considerably higher than OLS estimates of returns to 
education.

^^This can be proven by reproducing the simple calculation in Carneiro and Heckman (2002), 
according to which IV estimates will exceed OLS whenever \pzg\ >  \PzsPgs\i where g denotes ability, 
z the chosen instrument and s years of schooling, and pxy stands for the correlation between 
variables x  and y.
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It is important to note that the cohorts have been compared based on estimates 
from different years and the age difference between the cohorts is quite marked 
for any NCDS/BCS pair of estimates (e.g. 3 years if one compares NCDS33 with 
BCS30). If, for example, cognitive ability is partially unobservable by employers 
but they learn about it over time, three years might involve a substantial difference 
in estimated returns. Alternatively, if more educated and more able individuals 
learn faster while employed and receive more training from their employers, one 
may expect a similar difference. W ith these caveats in mind, I now show what these 
estimates imply for life-cycle and cohort changes in the returns to ability.

A problem with cross-cohort comparisons, referred to in Heckman and Vytlacil 
(2 0 0 1 ), follows from the difficulty in separately identifying age and year effects, given 
the lack of data for many of the possible age-year combinations. In this case, the 
problem is stronger because there are only three different year observations for each 
cohort, and there are only two cohorts.

I carry out a graphical interpolation exercise can be considered as a less restrictive 
imposition on the data than an arbitrary functional form. Figure 2.1 displays the 
point estimates of returns to g reported in table 2.16 on its left. The figure on the 
right hand side documents the estimated returns to years of full time education after 
the age of compulsory schooling.

The severity of the missing data problem cannot be denied. There is no common 
age support for age values higher than 30 and younger than 23. Having only two 
cohorts, time effects are restricted to twelve-year long intervals (the difference in 
birth dates for both cohorts) that must refer to relatively young workers (ages 23 to 
30). However, there are important features that emerge from such limited data, such 
as a clear life-cycle pattern of increasing returns to ability (over the set of observed 
age values) which is common to both cohorts.

The left part of figure 2.1 shows that the fitted ability returns/age profile for 
the later 1970 cohort always exceeds that for the 1958 NCDS cohort. I discuss 
the two specifications separately. Firstly, without qualification controls, the gap is 
marginally wider when the cohorts are in their early twenties, which corresponds to a 
comparison of the early 1980s with the early 1990s. According to the literature, this 
is the period when returns to education grew faster (Gosling et al (2 0 0 0 )). Thus, in

^^This measure is based on the work histories available from cohort members for each month 
after their sixteenth birthday. I have chosen years of education in this case to ease the depiction 
of returns over time, though similar results are obtained using highest education level instead.
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Figure 2.1: R eturns to cognitive ability and years of education over life
time: B y cohort

Returns to cognitive ability

-  -  - 5 8 : N o ability
-  — —  5 8 : Ability c en t.

7 0 : N o ability
7 0 : Ability c e n t

Returns to years of post-com pu lsory  (16) education

NOTE: Returns to measure of cognitive ability displayed by cohort and two specifications: 
(1) Including parental social class and education controls. (2) As in (1), including detailed 
individual qualifications. Returns to years of post compulsory (after 16) full time education 
displayed by cohort and two specifications. (1) W ith parental controls. (2) As in (1), 
including measures of cognitive and non-cognitive ability. All returns are based on OLS 
regressions of log hourly wages for working males in each survey.

order to make inferences about changes in this period one must rely on two relatively 
young cohorts, when returns to both education and ability are at their lowest. The 
gap in ability returns between the cohorts actually becomes smaller as age grows 
and the time comparison must refer to the late nineties versus the late eighties. This 
coincides with the deceleration in the upward trend in returns to education which 
was reported during the nineties.

After controlling for education, the gap in ability returns between the cohorts 
increases monotonically and the returns can be well fitted with a straight line. Cog
nitive ability is increasingly rewarded in the labour market as an individual grows 
older, and this pattern has become marginally stronger in the 1970 cohort.

For reference, I also display estimated returns to schooling by cohort under al
ternative specifications. With and without ability measures, returns to schooling 
appear to increase at least until individuals are in their mid-thirties. For very young 
individuals, returns to education are not significantly different from zero because 
more educated individuals have only just joined the labour market and are compared 
to more experienced workers. Neglecting ability data leads to higher estimates of
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the returns to education. No significant differences can be found between cohorts 
for either specification (with and without ability controls).

As said, estimated changes in returns are specific for a particular age group, and 
one cannot say anything about other age values and time periods of interest. Figure 
2 . 1  suggests that it would be misleading to infer a decrease in the returns to educa
tion from a crude comparison between NCDS at 33 and BCS at 30. However, given 
the non-decreasing wage ability and education profiles over the observed lifetime, 
one can interpret observed changes in the returns to ability and education between** 
the two cohorts for such ages as lower bound estimates for the actual changes.

Another important problem faced when making inferences about the role of 
ability is the separate identification of ability and schooling effects (Cawley et al 
(1998a) and Heckman and Vytlacil (2001)). Earlier results about the determinants 
of highest qualification attained (e.g. table 2 .8 ) indicate the presence of a strong 
sorting problem between ability and highest qualification attained. This implies 
a serious problem in identifying what the effect of higher education might be for 
an individual at the bottom of the ability distribution. This data has the logical 
advantage of providing an ability index that precedes most educational investments 
and certainly final educational outcomes in terms of qualifications. The sorting 
problem in the data is therefore less pronounced but not completely absent, as I will 
now show.

For each age-cohort group available, I have divided the sample into three grossly 
defined educational groups; ‘low’ (equivalent to high school dropout), ‘middle’ (equiv
alent to high school graduate) and ‘high’ (higher education degree). This is intended 
to increase cell sizes. For each one of these groups, I have estimated log hourly wage 
regressions on the ability index g using a flexible functional form specification based 
on splines, with knots at the 25^ ,̂ 50*  ̂ and 75^  ̂ percentiles in the ability distri
bution. This assumes that the effect of g on expected log wages, conditional on 
education, is linear within each ability quartile and continuous across the whole 
ability distribution.^^

^^Thus, for an individual i with education h, age a, cohort c and cognitive ability g within 
quartile q, I express E [ \ o g W i ^ a , c , h , g ]  =  c ta , c , q , h  +  P a , c , q , h  • 9 i i  with the continuity constraints at 
9  — Po.2 5 , 9  =  ^0.50 and g =  go.75. Under this flexible specification, I am able to identify returns 
to education for NCDS at 33, E[\ogw s3 ĵ^cDS,h',g] ~  F[logW 33 ,;vcDS,/i,g], obtain a lower bound for 
the unobserved E[log W g S .B C S .A '.g ]  -  ^ [ l o g  W 3 3 ,B C S ,A ,g ]  from E [ \ o g W 3 0 ^ B C S , h ’ , g ] ~  E [ \ o g W 3 0 , B C S , h , g ]  

when h' >  h, for all values of g. A lower bound for changes in returns to education then follows. 
Similarly, returns to ability for a given educational level can be similarly estimated and their 
changes lower-bounded, building on the lessons about non-decreasing average returns to ability
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In order to ease the interpretation of results, I use graphs to display the esti
mates. 1  have plotted the predicted log hourly wages against the ability measure, 
g, with associated confidence in te rv a ls .T h is  type of graphical illustration is use
ful for two reasons: firstly, the sorting problem is easy to locate on the graph as 
sparsely populated areas indicate an insufficient number of observations to identify 
any relationship between ability, education and earn ings.Secondly , it is easy to 
identify the ability levels at which significant differences can be found between dif
ferent education groups, namely where the confidence intervals (‘data clouds’ for 
each education level) for the predicted log wages do not overlap.
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F igure 2.2: C hanges in re tu rn s  to  ability: By education
Low  Q u a l 
H igh Q u a l

- 3  - 2
Ability ’g ' A ge  11 /10

NCDS:33

2  75

2 .5

I
*  2 2 5

1 2 5  i

Low Q ual 
High D ual

- 3  - 2
Ability g ' A g e  11 /1 0

BCS:30

NOTE: Predicted wages for each education level and ability, with their confidence intervals. 
Based on a spline regression of log hourly real wages (pr=.Jan 2001) on g, which is calculated 
from ability scores at the age of 11(10), by highest level of academic qualification. Sample: 
Working males with valid wage, ability and qualifications data. Notice the rising gap between 
high and mid educated individuals in BCS for low-intermediate ability levels.

Figure 2.2 illustrates the returns to g and ciualihcations that can be found in 
the data for NCDS men at the age of thirty-three and BCS men at the age of 
30. Certain patterns are common to both cohorts. The education/ability sorting 
problem described above is easily observed from the few observations corresponding 
to high qualifications in the bottom ability quartile. This explains the high standard 
errors. Furthermore, there are few observations with very high ability and low-level

and education from figure 2.1.
These have been calculated as the predicted value plus/minus twice the standard error of the 

prediction.
Large standard errors in these areas reflect this problem too.
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or no qualifications at all. The returns to ability (slope) appear to be positive 
whenever a sufficiently large number of observations can be found. However, the 
wage effect of qualifications does not seem to be so homogeneous. For example, 
no significant differences can be found between low and mid qualification for low 
ability levels. The estimated wage gains from obtaining a mid-level qualification are 
restricted to the remaining three quartiles.

I only find a statistically significant impact of higher education above the median 
value of although the benefit of higher education reduces as one moves to the very 
end of the top quartile. It is irnportant to note that for an individual at the 75̂  ̂
percentile (g slightly below 1 ) the importance of obtaining additional qualifications 
is most evident.

W ith the caveats mentioned about making cross-cohort inferences about changes 
over time, it is nonetheless interesting to compare the two charts in figure 2.2. The 
sorting problem in the BCS data is less severe. There are many individuals with 
high qualifications who are in the bottom ability quartile, although it is certainly 
true that they are located closer to the 25^  ̂ percentile. The effect of mid-level 
qualifications appears to be concentrated at the middle of the ability distribution, 
thus suggesting an overall reduction in returns to these qualifications. Probably the 
most notable finding relates to the stronger effect of high level qualifications relative 
to mid-level ones. Positive returns to these higher level qualifications can now be 
found even for relatively low levels of ability, as the gap widens between the high 
and middle education ‘clouds’ for predicted wages.

So far, important interactions have been found between cognitive ability and 
education. I have also provided evidence on the role of parental socio-economic 
characteristics in determining children’s cognitive progression and educational at
tainment. One issue remains unexplored as yet however. How do parental social class 
and income influence an individual’s return to their cognitive ability and education 
level? Do these unmeritocratic influences extend themselves beyond endowments in 
childhood and youth? Have any significant changes occurred between cohorts?

Figure 2.3 examines the returns to ability using the same type of spline specifi
cation used earlier in this section. Instead of separating groups by educational level, 
it depicts only workers whose parents were in the top and bottom income quintiles 
when they were 16. This tries to capture the overall effect of the primary variables 
(family background and ability) on wages. For the earlier NCDS cohort, returns 
to ability are fairly similar for individuals from wealthy and poor backgrounds. In
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F igure 2.3: C hanges in re tu rn s  to  ability: By incom e groups
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Ability g ' : A g e  11 /10
BCS30

NOTE: Predicted wages for extreme parental income quintiles and ability, with their con
fidence intervals. Based on spline regression of log hourly real wages (pr=Jan 2001) on g 
calculated from ability scores at the age of 11(10), for the two extreme parental income 
quintiles. Sample: Working males with valid wage, ability and qualifications data. Cohort 
members born to parents in top income quintile (at age 16) compared to those in bottom  
quintile. Notice the widening gap in BCS between income groups at intermediate/high 
ability levels.

the later BCS cohort, the gap between the ‘rich’ and ‘poor’ profiles widens for in
termediate/high ability levels. Returns to ability for low income individuals now 
experience a massive increase at high levels of ability, suggesting some sort of dif
ferential ‘threshold’ effect.

These findings about income gaps and returns to cognitive ability by parental 
income group are basically paralleled if one compares workers with fathers from 
high and low SES groups, using their occupational classification. These differences 
may also be further investigated by estimating the log earnings-ability profiles for 
separate education and income groups, as in figure 2.4. For less educated men, there 
are no substantial differences in predicted wages between income groups in NCDS. 
In BCS, however, there are very few observations of men from higher income families 
with very low or no qualifications at all.

For men with an intermediate education level, class differences have become more 
acute almost everywhere in the ability distribution. Much of this widening gap is 
due to the educational composition of the widely defined ‘intermediate’ qualification 
group. Higher class individuals are more likely to have A-levels and this is reflected
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in higher predicted wages for similar ability levels.
Finally, class differences in predicted wages for graduate men that were found in 

the NCDS tend to disappear in BCS. However, few men from poor backgrounds have 
higher education qualifications. It thus seems that higher education is a successful 
social leveller, but access to it is not equally distributed in the population even after 
controlling for ability.

Between the two cohorts, differences between those from poor and rich back
grounds have shifted their main locus of influence down the ability distribution.^® 
Individuals from lower income backgrounds who manage to get into higher edu
cation are now on a very equal basis with their peers from richer backgrounds. 
However, differences based on family income amongst those with intermediate level 
qualifications have become stronger. Further analysis shows this may be due to the 
heterogeneity of qualification levels within this group, which includes good 0 -levels 
and A-levels. Individuals from richer backgrounds are more likely to acquire A-level 
qualifications, as opposed to vocational qualifications or just O levels. A levels also 
yield a higher return in the labour market. Generally, this evidence supports the 
view that social class effects are now principally mediated through educational at
tainment. Higher returns to ability at lower levels of ability for those from richer 
families, whereas returns to g at high ability levels are higher for the poorer. Again, 
this is consistent with the pattern of differentiated staying-on rates and access to 
higher education for rich and poor students.

2.7 Som e rem arks on th e  in tergenerational trans

m ission  o f ab ility

Individual ability has notable effects on other variables that cannot be directly clas
sified as economic outcomes. However, it is believed that ability and skills do have a 
positive impact on an individual’s capacity to deal with different life circumstances 
and this may have genuine economic value. From a social mobility point of view, 
it is also quite important to understand if parents transfer their ability (innate and 
acquired) to their children and to see how these influences compare to other char
acteristics. Covering these issues would constitute a separate doctoral dissertation.

^^These findings are reproduced by defining social class in terms of parental socioeconomic 
occupation.
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Figure 2.4: C hanges in re tu rn s  to  ability: By incom e and  education
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NOTE: Predicted wages for extreme parental income quintiles, education levels and ability, 
with their confidence intervals. Based on spline regression of log hourly real wages (pr=Jan  
2001) on g calculated from ability scores at the age of 11(10), by highest academic ciualifi- 
cation attainment. Sam])le: Working males with valid wage, ability and qualifications data. 
Cohort members born to parents in top income quintile (at age 16) compared to those in 
bottom quintile, for each education level: (0: No/low quals, 1: Mid. quals, 2: High quals).

Hence, it is not my purpose to attempt to answer all these cpiestions. Furthermore, 
it is impossible to reproduce the cross-cohort comparative analysis carried out in 
previous sections, and no lessons can be drawn from changes in meritocracy relating 
to intergenerational transmission of intelligence. The main reason for this is the lack
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of data on children’s ability from the 1970 cohort. When they were interviewed in 
1991, members of the 1958 cohort had their children subject to a series of reading 
and numeracy tests. However, this was not the case when the 1970 cohort was in
terviewed in 1999/2000, although this would have offered a unique opportunity to 
test several hypotheses relating to changes in meritocracy.

In this section I follow Gregg and Machin (1997) in their examination of the 
Peabody Individual Achievement Test Scores on maths and reading available from 
the children of the 3^œ ï^^:% seek to provide a very approximate measurement 
of the statistical association between parental and child ability scores in the same way 
the intergenerational income mobility literature examines the correlation between 
parental and child income levels.

Table 2.17 displays the observed correlation coefficients between the maths and 
reading test scores and their parent’s cognitive ability index, as measured from the 
age eleven test scores. Since children of NCDS cohort members are of different 
ages, it is likely that younger children appear to be less able in absolute terms 
than older ones. These differences can be very important and this is the reason the 
correlations are displayed for one-year wide age groups. Additionally, it is possible 
that the ability transmission mechanism is different for mothers and fathers, either 
for genetic or environmental reasons. The results suggest that the mother’s influence 
is higher, judging from the differences in correlations between men and women. The 
magnitude of the correlations is quite considerable and they appear to reach a peak at 
the age of ten/eleven. Large differences in age in the ‘18 plus’ age group can greatly 
reduce the magnitude of the correlation, so it may be inferred that the correlation 
increases with the child’s age. The fact that cognitive differences increase with age 
and thereby reduce the extent of intergenerational ‘cognitive’ mobility seems to be 
a good indication of the importance of early interventions for children born in a less 
favourable ‘cognitive’ environment.

In table 2.18, I provide a more detailed analysis of the relationship between 
parental and child ability, and the robustness of this relationship to the inclusion 
of education and labour market characteristics of the parents. I only consider in
formation on the parent who is a cohort member, ignoring information on his/her 
partner. The research opportunities in this field are immense, as it would certainly 
be interesting to investigate the extent of cognitive assortative-mating and the rela
tive influences of the father and mother on the child’s cognitive and socio-economic 
outcomes.



Table 2.17: A bility  correlations: N C D S cohort members and offspring

Maths score Reading score
Child’s Age Men Women Men Women

5 0 .1 7 4 1 0 .2 6 4 9 0.1721 0 .2 5 1 2
0.041 0.000 0.0.^7 0.001
138 189 134 186

6 0 .1 5 3 9 0 .3 1 1 4 0 .3 0 7 1 0 .3 1 1 9
0.079 0.000 0.000 0.000
131 195 130 193

7 0 .1 5 6 5 0 .4 0 6 4 0 .2 4 7 9 0 .5 2 4 6
0.103 0.000 0.009 0.000
110 146 110 146

8 0 .2 4 5 4 0 .3 0 2 4 0 .2 4 8 5 0 .2561
0.009 0.000 0.008 0.001
114 156 114 155

9 0 .2 5 7 1 0 .3 0 4 7 0 .2561 0 .3 7 8 3
0.01.9 0.000 0.019 0.000

96 157 96 158
10 0 .2 8 6 1 0 .4 1 7 7 0 .0 7 9 8 0 .4371

0.017 0.000 0.515 0.000
69 154 69 154

11 0 .5 0 6 7 0 .3 4 6 0 .4 3 9 5 0 .3 3 4 2
0.000 0.000 0.002 0.001

65 135 65 135
12+ 0 .1 7 8 3 0 .2 8 8 7 0 .1 5 2 7 0 .3 7 0 8

0.190 0.000 0.191 0.000
75 346 75 346

NOTE: Observed correlations between PIAT maths and reading scores of 1958 cohort members’ 
children, measured in 1991, and g (measured at 11, in 1969), by children’s age group. Correlations 
displayed in bold figures, figures in italics denote p-values and total number of observations in 
normal font. The gender titles refer to that of cohort members.

I regress scores on the full set of principal components derived from test scores 
available at the ages of 7 and 11, as well as the anti-social behaviour index. In order 
to minimise the problem associated with different testing ages in the dependent 
variables, I include a cubic polynomial of the children’s

It is curious to find that cognitive ability measured at age 11 does not mitigate

^^This variable has a precision of one month. It is important to note that by using data on 
a single cohort, older children tend to have parents with lower ability scores and less favourable 
parental socio-economic backgrounds. This effect is combined with the fact that parent-child ability 
correlations appear to increase with age. To keep things as simple as possible, I have chosen to 
include the age polynomial and ability variables without any interactions. Instrumenting age did 
not produce substantially different results.
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Table 2.18: Influences on children’s score attainm ent: N C D S

Maths scores Reading Scores
Men Women Men Women

9i : Age 7 0.978 1.033 0.721 0.548 2.200 1.669 1.964 2.033
(0.480) (0.502) (0.472) (0.473) (0.722) (0.747) (0.598) (0.611)

Pi: Age 11 0.766 0.186 2.873 2.638 0.967 -0.370 3.457 2.737
(0.540) (0.671) (0.452) (0.513) (0.817) (0.952) (0.602) (0.693)

Antisoc. index -0.800 -0.775 -0.234 0.049 -0.407 -0.341 -0.211 -0.004
(0.349) (0.372) (0.325) (0.338) (0.495) (0.539) (0.416) (0.456)

SchooPquals
CSE 2.642 0.243 2.744 -1.547

(1.087) (0.993) (1.512) (1.297)
Low 0-levels 2.293 0.466 2.746 0.419

(1.122) (0.848) (1.685) (1.241)
High 0 - levels 3.275 1.864 5.903 1.124

(1.488) (1.072) (2.124) (1.403)
A-level 2.766 2.503 4.656 4.920

(1.782) (1.356) (2.393) (1.615)
Post-school quals
Low Vocational 0.994 0.765 2.982 2.053

(0.821) (0.632) (1.336) (0.824)
Mid Vocational -0.747 -3.300 1.702 -0.447

(0.999) (1.114) (1.406) (1.283)
High Vocational 0.772 0.316 2.703 1.264

(1.330) (0.870) (1.652) (1.182)
Degree-f -1.305 -0.845 2.204 -2.624

(2.077) (1.807) (2.733) (1.928)
Unemp@33 0.281 3.922 -4.480 4.299

(1.373) (1.723) (1.782) (2.250)
Inact@33 -1.929 -2.379 -0.170 -0.967

(1.627) (0.586) (4.356) (0.785)
Constant -45.215 -45.388 -60.597 -59.582 -50.669 -58.779 -63.916 -64.555

(9.049) (9.386) (6.885) (7.137) (13.762) (14.448) (9.395) (9.737)
Observ. 650 611 1200 1155 645 606 1196 1151
R-squared 0.77 0.77 0.76 0.77 0.67 0.68 0.72 0.73

NOTE: Ordinary least squares regression of PIAT maths and reading scores from cohort members’ 
children tested in 1991. Regression includes a cubic polynomial in the children’s age and remaining 
principal components at both ages. Standard errors robust to clustering by parental identity are 
within parentheses. The gender titles refer to that of cohort members.

the significance of the age 7 m e a s u r e . T h i s  suggests that age 7 measures are 
not such bad approximations to a child’s ability, even though there is significant 
progression afterwards. The fact that in most circumstances both parental age 7 and 
1 1  scores are significant regressors indicates that part of the cognitive progression

58 This turned out to be the case in wage regressions (not reproduced here).



which happens throughout the parent’s childhood is also transmitted to the child.
In order to interpret the magnitude of coefficients on standardised variables, such 

as the cognitive and anti-social behaviour indices, it is helpful to observe that the 
standard deviation of maths and reading scores does not exceed the value of 2 0 . 
This magnitude can be used to derive partial correlation coefficients, which may be 
indicative of the substantial degree of correlation between parent and child ability 
levels.^®

The evidence displayed in tablé 27181s"ndT^suppoFtTve of^aTëductîÔhist, purely 
genetic interpretation of observed intergenerational ability correlations. For exam
ple, having a parent with an A-level, even after conditioning for ability, has a strong 
positive impact on the child’s ability. Parental economic circumstances at the time 
ability measurement takes place also play a significant role. For example, children 
whose father is unemployed tend to have lower reading scores and children whose 
mother is economically inactive appear to have lower maths scores. Investigating 
the actual transmission mechanisms, as opposed to the mere partial correlations, 
might prove a fruitful area of research.

2.8 C onclusions

This chapter has comprised an extensive empirical investigation of key aspects re
lating to changes in meritocracy in Britain. Using an extremely rich longitudinal 
data set that tracks two British birth cohorts as they progress into adulthood, it 
has been possible to test two basic sets of hypotheses that can help provide a clearer 
picture about whether British society has become more or less meritocratic:

•  Hypotheses based on the explanation and evolution of cognitive inequalities 
between children from different socio-economic backgrounds.

• Hypotheses based on the changing role of cognitive and non-cognitive skills 
on later success in life, as measured by educational attainment, occupation, 
economic activity status and, principally, earnings.

The varied evidence that has been presented throughout this chapter shows 
Britain to be a country in which (following the comparison between the 1958 and the

good approximation is to divide the regression coefficient on this variables, which have unit 
standard deviation, by 20. This is approximately the value of the standard deviation for maths 
and reading scores for the offspring of cohort members.
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1970 birth cohorts) cognitive inequalities have not diminished and are more linked to 
parental indicators of economic well-being. The fact that such differences of milieu 
are now more important predictors of educational attainment relative to children’s 
cognitive abilities raises serious questions about the way educational expansion has 
taken place.

The key finding is that parental income and social class have become key de
terminants of final cognitive development and educational attainments and, simul
taneously, such attributes have become more valuable in the labour market. This 
research thus gives evidence against claims that opportunities in British society are 
becoming increasingly equal or linked to genuine individual potential.

90



2.9 A p p en d ix  1. P rincipal com ponents

This section briefly describes the extraction of principal components. A first prin
cipal component is defined as the linear combination gi of the data matrix A , i.e. 
Qi — Xai^ such that it produces the best possible overall fit to the different variables 
Xk in X.

Assuming gi known, a hypothetical regression of vector Xk on g\ would produce 
an estimation error =  [/ — gi{g'igi)~^g'-[\xk- Because a particular regression on a 
given variable is identical to the infinite number of variables which are proportional 
to this one, a normalisation is required. Therefore it is imposed that g[g\ =  1. This 
implies that Ck = [I — g\g'-[\xk and a measure of the error made in approximating 
variable Xk is given by the sum of squared errors The objective then is to
minimise the aggregate error J2keK^'k^k = trace{X'[I — gig[]X) subject to the 
normalisation constraint.

Since the objective is to retrieve the optimal ai, it is now necessary to substitute 
into the objective function in order to derive gi. The problem becomes:

miri{ai,x}trace{X' X )  — trace{X' X a \ a \ X '  X )  — A(1 — X aia \X ' ) ,  

where the first term can be ignored. This problem can be re-written as: 

max{ai,\)Ci'i{^' ^)cL\ +  A(1 — a \X 'Xa i ) ,  

which leads to the first order condition:

(A^A)ai =  Afli.

This is basically the definition of a\ as the characteristic vector of matrix X 'X .  
If values in the score matrix X  have been previously standardised, X ' X  is simply 
the correlation matrix. Changes of origin and scale in our problem are necessary 
in order to make data comparable across cohorts. The second order condition is 
immediately satisfied because X ' X  is a positive definite matrix.

Now the problem is to ascertain which is the sought-after characteristic vector. 
Standard results from matrix algebra show that the number of possible eigenvectors 
is identical to the rank of matrix X ' X .  This will coincide with the number of 
tests administered if there is no perfect collinearity. To solve this, notice that after
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substitution from the f.o.c., the objective that needs to be minimised is given by:

a[ (X 'X ){X 'X )a i  =

Then the highest eigenvalue associated with the correlation matrix will determine 
the appropriate characteristic vector. The remaining K —l principal components can 
be easily calculated using the remaining eigenvalues and imposing that g'^Qn = 0 , 
for all m ^  i.e. they must be mutually orthogonal. %he..proportion of the total 
variation in X  explained by gi will be determined by Ai/ A^.

Denote G as the matrix of principal components G = [gi.-.gx]- The coefficients 
of a regression of w on G are identical to the separate regressions of w on each 
gm because of this property. This allows consideration of the contribution of each 
component to the explained variance of the dependent variable w.

2.10 A p p en d ix  2. C ohort data

Following the completion of the latest surveys carried out in 1999/2000 in two of the 
main British longitudinal cohort studies, NCDS and BCS70, for the first time it is 
possible to undertake a full comparison of these two cohorts in terms of their early 
progression into the labour market after the legally established minimum school 
leaving age.

The National Child Development Survey, although originally devised as a Peri
natal Mortality Survey of the cohort born in Britain in the week 3-9 of March 1958, 
went on to record information on the children and their families and school environ
ments at the ages of 7, 11 and 16. Further follow up studies were undertaken in 1981 
(NCDS4), 1991 (NCDS5) and 1999/2000 (NCDS6 ). Each survey contained retro
spective questions on the individual’s previous track record of economic activities, 
qualifications, earnings and many other aspects of her life.

The British Cohort Study of 1970 is a longitudinal cohort study of British chil
dren born between 5 and 11 April 1970. The 1999/2000 questionnaire provides 
the most detailed available source of information on these individuals as adults, 
although a survey based on a postal questionnaire was carried out in 1996 and a 
reduced sample was interviewed in 1992. The 1999/2000 questionnaire was struc
tured identically to the sixth follow-up of the National Child Development Survey 
(NCDS6 ), although referring to different time periods in the respondents’ lives.
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Childhood data in the 1970 cohort was obtained through the British Birth Study 
(1970), the 1975 Child Health and Education Studies (in 1975 and 1980). The 
Youthscan Study interviewed cohort members at the age of 16 (i.e. 1986).

Childhood data was collected from very different sources. Parents would be 
interviewed and asked to report on certain aspects of their child’s behaviour as 
well as on related family and their own individual characteristics. This provides us 
with the measures of parental social class and education used in this chapter. Data 
on father’s socio-econorhiCYlaS#h%^^^S^^i^cP*ffom Teports in The birth surveys and 
are coded identically in both the NCDS and BCS questionnaires. This variable is 
classified into the following categories: i) Professionals, ii) Intermediate professionals 
and managers, iii.l.) Other non-manual workers, iii.2 .) Skilled manual workers, iv) 
Semi-skilled workers, v) Unskilled workers.

Parental education data is derived from different types of questions. NCDS par
ents were asked to report the number of years they had spent in education whereas 
BCS parents were asked about their highest qualifications. To ease comparability, 
both measures were converted to a very general classification of education with low, 
mid and high levels. Mid-level qualifications refer to O- and A- levels, with higher- 
level diplomas and degrees are assigned to the next category. The measure based 
on years of education was converted to this classification.

Producing work history data was probably the most complicated task. Sub
stantial effort was devoted to creating a reconciled version of work history data, 
available from a very limited number of surveys, which are subject to attrition, with 
data collected through radically different methods and with generally poor measures 
of the transition from school to the labour market. This work involved lots of cross- 
validation exercises, comparing longitudinal reports and through the use of fertility 
and education-related data. The reconciled data provides a record of an individ
ual’s main economic activity status in every month since her/his sixteenth birthday. 
Experience measures were computed from this activity vector for each survey.

Occupational data for cohort members was coded identically to their fathers. 
W ith respect to the earnings data, I have used cleaned data cleaned by members 
of the Institute of Fiscal Studies whenever possible. Parental income data was 
derived from parent’s reports in follow-up surveys taking place at the age of 16. 
This information was provided in the form of income intervals and was converted to

®‘̂ The guidance of Peter Dolton and Gerry Makepeace was essential for carrying out the con
struction of individual work histories.
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quintiles.
Gross hourly earnings deflated to prices as of January 2001 have been converted 

to hourly wages using reported and checked usual working hours. This applies for 
all follow-ups in the NCDS and the BCS at age 30. Wage data for the BCS reduced 
sample at 2 1  was generated by following this same pattern. Only net earnings 
were reported in the Postal Self-Completion Questionnaire administered to BCS co
hort members in 1986. Given the secondary importance of this follow-up because 
its reduced response rates a n d ^ lïë ^ ll^ ^ fm e t data on earnings for most of the 
other surveys, I chose to convert such earnings to gross amounts using the lim
ited available information. Mario Fiorini, from IFS, provided me with a code that 
simulated the tax system in 1986 and converted earnings from net to gross. We 
invoked the assumption of revealed preference in choosing working hours to resolve 
the non-monotonicity problem in inverting the theoretical relationship between gross 
earnings and tax paid.

The indicator of behavioural adjustment is used as a proxy for non-cognitive 
abilities. It is based on the Bristol Social Adjustment Guide (BSAC). Teachers 
were asked to indicate whether sample children scored in a series of tests comprising 
various syndromes. These syndromes refer to the child’s capacity to adjust to differ
ent social environments and circumstances and reflect aspects such as hostility and 
depression. The antisocial index follows from adding up the number of items under
lined by the teachers and then standardising the total score. Higher values represent 
lower adaptability. NCDS cohort members were tested at age 1 1  and BCS children 
at 1 0 . Since this variable measures an observed behavioural trait, it is possible that 
different environmental circumstances lead to different values for children that in 
principle should have scored similarly. Children from ‘worse’ neighbourhoods may 
score higher in this antisocial index because of peer pressure, but it is also possible 
that in this environment some of these syndromes are not perceived by teachers to be 
as extreme as they would appear to in a different context. Therefore, it is not clear 
which effect would prevail. Nevertheless, most of these traits are extreme syndromes 
that appear to have deeper biological roots that are less sensitive to environmental 
influences.®^ In the absence of a better measure of ‘social intelligence’, this is the 
variable chosen as a proxy for non-cognitive skills. McCulloch and Joshi (2000) 
argue that neighbourhood influences are of second order to family characteristics in

61 Syndromes such as depression, anxiety and violent behaviour.
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the overall determination of children’s attainment scores in the NCDS. The analysis 
with neighbourhood characteristics is left for future research.

The tests which have been used to derive measures of cognitive ability are as 
follows: For NCDS at age 7, children were administered (i) ‘Southgate reading test’ 
(Southgate), (ii) ‘Copying designs test’, (in) ‘Draw a man test’ (Goodenough), (iv) 
‘Problem arithmetic’ (Pringle), (v) ‘Word test’. At age 1 1 , (i) ‘General ability test’ 
(Douglas), with verbal and non-verbal sections, (ii) ‘Reading comprehension test’ 
(NFER special), (iii) ‘Arithmetic and MuST?test’ (NFER special), (iv) ‘Copying 
designs test’. Moving on to the BCS children, they were assessed at age 7: (i) 
‘Schonell graded reading test’, (ii) ‘Copying designs’, (iii) ‘Human figure drawing’, 
(iv) ‘English Picture Vocabulary Test’, (v) ‘Complete a profile’. At age 10 they were 
administered (i) ‘British ability tests’, (ii) ‘Shortened Edinburgh reading te st’ and 
(iii) ‘Youngs Maths test’.
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Chapter 3 

Employer Learning and 
Schooling-R elated Statistical 
Discrim ination in Britain

3.1 In troduction

It is an indisputable fact that people often have to make important decisions on the 
basis of very limited information. When facing this type of situation, expectations 
will be based on any relevant information available. Moreover, in many circum
stances substantial costs will be incurred in order to gain additional information 
and thus make a more accurate judgement. This applies to a very wide range of 
decisions such as whether to buy a second-hand car, delegate a task to someone, hire 
a new employee or even decide whether to get married. All these situations have in 
common the fact that there is a degree of uncertainty about the outcome and that 
the other party involved (who may not always share the exact same objectives) has 
valuable information. It is no coincidence, judging from these examples, that much 
value is given to early signals or indicators such as the mileage of a car, technical 
reports, good-looks, etc. Similarly, learning plays a major role on the way these first 
impressions lead to more sound judgements.

Statistical discrimination and learning are basically two sides of the same coin. 
In the absence of accurate information, people discriminate on the basis of charac
teristics that are statistically associated to what may be an important element of a
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decision, even if there is little direct causal relationship^ This statistical associa
tion is often based on the optimal behaviour of the parties involved. For example, 
producers of better quality goods can afford to distinguish themselves from lower 
quality producers by offering a longer-serving guarantee on the good sold. In the 
classical article by Spence (1973), higher ability individuals can signal themselves 
as such by incurring investments (such as education) which are less costly for them 
than for lower ability individuals. Learning about some or all the relevant charac
teristics will have the effect of'raying ever less on early indicators such as those 
outlined above.

In the context of employer learning about a worker’s productivity, schooling 
appears to be a potential source of information, independently of how valuable 
education can be in itself. Individuals are often trusted with complex tasks on 
the basis of their certified, yet unproven, skills. As workers accumulate experience, 
employers may learn that the individual with a university degree may not be as 
productive as initially expected or that the worker who dropped out from school 
is highly motivated and productive. In this situation, we should expect the firm’s 
decisions to respond somehow to the newly acquired information. The obvious 
variable one would be interested in is wages, although other decisions such as training 
provision are likely to depend on results of the learning process. Employer learning 
can take place in a number of different possible ways, ranging from the early stages in 
which CVs and previous employer’s references are required, to personal interviews 
and in some cases even aptitude and psychometric testing. Learning would then 
proceed by means of work monitoring, etc.

It is certainly important to understand the importance of how information is 
valued in the context of the labour market. Educational policies and labour market 
reforms might need to be evaluated within a context in which statistical discrimi
nation and employer learning considerations are present. It is widely acknowledged 
that a labour market with these characteristics will not resemble the standard text
book competitive model which is used to foresee the impact of numerous policies. 
The the basic motivation for this chapter is to provide a sense of how such assump
tions can lead to misleading conclusions.

The idea of linking experience to measures of skill is not new in the literature 
that studies the presence of informational asymmetry in the labour market. La-

^For example, discriminating against a job interviewee who is not wearing a suit.
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yard and Psacharopoulos (1974) and Psacharopoulos (1979) argue that under the 
signalling model, the estimated effect of schooling on wages should fall as labour 
market experience grows, following the above reasoning. This proposition, as stated 
by Riley (1979), does not account for the fact that a signalling equilibrium requires 
employers to have an unbiased expectation of the worker’s ability.

My analysis builds on previous work by Farber and Gibbons (1996) and Altonji 
and Pierret (1996,2001). They provide an identification strategy to test the employer 
learning hypothesis. If the econometrician has" a c c e s s - t h a t  is 
associated with an individual’s productivity, but is not perfectly observed by the 
employer, it is possible to infer directly a learning process by observing increasing 
returns to this variable with experience.

Farber and Gibbons (1996) state three hypotheses following their employer learn
ing/wage determination model: In a competitive labour market where learning oc
curs at the same rate for all employers:

1. Employer learning does not imply that the coefficient on schooling changes 
with experience.

2. The part of "z” which is orthogonal to the firm’s information set at the be
ginning of the worker’s career will have an increasingly larger association with 
wages as time passes.

3. Wage growth will be a martingale process in the case of constant productivity, 
because wage changes will be strictly driven by learning of previously ignored 
productivity features.

Farber and Gibbons’s empirical analysis using residualised AFQT as the proxy 
for the part of “z” orthogonal to the firm’s information set confirms two of these three 
hypotheses. The martingale proposition is rejected in favour of a more parsimonious 
model of human capital accumulation.

Altonji and Pierret (1996, 2001) analyse a similar model which does not impose 
OLS estimates to be based on wage levels as the dependent variable.^ Their model 
allows them to simultaneously investigate the phenomenon of employer learning and 
statistical discrimination on education. Their basic point is that the learning model 
implies that the estimated coefficient on the interaction of (non-residualised) ability

'They use the standard log-wage variable as the dependent variable.
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with experience will be positive, as in Farber and Gibbons (1996). But as learning 
takes place, the (positive) estimated returns to schooling should decrease because 
education will be given less credit as a discriminating variable. This hypothesis is 
confirmed using the same NLSY data used by Farber and Gibbons.

The paper by Bauer and Haisken-DeNew (2001) is, to my knowledge, the only 
one that has tried to estimate this type of employer learning model outside the US. 
The problem with their analysis is the lack of a fully satisfactory “z” variable in 
the German Socioeconomic Panel, which they use for estimation purposes. They 
look instead at parental education as a proxy for this variable. In fact, they find 
little evidence of employer learning in Germany. They also study the hypothesis 
that incumbent employers may have better information about a worker’s ability and 
informally state that asymmetric learning could be inferred from the tenure wage 
profiles, as opposed to the standard experience interactions.

However, they provide no theory or model backing this type of implication. Un
der asymmetric learning, the wage determination process is not as straightforward 
as argued in Farber and Gibbons (1996) or Altonji and Pierret (1996, 2001). Indeed, 
a firm with private information on a worker will rarely pay the expected marginal 
productivity as the competitive pressures from other potential employers are di
minished by their lack of information. The incumbent firm will trade off potential 
benefits of lower wages with the probability that the worker might leave. This type of 
model has been first analysed very recently by Schonberg (2 0 0 2 ), who discriminates 
between empirical predictions associated with the symmetric and the asymmetric 
learning models. Estimates based again on NLSY data appear to be supportive of 
asymmetric learning only amongst university graduates.

In this chapter I provide new evidence on employer learning in Britain. I look at 
both symmetric and asymmetric learning. In order to provide some structure sup
porting the estimation analysis, I have set up a simple model of asymmetric learning 
which embeds the simpler symmetric learning model. The chapter is structured as 
follows. Section 3.2 reformulates the standard symmetric learning model and dis
cusses its implications. Section 3.3 derives the asymmetric learning model. Section 
3.4 describes the British cohort data used in the empirical analysis, discussing its 
favourable characteristics as well as its limitations. This is followed by section 3.5, 
which estimates both models for the whole sample (subsection 3.5.1) and for oc
cupational (subsection 3.5.2) and qualification (subsection 3.5.3) groups. It also 
includes some new evidence on employer learning from estimates of the probability
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of receiving firm sponsored training and evidence on learning about non-cognitive 
abilities. Section 3.6 concludes.

3.2 M odelling  and te stin g  em ployer learning: 

Sym m etric learning

I^db%argne in this" section that the problem of employer learning can be easily 
described within the standard framework of measurement error in estimation. Let 
us assume that employers pay workers according to their productivity which I 
define as a very simple function of a worker’s ability and years of education ŝ .

Vi =  log Li =  7  +  aSi +  Püi +

This model assumes that education can have a positive effect on productivity 
independently of ability a, by allowing a  to be positive. A pure signalling model 
of education would imply a  =  0 and /? > 0. At the other extreme, a pure human 
capital model would be characterised by a  > 0  and (3 = 0, although education 
attainment could be partially determined by ability. To simplify the exposition, I 
will assume that is independent of both and Si. I consider a competitive setting 
where employers are forced to pay workers their expected marginal productivity. 
Since they only have limited information about ability ai, the wage paid by a risk 
neutral firm will be given by:

Wi = E{exp ( 7  +  aSi +  Pai +

The employer’s information set Ü, on an individual z’s characteristics comprises 
the observable number of years in education and additional variables collected during 
the hiring process and their contractual relationship. Given such information, a 
worker’s true ability can be decomposed as follows:

d i  — T  Vi.

It can be assumed that employers’ expectations are rational and take into account 
the the optimal behaviour of workers. For example, given a certain amount of 
observable education, a firm will expect a worker to be of ability zf =  E[ai\Q], 
which will be true on average. Therefore the expected error E[Zi — =  0.
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Assuming that is observed by the firm;

Wi = \ogWi = ^  + aSi +  /3zf +  log E[exp{pVi}\Q] +

If, for instance, Vi is normal with variance cr̂ , this expression will become:

U'i =  7 H +  aSi +  +  î.

From an econometrician’s point of view, a firm’s expectation of a worker’s true 
ability is not observable and the coefficient from a standard wage regression of Wi on 
Si can be a combination of a  and {3 because of the correlation between expected 
ability and years of education implied by the different models of investment in 
education just mentioned.

However, if the econometrician has access to a different variable Zi which is
correlated with u*, it is possible to start disentangling the contribution of ability
and education to productivity. By assuming that z* and Vi are not orthogonal we 
are imposing that z, is not directly observable by employers and is informative about 
the true ability parameter a .̂

Thus, a first approach would be to estimate the following model:

=  7o +  CX-ô i +  (3oZi +  Ci-

Because z% is not the true ability expectation zf, estimates will be affected by 
the standard measurement error problem. Given adequate normalisations, z% will be 
an unbiased measurement of zf, where the error Ui has zero mean and variance crj.

Zi — Zi Ui-

Then the error component in the regression becomes

Ci =  Pui +  Ci-

According to standard introductory econometrics results, po will be an attenu
ated estimator of the true parameter p  because of the induced correlation between z% 
and Ci- The estimation biases for the slope coefficients will be determined as follows:

101



plim{âo — a) = p-  ̂ ^
(̂ 5 +

In the absence of a valid instrument for our measure of a firm’s expectations 
about wopkeF^^ifif^,,it is imposai We J o  estimate accurately the marginal productiv
ity of individual ability and years of education. However, the bias in the estimated 
parameters provides information about the existence of employer learning. To see 
this, consider a more general process driving productivity at each point of time.

=  7 +  +  P^it +  T

In this different setting, it is also possible to allow an individual’s productivity to 
vary with experience t, representing a skill improvement through learning by doing, 
etc. This process of skill improvement is modelled as homogeneous and perfectly 
deterministic for all workers and perfectly observable by the firm: au-ij
where /i is a constant. Let us denote o%o as an individual’s ability at the beginning 
of her working career. ^ represents an element of productivity which is observable 
by the firm but not by the econometrician. It may relate to the quality of the 
machinery the worker will use. The variable k represents worker characteristics 
which are unobservable to both the firm and the econometrician at any moment of 
her career. Therefore it is impossible for a firm to infer with complete certainty the 
correct value of a worker’s ability from past output realisations.

Assuming that all firms have identical knowledge about a worker’s productivity, 
competition determines that the worker will be paid her expected productivity at 
each point of her career. Consider that Qu is the information set of a firm that 
employs worker i with experience t. Under the symmetry of information assumption 
across firms, this information set will be common to all and the expectation of a 
worker’s overall productivity will be identical, thus implying:

Wit = j  + aSi -j- log E[exp{Pait)\^it\ +

Expectations about a worker’s ability can be decomposed into a deterministic 
experience-related component and a component relating to the expectation on the
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initial ability.

E[exp(ait)\üit] = E[exp(oio + = exp(^^)E[exp(oio|^if] =

=  exp(/xt 4- E[aio\üit\) • E[exp(2 ;̂ ()|r̂ (̂].

Again, a firm’s expectations at time t about a worker’s original ability will be 
rational and =  E[aio\^lt], with the initial ability decomposed as â o =  E[aio\üt] +  
Vit. This implies that E[vit\Q,t] = 0 for all valiilG^Tb&^W^Owever, as the information 
on a worker’s ability becomes more accurate through learning from past output 
realisations, the variance of the expectation error will diminish, i.e. .

Wage determination will then imply:

1
Wit = ^  H-----+  aSi +  +  (if.

This suggests estimating the following wage equation:

log Wit =  7o +  fJ'ot +  ô Si +  PoZi  ̂+  (if.

A crucial element of the identification of the learning process is based on the 
relationship between Qt and the econometrician’s information set It is strictly 
necessary that there is a part of the la tter’s information set not included in the 
employer’s information set.

To formalise the learning process, imagine that the true initial ability can be 
decomposed into a series of mutually independent additive components ato = 
Consider now that a firm’s initial knowledge of a worker’s ability is =  E[ufo|f^o] =  
^ j ^ j f  Qj. Learning implies that more terms become revealed to the firm and the 
expectation becomes zf  ̂ = E[aio\Çît] = An empirically derived proxy
for ability could be represented as z =  '^j^jecÇij. If all the members of Jq̂  are 
contained in Jg , it is impossible to find out anything about employer learning. 
Otherwise, with excluded components at an initial stage, learning tells us that the 
correlation between E[aio\Qt] and z, will increase. Thus, the econometrician’s proxy 
for expected ability becomes more accurate. This implies that the measurement 
error problem in the behavioural relationship between log wages and schooling and 
expected ability is less important.

Because the bias persists, there is little hope that the marginal productivity of 
ability can be separately identified from that of schooling. But this is not the aim
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of the exercise. Evidence of employer learning can support the theories that claim 
a non-negligible informational value in schooling, which would play a substantial 
role in the information set Even though this might be true in the absence 
of employer learning,^ it is very unlikely that employer learning takes place about 
a worker’s ability information he or she is completely unaware of.^ The learning 
hypothesis suggests that measurement error will prevail but diminish as the worker 
becomes more experienced. This leads to a range of hypothesis that can be tested.
A prediction of the model is that estimates of the effect of expected ability should 
be less attenuated as experience increases. An interaction term of z* with experience 
would identify this effect given the previous assumptions.

-  Â) =  /? -  .3 , +  .  • (3.1)

It is possible to show that the estimated coefficient on ability Zi will increase 
with experience. The measurement error of real expected ability will decrease as 
explained above. Similarly, the variance of firm’s expected ability will increase and 
its correlation with schooling will diminish, thus implying an unambiguous increase 
in the returns to ability with experience.

As for the coefficient on schooling, the opposite will hold. We should expect a 
reduction in the estimated returns to schooling with experience.

- â , ) = 0  X -  A  (3.2)

As the contractual relationship unfolds, the variance of Vi will obviously go down, 
and so will the variance of the error made by the econometrician when considering z% 
instead of z\. The coefficient on z* will be less under-estimated and the coefficient on 
years of education less over-estimated. Then, if we consider the estimated coefficients 
at different stages T  =  0 and T  =  1 , we will expect to find that ^o(l) > /?o(0) and

< 6X0)-
A possible first order approximation to the effect that experience has on the

^For example, in a context with extreme wage rigidity and high firing costs, learning could not 
possibly be inferred from the experience profile of ability.

'^At least if we are willing to presume rational behaviour on her part. It is indeed possible that 
individuals have a wrong understanding of what their true skills are.
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estimated coefficients through learning may be written as follows:

ô ot — OfQ + ait.

Pot =  /̂ o +  Pit- 

Hence, the econometric specification would be as follows:

aoSi a itiS i Pitiz^ -{- Qt. (3.3)

And the hypothesis that can be tested :

Ho : Pi = 71 = 0-

Hi : Pi > 0;7i < 0.

In a richer economic model, the employer learning hypothesis could easily be gen
erated by factors that have little to do with worker’s private information on ability 
and employer learning. Let us consider the case where employers train workers on 
the basis of their capacity to benefit from it or, alternatively, worker’s skills improve 
faster with experience the higher their initial level of human capital. In such cases, 
the hypotheses of non-decreasing returns and non-increasing returns to schooling 
would be expected. The latter contradicts the basic employer learning model result, 
and could also be used for identification purposes too. However, it seems extreme 
to impose the assumption that skills acquired through schooling do not help at all 
in the process of learning by doing.

The employer learning hypothesis tends to be...
...favoured, because returns to experience are likely to be higher for more able work
ers and therefore overestimating Pi.
...rejected, because returns to experience are likely to be higher for more educated 
workers, attenuating the expected negative sign of 7 1 .

A possible specification allowing for skill improvement with experience that is 
driven by education could be as follows:

log W it =  < ^ 0  +  +  Po^it +  +  ^USi +  Cit'

However, this precludes the possibility that human capital improvements can also 
be related to ability. The identification of the learning model relies on the existence
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of a pattern of learning inferred from experience when experience is assumed to 
interact with skills only as a result of employers learning about their workers.

Ideally we would like to separate the experience effect of learning from that of 
pure human capital on-the-job investment/ accumulation. One approach, as sug
gested by Bauer and Haisken-DeNew, consists in comparing workers with identical 
experience (having accumulated skills in similar ways) on the basis of their tenure, 
as learning is supposed to happen at a faster rate in the incumbent firm. They 
argue that differences in tenure profiles by schooling and ability 'will be more likely 
to reveal the presence of employer learning.

Empirically, this implies the following decomposition:

Pt,T =  /^O +  + /^ 2 E

<̂t,T — O i Q a \ t a 2 T ^

and leads to the following econometric specification:

logWit =  7o +  J l t i  +  72'7'î +  aoSi +  O l̂USi -f Q.2TiSi -\- PqZi 4- PiUZi -t- P2TiZi -h Cü.(3.4)

An intuitive extrapolation of the employer learning model to its asymmetric 
version appears to imply that A  > 0  and A  > 0 - It could be argued, however, 
that since information is private to the incumbent firm it does not need to reward 
workers for newly discovered ability over and above that which other employers can 
infer from the additional experience. If the worker were to quit the firm, statistical 
discrimination based on a nil level of tenure would not allow her to benefit from this 
type of move unless the worker could prove it was due to exogenous reasons. Then 
it could be argued instead that A  =  0 -

The learning process for firms also implies that education is a less valuable sig
nal, and its unequivocal prediction is that we should see the returns to education 
falling with tenure. The hypothesis that a i > 0 and « 2  < 0 clearly distinguishes the 
learning model from other. It could be argued that the declining profile of returns 
to schooling with tenure is an exclusive feature of the private learning environment. 
However, as it has been repeatedly mentioned above, this is a pure conjecture with
out a behavioural model backing such predictions. The next section deals with this 
problem.
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3.3 M odelling  and testin g  em ployer learning: 

A sym m etric  learning

Most existing models of employer learning, as above described, assume that infor
mation about the productivity of workers is public, independently of how incomplete 
such information can be. This implies that employer learning occurs at the same 
pace across incumbent and competitor firms. This assumption is essential in order 
to preserve the implication that in a competitive setting, workers will be paid their 
expected marginal product. It is easy to see that if an incumbent employer privately 
realises that a worker’s skill is higher than initially expected, wages should respond 
only up to a point where other potential employers are willing to bid for his/her 
services. Because this signal is private, potential employers will not fully reward 
the newly discovered skills and fail to compete with the incumbent employer to the 
effect of driving the wage closer to the fully perceived productivity.

Schonberg (2 0 0 2 ) has recently derived the first explicit model that addresses the 
possibility of asymmetric employer learning. She models a two-firm bidding game 
for a worker’s labour, where the incumbent firm has acquired privileged information 
about ability after one period. Induced separations are used to relate wage-tenure 
profiles to measures of ability in order to derive tests for asymmetric learning.

My model shares the approach of using taste shocks to cause exogenous separa
tions, but differs from the previous one in that a competitive setting (as opposed 
to a two-firm game) is used wherein outsider firms pay what they believe to be the 
real expected productivity. A continuum of worker schooling and ability types is 
also allowed for. Empirical predictions are shown to be very similar, with the only 
exception that identification of asymmetric learning from the data will only be pos
sible when the distribution of non-pecuniary/taste shocks is such that the worker’s 
probability of staying is sufficiently elastic to the expected wage gap between in
cumbent and outsider firms. If this is not the case, asymmetric learning might go 
completely unnoticed. Let us see this model in more detail.

3.3.1 A simple asym m etric learning model

Consider a very simple specification for a worker’s skill level that I assume 
translates immediately into productivity.
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Si — aSi +  (3ai +  î-

In this specification, the skill level is a linear function of the individual amount of 
schooling s ,̂ general ability and an unobserved idiosyncratic component (t, which 
is assumed independent of ability and schooling. Schooling and ability can certainly 
be related. For example, we can allow ability to determine the amount of schooling 
attained. If we invert this relaUonship and assume linearity again, we could specify 
general ability as follows;

ai = (f)Si +  Pi,

with pi independent of We can then substitute this back into the skill equation 
and get:

Si =  (ck +  P(p)si +  Ppi +  î-

This specification again indicates the standard problem involved in identifying 
a  and (3 separately. The term pi is the main object of attention here. Learning in 
the asymmetric framework is assumed to take place as follows: Consider the case 
where pi can be decomposed into three mutually independent terms and there are 
only two periods:

Pi =  +  % -

When a worker arrives into the labour market for the first time, all firms can 
learn immediately about the true value of Uo%. This might happen through the 
interview or hiring process, or it might simply follow from education-related infor
mation about the quality of the years spent in education, which is unobservable to 
the econometrician. After one period, all firms, incumbent and outsiders, can learn 
about the value of Vn. However, the incumbent firm is assumed to realise the value 
of V2i too. This ends up with the incumbent firm having a full knowledge about 
the worker’s skills after one period, which might sound extreme. However, the only 
essential aspect here is that after any period of experience, the incumbent firm gets 
a better signal than its competitors.

For a completely inexperienced worker, the wage should be determined by the 
expectation of skill conditional on the commonly realised values of Si and uô . To 
simplify the notation, I will omit the individual index i from now onwards. There
fore, a worker’s wage in the first period should be determined as follows:

108



Wq = E[E\x = 0, s, Vo] =  (a +  p(f))s +  pvo,

where x  denotes experience.
In order to generate different values of experience in the current firm (tenure), I 

model separations using a very simple process. After one period, a worker receives 
an offer w{ from the current (incumbent/insider) employer and expects to receive 
an offer ic f from any outsider firm. Bertrand-like complexities can be avoided by 
considering that every individual draws a value 9 from a known continuous distri
bution r. This represents the money value of a taste shock relative to staying in 
the current firm.^ Hence, a worker will stay if and only if the wage gap w{ — ref is 
higher than the money value of the taste shock 9, which for simplicity is assumed 
to be distributed independently from all the other variables in the model.

Let us turn now to the determination of the optimal wage offer by the incumbent 
employer. Since the employer now has full information about the worker’s skill, it 
will try  to maximise the expected value of the wage offer, which simply reduces to 
the product of the stay probability times the difference between real productivity 
and the wage paid.

w{ G argmaXu;(S — w)T{w — wf ) .

In a competitive setting, an incumbent employer takes its competitors’ (out
siders) wage offer as given, and the stay probability Pr[w{ — > 9] = r[w — w^].
The first order condition of this problem determines that the expected marginal 
benefit of a higher wage equates with the marginal cost.

(S — w{)T'[w{ — wf]  =  -  w^].

The marginal benefit is stated in terms of the additional staying probability 
when the wage offered is below the real productivity level, whereas the marginal cost 
follows from the fact of having to pay a higher wage to keep the worker. Dividing 
both sides by {w{ — icf ) a rather intuitive relationship can be found.

e\wi — w?]  =

T'[w{ — wŸ] w{  —  wŸ
—  wf ] / { w{  — wŸ) E — w{I  ’

®This can refer, for example, to personality problems with colleagues or superiors or alterna
tively, the fact that the individual’s partner has found a job in a different city.
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which simply indicates that the staying probability elasticity of the wage offer gap 
(the term on the left hand side of the equation) must equal the ratio between the 
wage gap and the incumbent firm’s surplus.® This implies the wage offer;

 ̂ 1  +  e[w{ — wf]  1  +  e[w{ — wf]

1 + 6 1 +  6

This shows that the incumbent firm’s wage offer is a weighted average of actual 
productivity and the competitors’ offer, where the weight given to actual produc
tivity is positively associated with the responsiveness of the staying decision to the 
wage gap between incumbent and outsiders.

The determination of the optimal wage offer made by outsiders is the last element 
that needs to be considered. The competitive setting is present in this context, but 
particular attention needs to be paid to the formation of expectations about the skill 
of a worker who decides to move to a different firm. The key issue is that valuations 
are affected by what in game theory is known as the “winner’s curse” . This problem 
basically states that firms which make a wage offer and end up hiring an individual, 
need to realise that their offer has been preferred to that made by other competitors, 
including the incumbent firm. Winning in this competition is somehow bad news as 
the chosen worker may be expected to be of lower ability than someone separated 
from a firm for purely random reasons.

In a competitive setting, the outsider firm’s wage offer must be determined as 
follows:

= E0^u2ms,vo,vi,w{ - w ^  > 0].

Using the result from the incumbent firm wage setting decision this can be rewrit
ten as follows:

(3.5)

®For simplicity, I will now assume that the elasticity e does not depend on the wage gap 
{w { — w^) .  This will allow considerable simplifications as a first order approximation, it may not 
be so unreasonable to treat the gap effect on the elasticity as negligible compared to other effects.
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Under some regularity conditions on the distributions of ^ (F) and ug it is possible 
to find a solution to equation (3.5). For illustrative purposes, it is helpful to think 
of a value 9 for which the following approximation is valid

V2 — Ey^ (3.6)

This simply states that the equilibrium reward for the unknown ability com
ponent V2 must be equal to the expected value of this variable conditional on being 
smaller than the equilibrium reward plus the correction term A =  (1 +  e)6/{e(5). 
The existence of a solution requires that the correction term is positive, which ba
sically means that the nature of the taste shock must involve on average a negative 
pre-disposition to stay.^ This allows outsider firms to believe rationally that workers 
who end up leaving their jobs to join them are not necessarily less able workers who 
received very low offers from their incumbent employers.

Figure 3.1 depicts the case in which V2 is assumed to be drawn from a normal 
distribution with zero mean and unit standard deviation. The 45 degree line repre
sents the left hand side of the outside offer determination equation whereas the right 
hand side indicates the rational expectations about V2 which are consistent with the 
model parameters, the incumbent’s offers and the other outsiders’ rewards for V2. 
The intersection between these two lines denotes the equilibrium reward which 
turns out to be smaller than the average ability component of an inexperienced 
worker. Two cases are shown here: (1) One with a larger value of A =  2, which in
tersects the 45-degree line very close to zero, the mean of the basic distribution. As 
the ‘expected’ negative taste for staying in a firm 9 increases, the ability of movers 
has to be worse given the offers made by the incumbent firms and its competitors. 
(2) The lower fixed point shows how these expectations should be changed following 
a shock reducing A 0.5.

^This value will rarely coincide with the mean value of 6 because the conditional mean is unlikely 
to be a linear function. For example, under normality, this function will be concave and higher 
order moments would be required to improve the approximation.

^Higher order moments in the distribution of 9 should meet additional requirements, such as 
limits on the dimension of the variance, etc. W ithout imposing additional assumptions on the 
distributions, it is not possible to guarantee the existence of a unique equilibrium wage offer either.
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Figure 3.1: D eterm ination  of expectations on the ability of movers.

- 2

-1

- 2

- 3

NOTE: Representation of equilibrium determination as in equation (3.6). The 45-degree line 
represents and the curves represent —0(A  -t- u ^ ) /$ (A  +  i.e. the conditional expectation  
for the mover’s ability under normality of V2 - The higher curve corresponds to a higher value of 
A.

3.3.2 Predictions of the asym m etric learning model

The asymmetric learning model presented above suggests a differentiated wage pat
tern for inexperienced workers, experienced workers who quit their original employ
ment, and experienced workers with a higher tenure level. In a two-period model 
such as this, there are only three possible combinations of experience and tenure, 
although richer combinations could be derived from a longer horizon model with 
additional learning components.

Thus, wages would be given as follows:

Wq — (û: -f P(f))s 4- Pvq

w o =  { a  +  ( 3 ( l ) ) s P { v o v i ) P v .

w l  — (û; -T P ( f ) ) s  -T P { v q  4- -f P ~ —;—-V2 4- /?■ .0

(3 .7 )

(3 .8 ) 

(3.G0
1 4- 6 1 4" e

In these specifications, only schooling is observable to the econometrician. If
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a measurement of ability z is available, measurement problems would still make it 
impossible to identify the parameters although inference about the features of the 
discrimination and learning model become possible.

Running a linear regression for each separate group on schooling and measured 
ability would produce the following:

E*[wo\s,z] = f i soSf i zoz  (3.10)

£;*[^fT?T5r‘=  + (3.11)

E ’ [w[\s,z] = n[^s + n[^z, (3.12)

where E*[y\s^z] denotes the linear projection oi y on x and z. Hence:

_  ^ C ov{z , vq)
Var{z — TTs)'

where tt is the regression coefficient of z on s, i.e. tt — Cov(z, s)/Var(s).  Moving
on to the next stage, the regression coefficients on ability for quitters and stayers
would be:

Æ  =  /?T7 — 7 ^------ -(Cov(z,vo) + Cov(z ,vi)).  (3.13)Var[z — TTS)

Æ  =  P t7— 7-  T ( Cov{z, Vo) +  Cou(z, Vi) +  —^ C o v { z ,  %) ) • (3.14)Var[z — TTS) \  1 +  e J

It is possible to see that if z is positively correlated to Vq, Vi and the estimated 
coefficient will increase with experience. Besides, if the elasticity term e is positive, 
some part of the incumbent firm’s private learning will be reflected in a higher
estimated coefficient. Thus, the returns to measured ability should increase with
tenure even after controlling for experience. However, this impact need not be 
statistically significant for low values of e. In this case, it would be impossible to 
infer private learning from the ability/tenure profiles.

The implications of the asymmetric learning model for the coefficient on schooling 
parallel those for the ability coefficient and can be summarised as follows:

/̂ sO =  (o; +  P(p) — TT/î o

Æ  =  (CK +

113



This suggests that if the learning model is correct, the observed returns to school
ing should decrease with experience and also with tenure, with the latter depending 
on the size of the staying elasticity parameter.

3.4 D ata

The labour market data used for estimation purposes comprises the adult follow-up 
surveys of the National Child Development Study (NODS) and British Cohort Study 
(ECS). Both were originally devised as perinatal mortality studies, but continued 
to interview the cohort members at various time periods. Both are continuing lon
gitudinal surveys of children who were born in Britain between 3 and 9 March 1958 
(NCDS) and 7 and 11 April 1970 (BCS).^

The richness of the information held about each cohort member makes this one 
of the few appropriate data sources for testing employer learning and statistical 
discrimination in the UK. Children interviewed at the ages of 10 and 11 were subject 
to a series of tests aiming to measure different aspects of their educational attainment 
as well as other characteristics such as their motor coordination and different aspects 
of ability. Even though these test scores have proven to be good predictors of 
further educational qualification attainment, they appear to have a direct effect on 
explaining wages independently of qualifications, and therefore can be considered 
as approximate measurements of an individual’s ability. This does not imply that 
such measured ability is innate, as it has been repeatedly shown that attainment 
progression (transitions in the score distributions) through childhood is very much 
influenced by parental and environmental characteristics.

The ability measure in this chapter follows partially the methodology used in 
Cawley et al (1996,1998a,2001). Test scores obtained at the age of 11 in the NCDS 
and the age of 10 for BCS constitute the basis for the analysis because of the prox
imity in terms of age across cohor t s . Becaus e  the tests administered in each case 
were not identical, even though NCDS and BCS cohort members were both mea
sured in terms of their maths and reading ability, it is not possible to use a raw 
test score in the analysis. This problem is circumvented by calculating the first

®For a detailed description of these studies, see the Centre for Longitudinal Studies website: 
h ttp ://w w w . els. ioe. ac. u k / Cohort/cstudies. html.

^°NCDS test scores at the age of 11 were (i)reading, (ii)maths ability, (iii)non verbal general 
ability, (iv) verbal general ability and (v)copying designs. BCS test scores at 10 include (i)maths, 
(ii) reading and (iii) British Ability Scale test of general ability.
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principal component for each cohort from the set of available tests. Statistically, the 
first principal component is a linear combination of the original test scores with the 
property of maximising the total explained variance. In the psychometric literature, 
this measure has been frequently associated with the construct "p", described as 
the underlying general ability or intelligence factor. In a series of papers using the 
NLSY data, Cawley et al (1996,1998,2001) find that the coefficient on in the 
log wage regression is positive and statistically significant in all cases, although it is 
rarely the case this is the only significant compd’h^nflroni the possîffi^è'nWtlîogo- 
nal components that can be derived from the Armed Services Vocational Aptitude 
Battery (ASVAB). They note that measured “g” has similar properties to the com
monly used US military’s Armed Forces Qualification Test (AFQT), which is derived 
from four ASVAB tests. AFQT is the measure used by Farber and Gibbons (1996) 
(in its residualised version) and Altonji and Pierret (1996,2001) in their analysis of 
employer learning.

Regardless of what is the best way to measure general intelligence, the main 
reason for using “p” is to enable the conversion of a set of ability variables into a 
single, continuous, cross-cohort-comparable variable. Using a single ability variable 
also allows simplification of the interpretation of the ability/experience and abil
ity/tenure wage profiles. Accordingly, the ability measure should be considered as 
representing an individual’s relative position in her own cohort’s ability distribution. 
There is a strong comparative advantage of using a measure of “p” obtained at the 
same age for all cohorts, relative to the AFQT measure in NLSY. The latter, by 
referring to different age levels, is differentially affected by levels of schooling and 
parental influence that increase with age. Residualising with respect to age may not 
be sufficient because parental socio-economic characteristics also shape movements 
in the distribution of ability.

The measurement of “p” used in this chapter is undoubtedly more likely to serve 
its purpose as a proxy for ability that cannot be fully observed by employers than 
variables such as parental education, as used in Bauer and Haisken-DeNew (2001). 
From now onwards, I will refer to it as either “p” or “z” .

Labour market data from the NCDS was obtained in 1981 (age 23), 1991 (age 33) 
and 1999/2000 (age 41/42), whereas for BCS, adult data was collected in 1991 (age

^^For example, a low SES child with high ability score at an early age may not score as high at 
a later age. Similarly, low scoring high SES children will be more likely to improve their position 
in the distribution.
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21), 1996 (age 26) and 1999/2000 (age 29/30). All surveys except BCS26 were con
ducted in the form of personal interviews, in which information was obtained about 
family background, socio-economic conditions, health, education and many other 
characteristics. The BCS26 survey differed from the rest in that a self-completion 
postal questionnaire was used as the survey instrument, probably because of fi
nancial constraints. Also financial constraints have affected the structure of each 
survey inasmuch as these surveys depended on particular sources of funding which 
prioritised the quality of certain types of informatiorToveTWlîSPïÿpes.

All surveys except BCS21 targeted the complete population of the study, in this 
case, each birth cohort as detailed above. BCS21 focused instead on a representative 
subsample of individuals. As expected, NCDS and BCS are characterised by a 
strong pattern of attrition, which is certainly difficult to account for in empirical 
analysis given the differentiated characteristics of the studies and the impossibility of 
introducing refreshment samples, as that would exceed the population of the study. 
Therefore, the statistical process of attrition cannot be considered as homogeneous 
either within or between cohorts. Only the rich information available from childhood 
can contribute to the better understanding of which characteristics make individuals 
more likely to drop out from the study.

The low frequency of surveys for each cohort involves a substantial recall problem 
associated with retrospective questions on labour market activity status, which are 
necessary in order to derive schooling, experience and tenure variables. Reference 
periods are in some cases as long as seventeen years. Nevertheless, even though 
attrition is not unidirectional and some individuals who previously went missing are 
interviewed in successive sweeps, the incomplete work history implies that it is not 
possible to use such individuals in estimation. Additionally, there are comparability 
problems between and within cohorts’ work history data which have led to a work- 
history based activity categorisation which is coarser than would be desirable.

In the empirical analysis, schooling is considered as the number of years in full 
time education as derived from the work histories, which count from the month in 
which the cohort member became sixteen years old. This magnitude, apart from 
recall problems, is accurate up to a month’s scale. However, there is stronger con
centration of data in the summer months, when taught courses come to an end. It is 
acknowledged that years of schooling may not be a good measure of an individual’s

^^All the issues involved with the reconciliation of work history data sources for NCDS and BCS 
are explained in Galindo-Rueda (2002).
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education in a wage equation -particularly in Britain, where alternative routes are 
open to post-16 stayers, who can choose between academic and vocational qualifi
cation paths. The decision to focus on years of education can be considered more 
in the context of a reduced-form model, in which years of education is the ‘effort 
input’, which leads to the attainment of a given qualification. It is important to 
emphasise at this point that it is not returns to education that the study is trying 
to measure, but the education and ability-experience profiles. Also, the existing lit
erature has focused until now on using years, even in Germany for the case of Bauer 
and Haisken-DeNew (2001), where qualifications were converted to a year equivalent 
measure. Another reason for using years is to improve the comparability between 
and within cohorts, where the responses to qualification attainment questions proved 
very sensitive to how the questions were phrased.

Table 3.1: Sam ple com position

year
age 1981 1991 1996 2000
21 371

23 3830
(BCS)

26
(NCDS)

1890

30
(BCS)

2941
(BCS)

33 2922

42
(NCDS)

2828
(NCDS)

NOTE: Number of valid observations available for estimation in each age*year cell, following from 

NCDS and BCS70 adult data. Age and year groups are generically defined, as not all individuals 
in each survey were interviewed at the same time. In some cases there are several months of 
difference.

The sample used here is restricted to person-year observations of working men at 
the time of being interviewed and have a valid wage observation, ability information 
from the age of 10/11 and complete work histories prior to the observation date.

^^Dearden (1999) estimates returns to qualifications in the NCDS accounting for the measure
ment error problem.
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Table 3.1 shows the final composition of the sample by age and year.
The older cohort (i.e. NCDS), is illustrated by the lower diagonal of observations 

and clearly indicates increasing drop-out figures. The younger cohort (i.e. BCS) 
corresponds to the upper diagonal and the pattern is different due to the reduced 
target sample in 1991 (which must be added to the fact that some individuals had 
not yet finished their education) and the reduced sample in BCS26 because of the 
low response to self-completion questionnaires. This table also helps understand 

' It^i^linpdssible to estimate a model with year and age dummies, as there is a 
problem of incomplete data, as can be observed from the empty age*year cells.

The wage data collected in the surveys corresponds in all cases but one to gross 
wage earn ings.U nfortunately , in the BCS26 questionnaire individuals were asked 
about their net earnings, which implies a strong comparability problem. This chap
ter uses a tax simulation model developed by Mario Fiorini (Institute of Fiscal Stud
ies) that uses all available information in the questionnaire to compute the expected 
tax paid by every individual and thereby retrieve the original gross wage.^^

Gross hourly wages are deflated to January 2001 prices. Table 3.2 shows average 
wages and standard deviations for each age/year group. Average wages appear 
to grow with age/time for each cohort and the same applies to the dispersion as 
measured by the standard deviation.

The right side of table 3.2 illustrates the problems underlying selective attrition 
in the data. The cognitive ability index has zero mean and unit standard deviation in 
the sample where it is computed. Adult observations included in the sample are more 
likely to have been drawn from the upper part of the ability distribution. This is due 
to a number of factors. First, the differentiated attrition pattern implies that more 
able individuals are more likely to remain part of the study as they are interviewed 
as adults. Continuity is also important, as individuals discontinuously interviewed 
will have longer spells of missing work history data and hence have dropped-out of 
the sample used here. Second, higher ability tends to support participation in the 
labour market and so the probability of obtaining a valid wage observation.

For NCDS, the sample seems to be not far initially from the whole population av
erage nil value for although successive follow-ups improve the ability composition.

many instances, individuals are also asked about their net wages.
^®This tax simulation model imputes the married couples allowance to the male partner, given 

the lack of information on the partners’ earnings that would allow to understand the couple’s 
optimal use of the allowance.
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Table 3.2: Log wages and cognitive ability in N C D S /B C S 70

Log wages Cognitive ability: g
year year

age 1981 1991 1996 2000 1981 1991 1996 2000
21 1.8225 .0053

(.3833) (.8913)
23 1.7429 .0752

(.9661)
26 1.9795 .2801

(.4689) (.9441)
30 2.1264 .1477

(.4756) (.9937)
33 2.2179 .1994

(.4329) (.9538)
42 2.3324 .1950

(.5142) (.9560)

NOTE: Average log real gross hourly wage and average cognitive ability index. 
Standard deviation within parentheses.

making the sample less representative of the male population. In BCS, the smaller 
size sample at age 21 appears to reproduce the ability characteristics of the cohort, 
but the very opposite conclusion follows from the examination of BCS26. It seems 
in the last case that the use of a self-completion questionnaire strongly discouraged 
less able individuals. At age 30, I obtain an ability composition comparable to that 
at age 33 in the NCDS.

3.5 E stim ation  m eth od s and resu lts

The previous data description suggests that there are two practical problems that 
need to be considered before attempting to test the employer learning hypothesis. 
These involve the potential selectivity of the data used, partly through differential 
attrition by age and year, and also the identification of learning separately from 
potential changes in the prices of skills. To deal with these issues, it is also neces
sary to understand how the stylised two-period model could be set within a typical 
estimation framework.

The symmetric learning model, in which all potential employers learn simulta-

119



Table 3.3: Sum m ary statistics
Variable Mean Std. Dev. Min Max
Real gross hourly wage 8.879 5.656 0.520 99.911
Schooling (years) 1.560 2.086 0.000 7.750
Cognitive ability 0.162 0.965 -3.114 2.520
Experience (years) 12.356 6.702 0.000 26.167
Tenure (years) 6.276 6.022 0.000 26.083
Training (EPT) in current job 0.471 0.499 0.000 1.000
Married/with partner 0.589 0.492 0.000 1.000
Occupation
Professional 0.067 0.249 0.000 1.000
Intermediate 0.297 0.457 0.000 1.000
Skilled non manual 0.130 0.336 0.000 1.000
Skilled manual 0.296 0.456 0.000 1.000
Semi-skilled 0.104 0.305 0.000 1.000
Unskilled 0.021 0.142 0.000 1.000
Firm size
1-10 emp 0.138 0.344 0.000 1.000
11-24 emp 0.129 0.335 0.000 1.000
25-99 emp 0.231 0.421 0.000 1.000
100-499 emp 0.229 0.420 0.000 1.000
500-1- emp 0.198 0.399 0.000 1.000
Year dummies
Year 1981 0.259 0.438 0.000 1.000
Year 1991 0.223 0.416 0.000 1.000
Year 1996 0.128 0.334 0.000 1.000
Year 2000 0.390 0.488 0.000 1.000

NOTE: Total of 14762 person-year observations, corresponding to 8163 different individuals. Sam
ple restricted to individuals whose main occupation is paid work, with a gross hourly wage ranging 
between 50 pence and 100 pounds. Further restrictions involve valid work history information (less 
than six months missing from 16^  ̂ birthday to interview date) and ability test completion at 10 
(BCS) or 11 (NCDS).

neously about workers’ ability can be specified econometrically as follows:

— lo t +  +  CX.QtSi +  a i X i t S i  +

This parallels equation (3.3) and is consistent with the predictions of the learning 
model when the private signal to the incumbent V2 is absent (v2 = 0). The additional 
feature is that it allows for changes in the prices of skills (ability, education and
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experience {xu) over time
As noted, it is important to control for the selective composition of the sam

ples suitable for estimation. One possible approach is to model the process that 
determines whether an individual enters the valid estimation sample in a given year 
using background childhood and family data for the earlier sweeps. If this process 
is adequately controlled for, it will be possible to obtain unbiased estimates of the 
earnings process that are relevant for the learning model.

Table 3.4: D eterm inants o f participation in estim ation  panel

NCDS-23 NCDS-33 NCDS-42 BCS-21 BCS-26 BCS-30
Ability index .059 .140 .118 -.021 .215 .151

C.028) (.029) (.029) (.031) (.019) (.018)
Ability i. squared -.063 -.049 -.037 -.109 -.037 -.015

(.013) (.014) (.014) (.023) (.014) (.013)
Lies at school -.211 -.249 -.256 -.057 -.089 -.062

C052) (.055) (.055) (.057) (.039) (.032)
Father’s Social Class
Professional -.044 .191 .111 -^68 .276 .276

(.101) (.103) (.103) (.178) (.117) (.113)
Intermediate .061 ^29 .114 -.149 .243 .172

C.066) (.067) (.067) (.123) (.084) (.080)
Skilled non-manual .157 .245 .067 -.165 .291 .324

(.076) (.076) (.067) (.134) (.091) (.087)
Skilled manual .124 .184 .136 -.065 .209 .178

(.052) (.054) (.054) (.101) (.072) (.067)
Semi-Skilled manual .400 ^82 .231 -.059 .070 .087

(.163) (.160) (.160) (.118) (.086) (.080)
Unskilled .163 .259 .198 -.370 -.203 -.021

(.068) (.069) (.069) (.181) (.120) (.105)
Pseudo-R2 0.04 0.05 0.05 0.02 0.04 0.02
Log-likelihood -4797.3 -4625.3 -4594.2 -1351.9 -3523.9 -3941.7
Observations NCDS: 7230 BCS: 5815
Proportion 52.95 40.40 39.07 6.38 32.50 50.59

NOTE: Dependent variables equals one if individual is present in each adult survey 
and , given childhood information is available. Other controls include region at birth, 
parent’s education level and school type. Reference father’s social class group is father 
not working/missing. Probit coefficients reported. Standard errors displayed within 
parentheses.

Consider the probability that an individual i from cohort c participates in survey

^®For simplicity, the interaction terms are not interacted with time.
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j  as a function of a vector of characteristics such as According to the
symmetric learning model, the expected log wage of this individual in survey j  
conditional on being part of that survey and providing valid data is determined by:

Zi,present] = ^j+fijXij-\-aojSi-\-aiXijSi-\-PojZi-\-PiZiXij-\-E[^ij\present],

where E[^ij\present] = Gj under the assumption that $[•] corresponds to the
standard normal distribution cumulative function and a is the covariance between 
the random component of participation and the heterogeneity term in the wage equa
tion ^ij. Thus, in order to account for unobservable determinants of participation 
that might be correlated with the wage process, I include additional terms consisting 
of the estimated selection term, known as the ‘Mills Ratio’ In order to in-
strument participation, I include a wide range of background variables which proved 
not to be significant if included in the main wage equation but proved significant 
in their prediction of participation in the survey. These include a quadratic in the 
ability index, parental class and education information and whether the teacher had 
reported that the individual, as a child, used to he at school. Controlling for ability, 
the assumption of conditional independence required is more likely to be satisfied 
in practice than in a data set with more limited information. Table 3.4 displays 
the coefficients of key variables in the selection equation, suggesting a sufficient de
gree of correlation of the excluded variables with the participation outcome. It is 
interesting to see that adult attrition is not monotonie in ability, with individuals 
at the extremes of the distribution less likely to be part of the final estimation sam
ple. Anticipating some of the wage results, the selection term turns out to be not 
statistically significant in either of the wage equations estimated in this chapter.

In terms of the asymmetric learning model, the regression that is estimated 
corresponds to:

—  iQ t  +  - f  a i X i t S i  - f  CX.2'TitSi +  Pot̂ i +  Pl̂ iXu - f  - f

This equation reflects the predictions made by the asymmetric employer learning 
model. OLS projections on the experience, tenure, ability and education variables 
(xit,Tit, Zi, Si), and the pertinent interactions generalise the predictions of the two 
period model to a wider setting. It is obvious that with a longer period model, 
the number of possible experience/ tenure paths grows and makes the empirical ap-
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plication more complicated.^^ Linear interactions should then be considered as a 
first order approximation to differences between experience levels, and also within, 
by different tenure magnitudes. Conditional on experience and its interactions, the 
tenure interaction with ability indicates the extent of additional learning by the 
incumbent captured by the stayer’s equation that displays the correlation between 
the private signal V2 and the ability variable. The key issue here is that the term 
e /(l +  e) should be positive, otherwise retention of workers is not very sensitive to 
wage differences and employers do not need to match potential outside "bffefg^hen 
6 =  0 .

To clarify the interpretation of the coefficients in the statistical model and how 
they relate to the economic underlying model, it is helpful to concentrate on the 
ability measure z. The OLS projections on ability and education would give precise 
estimates that can be specified in a compact way. For a given experience level x  and 
tenure r , the projection on ability would bed®

, . _  ( 5 C o v {z ,Vq) p C o v { z , V i )  e ( 5 C o v { z ,V 2 )

’ Var(z  — 7Ts)~^ Var{z — TTs) 1 +  e Var{z — 7rs)

Thus, by introducing interactions in the model it is possible to capture the dif
ferent components of learning. As said, asymmetric learning can be inferred from 
the tenure interaction provided e is positive, otherwise a positive covariance between 
the private signal and ability would go unnoticed. Whereas the process of experi
ence accumulation is more parsimonious (entirely deterministic in a model without 
unemployment), the same is not true for tenure. The probability of staying in the 
same firm is associated with the private signal the incumbent employer receives, and 
this is correlated with overall ability, namely:

Prob[0 < w l -  w^] = T[^Y^(^2 -  ^2 )]-

In a standard OLS regression of wages on tenure, this variable is thus likely to 
be endogenous if the appropriate conditioning variables are not included and this

larger number of periods imposes on the theoretical model the calculation of more equilib
rium expectations of ability for movers, and additional assumptions are required about history- 
dependence, etc.

Something similar can be written for the projection on schooling, that would be expressed 

as: i x s { x , t )  =  a  +  / ? 0  -  t t  ^  '  Ï T 7  '  V a r p - ? . ) )•  Time subscripts are
omitted for presentational simplicity.
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will bias estimates. It is worth considering this is not the case here, as the variables 
that determine tenure accumulation are accounted for through the ability variable. 
The idiosyncratic taste shock 6 has been assumed independent of productivity and 
its omission does therefore not affect results. Although z is a proxy for real ability, 
it is important to note that the predictions of the model are based on the actual 
OLS projections

Hence, the validity of interacting ability and education with tenure hinges on 
the adequacy of the theoretical model to reproduce the data generating process for 
tenure. Results do crucially depend on the quality of the ability measure used in 
the analysis.

The second important issue that needs to be taken account of is the possibility 
that the way in which the market values skills has changed over the time period 
under consideration. Failure to control for this could mislead us into accepting the 
learning model when there has been an aggregate increase in the returns to cognitive 
ability, possibly due to a higher demand for this type of skill or changes in the overall 
supply.

The root of the problem is the need to combine the need of a sufficient degree 
of variation in experience with the adequate controls for potential changes in re
turns over time. The fact that only two birth cohorts are available and there are 
only three wage observations at most for every individual certainly complicates the 
identification strategy.

Variation in experience is achieved through the combination of having obser
vations at different ages and within the same age groups, some individuals have 
been interviewed in different months and they differ, conditional on a given level of 
schooling, in the amount of time they have been unemployed or out of the labour 
force for reasons other than education. The latter source of variation is not very 
helpful as it induces elements of endogeneity and that is the reason why the empha
sis is on the age variation. W ith a single cohort, however, employer learning would 
be confounded with a potential increase in the returns to ability in the economy. 
Two cohorts are therefore the minimum data requirement but separate identifica
tion of time and learning (=age?) effects is not feasible in a purely non-parametric 
approach.

My approach here is to allow for different returns to ability and schooling in 1981 
and 2000, leaving the early and mid-nineties as the benchmark case. In practice, 
the only significant differences turn out to be driven by the comparison between the
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1981 NCDS survey and the rest (1991 and after), with a remarkable increase in the 
returns to both cognitive ability and years of schooling afterwards. It is important to 
note that when introducing this type of control, the hypothesis of employer learning 
may be rejected more often than it should, as it could lead to ignoring the full extent 
of the learning process taking place between 1981 and 1991 in the NCDS.

All estimations are based on pooled ordinary least squares with Bicker-White 
standard errors which are robust to the possible correlation across observations 
belonging to the same individual over different years. All specifications inHûÜê"year 
dummies and a quadratic polynomial in experience. Some specifications also include 
industry, occupation, firm size, marital status and firm-sponsored training dummies. 
The Mills ratio for the sample selection process is also considered. Table 3.3 reports 
descriptive statistics for some of these variables. The final sample comprises 14762 
person-year observations, referring to 8163 different individuals. Of these 14762 
person-year observations, 7286 correspond to white-collar workers.

3.5.1 General estim ation results

1 have first considered the symmetric employer learning model. In terms of the 
extended model, this corresponds to the case with the distribution of V2 degenerate 
at its mean value zero. If employer learning takes place, the distribution of v\ (i.e. 
the ability information not available at the beginning of an individual’s career but 
further revealed to all firms) is not degenerate. Under the assumption that the 
ability variable Zi (in this case, the measure of cognitive ability) is correlated with 
Ui, the known implications follow about the experience profiles arising from the 
estimated returns to ability and schooling.

Table 3.5 contextualises estimates from the learning model with a typical human 
capital regression which includes years of schooling and experience, as shown in spec
ification 1, plus a measure of cognitive ability. Allowing for differentiated experience 
profiles for individuals with different levels of schooling and cognitive ability, the 
estimates suggest that much of the effect due to cognitive ability is associated with 
experience in the labour market. The schooling*experience interaction is positive, 
although not significantly different from zero. This result proves to be robust to the

^®The definition used here for white collar workers is probably not the most desirable, as the origi
nal occupation classification does not allow a distinction between unskilled manual and non-manual 
workers. The white collar group comprises professionals, intermediate occupations, managers and 
other skilled non manual workers.
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Table 3.5: OLS estim ates from the sym m etric learning m odel

I II III
Coef SE Coef SE Coef SE

Schooling 0.0672 0.0029 0.0656 0.0054 0.0456 0.0060
Cognitive ability 0.1189 0.0056 0.0812 0.0131 0.0533 0.0125
Experience 0.0612 0.0034 0.0571 0.0038 0.0479 0.0051
ExperienceSq/10 -0.1200 0.0101 -0.1089 0.0107 -0.0931 0.0144
Schooling*Exp/10 0.0025 0.0044 0.0058 0.0046
Ability*Exp/10 0.0256 0.0081 0.0179 0.0077
Mills ratio 0.0025 0.0211
Training 0.0748 0.0069
R-squared 0.3216 0.3225 0.3875

NOTES: Pooled OLS estimates, with standard errors robust to within-individual correlation. De
pendent variable: Log gross real hourly wage. (Prices=Jan 2001). All specifications include 
controls for different returns to ability and schooling in 1981 and year dummies. Specification III 
also includes industry, occupation, firm size and marital status dummy variables. The Mills ratio 
refers to the derived variable , where 4>(AT-ei) denotes the probability of a cohort member
being interviewed in sweep r, </» the associated normal density and e% is a vector of background 
characteristics used to estimate this process.

inclusion of additional explanatory variables, including the sample selection correc
tion, which does not appear to have any impact on the estimated wage process. 
Overall, the symmetric employer learning model hypothesis on the ability term is 
accepted (increasing returns to g with experience), although the estimates do not 
fully confirm the accompanying hypothesis of a negative coefficient on the schooling- 
experience interaction. As it has been argued, faster human capital acquisition by 
more skilled workers could explain the neutralisation of this effect and exaggerate 
the learning inference from the ability interaction. However, it is difficult to reject 
the employer learning hypothesis because the human capital story would predict a 
positive coefficient on the schooling interaction. In conclusion, there are signs of 
employer learning within a marginally richer model of human capital accumulation.

The next step is to understand what type of learning is taking place about a 
worker’s skills. The asymmetric learning model states that with pure symmetric 
learning, after controlling for the differentiated experience profiles, the tenure pro
files do not vary with ability or education. This is so because there is no private

also considered a more general specification by interacting the selection correction term with 
year dummies. This produced no significant effect for any of the estimates presented in the paper.
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realisation of the V2 ability signal and all realisations are of the V\ type, i.e. common 
to all employers. Under asymmetric learning, the differences in the tenure profiles 
will be driven by the magnitude of the responsiveness of staying decisions to the 
insider-outsider wage offer gap. With a low responsiveness, incumbent firms do not 
need to reward workers for skills that would not be valued (in expectations) by out
siders and learning does not translate into a stronger relationship with the ability 
proxy z ( “g”) used in this study. When the ‘staying’ elasticity to the offer gap is 
high, private learning can be more easily inferred from a differentiated tenure profile.

Table 3.6: OLS estim ates from the asym m etric learning m odel

Î ÏÏ ÏÏÏ
Coef SE Coef SE Coef SE

Schooling 0.0666 0.0029 0.0661 0.0054 0.0461 0.0060
Cognitive ability 0.1177 0.0056 0.0800 0.0131 0.0525 0.0125
Experience 0.0554 0.0035 0.0498 0.0039 0.0435 0.0052
ExperienceSq/10 -0.1090 0.0107 -0.0961 0.0113 -0.0852 0.0149
Tenure 0.0116 0.0017 0.0156 0.0019 0.0097 0.0018
TenureSq/10 -0.0315 0.0081 -0.0387 0.0081 -0.0243 0.0077
Schooling*Exp/10 0.0148 0.0054 0.0165 0.0055
Ability*Exp/10 0.0246 0.0093 0.0216 0.0088
Schooling*Tenure/10 -0.0249 0.0054 -0.0211 0.0051
Ability*Tenure/10 0.0012 0.0088 -0.0073 0.0081
Mills ratio 0.0025 0.0211
Training 0.0718 0.0070
R-Squared__________0.3256________0.3282________0.3901_______

NOTE: Same specifications as in table 3.5, apart from the tenure terms displayed.

Table 3.6 looks at the asymmetric learning hypothesis. From the first specifica
tion, it is possible to tell that there are positive and decreasing returns to tenure. 
After allowing for differentiated experience and tenure profiles by ability and school
ing, some aspects become much clearer. The positive effect of schooling and ability 
appears to increase significantly with total labour market experience. Interestingly, 
the effect of schooling falls strongly with tenure, as the asymmetric learning model 
with high stay-response elasticity would suggest. Thus it looks as if conventional 
schooling becomes a less important determinant of wages the longer an individual 
stays employed in the same firm. The opposite result does not appear to follow from 
the ability/tenure interaction, which is insignificant. The latter would be consistent
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with the pure asymmetric learning model only if the elasticity were sufficiently low. 
One possible explanation is that private learning refers to a variable not related to 
the cognitive ability index, such as motivation, capacity to work hard, etc. These 
results are robust to a more extended specification as shown in specification III.

3.5.2 Results by occupation class

One possible research avenue to understand better the employer learning process 
is to separate workers according to their occupational classification. Two groups 
have been made in this case; white and blue collar workers, although given the 
nature of the data provided by NCDS/BCS70, they could be labelled as skilled and 
manual/ unskilled workers, respectively. Let us first consider the sole implications of 
the symmetric learning model, whose estimated are reproduced in table 3.7.

Looking at the most basic specification for white collar workers, both implica
tions from the employer learning model are satisfied. Returns to cognitive ability 
increase over time and returns to schooling fall. However, after controlling for possi
ble different returns to ability and schooling in 1981, the positive effect of experience 
on the returns to ability becomes statistically insignificant, although remains pos
itive. It is important to note that, given the limitations of the data, this type of 
control will tend to diminish the evidence supporting employer l e a r n i n g . T h i s  
could thus be considered as a lower bound on the estimated learning effects.

W ith regard to blue collar workers, there seems to be little evidence about any 
type of dependence of experience profiles on either ability or schooling.C om paring 
white and blue collar estimates, it is also interesting to notice that the returns to 
schooling are decreasing for white collar workers and increasing for blue collars. The 
magnitude of the returns to experience is also considerable. White collar workers 
appear to have much steeper profiles. Additionally, predictions based on individual 
characteristics seem to perform much better for white collars^^, although job related 
characteristics have a higher explanatory power for the group of blue-collar workers.

Turning now to the more general asymmetric learning model, there also seems 
to be a clearly differentiated pattern between white and blue collar workers. After

^^See the earlier discussion on the impact of year controls for the returns on this incomplete 
panel.

^^The only exception is the most basic specification I.
^^There is considerably less variation in terms of schooling amongst blue collar workers, many 

of which have no reported spells of full time education after their 16*  ̂ birthday.
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Table 3.7: OLS estim ates from the sym m etric learning model: B y occu
pation class

White collar workers Blue collar workers
I II III I II III

Schooling 0.0851 0.1007 0.0833 -0.0262 0.0076 0.0103
(0.0131) (0.0150) (0.0157) (0.0202) (0.0300) (0.0292)

SchoolSq/IO -0.1450 -0.2673 -0.2038 0.8374 0.5982 0.4129
(0.1424) (0.1520) (0.1433) (0.2645) (0.3027) (0.2840)

Cognitive ability 0.0688 0.0897 0.0650 0.0621 0.0733 0.0636
(0.0147) (0.0197) (0.0191) (0.0106) (0.0177) (0.0169)

Experience 0.0802 0.0793 0.0716 0.0410 0.0416 0.0316
(0.0063) (0.0063) (0.0091) (0.0046) (0.0047) (0.0057)

Schooling*Experience -0.0142 -0.0191 -0.0140 0.0321 0.0143 0.0163
(0.0052) (0.0059) (0.0067) (0.0127) (0.0183) (0.0178)

Ability*Experience 0.0219 0.0107 0.0117 0.0078 0.0020 -0.0046
(0.0101) (0.0124) (0.0119) (0.0080) (0.0109) (0.0104)

Mills ratio 0.0008 0.0009
(0.0354) (0.0245)

Training 0.0843 0.0657
(0.0105) (0.0087)

R-Squared 0.3211 0.3228 0.3776 0.1752 0.1765 0.2596
Observations 7286 7286 7286 7476 7476 7476

NOTES: Pooled OLS estimates, with standard errors robust to within-individual correlation within 
parentheses. Dependent variable: Log gross real hourly wage. (Prices=Jan 2001). Specification 
I includes year dummies and a quadratic in experience. Specification II also includes controls 
for different returns to ability, schooling and experience in 1981. Specification III additionally 
incorporates industry, occupation, firm size and marital status dummy variables.

controlling for experience, there is no evidence of a positive effect of tenure on 
the estimated returns to ability, although as argued before for the whole sample, 
the returns to schooling appear to fall with tenure. As for blue collar workers, 
there is some indication of increasing returns to cognitive ability with tenure for the 
specifications without job characteristics. The sign on the schooling interaction is 
negative (although insignificant), as predicted by the asymmetric learning model. 
It is also interesting to note that returns to tenure are almost twice those for white 
collar workers.

In conclusion, there seems to be some reason to support the learning hypothesis 
in its asymmetric form amongst blue collar workers, although this learning may not 
so much refer to the cognitive ability index used in this chapter. It is more obvious to
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Table 3.8: OLS estim ates from the asym m etric learning model: B y oc
cupation class

White collar workers Blue collar workers
I II III I II III

Schooling 0.0847 0.0993 0.0811 -0.0280 0.0048 0.0099
(0.0131) (0.0150) (0.0157) (0.0197) (0.0293) (0.0284)

SchoolSq/10 -0.1553 -0.2852 -0.2220 0.7890 0.5426 0.3798
(0 .14^ . (0.1517) m ^078) (0.2902)

Cognitive ability 0.0688 0.0889 0.0%9 0.0578 ' 0.0686 0.0611
(0.0147) (0.0197) (0.0191) (0.0106) (0.0177) (0.0169)

Experience 0.0747 0.0741 0.0670 0.0317 0.0323 0.0266
(0.0065) (0.0065) (0.0094) (0.0048) (0.0048) (0.0058)

Tenure 0.0111 0.0107 0.0070 0.0192 0.0192 0.0119
(0.0031) (0.0031) (0.0030) (0.0024) (0.0024) (0.0023)

Schooling*Experience -0.0050 -0.0099 -0.0054 0.0352 0.0186 0.0217
(0.0063) (0.0069) (0.0076) (0.0171) (0.0221) (0.0211)

Ability*Experience 0.0274 0.0160 0.0204 -0.0014 -0.0073 -0.0080
(0.0127) (0.0148) (0.0141) (0.0093) (0.0119) (0.0113)

Schooling*Tenure -0.0177 -0.0169 -0.0145 -0.0099 -0.0113 -0.0142
(0.0060) (0.0060) (0.0058) (0.0172) (0.0172) (0.0160)

Ability*Tenure -0.0117 -0.0105 -0.0154 0.0229 0.0234 0.0105
0.0144 0.0144 0.0137 0.0110 0.0110 0.0102

Mills ratio -0.0021
0.0357

0.0012
0.0245

Training 0.0852
0.0106

0.0602
0.0088

R-Squared 0.3232 0.3247 0.3792 0.1898 0.1910 0.2653
Observations 7236 7236 7236 7476 7476 7476

NOTE: NOTES: Pooled OLS estimates, with standard errors robust to within-individual corre
lation within parentheses. Dependent variable: Log gross real hourly wage. (Prices=Jan 2001). 
All specifications include a quadratic in experience and tenure and year dummies. Specification 
II incorporates controls for different returns to ability, schooling, experience and tenure in 1981. 
Specification III also includes industry, occupation, firm size and marital status dummy variables.

say that firms do initially discriminate on the basis of schooling amongst this group. 
The fact that the evidence supporting learning for blue collar workers disappears 
once we control for firm characteristics raises new questions, such as whether firms 
decide to train workers after they learn about them, and whether the type of training 
received makes them less likely to move elsewhere because of largely untransferable 
job-specific skills. This type of effect would be unlikely to be reflected in wages and
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Table 3.9: Firm -sponsored training in current job: Probit estim ates

All W hite collar Blue collar
I II I II I II

Schooling 0.1976 0.1023 0.1212 0.1041 -0.1279 -0.0644
(0.0285) (0.0298) (0.0375) (0.0383) (0.0588) (0.0608)

SchoolSq/10 -2.2554 -1.6390 -1.5151 -1.4125 1.1032 0.5077
(0.3334) (0.3452) (0.4064) (0.4093) (0.7641) (0.8017)

Cognitive ability 0.1568 0.0974 0.0982 0.0815 0.0711 0.1000
(0.0277) (0.0291) (0.0441) (0.0447) (0.0397) (0.0421)

Experience 0.0501 0.0214 0.0613 0.0451 0.0289 -0.0053
(0.0126) (0.0135) (0.0191) (0.0201) (0.0175) (0.0190)

ExperienceSq/10 -0.1598 -0.0987 -0.2022 -0.1539 -0.1070 -0.0349
(0.0353) (0.0377) (0.0526) (0.0552) (0.0497) (0.0537)

Tenure 0.0592 0.0467 0.0435 0.0407 0.0702 0.0483
(0.0059) (0.0064) (0.0087) (0.0092) (0.0086) (0.0095)

TenureSq/10 -0.1597 -0.1352 -0.0912 -0.0968 -0.2395 -0.1817
(0.0259) (0.0272) (0.0361) (0.0370) (0.0390) (0.0416)

Schooling*Experience -0.0397 -0.0188 -0.0282 -0.0249 0.0933 0.0688
(0.0141) (0.0145) (0.0177) (0.0180) (0.0366) (0.0383)

Ability*Experience 0.0087 0.0060 -0.0451 -0.0494 0.0802 0.0585
(0.0232) (0.0239) (0.0359) (0.0362) (0.0337) (0.0350)

Schooling*Tenure -0.0219 -0.0183 -0.0294 -0.0246 0.0135 0.0281
(0.0149) (0.0153) (0.0168) (0.0170) (0.0458) (0.0473)

Ability*Tenure 0.0533 0.0428 0.1147 0.1109 -0.0072 -0.0278
(0.0261) (0.0269) (0.0394) (0.0396) (0.0382) (0.0400)

Laid-off movers -0.0654 -0.0347 -0.0896
(0.0374) (0.0541) (0.0514)

Voluntary movers -0.0021 0.0843 -0.0914
(0.0286) (0.0399) (0.0411)

Log-likelihood -9848.66 -9054.97 -4772.49 -4658.07 -4821.92 -4290.76
Pseudo-R2 0.0351 0.1128 0.0437 0.0667 0.0285 0.1355
Observations 14762 14762 7286 7286 7476 7476

NOTES: Binary dep.var.= l if individual received formal training in current job. Coeffs and 
rob.standard errors reported. Voluntary movers:^report having left previous job to earn more 
or to get a better one. Laid-off movers: =  reported dismissal or laid off from their previous job or 
fixed term expired, not renewed by employer.

therefore little inference could be made from the experience and tenure profiles.
I examine this hypothesis in table 3.9. This exercise should be carried out in a 

very cautious way, because of the very heterogeneous nature of the data on training 
provided by the cohort s t u d i e s . T h e  other specific factor to take into account 
is that the theoretical structure devised for wage determination may not directly

“̂̂ The time horizon in most cases is 3 years, but differences in questionnaire sections on training 
do not allow for a more accurate definition.
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translate into a similar set of training incentives for firms, no m atter how intuitive 
some statements may sound. Bearing these caveats in mind, I estimate the provision 
of training by the current employer as a function of the same characteristics used 
in the earnings regressions. For the combined sample, we see positive (although 
decreasing) effects of schooling, experience and tenure on training incidence. Cogni
tive ability plays an important role too. The important aspect here is the decreasing 
effect of schooling on the incidence of training as tenure increases, with the opposite 
effect holding for the incidence of ability. When introducing additional controls, the 
schooling interaction effect loses importance, but it becomes clear that previously 
laid-off workers are less likely to receive training.

The learning effect on the incidence of training amongst white collar workers 
is very strong, judging from the opposite signs of the ability*tenure and school- 
ing*tenure coefficients. In this case, voluntary movers are also found to be more 
likely to receive training. For blue collar workers, the story is completely different, 
with the positive effects of ability and schooling on training increasing with experi
ence. The tenure profiles in this case do not reveal much, but it is quite remarkable 
to see how being a “mover” reduces the chances of receiving training, independently 
of the context (laid-off versus voluntary job changers).

Although it is possible that these results actually reflect some sort of inverse 
causation, a reasonable interpretation is that employer learning is present in many 
parts of the labour market and that it operates in many different ways. The ef
fects on training indicate that it is not possible to ignore the process of human 
capital accumulation, which will have very different implications depending on the 
specificity of the human capital. Asymmetric learning shows that even perfectly 
transferable human capital may not be so because of the informational advantage 
that an incumbent firm may have with respect to other potential employers.

3.5.3 Learning on two dimensions, by education level

Following Schonberg (2002), I also present results on the ability-experience profiles 
of wages by highest educational attainment. This analysis is complemented by 
evidence of learning on an additional dimension.

This chapter has so far focused exclusively on the identification of employer 
learning from a measure of cognitive ability. It could be argued that firms also 
learn about other individual traits which are equally important towards increasing
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productivity and are highly valued in the labour market. Social skills are thought 
to be valuable not just from a personal point of view, but they also enhance an 
employee’s capacity to interact with customers, superiors, colleagues and managing 
subordinates. Apart from whether an individual is strictly qualified to do a job, 
recruiters place a value on these skills which can often be the main factor when 
deciding whom to hire.

TaW^3%lDC§ymmetric learning: B y Education Level

Low Quals Mid Quals High Quals
I II I II I II

Cognitive ability 0.091 0.083 0.051 0.098 0.064 0.085
(0.022) (0.027) (0.015) (0.024) (0.020) (0.027)

Antisocial index -0.007 0.006 -0.020 -0.024 -0.008 0.001
(0.013) (0.020) (0.013) (0.023) (0.018) (0.024)

Experience 0.038 0.041 0.045 0.046 0.032 0.035
(0.006) (0.006) (0.005) (0.005) (0.006) (0.006) 

Exp*Cog.ab./10 0.003 -0.001 0.035 0.010 0.043 0.029
(0.017) (0.014) (0.011) (0.015) (0.017) (0.021) 

Exp*Antisoc/10 -0.002 -0.009 -0.008 -0.007 -0.024 -0.029
_______________ (0.009) (0.012) (0.010) (0.014) (0.017) (0.019)
Observations 4211 6513 3437

NOTE: Ordinary least squares. Dependent variable: Log real gross hourly wages. All specifications 
include year dummies and a quadratic term in experience. Specification II also includes controls for 
different skill prices in 1981. Standard errors in parentheses, robust to within-individual correlation.

Employers might be able to infer cognitive ability through educational attain
ment more accurately than other social and interpersonal skills that are certainly 
difficult to certify. This could well explain why personal interviews are a crucial 
aspect of the overall screening process.

NCDS and BCS contain information on a series of syndromes that relate to 
patterns of antisocial behaviour in the cohort members when they were children. 
We use a comparable index of antisocial behaviour measured at 11 (NCDS) and 10 
(BCS) as a proxy for other non-cognitive skills.

I first explore the implications of the general symmetric learning model, with the 
main results displayed in table 3.10. It includes two types of specifications for each 
educational group, one excluding and the other including controls for the possibility 
of different skill prices in 1981. These controls, which are discussed above, tend to

higher value of this index implies a lower value of social skills.
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underestimate the extent of learning given the limited structure of the panel data 
available.

The antisocial index has in itself little or no impact on wages. Its main effects, 
however, are linked with higher levels of experience. The negative sign of the in- 
dex*experience interaction indicates that the negative return to antisocial syndromes 
becomes more acute as individuals accumulate experience. This effect is most rel
evant amongst those with high qualifications. The pattern of wage-experience pro
files being steeper for more able individuals is more pronounced amongst those with 
higher levels of qualifications, suggesting there is more learning going on amongst 
those who have previously invested more in education. It is interesting to note that 
the pure returns to experience are lower for the ‘college’-educated group than for 
those with secondary education, supporting the hypothesis that schooling is being 
partly used as a signal.

Table 3.11: A sym m etric learning: B y  Education Level

Low Quals Mid Quals High Quals
Cognitive ability 0.088 0.051 0.064

(0.022) (0.015) (0.020)
Antisocial index -0.006 -0.017 -0.008

(0.012) (0.014) (0.018)
Experience 0.033 0.039 0.023

(0.006) (0.005) (0.007)
Tenure 0.018 0.012 0.016

(0.003) (0.004) (0.005)
Exp*Cogn.ab./10 -0.015 0.045 0.060

(0.017) (0.012) (0.020)
Exp*Antisoc./10 -0.001 -0.006 -0.048

(0.010) (0.011) (0.020)
Ten*Cogn.ab./10 0.029 -0.023 -0.042

(0.018) (0.015) (0.027)
Ten*Antisoc./10 -0.002 -0.007 0.004

(0.012) (0.013) (0.024)
Observations 4211 6513 3437

NOTE; Ordinary least squares. Dependent variable: Log real gross hourly wages. All specifica
tions include year dummies and a quadratic term in experience and tenure. Standard errors in 
parentheses, robust to within-individual correlation.

Table 3.11 tests whether observed employer learning is mainly symmetric or 
asymmetric across firms. The tenure interactions for highly and middle educated
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men are not significant, thus suggesting that learning is fairly symmetric for this 
group. With respect to individuals with low qualifications, it appears that in spite of 
the lack of significant ability and experience interactions, additional tenure increases 
the estimated returns to cognitive a b i l i t y . T h i s  supports the hypothesis of private 
learning about low qualified men by the incumbent employer.

3.6 C oncluding rem arks

This chapter has discussed the empirical implications of a model of asymmetric em
ployer learning about a worker’s real productivity. This framework encompasses 
existing models on symmetric learning and also provides some foundations for ex
isting informal tests of asymmetric learning. Additionally, it has provided new evi
dence on the existence of labour market discrimination based on schooling levels and 
on the process of employer learning about male workers’ ability in Britain. Broadly 
speaking, there is support for the hypotheses of ability learning and schooling-related 
discrimination particularly for white collar workers, although human capital accumu
lation in the workplace seems to play an equally important role vis à vis explaining 
the observed ability and schooling experience-related wage profiles. Such process of 
skill accumulation can also be driven by the existence of employer learning. Esti
mates of the probability of receiving training from the employer coincide with this 
view.

W ith regard to the evidence on incumbent employers having privileged learning 
opportunities, there seems to be some mild support for the hypothesis that this is 
the case for blue-collar, less educated workers. Asymmetric learning for this group 
implies that employers will have an even stronger monopsonistic power over their 
employees. This suggests that further efforts should be made to devise schemes of 
skill certification for less educated British workers. A dual apprenticeship scheme 
might be a feasible mechanism.

Some additional evidence is found in support of the hypothesis that employers 
learn (and act upon) characteristics other than cognitive skills. Estimates suggest 
that most of the direct negative wage impact of a high score on an index of antisocial 
behaviour is associated with increasing levels of labour market experience. Individ-

However, note that the coefficient is not statistically significant from zero: Low educated men 
without good references from their employers would find it difficult to gain access to better paying 
jobs, and this gives employers strong bargaining power.
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uals with low social skills appear to find it more difficult to progress in organizations 
and subsequently experience wage increases. This could explain the increasing re
liance by employers on personality questionnaires and related forms of psychometric 
testing, as documented in Jenkins (2001).

Together, these results combined present a richer description of the British 
labour market, which substantially differs from the standard view amongst many 
economists and policy makers. In order to prevent unintended distortions, educa
tional reforms and interventions aimed at improving the skill level of workers need 
to foresee their likely impact on the informational value associated to qualifications. 
Changes in the informational content of signals in an economy will have a wide range 
of repercussions on the human capital investment efforts made by individuals and 
on the way expectations are formed by employers about their employees’ real skills.
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Chapter 4 

Qualifications and Skill M ism atch  
among European Graduates: 
Some N ew  Evidence

4.1 In troduction

Three empirical findings about the supply of skills and changes in wage inequality in 
the U.S. and U.K. have triggered a renewed interest in the way supply and demand 
for skills interact with each other:

1. There has been a large increase in the supply of highly educated workers.

2. There has been a widening up of the wage gap between more and less educated 
workers.

3. Rising wage inequality has been mainly concentrated within groups of identi
cally educated individuals.

On the demand side, it has been suggested that technological change has in
creased demand for skills which are more complementary to new technologies. This 
is also thought to have caused complex organizational changes within companies. 
Some of the alternative theories discussed in the literature relate to increased trade 
with developing countries that export goods produced by less skilled labour, and 
to institutional changes such as those relating to the importance of trade unions, 
minimum wages, etc.
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On the supply side, the higher abundance of skills arising from the steady rise 
in the proportion of skilled labour, in principle should have led to a lower return to 
education. However, this has not been the case since the Seventies -  the higher 
demand for skills seems to have offset the supply-driven downward pressure on 
relative wages.

Certainly, the most important part of the puzzle relates to the observed in
crease in within-group inequality. Within-group inequality is generally understood 
to mean wage dispersion amongst observatlbhally equivalent individuals. Data col
lected from most surveys provides information on an individual’s qualification level, 
experience, occupation and industry, with varying degrees of precision. Education 
and experience are the key variables used in the empirical human capital literature 
and are supposed to define an individual’s skill level. According to this theory, these 
broadly defined variables should be the main determinants of wages. However, the 
proportion of the wage variation explained by these variables is still quite low. Two 
explanations are often provided: firstly, there appears to be a considerable amount of 
unobserved variation in skills and abilities that is unaccounted for, such as individual 
ability and motivation levels, as well as the quality of an individual’s education and 
qualifications. Secondly, if the labour market is not entirely competitive, the alloca
tion of workers to jobs may be not be perfect and job characteristics may also play 
an important role in explaining wages. Controlling for industry and occupational 
categories does not provide the full answer to observed wage dispersion. On the one 
hand, variation within ‘education*occupation*industry’ cells remains unexplained, 
and the recent increase in wage inequality appears to have been mainly concentrated 
at this level. On the other hand, the matching process between workers and jobs is 
also subject to changes as is the allocation of skills to tasks.

Moving on to a more specific level, there might be idiosyncratic features of firms 
in which individuals are employed that lead to subsequent different in earnings. 
Such unobserved characteristics are likely to be correlated to their capacity to in
novate, provide training to their employees or even assess optimally the nature of 
the jobs to be created and the specific profile of the worker needed for that job. A 
relatively recent body of the literature has focused on the estimation of wage mod
els that account for firm-specific fixed effects. With a matched employer-employee 
longitudinal data set, wages can be decomposed between a standard human capital 
worker-specific component and an establishment/ employer-specific one. (see for ex
ample Lane et al (1998) and Abowd et al (1999)). For example, using this type of
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data Burgess, Lane and Stevens suggest that changes in the rates of job and worker 
reallocation, and the nature of the process allocating workers to jobs are partly 
responsible for observed changes in wage inequality in the U.S. state of Maryland.

This chapter deals with the empirical treatment of available data relating to 
this matching process -  in particular, focusing on the observation that many jobs 
are occupied by workers who apparently have skills and qualifications to do more 
demanding jobs than those in which they are employed who simply seem more suited 
to other types of occupation.

This observation was often been interpreted as providing a confirmation of short
comings in human capital theory and providing support for purely credentialist the
ories of education. In the Seventies, the massive increase in the supply of college- 
educated Americans ran parallel to a reduction in the educational wage premium. 
This led economists such as Freeman (1976) to refer to the concept of “The Overed
ucated American” . From a purely economicist perspective, excessive investment in 
education was apparently taking place for two reasons: firstly, from a human capital 
point of view, increased supply was not being matched by a higher demand for skills, 
thus leading to lower relative wages. In this case, the rate of return to education 
did not seem to justify ever increasing investment levels in education. Secondly, the 
observation of a larger proportion of the graduate population employed in jobs that 
do not require degree qualifications, contributed to the argument that education 
was not very effective at enhancing individual productivity levels. In some people’s 
view, by investing in education, individuals were just trying to signal themselves as 
better workers. The problem was perceived that, as more individuals chose to do 
this, the value of the education signal was bound to become less valuable.

New evidence has contributed to the dismissal of some of these views and has 
provided new insights on the ‘mismatch’ phenomenon. During the Eighties, the de
mand for skills soared and wage differentials rose rapidly without a parallel decrease 
in the supply. Furthermore, the empirical observation of excess qualifications for a 
job may have nothing to do at all with alternative theories about human capital. In 
general, over-education spells do not seem to be a permanent state in an individ
ual’s career. Sicherman’s (1991) major contribution has been to show that negative 
features associated with excess-education episodes (such as lower wages) are highly 
transient in that they are frequently associated with upward mobility events that 
cannot be found so often found amongst ‘adequately’ educated individuals. He also 
pointed out that this pattern is consistent with human capital theory. This argu-
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ment is that over-education spells coincide with the acquisition of other essential, 
‘missing’ skills, which can only be accumulated on-the-job.

The possibility that observed over-education may to some extent be due to imper
fect measurement of human capital is increasingly accepted. Sicherman’s (1991) in
terpretation of over-education as a skill-accumulation period may be complemented 
by the realisation that job characteristics can also be driven by unobserved indi
vidual characteristics such as ability and education quality. This may explain why 
individuals can be classified as skill-mismatched although this is certainly not always 
the case. Significant wage penalties may be associated with individual heterogene
ity and reflected in the skill/job matching process. Measured wage impacts of a 
worse skill/job match quality can be thought of as a possible decomposition of the 
wage dispersion that is found within groups of individuals with a particular educa
tional level. However, estimated returns do not necessarily reflect differences due to 
exogenous matching outcomes.

W ith an increasing level of participation in higher education, this group is likely 
to become more heterogeneous. Not only might the average ability decrease, but 
the dispersion of ability in this group may increase. Average earnings and their 
associated variation might subsequently respond to these changes. Under a very 
fixed demand for graduates, the proportion of over-educated graduates is likely to 
increase following a massive increase in the supply of skills. For example, Angrist 
(1995) analyses the sharp increase in the supply of skilled Palestinian labour follow
ing the opening of Palestinian institutions of higher education. Existing premia to 
college graduate workers (relative to high school graduates) fell by almost half, from 
forty to twenty percent. Simultaneously, the unemployment rate amongst graduates 
increased substantially and, in many cases, graduates has no option but working 
in occupations unrelated to their formal skills. The responsiveness of wages to the 
changing relative supply/demand is likely to be an important factor driving the in
cidence of over-education. With more flexible wages, wages will tend to diminish so 
as to adjust supply and demand. Thus, the impact of increased skill supply on the 
proportion of the workforce that is over-educated will be minimal. Under a more 
rigid wage structure, there will be an excess supply of graduates who will necessarily 
have to become either unemployed or employed in lower-level jobs or jobs unrelated 
to their qualifications.

It has also been argued that widening participation in higher education has pro
duced a series of responses by employers: with a large supply of graduates, employers
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might be less reluctant to hire graduates for non-graduate jobs, since their quit rate 
will not be so high and there are less pressures to pay them ‘graduate’ wages. This 
phenomenon is known as qualification infiation. A similar but distinct process re
lates to the upgrading of qualification requirements for any given job in response to 
a presumed decline in educational standards. This is known as ‘grade-drift’ and has 
become a recurrent topic of discussion in reference to steadily-improving secondary 
education results.

However, Acemoglu (1999) has argued that" an increase in Hie sfi^pTy*5f skills 
might actually promote the creation of jobs requiring higher skills instead of middling 
jobs that can be performed by individuals from a wider ability background.^ Besides, 
the greater availability of an educated workforce may also drive firms to implement 
innovations and organizational changes that are more complementary with higher 
skills. In this case, the matching between jobs and skills might improve in an 
economy. He suggests this is what may have happened in the US in recent decades.

The concept of over-education is very controversial. This study adopts a very 
agnostic approach to the definition and interpretation of over-education among 
higher-education graduates and its labour market effects. It attempts to distin
guish between the different concepts of skill mismatch and qualifications mismatch, 
as possible interactions between both mismatch dimensions are investigated.

This chapter analyses a complete set of individual economic effects arising from 
skill and qualifications mismatch; wage penalties, satisfaction with type of work, 
job search efforts and effective mobility. In all cases, the worst-case match scenarios 
are compared to the option of not investing at all in higher education, in an attem pt 
to identify the dimensions on which genuinely mismatched workers are better or 
worse off than less educated individuals. In this analysis, I exploit the longitudi
nal dimension of a relatively new European-wide data set to produce fixed effect 
estimates of the returns to improved match quality. By comparing these estimates 
to ‘cross-sectional’ returns, conclusions will be drawn on the relative importance of 
unobserved individual characteristics in driving existing wage differences. Addition
ally, mobility patterns suggest an additional and complementary interpretation of 
over-education spells: screening by employers.

In Europe, institutional differences have substantially shaped the way in which 
increases in the supply of higher education graduates and technological change have

^This can involve upgrading some traditionally non-graduate jobs by increasing their skill con
tent. IT developments might have provided the basis for some of this upgrading phenomenon.
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had an impact on the wage distribution. More intervened and regulated labour 
markets on the continent have been thought of as the more likely reason for why 
inequality did not increase there as much as it did in the US and in the UK. The 
European dimension of the data allows the production of comparable results across 
countries which can be related to institutional differences in their labour markets 
and educational policies.

The structure of this chapter is as follows: Section 4.2 discusses the existing 
approaches to measure skill mismatch and the problems involved in its empirical 
measurement. Section 4.3 explains the data used, with particular emphasis on the 
combination of information on formal qualifications/job mismatch and the degree 
of utilisation of general skills. The empirical analysis contained in sections 4.4.1,
4.4.2 and 4.4.3 covers an examination of pooled cross-sectional differentials in wage, 
satisfaction and job search effort levels, respectively, across different ‘match quality’ 
groups. This is followed in section 4.4.4 by an examination of fixed-effect wage 
estimates of the penalty to skill mismatch and discusses actual mobility patterns 
associated with mismatch. Section 4.5 concludes.

4.2 Background

Probably the most traditionally used concept in the worker/job skill mismatch lit
erature is that of “over-education” . As explained above. Freeman (1976) drew at
tention to over-invest ment in higher education as a possible reason for the large 
fall in the rate of return to a US degree in the Seventies. The fact that education 
is usually measured as years of schooling explains the alternative use of the “over
schooling” concept. These definitions reflect a situation in which an individual’s 
skill level exceeds that which is required by his/her current job. Conversely, the 
symmetric concepts of “under-education” and “under-schooling” are supposed to 
describe the opposite situation in which an individual has less education/ schooling 
than that is thought to be required for his/her job. These definitions have been gen
eralised in an attem pt to account for additional skills which do not strictly conform 
to the conventional concept of education. Individuals are said to be “over-skilled” 
or “under-skilled” depending on the relationship between their actual skills and the 
job requirements.^

^Additionally, because it is often believed that general education is a good in itself and in
dividuals cannot be ‘satiated’, yet another concept has been developed, that of an “excess or
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All these concepts need some empirical content in order to be meaningful. The 
literature has identified skill mismatches from the available data according to four 
different definitions. As Groot and van den Brink (2000) report, these can be divided 
into two major groups. Objective definitions are based on the comparison between 
years of education completed and either the average^ education level corresponding 
to a worker’s occupation, or the job level requirements. The latter are calculated 
following formal analysis of each job-title by experts.

Subjective measures are derived from direct questions to individual workers 
about their own rate of skill utilization. This questioning may proceed in two dif
ferent ways. Workers may be asked to report both their actual education and what 
they think the required education level is. Alternatively, they may simply be asked 
whether they are over-qualified for the job they perform. The latter approach has 
the disadvantage of not providing a measure of the extent of mismatch.

There is not an obviously superior way of measuring skill mismatch. Subjec
tive measures are less likely to be reliable in the sense of all interviewees equally 
understanding the concept and reporting accurately on the required skills. Their 
advantage is tha t they address the skill mismatch issue in a direct way. Objective 
measures need to adopt indirect methods that might also be unreliable for a number 
of reasons. Job titles may not be the most adequate description of a job’s require
ments and substantial heterogeneity within every title might remain unaccounted 
for. The calculation of an average educational requirement for an occupation im
poses too large a dose of arbitrariness in choosing a confidence interval. Similarly, the 
variation of education within occupations may not allow for a meaningful derivation 
of mismatch measures because of insufficient variation and empty cells.

The study by Duncan and Hoffman (1981) appears to be the earliest to recognise 
that the return to a year of surplus education seems to be half of the return to 
required education. In that study, over-education is measured using self-reports on 
skill requirements. Objective measures are used in Rumberger (1987), based on 
the Dictionary of Occupational Titles. This reports on three different measures of 
“General Educational Development” . These measures were translated into a single

over-qualified” worker. This term appears to fit better with the more European notion of edu
cation as being reflected in qualiflcations rather than actual years of schooling, because of the 
alternative progression routes offered in most countries.

^Generally, the average education in an occupation is considered not as a point estimate, but 
as a confidence interval with radium of a standard deviation or more. This prevents the possibility 
that nobody is classified as adequately matched.
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continuous variable of required years of schooling. In contrast, Verdugo and Verdugo 
(1989) define required schooling as a one standard-deviation range around the mean 
level of schooling within occupations, which are disaggregated at the three-digit level. 
Hartog and Oosterbeek (1988) find similar results for Dutch data using workers’ self- 
reports and job analysts’ grading of the occupational content of qualifications.

In his influential paper, Sicherman (1991) uses a measure of required schooling 
levels to get the job. This question was asked in some waves of the U.S. Panel 
Study of Income Dynamics. This differs from the question on ‘required schooling to 
perform in the job’ that is contained in the Spanish Work and Life Conditions Survey 
and provides the basis for the analysis in Alba-Ramirez (1993). Many other studies 
have examined the incidence and effects of over-education in other countries, for 
example, Groot (1996), Battu et al (1997), Sloane et al (1999), Dolton and Vignoles 
(2000), Green et al (1999) for the UK and Santos et al (1997) in Portugal, to cite 
just a few of them.

A common feature of all these definitions is that skills are understood as a 
magnitude which can be projected onto a single dimension. Following a comparison 
with skills required in a given job, actual skills can serve to classify an individual into 
one of three categories: over-educated, adequately educated and under-educated. 
This simplification is clearly at odds with reality, where a vast array of skills are 
highly valued in the labour market and, what is most important, not equally ranked 
across occupations. For example, cognitive skills are not rated as highly compared 
to physical strength in manual occupations as they would be in non-manual jobs. 
Social skills are not equally valued in occupations requiring a lot of customer service 
and those in which an individual has to process data in front of a computer terminal, 
for example.

Quite often, it is perceived that empirical definitions of over-education are severely 
flawed because of the disappointing lack of detailed information on actual individual 
skills. Even under the assumption of a single skill index, different university degrees 
may be associated with different skill levels. Measures of gross academic qualifica
tion will tend to exaggerate the skills of individuals with a ‘worse’ degree and also 
exaggerate the intensity of their over-education status if the current job does not 
require a degree.

To illustrate this, assume that ability increases the probability of obtaining a 
better degree but the probability of being adequately matched only depends on the 
quality of such degree. In this case, the distribution of degrees obtained amongst
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mismatched graduates will consist of a higher proportion of students with worse 
degrees than that for non-mismatched graduates. In these circumstances, over
education might be a reasonable risk to take and a price worth paying for individuals 
who choose to invest in easier, low quality degrees.

Furthermore, it is highly plausible that degrees cannot be ranked in terms of skill. 
Moreover, there is still the problem that the relative demand and supply for each 
type of graduate may differ and some graduates find it more difficult to find jobs that 
match the specific skills they have acquired. Traditionally, arts disciplines exemplify 
the type of situation in which graduates often end up working in unrelated fields. 
This relatively low demand does not mean that the acquired skills have no realised 
individual economic value, since a degree is also supposed to provide graduates 
with something more than knowledge such as interpersonal skills, capacity to meet 
deadlines, research capabilities, etc. Neither does it mean that these individuals 
are genuinely over-qualified. In moving to a different type of occupation, their 
capabilities in other fields might be limited and only compensated by faster learning 
through experience and training. Thus, jobs which are not directly related to an 
individual’s education do not necessarily imply that an individual is over-educated. 
This could be defined as a situation of pure ‘mismatch’ but no over-education.

Non-pecuniary theories of education are often referred to when justifying invest
ments in skills which are not very ‘matchable’. If the pay penalty for this type of 
mismatch is small, it might just be about sufficient to argue that some individuals 
have a preference for studying ‘more attractive’ topics even though they will have 
to work in ‘less interesting’ jobs. In other cases, individuals may forego part of their 
wages to be employed in jobs more related to their qualifications.'^

Strong conceptual problems also arise when analysing the concept of under
education. It is difficult to understand how firms can hire workers who have less 
than the required qualifications for a job. The main interpretations are described 
below:

• Other skills can compensate for potentially low educational attainment. Ex
perience, training and know-how are the obvious compensating skills which 
go unnoticed in conventional measures of over- and under-education. In this 
case, there would be no real under-skilled workers.

• The reported information on required skills or education may not be directly

^Voluntary workers in museums or charities can be described as extreme cases.
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comparable to actual education because such skills may refer to different points 
in time (standards might have changed).

Both aspects can be combined in the following example: Consider a bank 
employee without a degree who performs tasks for which the bank, according 
to its current recruitment practice, only hires college graduates. This is more 
likely to be the case for more experienced workers for whom the possession of 
a degree was not a job-entry requirement at the time of application for the 
job.

• Firms may be willing to hire less qualified individuals because cost savings 
might compensate for foregone productivity.^ Otherwise, a match would be 
considered as undesirable from the firm’s point of view, as suggested by Sicher
man (1991). In many circumstances, genuine over-education is an implausible 
phenomenon in occupations where there are minimum standards of skill pro
ficiency (which might, for example, be set by law).

Although genuine under-education can be an important problem, particularly 
when minimum standards and safety issues are involved, there is no reason why this 
problem (viewed from the firm’s point of view) cannot be adequately internalised 
through the price it will receive from delivering a low quality service performed by 
an inadequately qualified employee.

Studies such as those by Sicherman (1991) and Alba-Ramirez (1993) agree in 
their finding that under-educated individuals earn more than their similarly edu
cated peers who are in jobs for which they are adequately educated. They also show 
that the former will still earn more than individuals in the same jobs with the re
quired education. However, their findings on the mobility patterns of over-educated 
and under-educated individuals are not symmetrical in the way expected, given 
their definitions. I interpret this finding as evidence that there are differentiated, 
sometimes counter-intuitive aspects involved in the empirical definition of under
education as suggested above. This chapter cannot provide additional evidence on 
these patterns because the data available in this study (that will be described below) 
does not allow analysis of any potential types of under-education.

The study of economic patterns associated with different degrees of qualification 
or skill mismatch has helped to develop better understanding of their nature and

^For example, consider a plumbing company hiring an unqualified, relatively untrained individ
ual to carry out complicated repair work.
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implications for the individual and the labour market as a whole. Theories of over
education are constructed around this approach. Sicherman (1991) studied the 
hypothesis that over-educated individuals are going through temporary periods in 
which they accumulate more training and experience, allowing them to move faster 
to better paid and more highly ranked occupations. This view suggests that skill 
mismatch is strongly linked to entry jobs. Apart from helping their employees 
accumulate human capital, employers can use over-education spells to screen workers 
at a low^Fplice, without assigning much responsibility to workers whose capability 
they are uncertain about.

Nevertheless, most of these papers find some evidence supporting the existence 
of a degree of persistence in the occurrence of over-education at an individual level.®

According to Dolton and Vignoles (2000), individuals in the 1980 cohort of UK 
graduates with lower classes of degree, degrees from polytechnic colleges and gradu
ates in social science, arts and languages were more likely to enter the labour market 
as over-qualified workers.

Over-qualification may not only be related to the quality of the degree, but also 
to the individual’s academic ability. For example. Green et al (1999) find that in the 
National Child Development Study of a British cohort born in 1958, low performance 
at maths tests taken at the age of 16 is associated with over-education at the age of 
33.

Hence, whereas mobility patterns imply that over-educated individuals are more 
skilled than those with less education, on average the former appear to be less able 
than similarly educated individuals in the right job.

Less attention has been paid in the literature to the matching of skills between 
workers and jobs. Few surveys ask individuals to report skills rather than qualifi
cations. Green et al (1999) use data from the International Adult Literacy Survey 
for the U.K. and use three separate measures of literacy and arithmetic operations. 
Interviewees were tested on these dimensions and also asked how often they used 
a series of reading, writing and arithmetic skills. Combining both results suggests 
that returns to actual skills are higher if the individuals are occupied in an appro
priate job matching their skills, thus implying a genuine under-utilisation of skills. 
Nevertheless, genuine skill under-utilisation need not imply any type of market fail-

® Aggregate over-education can be a steady-state phenomenon because younger cohorts will 
replace the stock of over-educated workers that become adequately matched as they progress in 
the labour market.
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lire, as under-utilised skills or even qualifications may be part of ex-ante optimal, 
precautionary investments (skills portfolio).

In a very recent paper. Green and McIntosh (2002) investigate the relationship 
between over-qualification and under-utilisation of skills using the 2001 U.K. Skills 
Survey, which also includes direct measures of skill utilisation. They find only a 
modest correlation between over-qualification and skill under-utilisation and con
clude that both types of skill mismatch have a significant impact on wages and on 
worker well-being.

In this chapter, particular attention is paid to the interaction between the degree 
of skill use and the relevance of formal qualifications in the current job. The nature 
of the data used is different from previous studies and is described in the following 
section.

4.3 D a ta

This study focuses on a subsample of male and female workers having attained at 
least secondary education^ and aged between 22 and 64. This subsample is extracted 
from the European Community Household Panel’s personal file.® The European 
Community Household Panel (ECHP) is the first real comparative household panel 
study covering European Union Member States. It contains micro-data at individual 
and household level and is longitudinal. ECHP data is collected on a year-by
year basis by National Data Collection Units, which are either National Statistical 
Institutes or research centres, depending on the country.

The longitudinal, ‘panel’ design of the ECHP makes it possible to follow-up and 
interview the same households and individuals over several consecutive years. In 
contrast with a cross-sectional survey, it supplies data on EU social dynamics and 
information on relationships and transitions over time at the micro level.

The data used here is an unbalanced panel with three yearly waves, from 1994 
to 1996. It contains information on personal characteristics, earnings and other

^In this chapter, I will refer to higher education graduates as the group of individuals with 
recognised high level education (ISCED 5-7). The total sample is limited to individuals who have 
at least completed the second stage of secondary school(ISCED 3).

®The subsample of individuals with secondary education is included in some of the empirical 
estimations in order to provide a comparison group for mismatched graduates. The countries 
considered in the analysis are: Germany, Denmark, Netherlands, Luxemburg, France, United 
Kingdom, Ireland, Italy, Spain and Greece.
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job-related attributes. For two reasons, ECHP constitutes a unique opportunity to 
compare skill mismatch patterns across Europe. First, it includes the same sub
jective measures of skill mismatch for all countries (which will be discussed below). 
Second, the longitudinal structure, although currently quite limited in its time span, 
allows testing of hypotheses that are not feasible to test in single cross-sectional stud
ies, which have served as the basis for most existing studies on over-education and 
skill mismatch.

The available information on skill mismatch deserves careful analysis given its 
subjective nature. The questionnaire administered to adult household members 
includes the following questions:

1. Do you feel that you have skills or qualifications to do a more demanding job 
than the one you now have?

2. Have you had formal training or education that has given you skills needed for  
your present type of work?

3. How much has this training and education contributed to your present work?

In the latter question, respondents were allowed to choose between a range of 
replies ranging from ‘a lot’ to ‘not at all’.

The limitations of this information with respect to the implementation of a 
meaningful empirical analysis of skill mismatches can be summarised by four basic 
points.

1. It is not possible to distinguish between the degree of mismatch relating to 
educational attainment and other types of human capital investments.

2. The wording in question 1 tends to encourage people to say that they have 
the capacity to do more demanding tasks at work.^

3. The wording in question 2 is somehow misleading as it implicitly includes two 
questions in which the answers may not be related.

4. Question 3 remains silent on the actual nature of the contribution of training 
and education to the current job. For instance, we do not know if (a) such skills 
were necessary to be admitted into that job, (b) to perform on the job. We

^This will be true if interviewees want to present a ‘good’ self-image.

149



do not know how sensitive these replies are to an interpretation in which they 
refer to an abstract worker in the current situation or to the worker himself at 
the time of entering the current job or in his current situation.

These problems are made worse by the fact that readily available information on 
qualifications and training has been significantly aggregated.^® The combined effect 
of these drawbacks constrains the analysis and the conclusions which can be derived 
from this data. However, most of these shortcomings are not exclusive features of 
this data and the undeniable interest in many of the unresolved questions on skill 
mismatch makes this task worthwhile.

Question 1 implicitly assumes that individuals can rank jobs on the basis of how 
skill-demanding they can be. An affirmative response denotes that an individual is 
over-skilled or over-prepared for that particular job.

Interpreting question 2 is more troublesome. We are led to assume that an 
individual always has the skills needed for the present type of work and the question 
appears to refer instead to the actual source of such skills. My reading of this 
question is that it refers to whether an individual feels she/he has received any 
formal skills that relate to the actual occupation. We are led to understand the 
question refers to real, formal qualifications. Question 3 is supposed to complement 
such information by giving details of the extent to which such formal skills are 
relevant.

W ithout conditioning on a particular level of education, data provided by any 
of these questions is quite uninformative. However, if we condition on individuals 
with a university or other tertiary-level degree, a nil or low relevance of formal 
skills must imply that the individual is occupied in a job genuinely unrelated to the 
degree-based formal qualifications. In order to have manageable cell sizes, only two 
basic binary variables have been created.

The first one is strictly based on question 1 and is only defined for individuals 
with higher education. This just reflects the yes/no answer to the question and I 
will refer to it as describing purely the existence (or not) of unutilised skills in a 
job match. This may not just refer to formal qualifications, but may also reflect an 
individual’s own assessment of his/her accumulated knowledge on the job, etc.

^®For example, in terms of educational attainment, it is only possible to classify an individual in 
three broad categories: primary and no qualifications; secondary; and tertiary levels. More detailed 
information is available for the small sub-sample of individuals who have completed qualifications 
a  very short period of time prior to the interview. This information was not used in the empirical 
analysis.
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The second variable is meant to describe the relevance of formal qualifications 
amongst individuals with higher education in their current job. This ‘qualifications 
relevance’ or ‘pure mismatch’ variable adopts the value 1 whenever the response to 
question 2 is negative or, if a positive response is followed by a reply to question 
3 that suggests a very small relevance of the formal qualifications. Conversely, its 
value will be zero only when the response to 2 is positive and formal skills are 
reported to be sufficiently relevant.

The interaction between these two variables provides an interesting set of possible 
combinations. In one extreme case, we can think of graduates whose formal skills 
are quite related to their jobs and where their overall skills are fully exploited given 
the demands of the current occupation. This could be defined as an ‘adequately- 
matched’ individual. At the other extreme, an individual might both be working 
in a job unrelated to his/her formal qualifications and feel capable of performing 
more demanding tasks. I define this case as one where the individual is genuinely 
mismatched and over-qualified.^^

The hybrid cases need more careful examination. First, it is possible that an 
individual feels over-skilled even though her own qualifications perfectly match the 
characteristics of her job. Other skills might provide an explanation for this situa
tion, but it is also possible to think of jobs in which qualifications are important to 
enabling entry to a company -  even at a very low level. For example, returning to 
the case of a bank employee, it is the case in many European countries that a degree 
is a necessary condition for recruitment, but tasks (particularly at the beginning) 
might easily be carried out by a less qualified individual with very limited training. 
The alternative explanation, which is less indicative of a skill mismatch, follows from 
the phrasing of question 1. As already discussed, this question appears to prompt 
the interviewee to say that there is room for improvement in terms of carrying out 
more demanding tasks. The presence of an interviewer might tend to exaggerate 
this behavioural response.

The opposite case describes a situation that has been often neglected in the 
literature. An individual with a higher qualification can be mismatched in the sense 
of being occupied in a job for which such formal skills are of little relevance, either 
in terms of access or performance. However, these individuals may not necessarily

Chevalier (2 0 0 0 ) defines a similar measure of ‘genuine’ over-education based on the additional 
information revealed by a worker’s degree of satisfaction with her job. He finds substantial wage 
differentials between degrees of educational mismatch.
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consider themselves as over-qualified. This situation might just reflect career shifts 
and there is no evidence to the worker that this situation is undesirable. Thus, an 
arts graduate might find a work in fashion, for instance, sufficiently demanding and 
rewarding. A similar graduate might find an administrative job less rewarding, but 
equally demanding. It is interesting to find out whether such job-skill matches are of 
a temporary nature undertaken by graduates to help them acquire additional skills 
in completely different careers or whether they are just stepping stones towards jobs 
that are more related to the graduates’ formal qualifications. Table 4.1 summarises 
the four possible over-skilled/ qualification-related match combinations.

Table 4.1: Classification of m ism atch categories

U nrelated  form al qualifications?
Yes N o

Yes G enuinely  m ism atched Ju st over-skilled
Over IV III
skilled? N o Ju st m ism atched A d eq u ately  m atched

II I

The analysis in this chapter refers exclusively to graduate skill mismatch. In
dividuals with secondary education are sometimes considered as a reference bench
mark. For example, one important question is whether it is worthwhile for an 
individual to invest in a degree if the risk of being mismatched is quite severe. All 
individuals with secondary-level qualifications are treated equally, without distin
guishing between those who are mismatched and those who are adequately matched. 
In any case, the format of the questions would not allow the definition of categories 
in the same way as has been done for higher education graduates.

Let us first turn our attention to how the different categories of skill-match are 
distributed amongst European graduates. Figure 4.1 shows that the proportion of 
male graduates who are adequately matched does not exceed 40 percent in any of the 
European countries considered. The rate is particularly low in the Mediterranean 
countries, Belgium and the UK. However, the latter two have a very low proportion 
of genuinely over-qualified, mismatched workers. By this measure, Italy, Greece and 
Spain are also the worst performers. Even though these countries have experienced 
fast rates of growth in the participation rate for tertiary education, the proportion of 
their populations with higher educational attainment is still low compared to other

152



European countries. This suggests that skill mismatch is not entirely driven by
education supply factors -  other factors such as the demand for skills and matching
efficiency may play an even more important role. The group of strictly mismatched
workers who are not over-skilled appears to be a small minority of the graduate
workforce. The majority is concentrated in the group located in ‘relevant’ jobs but
still able to perform more demanding jobs. This high percentage might be a direct
consequence of the wording of question 1, as has been already suggested.

t K " '  -

F igure 4.1: Incidence of skill m ism atch: E u ro p ean  m ale g rad u a tes
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Hence, it is possible to argue that the proportion of graduates working in jobs 
that are quite related to their formal qualifications is quite high, with the exception 
of Southern European countries.

Figure 4.2 conhrrns the relatively worse performance for women in Mediterranean 
countries in terms of skill mismatch. Very small differences can be found between 
the distribution of ‘match quality’ for men and women.

ECHP data is not particularly well suited for identifying what personal character
istics tend to increase the likelihood of genuine over-qnalification and skill mismatch. 
After conditioning on the grossly dehned measure of education, there is no ability
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Figure 4.2: Incidence of skill mismatch: European female graduates
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information that can be used to test whether genuinely over-qualified individuals are 
less able on average or whether they have attained less ‘valuable’ qualihcationsd^ 
The probability of being observed in this group initially increases with age until 
about the age of forty, and then decreases. This suggests that very recent gradu
ates do not systematically and immediately see themselves as over-qualified. After 
spending a significant amount of time in the labour market, they recognise their 
capacity for more demanding and skill-related jobs.

However, it is job-related characteristics that play a more important role in de
termining the quality of a person/job match. Higher tenure, and membership of 
larger firms that provide training to employees are factors that reduce the probabil
ity of genuine mismatch. Individuals who have suffered earlier unemployment spells 
are more likely to be ‘genuinely’ over-qualified. People employed in managerial or 
professional occupations are less likely to be over-C|ualified.^^ It may be argued that

‘Genuine’ over-qualification probit estimates and other multinomial logit results are not dis
played here because of the lack of additional insight brought about by these results for space 
considerations.

^^The same applies for individuals in the public sector.
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these variables are jointly determined with ‘match quality’ because there are unob
served individual differences in skill that define the process through which workers 
are allocated to jobs in the labour market. Thus, these coefficients cannot be inter
preted as relating to the marginal effect of an exogenous modification in a given job 
characteristic on the probability of being ‘mismatched’.

4.4 E stim ation  m eth od s and resu lts

The empirical analysis contained in this chapter concentrates on the labour mar
ket effects of different degrees of skill mismatch. As explained above, the limited 
available information does not help to evaluate exogenous sources of variation in an 
individual’s match quality. This task is quite formidable, as the characteristics of 
a match are the result of a comparison between individual skills and job charac
teristics. If for example, one wanted to examine the wage impact of an exogenous 
change in the quality of a match, it would be necessary to find a determinant of 
skill mismatch that is independent of the statistical process determining wages. In
strumenting skills is subject to the same type of criticisms relevant to studies that 
estimate returns to education. Instrumenting job characteristics is probably an even 
harder task because of the correlated assignment process between workers and jobs.^^

The first focus of attention is on the analysis of the wage differentials associated 
with improved degrees of ‘skill match’ between workers and jobs, controlling for a 
range of individual characteristics. The absence of valid instruments in the data has 
led me to focus primarily on a comparison of OLS estimates in specifications with 
and without job characteristics. Some basic questions are addressed:

• Are better matched workers observed to receive higher wages than those who 
experience some kind of skill mismatch?

W hat types of skill mismatch imply larger wage penalties? Are there signifi
cant interaction effects between the two measured dimensions (pure mismatch 
and under-utilised skills)?

^^For example, Dolton and Silles (2002) use graduate alumni data from the Newcastle Alumni 
Survey to evaluate the impact of family circumstances and personal characteristics on reported 
over-education. I choose not to follow their approach of excluding family obligations and debt 
commitments as a source of identification because of the lack of convincing evidence about their 
validity as instruments.
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• Is there any positive return to obtaining qualifications that produce genuinely 
over-qualified, mismatched workers?

• Are there significant differences in these patterns across European countries 
and between men and women?

Since it is understood that part of the returns to education materialise in higher 
probabilities of occupational upgrading, and skill mismatch tends to be more con
centrated amongst young workers, it is important to analyse the patterns of career 
mobility amongst mismatched workers. For example, Sicherman and Galor (1990) 
find a significant negative correlation across occupations between the estimated re
turn to schooling and its marginal effect on the probability of being promoted to 
a better job.^^ This suggests that some occupations reward human capital directly 
but provide fewer opportunities for career mobility, whereas some occupations of
fer lower initial rewards to skill (lower entry wages) but provide better promotion 
prospects. The key hypothesis, as stated by Sicherman (1991), is that over-educated 
workers, although initially penalised in their wages, tend to move faster to better 
occupations than their adequately matched peers. This refiects the view of over
education as a temporary state of alternative skill accumulation preceding access 
to better-paying, higher ranked occupations. Validating this hypothesis would con
tradict the alternative view of an underlying permanent inefficiency of the labour 
market in allocating workers to the jobs they are most suited for.

In some circumstances, upward mobility occurs within the same firm. However, 
it is also often the case that a worker will find it impossible to progress within the 
same organization if for example, the firm specialises in occupations that do not 
fully match the worker’s skills. In that case, job search will necessarily precede any 
subsequent episode of job upgrading.

1 examine these different issues by empirically assessing how satisfied the different 
match quality groups are with their current jobs; how likely they are to be actively 
involved in search for another job; and finally, how successful they are in terms of 
finding a better job.

Upward mobility is tested in two different ways that exploit the longitudinal 
nature of the data. The first one ranks different occupation-by-industry categories

their analysis, if prn denotes the estimated return to a year of schooling in occupation m, and 
r̂n denotes the marginal effect of schooling on the probability of positive occupational mobility, 

the covariance between and 7 ^  appears to be significantly negative.
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for each country according to the average wage paid in each one of them. This 
produces an ordered list of generally defined ‘jobs’ that allows evaluation of whether 
an individual improves or disimproves her position whenever she changes industry 
or occupation. Because wage increases are unlikely to be immediate and the time 
dimension of the panel is very limited, this test can be a good indicator of upward 
(and downward) mobility. Alternative methods could be used to produce similar 
rankings, either based on the proportion of highly educated workers in each cate
gory or on the ‘cell’-average of the predicted wages from typical Mincerian human 
capital wage regressions on individual characteristics. The analysis suggests that 
the ranking of job categories is quite robust to the classification method used.

Finally, the potential of longitudinal data for estimating returns to the quality of 
a job match cannot be left unexplored. Individual variations over time in the degree 
of mismatch may be compared to variations in wages. A fixed effect estimator can 
capture this and remove any distortions caused by fixed and unobserved ability or 
skill (provided they enter a log-wage specification additively). It is important to 
note that all the variation in the regressor comes from changes in the characteristics 
of the job or the person’s skills which are different from academic qualifications 
because within-individual educational attainm ent variation in the sample is almost 
non-existent.

4.4.1 M ism atch-related wage differentials

Consider that the log wage of an individual i from country c with at least secondary- 
level educational attainment is determined by the following equation at time t.

l ogW i^ t  =  Oic,t +  +  P lI I , c X l I I , i , t  +  PlV,c^IV, i , t +

where = l{i has a tertiary level educational attainment and skill match quality 
is optimal=I). The function 1(A) is the indicator function associated with the event 
A  and the remaining x dummy variables differ in terms of the quality of skill/job 
match for higher educated individuals. The remaining categories by roman numbers 
are as delineated in table (4.1), with group II corresponding to those not over-skilled 
for their jobs but still mismatched. III is associated with those correctly matched 
but over-skilled for their jobs and IV for the worst match category. The baseline 
comparison group thus corresponds to all individuals with secondary-level education,
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which are included in the estimation in order to examine whether worse-matched, 
high educated individuals perform better or worse than those with an immediately 
lower education level. Net penalties to different degrees of skill mismatch for a given 
country c can be calculated from ~ Pj,ĉ  where j  6 { / / ,  I I I ,  IV}-

Standard estimates of the impact of skill mismatch are mostly derived through 
ordinary least squares methods. At this stage, I follow the existing literature to 
move in a further section to calculating fixed effect estimates. The purpose is to il- 

- lustrate the effect that assumptions on the unobserved term Uî t have on the ‘penalty’ 
estimates. Thus, in this section data for different time periods is pooled and po
tential correlation within the same individual is accounted for in the calculation of 
Bicker-White standard errors which are robust to serial correlation.

Estimates are displayed both excluding and including job characteristics. Thus, 
Zî t includes in the more detailed specification occupation (one digit), firm size dum
mies and tenure at the firm. These variables are surely endogenous, probably to the 
same extent as the mismatch variables can be since more able workers are not only 
more likely to be better matched to the right job for their skills, but also more likely 
to have higher levels of tenure, have higher occupational status and work for larger 
and more productive firms. Part of the interest in introducing these variables in 
the econometric specification stems from the effect they may have on the estimated 
‘mismatch penalties’, which are likely to be reduced.

Apart from year dummies captured by all specifications include a quadratic 
age polynomial, the log of household members and dummies for marital status and 
whether time is spent looking other household members.

Wage estimates of the effects of skill mismatch are now presented. Table 4.2 
includes estimates for men. Columns (1) to (4) indicate the average log wage gap 
between each category of match quality and the baseline comparison group of in
dividuals with secondary-level education. Column (1) refers to an adequate match 
and column (4) includes the coefficient for those highly-educated individuals who 
are genuinely mismatched according to the above definitions, i.e. having under
utilised skills and being in an occupation for which one’s formal qualifications are 
quite unrelated to the current job. Columns (2) and (3) refer to individuals who are 
only ‘mismatched’ on one of these two dimensions: column (2) for matches where 
qualifications are unrelated, but the individual is not over-skilled; and column (3) 
for the opposite combination.

Differences in coefficients /?/ to (3iv can be thought of as indicating the degree of
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dispersion in the returns to higher education. It turns out that for many countries, 
there are no significant differences between the wages earned by secondary educated 
workers and their peers with more education but who are genuinely mismatched 
(column 4). This is the case in Germany, Denmark, Netherlands, Ireland and Spain. 
Intermediate categories of skill mismatch (columns 2 and 3) indicate statistically 
and economically significant returns to education for all countries.

4,2: W age effects of skill mismatch: M en

Relative to sec.educ. Mismatch effects
(1 ) (2 ) (3) (4) (5) (6 ) (7) (8 ) (9) (1 0 )
01 011 0III 0IV 01 — 0IV 01 -  011 01 -  0111

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany 0.240 0.247 0.165 0.068 0.173 -0.007 0.075 5834 2305 0.092

0.037 0 . 0 o.ogo 0.044 0.055 0.057 0 .0 4 3
Denmark 0.196 0.178 0.166 0.017 0.180 0.019 0.030 3451 1414 0.174

0 . 0 0.019 0.030
Netherlands 0.275 0.214 0.262 0.062 0.213 0.061 0.013 6093 2365 0.254

o.ogl 0.059 0.019 0.057 0.059 0.057 0.025
Belgium 0.213 0.106 0.207 0.123 0.089 0.106 0.005 2806 1154 0.259

0.0^7 0.065 o.ogl 0 .0 4 5 0.071 0.038
Luxemburg 0.414 0.115 0.225 0.099 0.315 0.299 0.189 848 322 0.256

0.0 0.064 0.112 0.117 0.129 0.071
Prance 0.447 0.416 0.401 0.285 0.162 0.031 0.046 5908 2391 0.293

0.00.^ 0.050 o.ogo 0.034 0 .0 4 7 0.055 0 .0 4 0
UK 0.370 0.313 0.290 0 .1 1 0 0.260 0.056 0.079 2441 1531 0.184

0.0^0 0 .0 0 0 0 .0 ^ 0 0.065 0.09.^ 0.0.^7
Eire 0.329 0.171 0.292 -0.055 0.384 0.158 0.037 2881 1329 0.373

0 .0 ^ 0 0.108 o.oog 0.068 0.075 0.107 0 .0 4 6
Italy 0.232 0.241 0.253 0.198 0.033 -0.009 -0 .0 2 2 4792 1939 0.276

0.065 0.057 0.035 0.031 0.07g 0.07^
Greece 0.268 0.154 0.209 0.089 0.179 0.113 0.059 3173 1403 0.330

0.0 .̂^ 0.081 o.ogo 0.053 o.ogg 0 .0 4 5
Spain 0.308 0.236 0.289 0.044 0.264 0.073 0.019 3808 1702 0.345

0.00^ 0 .0 ^ 0 0.0^7 0.039 0 .0 4 7 0.051 0.037
Average 0.293 0.238 0.257 0.106 0.187 0.055 0.036

NOTE: Dependent variable: Log gross hourly earnings. Least squares estimates weighted accord
ing to individual sampling weights. Standard errors robust to within-individual correlation over 
time, in italics. Sample of working men, aged 22-64, with at least secondary education. Average 
row based on weights given by observations used in the estimation for each country, not actual 
population or workforce size. Regression includes a quadratic age polynomial, year dummies, the 
log of household members and dummies for marital status and whether spends time looking after 
other household members.

Columns 5 to 7 provide information on the expected wage gains associated with
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improvements in degree of mismatch towards the best-case scenario of an ‘adequate’ 
m a t c h T h e  difference between the best and worst match case of mismatch (column 
5) is significant for all countries with the exception of Italy, with an average wage 
premium of 18 percent. This gap is not a simple addition of pure over-skilled and 
pure mismatch effects. The penalty to being strictly over-skilled is hardly significant 
and always lies below a value of seven percent (column 7). Besides, the penalty to 
being strictly mismatched, but not over-skilled (column 6) is a little larger in value, 
but' also^afaïîs'tically insignificant. The sum of both effects always lies below the 
effect of simultaneous improvement of both dimensions. This suggests that the 
negative effects of skill mismatch are concentrated amongst the smaller proportion 
of male graduates who are ‘genuinely’ mismatched.

Are these findings robust to the inclusion of job characteristics in the wage 
equation? The results are displayed in table 4.4. After controlling for occupation 
and tenure, the value of most of the estimated coefficients is more than halved, 
but the qualitative picture remains the same for all countries. Partial degrees of 
mismatch are insignificant but genuine mismatch refiects a penalty of ten percent 
on average.

Since the endogeneity of labour supply is a more acute econometric problem 
amongst women, the effects of skill mismatch for women need to be more carefully 
examined. Unfortunately, there are no convincing instruments in the data that allow 
identification of participation decisions. Two considerations can affect estimates:

On the one hand, traditionally women have been under less pressure to be per
manently employed, which should imply lower rates of skill mismatch as they may 
remain out of the workforce until a relevant, more satisfying job becomes available. 
On the other hand, maternity-related career interruptions and gender discrimination 
makes women who choose to work more vulnerable to episodes of skill mismatch. 
As we have seen, these two effects appear to cancel each other out, judging from the 
similar mismatch distributions between men and women.

However, by estimating returns to a better skill-related match quality we are

^®The coefficient in column 1 minus the coefficients in 2 to 4.
^^Additional information on public sector membership and firm-sponsored training was not in

cluded because this data was not available for all countries and all years, thus compromising 
the comparability of results across countries. Including these variables, whenever possible, led 
to similar results: the magnitude of the mismatch effect was always reduced, but not completely 
eliminated.

^^Belgium and Italy are the only countries where no penalty can be found.
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Table 4.3: W age effects of skill mismatch: W om en

Relative to sec.educ. Mismatch effects

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Pi P ii P in P iv Pi — Piv Pi -  Pi i  Pi -  P in

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany 0.268 0.251 0.234 0.090 0.178 0.017 0.034 3580 1519 0.071

0.055
Denmark 0.123 0.055 0.112 0.034 0.089 0.068 0.011 3126 1302 0.171

0.015 0.014 0.035 0.07g 0.015
Netherlands 0.237 0.241 0.186 0.054 0.184 -0.004 0.051 3707 1524 0.167

o.ogo 0.018 0.050 0.053 o.ogp
Belgium 0.234 0.138 0.219 0.088 0.145 0.096 0.014 2430 1010 0.192

0.07x^ O.OgJ 0.035 0.07^
Luxemburg 0.490 0.293 0.309 0.185 0.305 0.197 0.181 533 213 0.257

0.075 0.156 0.079 0../g7 0.135 0.150 0.090
France 0.472 0.425 0.370 0.242 0.230 0.046 0.102 4912 1998 0.264

0.036 0.0^7 0 .0 4 0 O.Ogg
UK 0.403 0.308 0.340 0.086 0.317 0.096 0.063 2232 1393 0.202

0.035 0.106 O.OgJ 0.056 0.109 0.0,97
Eire 0.568 0.266 0.375 -0.047 0.614 0.302 0.192 2454 1203 0.300

0 .0 4 0 0.100 0.035 0.081 0 .104 0.0^7
Italy 0.308 0.315 0.290 0.283 0.025 -0.007 0.018 3694 1539 0.319

0.055 0.056 0.035 0.063 0.073 0.063
Greece 0.361 0.280 0.281 0.130 0.230 0.081 0.080 2090 974 0.313

0.041 o.ogg 0.0^0 o.ogg 0 .0 4 9 0.068 0.0.^g
Spain 0.397 0.119 0.362 0.048 0.348 0.277 0.035 2618 1241 0.382

0.037 0.077 0 .0 4 5 0.051 0.076 0.000
Average 0.338 0.253 0.277 0.116 0.221 0.084 0.061

NOTE: Dependent variable: Log gross hourly earnings. Least squares estimates weighted according 
to individual sampling weights. Standard errors robust to within-individual correlation over time, 
in italics. Sample of working women, aged 22-64, with at least secondary education. Average 
row based on weights given by observations used in the estimation for each country, not actual 
population or workforce size. Specification as in table 4.2.

effectively inferring wage differentials amongst a self-selected group of women who 
are at work. Cross-country comparisons also become more complicated given the 
different degrees of female participation, discrimination, maternity support, etc. 
that are found across Europe.

Bearing these caveats in mind, let us examine the actual results that are displayed 
in table 4.3. As is often found in the literature, returns to higher education are 
higher for women than for men. Women with higher qualifications who are in 
genuine situations of skill mismatch still earn more than their less educated peers 
in Germany, Belgium, France, the UK, Italy and Greece.
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Table 4.4: W age effects of skill m ism atch, w ith firm controls: M en

Relative to sec.educ. Mismatch effects
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Pi Pii P in Piv Pi — Piv Pi -  Pii  Pi -  P in

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany 0.084 0.118 0.060 0.026 0.058 -0.034 0.024 5647 2236 0.162

0.053 9.9^9 9.9v̂ .̂ 0.053 0.056 9.9^g
Denmark 0.119 0.123 0.099 0.015 0.105 -0.004 0.020 3390 1388 0.226

9.9^9 9.9^;g 9.9g9 9.99.8 9.9^7. 9.9g.^ :
Netherlands 0.198 0.130 0.190 0.040 0.158 0.069 0.009 5967 2319 0.296

o.ogg 0.061 9.9g^ 9.9^7 0.050 0.057 9.9g9
Belgium 0.125 0.026 0.119 0.097 0.028 0.099 0.006 2703 1112 0.307

0 .0 4 0 0.065 9.9^7 9.99.8 9.9.^9 0.069 9.999
Luxemburg 0.314 0.020 0.155 0.053 0.261 0.294 0.159 834 317 0.339

9.1^9 0.064 9.1^9 9.199 0.133 0.071
France 0.218 0.231 0.214 0.136 0.082 -0.013 0.003 5740 2322 0.374

0 .0 4 9 0.030 9.99^ 9.9.^9 9.99g 0 .0 4 0
UK 0.220 0.183 0.158 0.076 0.144 0.036 0.062 2363 1468 0.276

0.0^9 0.086 0.029 9.9. .̂^ 9.99;8 9 .9 9 g 0 .0 4 6
Eire 0.145 0.098 0.120 -0.096 0.241 0.046 0.025 2833 1308 0.459

9.9^9 0.075 0.035 0.061 9.997 9.979 0 .0 4 6
Italy 0.117 0.137 0.158 0.122 -0.005 -0.021 -0.041 4393 1782 0.348

0.070 0.065 9.997 0.030 0.075 0.069 9.979
Greece 0.140 0.125 0.089 0.051 0.089 0.015 0.050 3020 1330 0.420

0.046 0.070 9.9^9 9.999 9.99.8 9.977 0 .0 4 5
Spain 0.148 0.132 0.123 0.014 0.134 0.016 0.025 3733 1671 0.438

9.999 9.9^g 9.9.89 0.036 0 .0 4 5 9.9.^9 0.036
Average 0.156 0.134 0.138 0.053 0.102 0.021 0.017 40623

NOTE: Dependent variable: Log gross hourly earnings. Least squares estimates weighted accord
ing to individual sampling weights. Standard errors robust to within-individual correlation over 
time, in italics. Sample of working men, aged 22-64, with at least secondary education. Average 
row based on weights given by observations used in the estimation for each country, not actual 
population or workforce size. Specification as in table 4.2, plus tenure on the job and one-digit 
occupational dummy variables.

Over-skilled women who are in jobs that relate to their formal qualifications 
suffer significant penalties in many countries. In general, this effect was missing 
for male estimates. The difference averages a value of six percent with respect to 
adequately matched women. The average wage penalty for being purely mismatched 
in terms of formal qualifications (not over-skilled) is a bit larger, but it is mainly 
driven by the large penalties found in Spain and Ireland (close to a thirty percent).

As was the case for men, the total penalty to a woman being genuinely mis
matched cannot be explained by the addition of the two individual mismatch effects
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Table 4.5: W age effects of skill m ism atch, w ith firm controls: W om en

Relative to sec.educ. Mismatch effects

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Pi Pi i P in Piv Pi -  Piv Pi -  Pi i  Pi -  P in

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany 0.035 0.112 0.090 0.061 -0.026 -0.077 -0.056 3478 1479 0.184

o.ogo 0.034 0.0.^g 0.057 0.0,9.̂ 0.051
Denmark 0.051 0.040 0.055 0.029 0.022 0.010 -0.005 3120 1297 0.261

0.016 0.015 0.030 0.031 0.07g 0.014
Netherlands 0.122 0.222 0.106 0.063 0.059 -0.100 0.016 3670 1511 0.294

0.021 0.07^ 0.018 0.0^,g 0.0^0 0.07.^ 0.090
Belgium 0.105 0.069 0.110 0.053 0.052 0.036 -0.005 2353 978 0.265

0.070 0.00^ 0.035 0.007 0.090
Luxemburg 0.095 0.122 0.108 0.076 0.020 -0.027 -0.013 533 213 0.505

0.091 0.070 0.091 0.114 0.131 0.097
Prance 0.221 0.205 0.165 0.123 0.098 0.016 0.056 4858 1978 0.428

0.036 o .ogj 0.034 0.00.^ 0.00^ 0.090
UK 0.199 0.180 0.177 0.043 0.157 0.019 0.022 2192 1358 0.318

0.0^0 0.112 0.0,9,? 0.041 0.00:9 0.113 0.036
Eire 0.299 0.064 0.213 -0.013 0.312 0.235 0.086 2453 1203 0.519

0.036 0.096 o.ogg 0.00,9 0.070 0.000 0 .0 4 0
Italy 0.152 0.210 0.171 0.192 -0.040 -0.058 -0.019 3428 1436 0.421

0.057 0.060 0.007 0.034 0.063 0.075 0.00^
Greece 0.116 0.117 0.079 0.039 0.077 -0.001 0.037 2064 962 0.479

0.055 0.029 0.033 0.037 0.00.^ 0.031
Spain 0.103 0.020 0.110 0.019 0.084 0.083 -0.007 2615 1240 0.488

0.039 0.076 0.034 0.044 0.052 0.075 0.034
Average 0.140 0.134 0.128 0.070 0.070 0.006 0.012

NOTE: Dependent variable: Log gross hourly earnings. Least squares estimates weighted according 
to individual sampling weights. Standard errors robust to within-individual correlation over time, 
in italics. Sample of working women, aged 22-64, with at least secondary education. Average 
row based on weights given by observations used in the estimation for each country, not actual 
population or workforce size. Specification as in table 4.4.

which are considered in this study. Returns to an adequate match relative to the 
worst case scenario exceed the values that were found amongst men, thereby sug
gesting that even though the overall incidence of mismatch is similar, its effects are 
higher for women.

However, table 4.5 demonstrates that the larger mismatch penalty for women 
can mostly be explained by measured job characteristics. Once these characteristics 
are controlled for in the wage regression, average returns to an adequate match fall

^^There is an average twenty-two percent wage difference between these two groups, compared 
to eighteen percent for men.
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to ten percent and completely disappear in the case of Germany, Denmark, the 
Netherlands and Belgium. Substantial penalties (comparable to the situation for 
men) persist in the other countries, with the exception of Italy. Ireland and the 
United Kingdom are the most unequal, followed by France, Greece and Spain.

4.4.2 Job satisfaction

Data-in,ECHP provides relatively rich information on an individual’s attitudes and 
satisfaction on a number of dimensions. Respondents were asked to report how 
satisfied they were with their current type of work, among other things. I have 
coded such information as a simple dummy variable with value one whenever an 
individual appears to be more than moderately satisfied with their job. Although a 
very subjective measure, this helps illustrate how an individual translates her current 
position of skill mismatch into some generally defined measure of well-being.

The estimated model now is based on an underlying propensity to be satisfied 
with the type of job the individual performs:

Pi,t  =  Oùc,t +  P l ,c X l , i , t  +  +  P l I I , c ^ I I I , i , t  +  P l V , c ^ I V , i , t  +

where the observed satisfaction variable adopts value 1 if the unobserved pî t > 0 and 
0 otherwise. The variables exactly correspond to those referred to in the previous 
subsection. For estimation I assume that Uî t is normally distributed. Similarly to 
wages, the coefficients indicate whether different degrees of skill match quality have 
a significant impact on type of job satisfaction levels. A similar model is estimated 
in the next subsection for job search efforts.^^

The most striking result in table 4.6 is the fact that genuinely mismatched men 
are substantially less satisfied with their jobs than their less educated peers. This 
pattern is common to all countries with the exception of Italy, where the former 
are still more content with their jobs. This is consistent with the absence of a 
wage penalty for mismatch in that country. Graduates with only one type of skill 
mismatch (either pure mismatch or just over-skilled) are generally more satisfied 
than men whose highest educational attainm ent is at secondary level. The predom
inant explanations for the negative effect of over-qualification on job satisfaction 
that emerge from these results are not the same in different countries. In Germany,

20 Only differs from this one in terms of the dependent variable.
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Table 4.6: Job satisfaction effects of skill mismatch: M en

Relative to sec.educ. Mismatch effects
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Pi Pi i P in Piv Pi  -  Piv Pi -  Pii Pi -  P in Pseudo

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany 0.575 0.300 0.210 -0.330 0.905 0.275 0.365 6498 2533 0.026

o.ogg 0.150 0.063 0.106 0.130 0.160 0.100
Denmark . 0.438 .0.400 0.050 3780 1532 0.018

o . i n 0 .134 0.157
Netherlands 0.247 -0.570 -0.077 -0.602 0.849 0.817 0.324 6626 2542 0.027

0.099 0.196 0.085 0.118
Belgium 0.642 0.411 0.096 -0.250 0.893 0.232 0.546 3394 1367 0.035

0 .H 9 0.086 0.157
Luxemburg 0.752 0.055 0.120 -0.274 1.026 0.696 0.632 1007 381 0.073

0.455 0.191 0.g7g
France 0.259 -0.090 0.152 -0.335 0.594 0.350 0.108 6805 2719 0.050

0.076 0.103 0.063 0.104 0.120 0.090
UK 0.742 0.553 0.282 -0.243 0.984 0.189 0.460 3191 1848 0.035

0.138 0.195 0.07.^ 0.110 0.168 o.ggo 0.147
Eire 0.502 0.422 -0.080 -0.598 1.100 0.080 0.582 3243 1531 0.038

0.143 0.096 0.157 0.200 0.157
Italy 0.668 0.577 0.506 0.246 0.422 0.091 0.162 6358 2467 0.025

0.193 0.164 0.111 0.099 0.219
Greece 0.769 0.277 0.587 0.059 0.710 0.491 0.182 4900 2022 0.055

0.108 0.151 0.059 o.ogg 0.130 0.160 0.114
Spain 0.688 0.082 0.431 -0.323 1.012 0.607 0.258 4655 2038 0.056

0.104 0.120 0.071 0.092 0.126 0.111
Average 0.516 0.134 0.230 -0.254 0.770 0.382 0.285 50457

NOTE: Dependent variable: Dummy var .= l if individual satisfied with type of work. Probit 
estimates weighted according to individual sampling weights. Estimated coefficients displayed. 
Standard errors robust to within-individual correlation over time, in italics. Sample of working men, 
aged 22-64, with at least secondary education. Average row based on weights given by observations 
used in estimation for each country, not actual population or workforce size. Additional controls 
as in table 4.2.

Belgium, the UK and Ireland, over-skilling seems to be main contributor to satisfac
tion, whereas in Denmark, the Netherlands, Greece and Spain the negative effect of 
general mismatch is concentrated amongst those who are in jobs ‘unrelated’ to their 
qualifications. There is also evidence of positive interactions between both effects, 
leading to even higher levels of satisfaction when there is improvement in both types 
of match quality.

For women, as table 4.7 shows, there are many countries in which genuinely
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mismatched workers are more dissatisfied than secondary-educated individuals. This 
is the case in Germany, Denmark, the Netherlands, France, the UK and Spain.

Table 4.7: Job satisfaction effects of skill mismatch: W om en

Relative to sec.educ. Mismatch effects
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Pii P in Piv Pi -  Piv  Pi — P ii Pi — P in - f r " Pseudo
Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2

Germany 0.516 -0.225 0.128 -0.661 1.178 0.741 0.388 4017 1656 0.028
0.111 0.105 0.177 0.141

Denmark 0.189 0.465 0.007 -0.413 0.602 -0.276 0.182 3268 1358 0.019
0.109 O.ggJ R ogy 0.171 0.114

Netherlands 0.168 -0.434 -0.092 -0.827 0.995 0.603 0.261 3941 1623 0.025
0.117 0.103 0.196 0.359 0.141

Belgium 0.495 0.431 0.263 -0.176 0.671 0.064 0.232 2779 1145 0.035
0.105 O.glT 0.091 0.150 o.ggy 0.112

Luxemburg 0.071 0.814 -0.052 -0.632 0.703 -0.743 0.123 596 237 0.054
o.gyp 0.506

France 0.313 0.181 0.071 -0.343 0.656 0.132 0.242 5285 2148 0.040
0.07^ 0 .1 4 7 0.076 0.111 0.095

UK 0.201 -0.325 0.257 -0.607 0.808 0.526 -0.057 2564 1525 0.042
0.135 0.089 0.131 0.177 0 .1 49

Eire 0.502 0.456 -0.453 0.004 0.499 0.047 0.955 2501 1264 0.047
0.151 0.110 0.193 0.036 0.157 0.171

Italy 0.782 0.374 0.333 -0.017 0.799 0.408 0.449 4339 1787 0.020
0.211 0.192 0.125 0.115

Greece 0.702 0.321 0.454 -0.007 0.709 0.381 0.248 2753 1251 0.053
0.178 O.OgJ 0.099 0.155 0.209 0 .1 42

Spain 0.441 -0.078 0.357 -0.366 0.807 0.519 0.084 2982 1388 0.042
0.103 0.179 0.090 0.105 0.185 0.108

Average 0.424 0.118 0.130 -0.362 0.786 0.306 0.294 35025

NOTE: Dependent variable: Dummy var .= l if individual satisfied with type of work. Probit 
estimates weighted according to individual sampling weights. Estimated coefficients displayed. 
Standard errors robust to  within-individual correlation over time, in italics. Sample of working 
women, aged 22-64, with at least secondary education. Average row based on weights given by 
observations used in the estimation for each country, not actual population or workforce size. 
Additional controls as in table 4.2.

Differences amongst female graduates in terms of job satisfaction are therefore 
larger than between the two educational attainm ent groups considered. Turning to 
the individual aspects of over-qualification, Spain and the UK are characterised by 
a predominant role of job relevance in explaining satisfaction, whereas skill under
utilisation prevails in Belgium, Ireland and France. In Germany, Italy and Greece,
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both effects influence satisfaction. Interaction effects apply here too.

4.4.3 A ctive Job Search

At this stage, estimates have established the current position (in terms of wages 
and satisfaction) of individuals who happen to be mismatched on two dimensions. 
So far, whether over-skilling and qualifications mismatch have any impact on an 
individual’s behaviour has not been tested. Nevertheless, lower levels of earnings 
and job satisfaction can act as incentives for men and women to search for better 
jobs.

This hypothesis is tested in tables 4.8 and 4.9 for men and women respectively. 
Search intensity is also expected to be a function of the potential associated benefits, 
since this can be a very demanding and tiresome activity. Thus, adequately matched 
individuals are expected to exert less search effort and vice versa.

The results for men suggest that adequately educated men with higher education 
are less likely to search for jobs than men with only secondary education. Among 
graduates, job search is less likely for adequately matched men compared to their 
genuinely mismatched counterparts. This applies for all countries. If the mismatch 
characteristics are considered separately, the main impact on job search appears to 
arise from strict skill under-utilisation. This means that men in ‘related’ jobs but 
over-skilled (type II) will tend to exert a higher search effort than those not over
skilled, in unrelated jobs (type III). This suggests that once an individual decides to 
make a career shift towards a less related job, he will try less hard to find another 
job. This supports the idea that research should not just focus on the match between 
academic qualifications and job characteristics.

The evidence on job search patterns for women is basically identical that arising 
from men’s estimates. Search amongst genuinely mismatched graduates is more fre
quent than for secondary educated women; differences between graduates are larger, 
particularly between extreme cases of skill match quality; and strictly mismatched 
workers are not so likely to exert any kind of job search effort.

4.4.4 Longitudinal results

The next step is to check whether estimated wage differences are simply due to 
unobserved individual characteristics that have a permanent effect on wages and
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Table 4.8: Job search effects of skill mismatch: M en

Relative to sec.educ. Mismatch effects
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
f3i Pii P in Piv Pi — Piv  Pi -  P ii Pi — P in Pseudo

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany -0.341 -0.045 0.072 0.617 -0.958 -0.296 -0.413 6503 2534 0.070

0.104 0.075 0.116 0.7. .̂^ 0.194 0.115
Denmark -0.038 -0.162 0.172 0.463 -0.501 0.124 -0.210 3792 1532 0.057

0.109 O.gOg o.oog 0.131 0.157 0.^77 0.116
Netherlands -0.014 0.567 0.322 0.512 -0.525 -0.580 -0.336 6384 2515 0.043

0.073 0.189 0.J807 o.^og 0.099
Belgium -0.231 -0.285 0.027 0.477 -0.708 0.054 -0.258 3399 1367 0.084

O.ggg 0.103 0.136 0.77g O.gOJ 0 .1 4 5
Luxemburg -0.727 0.250 0.282 0.481 -1.208 -0.977 -1.010 1009 381 0.128

0.401 0.210 0.261 0.369 o..^oo 9.999
France -0.407 -0.293 0.124 0.464 -0.871 -0.114 -0.531 6823 2721 0.097

0.007 0.100 0.151 0.gg7 0 .1 40
UK -0.259 -0.479 0.164 0.432 -0.691 0.220 -0.423 2780 1816 0.046

0.070 0.112 0.153 0.^09 9.7g^
Eire -0.324 -0.817 0.260 0.417 -0.741 0.492 -0.584 3754 1669 0.058

0.155 0.095 0.141 0.190 0 .4 59 0.168
Italy -0.388 -0.426 -0.208 0.359 -0.747 0.038 -0.180 6364 2468 0.063

0.215 0.114 0.108 9. .897
Greece -0.490 -0.212 -0.135 0.276 -0.766 -0.279 -0.355 4900 2022 0.083

0.130 0.07.^ 0.097 0 .1 4 9 0.136
Spain -0.330 -0.021 0.025 0.247 -0.578 -0.309 -0.355 4705 2051 0.050

0.00.8 0.097 0.137 9.^99 9.7g.^
Average -0.300 -0.164 0.079 0.434 -0.733 -0.136 -0.378 50413

NOTE: Dependent variable: Dummy v a r .= l if individual actively involved in job search. Probit 
estimates weighted according to individual sampling weights. Estimated coefficients displayed. 
Standard errors robust to within-individual correlation over time, in italics. Sample of working 
men, aged 22-64, with at least secondary education. Average row based on weights given by 
observations used in the estimation for each country, not actual population or workforce size. 
Additional controls as in table 4.2.

simultaneously affect the quality of a job match, or whether they really correspond 
to idiosyncratic characteristics of the match considered.

It is particularly difficult to address which is the real causal effect of skill mis
match on earnings outcomes. This variable is a combination of educational attain
ment and other human capital on the individuars side, and job characteristics on 
the other. The latter can follow from labour market conditions in the overall supply 
and demand for skills, job search costs, firm characteristics, etc.
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Table 4.9: Job search effects o f skill mismatch: W omen

Relative to sec.educ. Mismatch effects

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
/?/ Pii Pin Piv Pi  — Piv  Pi ~  Pii Pi — Pin Pseudo

Adeq. Mism. Ovskill. Genui. Adeq. Mism. Ovskill. Obs. Clust. R-2
Germany -0.341 -0.045 0.072 0.617 -0.958 -0.296 -0.413 6503 2534 0.070

0.104 0.17,9 0.075 0.116 0.1. .̂^ 0.194 0.115
Denmark -0.038 -0.162 0.172 0.463 -0.501 0.124 -0.210 3792 1532 0.057

0.109 o.goo 0.002 0.131 0.157 0.217 0.116
Netherlands -0.014 0.567 0.322 0.512 -0.525 -0.580 -0.336 6384 2515 0.043

o .io g 0.070 0.189 0.201 0.202 0.000
Belgium -0.231 -0.285 0.027 0.477 -0.708 0.054 -0.258 3399 1367 0.084

O.ggg 0.103 0.136 0.172 0.200 0 .1 4 5
Luxemburg -0.727 0.250 0.282 0.481 -1.208 -0.977 -1.010 1009 381 0.128

0.,91g 0.401 0.210 0.261 0.000 o..^oo 0.000
France -0.407 -0.293 0.124 0.464 -0.871 -0.114 -0.531 6823 2721 0.097

0.189 0.007 0.100 0.151 0.221 0 .1 4 0
UK -0.259 -0.479 0.164 0.432 -0.691 0.220 -0.423 2780 1816 0.046

0.070 0.112 0.153 0.200 0.12^
Eire -0.324 -0.817 0.260 0.417 -0.741 0.492 -0.584 3754 1669 0.058

0.155 0..^07 0.095 0.141 0.190 0 .4 5 9 0.168
Italy -0.388 -0.426 -0.208 0.359 -0.747 0.038 -0.180 6364 2468 0.063

0.215 0.114 0.108 0.25.^ 0.022 0.207
Greece -0.490 -0.212 -0.135 0.276 -0.766 -0.279 -0.355 4900 2022 0.083

0.130 0.22.^ 0.07^ 0.097 0 .1 4 9 0.2.^0 0.100
Spain -0.330 -0.021 0.025 0.247 -0.578 -0.309 -0.355 4705 2051 0.050

0.100 0.002 0.097 0.137 0.200 0.12v^
Average -0.300 -0.164 0.079 0.434 -0.733 -0.136 -0.378 50413

NOTE: Dependent variable: Dummy v a r .= l if individual actively involved in job search. Probit 
estimates weighted according to individual sampling weights. Estimated coefficients displayed. 
Standard errors robust to within-individual correlation over time, in italics. Sample of working 
women, aged 22-64, with at least secondary education. Average row based on weights given by 
observations used in the estimation for each country, not actual population or workforce size. 
Additional controls as in table 4.2.

This data is not well suited for instrumenting any of the two sides of the match 
quality variable. All variables that have an impact on the mismatch variable appear 
to have a strong independent effect on wages, which is partly due to the lack of a suf
ficiently large number of conditioning variables (family background and ability) and 
the fact that mismatch has such a heterogeneous nature that a single index model 
is not a sufficiently good approximation. However, the fact that many individuals 
can be observed at more than one point in time gives room to explore longitudinal
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changes in the skill/job match quality and how they relate to changes in earnings. 
By conditioning out of the model a component of fixed individual heterogeneity, it is 
plausible to get rid of considerable degree of endogeneity in the mismatch variables.

To my knowledge, the study by Bauer (1999) is the first one to exploit the panel 
structure of a data set to estimate the wage effects of educational mismatch. Using 
data from the German Socioeconomic Panel, he finds that estimated differences tend 
to disappear when controlling for unobserved heterogeneity.

The w ithin-groupl^^m ator exploits cbrâ̂ agê s in mismatch status and their as
sociation with the variation in wages experienced by an individual over the years 
included in the panel. However, this estimator is not immune to all unobserved 
heterogeneity-driven biases that constrain the interpretation of standard OLS esti
mates as measures of genuine returns to worker/job match quality. First, changes in 
the match quality may themselves be driven by potential wage changes. For exam
ple, an individual may give up on a good match to move into a better paid job, so 
the estimator would not just capture the effect of an exogenous change in the quality 
of the match. Second, an individual might move to a job characterised by a better 
match quality and accept a wage reduction. Apart from the hedonic interpretation 
of individuals paying a premium to improve levels of overall job satisfaction, the 
move might arise from an initially lower paying job but with a much faster growing 
wage-experience profile. With a longer-running panel, it would certainly be possible 
to examine some of these hypotheses. Until further waves are released, this issue 
must remain unexplored.

The equation to be estimated is as follows:

^OgWi^t =  Oic,t +  +  'Wi +  W i,t,

thus allowing for an individual unobserved fixed effect Vi that might be correlated 
with the rest of variables.

Because the coefficient on time-invariant variables Si (e.g. education) cannot 
be estimated using fixed effect methods, I choose to consider only higher educated 
individuals and the variables are now defined as indicator for a high individual 
being in the mismatch group j .  The excluded category is now that of high educated 
individuals with the worst type of skill/job match quality and, for example, the 
coefficient /?/_c provides in this case the wage premium associated with the best type 
of skill match relative to the worst.
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I report only estimates from the simplest specification without time-varying con
trols other than the match quality variables. Thus, if means the variable 2/i.t 
demeaned over time, i.e. =  7/%  ̂ the estimated model stands as follows:

log +  P lI , c ^ I I , i , t  + (^III,c^III, i , t +

Apart from the match quality variables, most available variables in this data 
set exhibit very little time variation. This,simj)]g spgcijjp>.tign allows to decompose 
within individual wage variation into a mismatch term and a residual.

The estimates displayed in tables 4.10 and 4.11 reproduce the fixed-effect re
gressions of the log of hourly wages on the match categories for the samples of 
tertiary-educated men and women respectively. The excluded category is the worst 
case match scenario of genuine unrelated, over-qualification (type IV).

The results for men suggest that a considerable proportion of the positive re
turns to an adequate match can be explained by individual characteristics, judging 
from the considerable reduction in the estimated values (compared to OLS values). 
Returns are highest in Denmark, with higher wages of the order of thirteen percent 
for adequately matched individuals. This magnitude is very well approximated by 
the addition of the two mismatch-related specific effects (eight percent for being 
purely over-skilled and five percent for strict qualification/job mismatch). The sec
ond highest wage reward for an adequate match can be found in Spain (ten percent). 
In this case, being strictly ‘mismatched’ (not over-skilled, in an unrelated occupa
tion -type III) implies no wage penalty and the full return can be explained by skill 
under-utilisation.

It is not that surprising to find Spain to be one of the countries with a larger 
reward for an adequate graduate match. As documented by Dolado et al (2000), 
Spain began the Seventies as one of the OECD countries with the lowest stock of 
human capital and nowadays has a population of one and a half million University 
undergraduates out of a total population of forty one million people. For example, 
this is twice the rate of university participation found in Germany. Increased grad
uate supply does not seem to have been matched by higher demand -  these authors 
also present evidence of less skilled workers being crowded-out from intermediate 
level occupations.

For all other countries, fixed-effect returns to an adequate match are statistically 
insignificant. This may be the result of a combination of two elements: higher stan-
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Table 4.10: Fixed-effect wage estim ates o f m atch quality: M en

Adeq. matched (I) Mismatched(II) Overskilled (III) Obs. Ind.
Coef. SE. Coef. SE. Coef. SE.

Germany -0.024 (0.089) 0.038 (0.101) -0.049 (0.043) 2235 865
Denmark 0.127 (0.036) 0.081 (0.048) 0.051 (0.024) 1628 647
Netherlands 0.079 (0.082) 0.062 (0.094) 0.001 (0.055) 1724 661
Belgium 0.006 (0.057) -0.026 (0.064) -0.007 (0.021) 1455 586
France 0.058 (0.058) 0.037 (0.060) 0.058 (0.027) 1996 803
UK 0.046 (0.082) 0.065 (0.105) 0.018 (0.045) 1202 709^
Eire -0.083 (0.073) -0.016 (0.092) 0.027 (0.041) 1073 466
Italy 0.094 (0.122) 0.076 (0.125) 0.006 (0.024) 979 408
Greece -0.096 (0.089) -0.128 (0.088) -0.023 (0.026) 1486 642
Spain 0.104 (0.046) 0.107 (0.050) 0.019 (0.024) 2192 960

NOTE: Dependent variable: Log hourly earnings. Fixed effect estimates. Sample of tertiary- 
level educated working men. Baseline group: ‘genuinely’ mismatched individuals. Year dummies 
included. Standard errors within parentheses. Luxembourg was excluded because of too few 
observations.

dard errors and lower point estimates. In most cases, point estimates are comparable 
in economic terms to the effect of an additional year of experience.

Table 4.11: Fixed-effect wage estim ates of m atch quality: W omen

Adeq. matched (I) Mismatched(II) Overskilled (III) Obs. Ind.
Goef. SE. Goef. SE. Goef. SE.

Germany 0.164 (0.131) 0.129 (0.154) 0.032 (0.071) 824 332
Denmark -0.035 (0.032) -0.049 (0.042) -0.019 (0.026) 1683 672
Netherlands 0.073 (0.067) 0.081 (0.100) -0.016 (0.048) 1137 457
Belgium 0.001 (0.073) 0.054 (0.081) -0.002 (0.025) 1539 615
France 0.004 (0.059) 0.046 (0.063) 0.003 (0.029) 2093 821
U.K. 0.140 (0.060) 0.005 (0.094) 0.050 (0.045) 975 591
Eire 0.103 (0.077) -0.033 (0.107) 0.003 (0.051) 849 415
Italy -0.331 (0.144) -0.355 (0.140) 0.081 (0.026) 718 297
Greece 0.099 (0.067) 0.126 (0.074) 0.035 (0.025) 1255 567
Spain 0.016 (0.052) -0.034 (0.063) -0.008 (0.027) 1659 754

NOTE: Dependent variable: Log hourly earnings. Fixed effect estimates. Sample of tertiary-level 
educated working women. Baseline group: ‘genuinely’ mismatched individuals. Year dummies 
included. Standard errors within parentheses. Luxembourg was excluded because of too few 
observations.

W ith regard to women, positive and significant effects of an adequate match can
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only be found in the UK. The estimated return of fourteen percent substantially 
exceeds the sum of the separate mismatch components. Although insignificant, these 
are relatively high values. They can also be found in Germany (sixteen percent), the 
Netherlands (seven percent), Ireland and Greece (ten percent). Surprisingly, Italian 
women appear to be paying a strong premium (thirty percent) for not under-utilising 
their skills. I cannot think of any explanation for this result apart from the possibility 
that such women have particular qualifications which might be associated with lower 
paid occupations, such as teaching, etc. These jobs may have other compensating 
attributes, such as better protection against dismissal.

It could be argued that a change in the match quality status need not translate 
immediately into different wages. As explained above, this issue is examined by 
considering job mobility to jobs that are on-average better paid. Ranking jobs 
according to their average wages is likely to produce substantial measurement error 
if there is significant wage dispersion within jobs. However, average wages may 
be considered as a more permanent characteristic of a job and therefore a better 
approximation to the lifetime value of an occupational move.

The hypothesis tested here is whether individuals with a worse match quality 
are more likely to move to better jobs than adequately matched individuals. This 
exercise is not as straightforward as might be predicted because the worst-matched 
individuals appear to be located in lower-ranked occupations and, for purely par
simonious reasons, any mobility is more likely to be positive for them than for the 
comparison group. The other issue is the possibility of ‘negative’ mobility episodes. 
It is not necessarily true that the group with a higher incidence of positive mobility 
will also be less likely to suffer negative mobility.

Changes in the status of an individual’s job are calculated from changes in 
the value of the average wage by industry and occupation within each country. 
Consider industry s and occupation z, then the job status is approximated by
TTT—  _

Thus, an episode of positive mobility occurs whenever an individual i in country 
c changes occupation and/or industry leading to one with a higher value in
year t d- 1 than in t. One can model the propensity of an individual i to experience 
this positive mobility event between t and t +1 as described by an unobserved index:

Vi,t — CXt + P^i,t T 7^i,t +
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where  ̂ is a vector of match quality variables which includes the three types of 
skill/job mismatch. In this case, the baseline comparison group is compounded by 
individuals with the optimum match quality. Only highly educated individuals are 
considered. The vector is a set of additional regressors that might also contribute 
to mobility and is a normally distributed error. Under the assumption that an 
episode of positive mobility as described above occurs whenever yi t̂ =  > 0 ) =
1 , the relevant parameters can be estimated through a standard probit model.

This approach overlooks the heterogeneous nature of a zero value in the depen
dent variable yi t̂ with respect to the match quality variables. For example, some 
individuals who do not experience a strictly positive mobility event from i to t +  1  

can remain in their same initial, high-ranked job at t. With low room for upward 
mobility, this would not be a surprising outcome. However, these individuals would 
be pooled with others who actually experience strictly negative mobility episodes. 
The literature so far has said little about this type of mobility in relation to skill 
mismatch. Thus, two specifications for yi t̂ are considered that are defined as follows. 
Using 1(^4) as the indicator function for event A  and defining Wi t̂,c as the average 
wage in the industry*occupation individual i (in country c at time t) belongs to:

and

y i , t , c  ~  ^  Ü ) i , t ,c ) -

Thus y l ^  refers to events of strict positive mobility and y^  ̂ adopts refers to non
negative mobility, i.e. whether the individual retains her current job status.

Separate estimates for y]̂  ̂ and yf̂  ̂ will indicate whether worse match quality 
unequivocally points into the direction of a better mobility horizon (positive effects 
of mismatch in both specifications), higher variation in job prospects (reversal of 
signs for and unambiguously negative (negative effects in both).

Mobility results for men are displayed in table 4.12. Indeed, with the excep
tion of Ireland, worse-matched individuals are more likely to move to higher ranked 
jobs. The pattern of positive mobility is considerably lower for individuals who are 
strictly mismatched with respect to formal qualifications. This suggests that their 
progression will take place within the occupation they have chosen following a career 
change. Thus, positive mobility is more likely to take place amongst those individu
als who report to be over-skilled for their jobs. Besides, the fact that the sum of the
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Table 4.12: Upward occupational mobility: M en

Bad match (IV) Mismatched (II) Over-skilled (III)
Coef. SE. Coef. SE. Goef. SE. Obs.

Germany 0.270 (0.204) 0.218 (0.262) 0.161 (0.174) 1692
Denmark 0.943 (0 .2 2 0 ) 0.680 (0.316) 0.555 (0.208) 1 1 2 2

Netherlands (1283 (0.391) 0.143 (0.176) 1195
Belgium 0.515 (0.289) 0.821 (0.417) 0.251 (0.294) 1056
France 0.655 (0.246) 0.627 (0.276) 0.217 (0.236) 1426
U.K. (1868 (0.307) 0.768 (0.320) 0.483 (0.262) 800
Eire -0 . 0 0 1 (0.286) -0.174 (0.493) 0 . 1 0 0 (0.242) 750
Italy 5.700 (2.244) 5.664 (2.281) 5.636 (2.250) 801
Greece 0.712 (0.276) 0.381 (0.340) -0.190 (0.243) 1301
Spain 0.875 (0 .2 1 2 ) 0.817 (0.271) 0.455 (0.203) 1573

Dependent variable: 1 if moves to better job, 0 otherwise
Germany 0.054 (0.174) -0.400 (0 .2 0 2 ) -0.034 (0.119) 1692
Denmark -0.384 (0.191) -0.231 (0.297) -0.089 (0.159) 1 1 2 2

Netherlands 0.036 (0.293) 0.404 (0.437) -0.242 (0.161) 1195
Belgium -0.081 (0.237) 0.126 (0.361) -0 . 0 2 1 (0.179) 1056
France -0.104 (0.230) -0.007 (0.264) 0.038 (0.219) 1426
U.K. -0.352 (0.274) -0.191 (0.370) -0.219 (0.232) 800
Eire -0.290 (0.330) -0.270 (0 .2 2 1 ) 750
Italy 0.085 (0.277) -0 . 0 2 0 (0.312) 0.188 (0.289) 801
Greece -0.147 (0.242) 0.272 (0.391) -0.072 (0 .2 0 1 ) 1301
Spain 0.026 (0.196) -0.164 (0.265) -0.081 (0.155) 1573

Dependent variable: 1 if keeps or improves job quality, 0 otherwise

NOTE: Probit model estimated coefficients displayed. Personal weights used. Standard errors in 
parentheses are robust to within-individual correlation. Sample of male graduates, aged 22 to 64. 
Specifications include year dummies and quadratic polynomial terms in age and tenure. Empty 
coefficient cells due to perfect prediction arising from few observations.

separate components exceeds the coefficient for genuinely over-qualified individuals 
suggests some type of interaction between the two dimensions of mismatch.

But are worse-matched individuals more likely to retain their job ranking? The 
estimates displayed in the lower part of table 4.12 suggest this is not the case. 
Even though most coefficients are not statistically significant, individuals with a 
better educational match appear to be much better at retaining their occupational 
status. The combination of these two results suggest that whereas less well matched 
individuals are more likely to move upwards, they are also more likely to worsen 
their position than adequately matched men. Thus, mobility, both positive and
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negative, is more likely for over-qualified men.
This seems to be consistent with the results of a recent study by Biichel and 

Mertens (2001), who have re-examined the upward occupational mobility hypothesis 
stated by Sicherman. They propose alternative definitions of upward mobility based 
on the actual wage growth and find that German over-educated individuals are less 
likely to move upwards. In their opinion, the positive result found in Sicherman 
(1991) was mainly due to the fact that people starting from a lower level tend to 
have better opportunities for career advancement.^^

This pattern of dual mobility is consistent with a labour market in which employ
ers screen their workers by giving them less demanding and related jobs and upgrade 
them only if their performance is satisfactory. Otherwise, negative mobility is the 
most likely event. Hence, a bad skill-job match may not necessarily be followed by 
a positive mobility episode, as has frequently been suggested in the literature. As 
table 4.13 shows, this pattern is also found amongst women.

These results present a robust and largely unknown picture of mismatch in 
which the ‘over-educated’ (in the general, classical meaning of the word) higher- 
education graduates face more uncertain career prospects than their adequately 
matched peers. This is only partly consistent with the human capital view of skill 
accumulation, wherein there is no hypothesis about the higher incidence of nega
tive mobility episodes amongst ‘over-educated’ workers. My interpretation of this 
finding is that, even if skills are accumulated at a faster rate on average amongst 
this group, only a process of screening by employers can explain the relatively more 
diverse ‘fortunes’ of over-educated individuals. In a world where education provides 
limited information about a worker’s real and potential skills, employers will be 
reluctant to assign them to more complicated and crucial tasks. Firm loyalty and 
capacity to interact with co-workers are other measures of skill proficiency that can 
be learned while the new recruit is involved in less demanding occupations. Higher 
variation in terms of career prospects may well be due to the associated variation in 
the screening outcomes.

^̂ I also regressed wage changes on mismatch categories but did not find significant effects. This 
suggests that the positive mobility effect is cancelled by the negative one. It was impossible 
to replicate the analysis by Biichel and Mertens (2001) because of the lack of regional German 
variables that allowed restriction of the sample to West German men. The fact that the West 
and East German populations are mixed in the data (and cannot be distinguished because of lack 
of regional identifiers for Germany) may well explain the low returns to education found for this 
country.
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Table 4.13: Upward occupational m obility: W om en

Bad match (IV) Mismatched (II) Over-skilled (III)
Coef. SE. Coef. SE. Coef. SE. Obs.

Germany 0.447 (0.314) 0.552 (0.356) 0.367 (0.267) 622
Denmark 0.259 (0.268) 0.661 (0.303) 0.017 (0.166) 1104
Netherlands 0.713 (0.278) 0.029 (0.418) 0.277 (0.207) 765
Belgium 0.677 (0 .2 1 2 ) -0 . 2 2 2 (0.503) -0.105 (0.217) 1113
France 0.741 (O.201) 0.345 (0.267) -0.078 (0.229) 1421
UK 0.345 (0.308) 0.358 (0.433) -0 . 1 1 0 (0.257) 568
Eire 1.275 (0.367) 0.254 (0.603) 0.310 (0.283) 496
Italy 5.417 (0.538) 5.157 (0 .0 0 0 ) 5.374 (0.519) 477
Greece 0.423 (0.289) 0.256 (0.239) 887
Spain 0.729 (0.260) 0.008 (0.509) 0.130 (0.261) 1095

Dependent variable: 1 if moves to better job, 0  otherwise
Germany -0.431 (0.230) -0.003 (0.325) -0.191 (0.213) 622
Denmark -0.519 (0.213) -0.477 (0.275) -0.077 (0.139) 1104
Netherlands 0.132 (0.310) 0.290 (0.164) 736
Belgium 0.018 (0.230) 0.066 (0.363) -0.081 (0.154) 1113
France -0 . 1 0 1 (0.195) -0.510 (0 .2 1 0 ) 0.180 (0.208) 1421
UK -0 . 1 2 0 (0.277) 0.192 (0.434) 0 . 0 1 2 (0.204) 568
Eire -0.047 (0.546) -0.511 (0.700) -0.209 (0.242) 496
Italy 0.292 (0.365) 0.130 (0.388) 0.255 (0.377) 477
Greece -0.068 (0.247) -0.374 (0.340) -0.297 (0.204) 933
Spain -0.186 (0.282) -0.031 (0.376) -0.456 (0 .2 2 2 ) 1095

Dependent variable: 1 if keeps or improves job quality, 0 otherwise

NOTE: Probit model estimated coefficients displayed. Personal weights used. Standard errors in 
parentheses are robust to within-individual correlation. Sample of female graduates, aged 22 to 64. 
Specifications include year dummies and quadratic polynomial terms in age and tenure. Empty 
coefficient cells due to perfect prediction arising from few observations.

4.5 C onclusions

This chapter has provided new evidence on the patterns of skill mismatch among 
higher education graduates in a group of European countries. Data contained in 
the European Community Household Panel has allowed me to distinguish between 
situations of under-utilised skills and job matches in which formal qualifications 
are of little significance. This distinction is important in order to identify who is 
genuinely over-qualified in her current occupation and to examine whether there are 
significant interactions between the two dimensions of skill mismatch.

The analysis in this chapter has shown that the effects of skill mismatch are
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quantitatively quite heterogenous across countries. Nonetheless, the results appear 
to indicate that there are positive returns to an adequate match. Genuinely mis
matched individuals still perform better on average than less educated individuals 
in terms of earnings. However, their levels of job dissatisfaction are significantly 
higher and are translated into a higher incidence of job search efforts.

Wage regressions based on fixed effect estimates significantly reduce the extent of 
the positive returns to an adequate match, which might well be due to unmeasured 
heterogeneity in individual skills. Unmeasured skill heterogeneity might also be 
responsible for the positive interactions found between adequate skill utilisation and 
job-relevant formal qualifications. The negative impact of genuine mismatch found 
in wage level regressions and satisfaction estimates always appear to be larger than 
the sum of the independent effects.

Nevertheless, positive returns to improved individual matching conditions are 
significant for men in Spain and Denmark and, quantitatively, are an important 
part of the estimated returns to a higher education degree.

Additionally, mobility patterns are consistent with a larger degree of transitions 
to better jobs amongst over-qualified individuals. However, these individuals are 
also found to be more likely to move to lower-ranked occupations. This finding 
suggests that employers might use over-qualification spells as an effective way of 
screening workers’ capacity to perform more crucial tasks.

Although completely different, this interpretation is certainly compatible with 
the intuition that over-qualified individuals are investing in skills they lack immedi
ately after graduation, which are required to succeed in the labour market.

Finally, estimates of the return to education amongst over-qualified individuals 
might give a good indication of the expected return to education for new entrants 
in higher education following educational reforms that involve lowering standards 
required to access University. Making information available on the matching dis
tribution for different degrees and the alternative earnings scenarios may enable 
secondary-education graduates to make better informed decisions and hence pro
mote a more efficient allocation of resources. However, it is still not well understood 
why some countries appear to have problems in creating jobs that require high skills 
at a rate that matches the evolution in its supply.
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Chapter 5 

Endogenous W age and Capital 
Dispersion, On-the-Job-Search  
and the M atching Technology

5.1 In trodu ction

Stigler’s (1961) seminal paper set one of the first theoretical foundations that at
tempted to explain the ubiquitously observed dispersion of prices for apparently 
homogeneous goods. This dispersion was attributed to a process of endogenous 
differentiation consistent with the optimising behaviour of economic agents. This 
departure from the conventional setting where the ‘law of one price’ prevails stems 
from the frictions, information limits and other transaction costs that prevent allo
cations that would have taken place with a Walrasian-like auctioneer. In this world, 
a seller’s concern is not only the price at which a good can be sold, but also the 
likelihood of this transaction actually taking place or the waiting period until it is 
effective. Traders rarely have a full knowledge of all the available offers and, even 
if they do, monetary or time constraints may make it infeasible or undesirable for 
them to trade simultaneously with everyone. Competition in a world where fric
tions are present will often lead sellers to commit to lower prices or buyers to accept 
higher prices than they would do otherwise. An optimal pricing strategy will thus 
involve the attem pt to strike the right balance between conflicting objectives, given 
the other agents’ own pricing choices.

The labour market is often presented as an example of a market where such
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restrictions are commonplace. In fact, firms which are apparently similar do make 
rather distinct offers for workers with apparently identical productivity. It has been 
suggested that unobservable characteristics can account for a large share of the ex
isting wage heterogeneity and, in particular, recent increases in wage inequality in 
the United States and in the United Kingdom, as documented by Juhn, Murphy and 
Pierce (1993), Murphy and Welch (1992) and Gosling, Machin and Meghir (2000). 
However, attributing the entire extent of earnings inequality amongst observationally 
equivalent individuals to characteristics which are unobserved to the econometrician 
is certainly an unsatisfactory explanation for such a widespread phenomenon. This 
approach is also likely to neglect the systematic nature of observed price heterogene
ity within markets, which is often the outcome of rational differentiation behaviour 
of ex ante identical agents. For example, in the context of the labour market, Holzer, 
Katz and Krueger (1991) find that high wages attract significantly more applicants. 
This evidence suggests that entrepreneurs may trade off this positive recruitment 
effect against the negative impact of higher wages on profits.

This chapter reflects on the rationale for endogenous wage dispersion in a labour 
market where employed individuals are not forced to give up on better opportuni
ties that may eventually arise. This is known as the ‘on-the-job search’ assumption. 
Incentives to offer wages higher than some minimum value will exist because firms 
can substantially increase the likelihood of receiving applications and, simultane
ously, reduce the probability that incumbent employees, (whose hiring process has 
been costly for the firm) find better offers and decide to quit. Therefore, larger 
wages are not necessarily bad news for a firm. There is substantial evidence sug
gesting that search while employed is an empirically important phenomenon. Galt 
(2001) shows that almost 15 percent of Canadian workers are actively seeking new 
jobs, and a much higher percentage can be described as having ‘their eyes open’ 
for new opportunities or offers. Furthermore, evidence from worker flows seems to 
confirm this pattern. Fallick and Fleischman (2001) show that the volume of job- 
to-job transitions is of the same order of magnitude as the job-to-unemployment 
transitions. Anderson and Burgess (2000) draw attention to the importance of job 
search incentives for employed individuals and their effects on estimated matching 
functions.

Models where higher wages increase a firm’s idiosyncratic probability to be 
matched to a worker have been analysed by Burdett and Judd (1983), Burdett and 
Mortensen (1998) and Mortensen (1990,1998). The latter incorporates this wage
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posting approach to search equilibria as developed by Pissarides (1990, 1994) and 
Mortensen and Pissarides (1994). This approach is based on an aggregate matching 
function without specific micro-foundations and set in continuous time. It is very 
convenient because it allows modelling the arrival rate of offers for searching agents 
as a function of the relative size of job offers to searching individuals. Nevertheless, 
it implies that matching is uniform across the distribution of offers, and then it is up 
to the worker to decide whether to take the job or not. In practice, some jobs will 
receive more applications than others, and it can not be guaranteed that fdl'lowmg" 
matching, a job application will be successful.

It highlights that the standard assumption of an aggregate matching technology 
imposes that congestion externalities in the matching of workers to firms are uniform 
over the wage distribution. However, vacancies offering lower wages will receive less 
applications as demonstrated by Holzer, Katz and Krueger (1991). Competition 
from employed workers trying to improve their current position will imply that un
employed workers will be more likely to move to worse paying offers due to the lower 
extent of congestion externalities. This phenomenon suggests that the appropriate 
matching ‘function’ for unemployed individuals will differ from that of employed 
individuals, which will be heterogenous for each position in the wage distribution. 
In this context, one could think of the standard aggregate matching function that is 
estimated in practice as an aggregate of multiple individual matching probabilities 
over the full range of the wage distribution. With a more disperse wage distribution, 
this aggregation may turn out to be a worse representation of the overall matching 
process^ and, in general, it will fail to reproduce mobility patterns for individuals 
who depart from different points in the distribution.

The distinctive methodological feature of this research is the departure from the 
uniform matching assumption in the on-the-job search environment of Mortensen 
(1998). Instead, it adopts the alternative specification of an urn-ball statistical 
model to generate the frictions that are missing in the Walrasian-auctioneer bench
mark. By not allowing all agents to trade simultaneously with each other, a trade-off 
in the choice of wages by each firm is possible. This trade-off is not resolved in a com
mon single best possible choice as in other typical maximisation problems because 
a firm’s optimal decision depends on what the others do and there are incentives for 
firms to differentiate themselves from each other.

^In fact, the matching function was originally devised for models of Nash wage bargaining and 
no on-the-job search that lead to a single equilibrium wage for identical workers.
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This type of matching technology is also used by Acemoglu and Shimer (2000), 
who investigate the phenomenon of wage dispersion from a different perspective. 
In their model, search activities by unemployed individuals are endogenised in the 
sense that they can choose how many offers to sample at a given cost.^ When some 
workers sample two or more offers, incentives for wage dispersion appear because 
larger wages can attract applications from workers who sample more than one offer. 
Such a model has a very static focus (even though they consider a dynamic version 
in steady state) because on-the-job search is not allowed. Thus, career progression 
would play no role in shaping inequality.

In contrast, my model restricts the maximum number of offers that any indi
vidual can sample per period to one.^ Wage dispersion arises for similar reasons: 
higher wages serve the purpose of reducing the period in which capital remains 
idle -  with the subsequent savings in terms of the investment opportunity cost. 
More applications imply anticipation of the date production begins and delaying 
the day it endogenously might come to an end because the worker finds a better 
offer. In contrast to Acemoglu and Shimer (2000), direct competition between firms 
(i.e.comparison of two offers) is restricted to happen between vacant and filled jobs. 
The only interference among vacant firms operates in the form of a congestion exter
nality, wherein a larger number of vacancies reduces the expected number of contacts 
made with workers.

On-the-job search and multiple sampling of job offers are alternative mechanisms 
aimed at resolving the problem known as the ‘Diamond paradox’.̂  Diamond (1971) 
proved that under imperfect information on offers (and even when the number of 
competitors is large) there is a unique, fully monopsonistic wage offered in equilib
rium, which is identical to the bargaining solution where the employer has all the 
bargaining power. Because the rents that workers can capture disappear, there are 
no incentives for them to participate in the labour market when the cost of learning 
about offers is strictly positive. Wage dispersion becomes a possible solution when 
we allow workers to compare two offers simultaneously, as in Acemoglu and Shimer’s

^This model is a generalisation of that by Burdett and Judd (1983). Other contributions which 
make use of the urn-ball model to assess wage posting are Lang (1991), Montgomery (1991) and 
Peters (1991). See the survey by Petrongolo and Pissarides (2000) for a comparison of alternative 
matching function specifications. This survey also includes an extensive discusses extensively the 
empirical literature on the estimation of matching functions in the labour market.

^This can be justified conveniently by setting the unit of time considered.
^See Mortensen and Pissarides (1999) for a discussion on the Diamond paradox.
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model, or when they are allowed to search while employed for still better offers.
The model described in this chapter endogenises a firm’s choice of match-specific 

capital and wages simultaneously. It is important to note that the dispersion results 
do not follow from the possibility of choosing from a range of feasible capital levels. 
As in Acemoglu and Shimer (2000) and Mortensen (1998), I show that under mild 
and typical assumptions on the production function, there is a strictly increasing 
relationship between capital and wages in equilibrium, so that firms choosing to 
install more capital will pay higher wages and vice-versa. Bontemps, Robin and van 
den Berg (1997) present a model with similar characteristics though productivity 
differences are assumed to be exogenous, mainly on account of its higher empirical 
tractability with matched firm-worker data. There is some empirical evidence sug
gesting a causal link from wages to technology, as presented in Chennells and van 
Reenen (1998) and Doms, Dunn and Torske (1997). This seems to justify the joint 
endogenisation of both capital and wage decisions. Dispersion results would also 
hold in the absence of capital decisions because wages are the only decision variable 
capable of affecting the probability to become and remain matched to a worker. 
By introducing capital into the model, more realistic distributions can be obtained. 
Otherwise, the nature of imperfect competition in wages would produce a strictly 
increasing wage density function up to the competitive equilibrium wage level.

This chapter aims to focus more attention on the mechanism that pervades 
observed matching frictions in most markets, particularly the one in which labour 
is traded. Traditionally, the attention of researchers has been more directed at 
understanding what drives job search efforts and its associated costs.^ This objective 
is certainly not incompatible with a closer inspection of the matching technology 
black box, as this chapter shows. I will provide an iterative procedure to find a 
numerical solution for an extended version of the wage posting model. This includes 
discretionary search efforts that result from the different incentives to search on- 
the-job depending on location in the wage distribution and the existence of search 
costs.

The chapter is structured as follows: Section 5.2 describes the economic envi
ronment and analyses the matching technology. The purpose of section 5.3 is to 
characterise and show the existence of a disperse equilibrium. The basic model is 
then extended to account for endogenous investments in job-specific human capital

®See for example Mortensen (1999) and Christensen et al (2001).
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in section 5.4. Section 5.5 examines a more complicated version of the basic model 
with costly search and subsequent job search heterogeneity. The principal empiri
cal implications of the ‘micro-founded’ matching model are discussed in section 5.6. 
Section 5.7 concludes.

5.2 M icro-foundations in a m atch ing m odel o f  wage 

p ostin g

5.2.1 The general setting

The formal setup of the model does not contain a large number of elements and 
can be better described by exposing the sequence of decisions and events in each of 
the periods. At the beginning of each unit of time, which is discrete, an unspeci
fied number of vacancies joins those that remain unfilled from the previous period. 
The opening process for a new vacancy involves a managerial decision about the 
amount of worker-specific capital to be installed and the constant wage per period 
a successful applicant will earn.® In the simplest version of this model, that will 
be used to describe the basic wage dispersion mechanism, I will assume there to 
be no quantitative investment decision. In that case, firms’ decisions boil down to 
choosing whether to enter the market and what wage to post.

In this economy there is a measure L of potential workers who are homogeneous 
in terms of skill and are either employed in some operating firm or unemployed, the 
latter being a proportion u of the total. The maximum between the flow value of 
unemployment and the statutory minimum wage is denoted as b. This will be the 
minimum admissible wage offer that can be made by firms in an equilibrium.

The joint distribution of capital and wages among the total stock of vacancies 
V,  old and new, is denoted by F{k,w).  The marginal distributions will be denoted 
as Fw{w)  and Currently employed individuals are distributed across jobs
according to the joint distribution G( k,w)J  The matching process is described by 
a simple mechanism of job offer sampling and competing applications. In section 
5.3, it will be assumed that each individual, whether employed or unemployed, 
finds out about a single vacancy in each period. This assumption has the following

®This model considers a fixed-coefficient technology such that one job can be occupied by a 
single worker.

^The marginal distributions are characterised by G x i k )  and Gwi'w).
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implications: ( 1 ) search intensity is homogeneous across the whole population; (2 ) 
by sampling a single offer per period, a firm whose vacancy has been detected by an 
individual has a certain monopsonistic power.

If it is in her interest, a given individual will choose to submit an application for 
the sampled offer at no cost. The success probability of this application will depend 
on the number of individuals who have actually applied for this particular job. After 
sampling, it is irrelevant whether or not this number is known to each one of the 
applicants as each individual has sampled a single offer. If a firm receives at least 
one application, the job will be assigned completely at random to only one of the 
applicants and the firm must commit to the wage previously posted.® If, however, 
no applications are received at all, the vacancy will remain unfilled and the match 
process will be postponed until the next period.

This matching process implies that vacancies will not only be filled by previously 
unemployed individuals, but also by workers from other firms who choose to quit 
because of the more advantageous conditions (higher wages) in the new job. En
dogenous job destruction follows from workers’ random success in their search and 
application for better jobs. In this case, the worker-specific investment incurred by 
the firm when creating the job cannot be recovered, forcing its exit from the market.

Once the matching market has closed, production takes place in non-vacant firms 
according to the function 0 (/c), which is assumed to be satisfy certain regularity 
conditions. These conditions include the requirements of being continuously twice 
differentiable, strictly increasing and concave in capital, with (f){a) = 0 , for some 
a > 0, 0'(a) —> oo and (p'{oo) = 0. Furthermore, attention will be restricted to 
functions for which it is possible to find a positive value ko for which ‘average’ and 
marginal product coincide in order to ensure a well behaved support for the optimal 
job creation decisions. Workers are paid the advertised wage and subsequently see 
themselves exposed to the exogenous probability 5 that their job is destroyed. If 
this happens, workers become unemployed and firms face the same consequences as 
in the event of endogenous job destruction. This concludes a unit of time in this 
economy. New vacancies may join the currently existing stock (unmatched firms) 
and the same process is continuously repeated over time.

Both workers and firms discount the future with factor j3 and are assumed to 
be risk neutral. Workers are considered to be utility maximisers. In the context

®In the case that there is a single applicant, he or she will obtain the job with probability one.
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of this model, their behaviour is substantially simplified to an application strategy 
consisting of an application to any job offering more than their current remuneration 
when employed or more than b when unemployed. This simplification will be more 
carefully examined when endogenous search intensity is allowed for. In order to 
simplify the equilibrium characterisation, I will adopt the convention that when 
faced with two identical choices, the individual chooses to move to the new offer. In 
equilibrium this assumption will be unimportant because of the zero-probability of 

ich an event.
Probably the most significant assumption of this setting is the assumption of dual 

perfect commitment. Workers cannot put pressure on their employers to increase 
their wages under the threat of moving to another job. Informational problems 
can be invoked to justify this approach, as a worker’s threat may not be credible 
-  particularly if there is no contractual agreement that punishes workers for an
nouncing “fake” offers. On the other hand, this assumption restricts the possibility 
that firms will exploit the existence of many candidates to pay the minimum of the 
candidates’ reservation wages, and default on their previous promises once a worker 
has left their previous job. Wage commitment could be therefore the result of an 
efficiency-enhancing institutional arrangement.

This model is an equilibrium approach to the phenomenon of wage dispersion 
and matching. As such, some restrictions need to be imposed on the way agents 
formulate expectations. Firms have a complete understanding of the effect of their 
wage offers on the probability of receiving at least one application as well as on the 
probability of losing a worker to a competitor firm. In spite of the informational 
burden that placed on individuals and firms, this model follows most of the exist
ing literature by only considering rational expectations steady-state equilibria with 
perfect foresight.

5.2.2 M atching probabilities

The probability that a randomly chosen individual applies to a job paying w is 
given by — u)Gw{'w)). This is just the joint probability that this particular
individual observes the vacancy and that this offer is attractive enough for her 
to make an application. W ith L individuals, the probability of not receiving any
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application at all is given byr

p{ w)  =
1  ^

1 — — ( u  +  (1 — u)Gw(uj))

If we define q = L / V  as the inverse of ‘market tightness’, as this expression is 
known in the literature, and assess what happens when the number of individuals 
and vacancies becomes large {L^V —> oo), this probability becomes approximately:

=  1 _  g-d"+(i-")Gw:W] (5 1)

Denote W as the set of wages offered in equilibrium. The probability of losing a 
worker to another firm is

X(w)  = f  s{w)dF{w),  (5.2)
J {wÇiW'.w<ŵ

where s [ w)  represents the probability that an application to a job w  is successful. 
This expression integrates the application success probability over the set of desirable 
wage offers, taking into account their density. The probability that an individual 
faces a number i of competitors for a job that she has sampled is given by^°

[L -  1 )! ( u  + ( \ -  u ) G w{ ' w ) \  A  _  « +  (1 -
\  y  J \  V

The first term indicates the number of possible combinations that will deliver an 
identical number of competitor applicants ‘i’, out of the population L — 1  of potential 
competitor a p p l ic a n ts .T h e  product of the remaining two terms represents the 
probability that a particular group of ‘i’ individuals apply for a given job paying w.

With i competitors, the application will succeed with probability 1 /(1 +  z). As a 
consequence, an individual’s assessment of her probability of success when applying

®This statement is not entirely accurate. The probability that no individual applies to a job 
offering w  is actually given by (1 -  l / V f  W^^Empioyrnenti'^ ~  ^ ^ ^ ^ ) ,  where 1(A) =  1 if the event 
A  is true and 0 otherwise. The approximation described in the main text will converge to the same 
value as that derived from the true probability when the population size becomes arbitrarily large, 
as it is assumed in this model, as a result of the law of large numbers.

^°Once more, this statement is not accurate for finite populations but the law of large num
bers ensures the convergence to this same probability. This specification is chosen strictly for 
presentational purposes.

Obviously, the individual excludes him /herself from this computation.
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for a job offering w is defined as follows:

/ \ 1 (L — 1)! f  u { 1  — u)Gw{w) \  /  u [ 1  — u)Gw{w)'^
= ^TT7(L-i-i)!H ÿ j V ÿ------z= 0   ̂  ̂ ^

L1
1  — — [u +  ( 1  — u)Gw{'^)]

q\u +  (l — v?jGw{y^^\ 

which, as V  becomes large, approximates:

\  _  ç -̂q[u+{l-u)Gw{w)\

=  q[u + { l - u ) G w { w ) \

Notice that the success application function s{w\U^L — U^V) is homogeneous 
of degree zero m U^L — U and V,  for any given w. By increasing the measure of 
vacancies, unemployment and the population by the same factor, the unemployment 
rate and the inverse of market tightness {L/V)  do not change. This is also true for 
the vacancy matching probability p{w\U, L — U , V ) P  This is a substantially revised 
version of the standard random matching technology criticised by Petrongolo and 
Pissarides (2000). According to this specification, the model gains not only in terms 
of micro-foundations, but also improves with regard to the richer interaction between 
the wage distribution and matching patterns, as described in Holzer et al (1991).

It is reasonable to consider that an approximation to a continuum of individuals 
and firms is adequate in the case of the labour market. This is convenient when 
imposing the assumption that an individual firm will not be able to perceive the effect 
of her own actions on the structure of the m ark e t.A d d itio n a lly , as is commonly 
found in most of the Economics literature, I will assume that there is perfect foresight 
of the future distributions of wages and capital among vacant and non-vacant firms, 
and perfect knowledge of the measure of vacancies and unemployed workers at each 
period of time. As the focus is strictly on steady-state equilibria, it will necessary 
to impose additional constraints on the time invariance of these distributions and 
variables.

will also normalise the measure of the population L  to one, so that q =  1 /V.  
choose not to carry on by approximating the matching setup to a continuous time framework 

because the nature of frictions crucially depends on the possibility of more than one offer being 
received by a firm simultaneously. This essential congestion feature vanishes in continuous time 
unless the number of searching agents grows faster than the divisions of a unit of time. In the real 
world, it is rare to attend one job interview without any additional candidates. Further research 
is needed on the different limiting properties of micro-founded frictions.
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5.3 T he basic m odel: w age d ispersion  w ith ou t

capital

In this section, I concentrate on showing the key aspects of a labour market equilib
rium in a slightly simpler version of the model described above. The only difference 
is the assumption that there is no choice of job-specific capital by firms and thus 
the firm only makes decisions about market participation and wage posting. The 
purpose is to show that none of the key features of the model hinge on the as
sumption of job-specific capital. As stated above, wage dispersion follows from the 
trade-off between standard profits in each period a worker is employed in a job and 
the likelihood of filling a vacancy.

Here I assume that 7  denotes the fixed cost associated with creating a job. W ith
out capital and given identical workers, productivity per period must be constant. 
In order to simplify the notation, productivity can be normalised to one without 
loss of generality, and I will omit the sub-index W  from the distribution functions 
F  and G.

5.3.1 Job creation and Bellm an equations

The value J^(w)  of opening a vacancy promising a wage w is given by:

A given vacancy remains unmatched with probability l — p{w) = 
that is, the probability that no worker at all decides to apply for it. In this case, the 
expected value falls according to the discount factor (3. Otherwise, the value of a 
firm coincides with the value of having filled a vacancy J^{w),  which is determined 
by:

J^{w) = l — w + (3{1 — 6 ) ( 1  — x(rc))

The value of a filled vacancy can be decomposed into its flow value, which is 
determined by the difference between the normalised output and the wage rate 1 — w 
plus its capital value. The latter depends on the compound probability that the job 
is not destroyed by either exogenous or endogenous (quit) reasons. Job destruction 
leads to a future value of zero, whereas persistence ensures the properly discounted 
value of a filled vacancy {pj^{w)) .
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The cost of opening a vacancy is given by the exogenously fixed price price 7 . 
Therefore, the net value of a vacancy J^^{w)  is expressed as follows:

J^^{w)  = — 7

1 — g—g[^+(i- )̂G(w)] 1 — w

1 — 1—/?(! —(5) (1 — x(^))

Let us denote W as the set of wage offers made in equilibrium. Any element 
of this set w E W  must satisfy the condition that there is no other wage offer 
such that (w). Furthermore, the absence of restrictions on creating
vacancies implies a typical zero profit condition, i.e. J^^{w)  = 0  for any w G W.  
In that case:

1  _  q- ç[u+{'^-u)G{w)] 1 — w

^  1  — ^g-g[u+(i-u)G(w)] I _  — x{w)) '

It is now necessary to derive additional features of an equilibrium. This will 
involve determining which constraints are necessary to ensure the stationarity of the 
equilibrium and the restrictions on the support of the wage and capital distributions.

5.3.2 Steady-state conditions and equilibrium characterisa
tion

Now let us examine the conditions for a steady-state equilibrium in this economy. 
The minimum of the set of wages offered in equilibrium must be equal to It 
is obvious that it cannot be smaller, as firms would not attract any workers at 
all when the statutory minimum wage is not binding relative to the flow value of 
unemployment.^^ The equilibrium minimum wage cannot be strictly larger than b. 
To prove this, let us suppose there were another minimum value Wmin such that 
Wmin > b. A  firm offering this wage would only attract unemployed individuals 
and workers being paid the same amount w^in in their current jobs. A marginal 
reduction in the wage offered to a level above or equal to b would not affect the

^^This discussion is not entirely rigorous, as I do not distinguish between the concepts of supre- 
mum and infimum and the associated concepts of maximum and minimum.

do not entertain the possibility that firms do not comply with regulations and pay less than 
the statutory minimum wage.
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application probabilities from the unemployed, would increase operational profits 
but it might imply some reduction in the probability of attracting workers being 
paid Wmin- However, the latter effect would be negligible as it is impossible to 
have an atom at Wmin- The explanation is as follows: if there were a mass of 
firms offering and paying such an amount, there would be incentives to deviate by 
offering a marginally larger wage with a consequent discrete gain in the probability 
of attracting and retaining workers.

Moreover, there can not be an atom in the set of offers. The same argument as 
above would apply. Firms have incentives to deviate from an eventual mass point in 
the distribution by making marginally larger wage offers. This is on account of the 
positive measure of workers who would become attracted to the firm at a negligible 
wage cost. The maximum value w of the support for W implies G{'iv) = 1 . It is not 
possible to have an atom at this point because %(w) would be positive and there 
would be incentives for a firm to offer a marginally larger wage.

It is also possible to show that W is a convex set. Imagine that, all wage w such 
that Wi and W2 E W  and Wi < w < W2  ̂ satisfy w ^ W. If this were true, firms 
offering W2 would have incentives to reduce their wage offers to a level very close to 
wi without affecting the probabilistic terms in their value functions, thus increasing 
expected profits and contradicting the possibility of such type of equilibrium.

The previous arguments show that the distribution of wage offers and jobs will 
be continuous on the closed interval W delimited by b and û), that satisfy F{b) = 
Gib) =  0 and F{w) = G{w) = 1.

Now let us turn our attention to the dynamics of the model. In a steady state 
equilibrium, it is required that even though individuals transit from one state to 
another, the general characteristics of the economy remain constant. This implies 
that for any given wage, the number of workers earning less than this quantity remain 
constant over time and so the number of vacant jobs and unemployed individuals 
also remain constant.

If we call T[w] the number of individuals with a flow value less than or equal to 
we will need to impose the condition that the inflow into this group is exactly 

balanced by the corresponding outflow

J(1 -  T M ) =  (1 -  6)TH x(u,), (5.6)
16 This includes also all the unemployed if b <  w.
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where the inflow is the measure of workers earning more than w who enter the stock 
T[w] when they lose their jobs. The outflow denotes the proportion of T[w] that 
move into better jobs and manage to preserve them at least until the end of the 
time period considered.

Notice that if equation (5.6) is evaluated at w =  6 , a condition follows on the 
required constant measure of unemployment u. This balance is defined by the fol
lowing equation:

6{1 - u )  = { 1 -  6)x{b)u, 

which implies the following value for the unemployment rate:

“  =  i + ( i -% (& )■

This rate depends on the exogenous job destruction parameter ô and the endoge
nous rate %(6 ). It is important to note that the latter is not a trivial function of the 
market tightness, as an aggregate matching technology model would imply.

Moving back to the general steady-state dynamics of T[w], it is possible to state:

( tR  “ ^
This must be true for all w G W. If we assume that the continuous distributions 

distributions F  and G are differentiable, the following will be true:

Now we can consider the definition of the quit rate x(w).

Differentiating with respect to w:

, ' M  -  I5 .S ,

It is possible to equate the expressions for derived from (5.8) and (5.9) for
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all w G W.

ô T[vj] _  1  -  e x p ( - g r H ) ^ ,
1 — 6  T[w] q

Alternatively, this can be rewritten as follows:

6  g
T'{w) 1  — 6  T[w]{l — exp{—qT[w]))

It is obvious that the equation above is autonomous of w. Thus, everything can 
be rewritten as the following differential equation, relating the offer distribution and 
the measure of workers T  =  T[w] with flow values below w.

d F  6  g
dT  l - 6 T ( l - e x p ( - g T ) ) '

This equation does not have an analytical solution, although it can be solved 
numerically. This requires some boundary conditions. First, we know that F{b) = 0 
and T ( 6 ) =  u because the measure of individuals earning an amount less than or 
equal to b is the measure of unemployment, since there is no mass point of wage 
offers at b. Additionally, when w = w, F  {id) = T{w) = 1 . Hence, if we consider the 
transformed function F{T)  =  F{w{T)),  where w{T)  is the inverse of T  =  T(w), we 
get F{u) = 0 and F{1) = 1 . Thus:

r F { w )  ^ r T { w )  ^

For a given value of q and u, this expression relates the distribution of offers to 
the distribution of wages across employed individuals. Such values still need to be 
determined. To achieve this, one can evaluate equation (5.10) at w = w,  i.e., at 
T = l :

This equation defines a positive relationship between q and u. As u increases, the 
integrand term (which is always positive) must decrease in order to compensate for 
the reduction in the integration interval. This must be achieved by increasing g, i.e. 
reducing the number of vacancies. This is the typical Beveridge Curve expression
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which is frequently cited in the matching literature. It is the outcome of combining 
the pairs (u, q) which satisfy equation in (5.10). One way to plot this set is to fix q 
and solve the differential equation with numerical methods using only the constraint 
that F{T  =  1) =  1: the associated unemployment rate is given by the intersection 
of the F{T)  function with the x axis, since 0 =  F{T — u).

Figure 5.1: D eterm ination o f steady-state  consistent u for values of q
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T (w) =u+ (1-u)  G (w)

Exogenous destruction rate 5=0.05. q n  =  10, gz, =  .1.

Figure 5.3.2 depicts the graphic determination of the value u defined by two 
different values for q implied by equation (5.11). As explained above, the upper curve 
corresponds to a lower level of q i.e, a higher number of vacancies. The intersection 
of the other curve (corresponding to a higher q) with the a;-axis indicates that the 
only consistent unemployment rate in steady state will be lower.

Another implication of the steady-state equilibrium is that the actual wage dis
tribution stochastically dominates the wage offer distribution in the sense that for 
all w G W, G{w) < F{w).  This can easily be observed in figure 5.3.2. Since T[w] 
is strictly increasing in w in the equilibrium support, it is sufficient to observe that 
G{T) < F{T)  for all T  G [0,1]. Given the model’s assumptions, G is a linear func
tion of T  which we observe to lie strictly below F  except for T  =  0 and T  =  1, 
where they coincide. In conclusion, the distribution of actual paid wages is better 
than that of offers because of the mobility of individuals towards better paid jobs.
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Filled jobs are more likely to be associated with higher wages than those unfilled, 
which are a combination of old and new vacancies.

Figure 5.2: Stochastic dom inance of paid wages over wage offers
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Now it is possible to derive the conditions under which an equilibrium exists. 
The additional expression that relates unemployment to vacancies (or its inverse in 
q) follows from the zero profit condition, evaluated at the infimum of the equilibrium 
wage support h. Imposing %(6 ) =  6(1 — u ) /( ( l  — 6)u), it states

1 =

1  -  exp(—çu) 1 - 6
1 — 13 exp(—gu) 1  — / ? ( 1  — 8/u)

(5.12)

This defines a negative relationship between q and u. This is the typical job 
creation condition in the literature. To preserve the entry/exit equilibrium in the 
market, if there is a higher value of unemployment (which increases the pool of 
applicants for jobs), the number of vacancies must increase {q must decrease) in 
order to compensate. As a result of this, there is a strictly decreasing relationship 
between u and q.

Combining equations (5.12) and (5.11), it is possible to see that there will be at 
most a single (non-degenerate) equilibrium in this economy. To show its existence in 

a simple way, notice that ( q z p c ( u )  -  q d y n { u ) )  U^o< 0  and {qzpdu) ~  Qdyniu)) \u^i> 
0.^  ̂ The continuity and monotonicity of qzpc{u) — qdyn{u), together with the feasi-

^^The functions qdyn{u)  and qzpc{u)  represent the values of q implicitly defined by the steady
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bility condition 6  < 1 , ensures that there is a unique equilibrium such that
0  < u* < 1  and 0  < g* < oo.

Once the equilibrium pair (u*,q*) has been found, it is possible to derive the 
maximum wage rate paid in equilibrium. This is defined by:

1  -  ex p (-g ')  1  -  w 
1  -  /3exp(-g*) 1  - /3 (1  -  5 )’

because =  0. The distribution of wages across employed individuals is now
easy to derive. First, it is possible to derive the quit rate function %(w) because the 
zero profit condition establishes an implicit function of the form r[w, %(w)|g, u] =  0 .

From T[w] = , as implied by equation (5.6), the zero profit condition
becomes:

^ _  1  -  exp(-g* 6 / ( J  +  ( 1  -  (^)x(w))) 1 -  w
1 -  (3 exp{-q*ô/{6 +  (1 -  S)x{'w))) ! - / ? ( ! -  S)x{w) ' 

If we set x(w) = x we can state that:

( 1  -  -  S)x) ( 1  -  Pexp(-q*S/(6  +  (1 -  6 )z)))
w  =  1 — j -

1 -  exp(-q*S/(ô +  (1 -  S)x))

This defines an equilibrium wage rate for each possible wage rate x. It should 
be noted that w is a strictly decreasing function of x in [0 , 1 ] for any positive value 
of q*. Therefore, this can be inverted and the quit probability will fall as the wage 
increases. Once x(ru) is known, the derivation of the wage distribution across filled 
jobs G is straightforward using T[w] = u* + {1 — u*)G{w) = • This is
shown in figure 5.3.2.

W ith T[w] known, the steady-state dynamic differential equation relating T to 
F  can produce numerical solutions for F  given T  at any given wage value w.

The equilibrium distribution of wages appears to have an increasing density. This 
feature is shared by the models in Burdett and Mortensen (1997) and Mortensen 
(1998) in which wages are the only attribute of a job. In equilibrium, employers 
concentrate their offers near the competitive equilibrium wage level. Thus, frictions 
in this market tend to push employers away from the competitive offers towards the 
minimum wage rate. The next section will show how it is possible to obtain more 
realistic, positively skewed distributions by allowing discretionary choices of job-

state dynamics condition and the zero profit constraint, respectively, for a given value of u.
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Figure 5.3: Equilibrium wage distribution
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Parameter values: Ô =  0 .05 ,7  =  0 .03 ,/3 =  0.95,6 =  0.02. 
Equilibrium values: u* — 0.052, q* =  0.536, ü) =  .96869.

specific capital by employers. The presence of decreasing returns to capital implies 
that, in equilibrium, offers will not be so concentrated just below the competitive 
level.

5.4 W age d ispersion  and in vestm ent in job-specific  

hum an capital

The extension of the basic model to the more general setting with capital choices is 
quite straightforward. W ith job-specific capital investments by the employer, it will 
be possible to extend the process of wage differentiation to an additional dimension. 
The basic mechanism at work is as follows: under standard assumptions about the 
productivity and cost of capital, there will be a unique investment decision associated 
with each wage offer. Firms that offer low wages can anticipate a longer waiting 
period until hiring a worker and a higher probability that a worker will find a better 
job and decide to quit. Such firms have an obvious disincentive to invest a lot of 
resources in job-specific capital. The opposite applies to firms offering high wages. 
Let us examine this model in more detail.

197



The value J^{k ,w)  of opening a vacancy with capital k and ofering wage w is 
given by

=  ( 1  -  w),

with matching probability p{w) = 1 — in which case the firm obtains 
the value J^{k^ w) of having filled a vacancy:

w) = (j)(k) — w + P{1 — 6 ) ( 1  -  x(u;)) w).

The flow value of a filled vacancy is now determined by the difference between 
output and wages 4>(k) — w. All the additional elements remain unchanged relative 
to the basic model, except for the cost of opening a vacancy. This is given by 
the product of the job-specific capital k and its constant and exogenous price 7 . 
Therefore, the net value of a vacancy J ^ ^ {k , w)  is expressed as follows:

J^^(k,w) — J^{k , w) —^k
1  -  - w

1  — 1  — — (5)(1 —

Let us denote S  as the set of capital and wage offers in equilibrium. Any element 
of this set {k^w]  G 8 must satisfy the condition that there may not exist another 
pair {k'  such that (k' ,w') > J^^ ik^w) .  Besides, the absence of restrictions 
towards opening vacancies implies a typical zero profit condition, i.e. J^^{k ,  w) = 0 
for any pair {&, w} G 8.

Since J^ ^{ k , w)  is strictly concave in k, it must be true at the optimum that 
= 0. This implies:

1  _  g - g [ u + ( l - ' u ) G v r ( w ) l  (j>'(k)
=  7 -1 — /? e - g [ ^ + ( i - '" ) G w ( 'w ) ]  I _  p(̂ i _  — xi'w))

Substituting this expression back into the zero profit condition, the following 
expression will hold for wages:

w =  Ty(A:) =  # )  -  (5.15)

198



This defines the optimal wage offer as a continuous monotonically increasing 
function of the optimal investment decision^®

Equation (5.15) implies that Gxik)  =  GwiW(k)) .  Thus, the zero profit condi
tion can be re-written strictly in terms of capital. The dimensionality of the problem 
is thus reduced.

]_ _  g-9[̂ +(l-'w)Gw(W(/c))]

^  1 -  /5 e - 9 l“+(i-“)GH.(w'W)l 1 -  /3(1 -  6)(1 -  x{W{k)))  '

The requirements of the equilibrium distribution of offers have not changed. It is 
sufficient to state the boundaries in terms of either of the two variables considered, 
capital and wages. Since the dimension of the problem is reduced to expressing 
everything in terms of capital, it will be true that the highest investment level k 
satisfies Gxik)  = 1  and the lowest will be the capital level such that VE(/co) =  h.

Again, it is possible to show that the zero profit condition evaluated at and 
equation (5.11) determine u and q. Figure 5.4 illustrates this in the same way as in 
the case without capital investments.

The highest capital value in equilibrium can be derived from equation (5.16) 
using G w { ^ { k ) )  = 1  and %(W(^)) =  0. Finally, the distribution of capital Gxik)  
can easily be derived by inverting the monotonically increasing relationship between 
k  and G w ( ^ ( k ) )  =  Gx(/c) in (5.16) after the pertinent substitutions. Figures 5.5 
and 5.6 depict the wage and capital distributions across filled jobs.

These figures show how the introduction of job-specific human capital can help 
generate more plausible wage and capital distributions with a positive skew. De
creasing returns to capital lead firms to locate themselves further away on average 
from the maximum wage (and capital) equilibrium level.

It can also be proven that the timing of job-specific capital investment is a non 
essential element of this result. For example, if a firm can wait until the match is 
made to choose the level of /c, it will maximise the following expression, conditional 
on w:

_  f  0 (^) -  w ,

a firm decided to pay the minimum feasible wage, w — b, then it must be possible to invest in 
the corresponding amount of capital. For this amount to be non-negative, it is necessary that there 
exists a value such that =  4̂ '{ko). For example, the production function (p{k) =  A { k —a)°‘
satisfies this assumption, although it is not possible to find a closed form expression for ko unless 
6 =  0. In that case, ko =  a / ( l  — o).
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Figure 5.4: Equilibrium  determ ination w ith  capital
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Equilibrium values:&o =  44.75, w* =  0.072, q* — 1.9137.

Given the assumptions made on 0 there will be an interior solution determined

by
(f)'{k) =  7  ( 1  -  /?(! -  0){1 -  x (w ))), 

for all {w, k} E S and this implies the following relationship:

= 7 /?(l -  ô)x'{w).

This states that the optimal capital choice /c is a strictly increasing function of w 
because of the concavity of (f) and the fact that the quit probability %(w) is strictly 
decreasing in the wage distribution support.

5.5 E ndogenous search efforts

It is reasonable to argue that individual search intensity is not homogeneous across 
the labour force. Keeping everything else constant, unemployed individuals are, 
in principle, the most likely to benefit from sampling one job offer because this 
new offer may be expected to be at least as good as their current situation. In 
contrast, a worker with a reasonably high position in the wage distribution has a
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Figure 5.5: Equilibrium distribution of job-specific capital
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Parameter values: Same as in figure 5.4. 
Equilibrium values: Idem, k = 108762.

lower probability of finding a job offer that can improve her existing position. The 
existing diversity in terms of the potential benefits of sampling from the job offer 
distribution, combined with a process of costly search, dictates that higher earning 
individuals should exert a lower search effort. This section formalises this intuition 
within the matching function environment specified above. To ease presentation, I 
will return to the case without quantitative investment decisions.

5.5.1 The model

Instead of allowing all individuals to sample one offer from the pool of job vacancies 
at no cost, I assume that with cost c(cr) an individual can sample an offer with 
probability a. The function c{a) is assumed to be twice continuously differentiable, 
increasing and convex in the sampling probability a and satisfying c(0 ) =  c'(0 ) =  0  

and c(l) =  c '(l) oo, in order to ensure that an interior solution exists.
Let us assume for a moment that for each wage level w there is an associated

201



Figure 5.6: Equilibrium  distribution of wages
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Parameter values: Same as in figure 5.4. 
Equilibrium values: Idem, w =  503.05.

search effort a{w). Again, the term T{w)  is used to denote the expected number of 
applicants for a job paying w. With possible heterogeneous search efforts this will 
be determined by:

/ w
a{z)dG{z).  (5.17)

Thus, the probability that the firm offering a wage w will receive an application
is

p(w) =  1  —

and the probability that an application made by an individual paying w will be 
successful is determined by

s{w) =
I _  g-gT(w)

qT{w)

Conditional on a worker having sampled any job offer, the quit probability will
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be given by the integral of the success probability over the range of desirable offers 
for the worker who is currently paid w:

pw
x{w) = /  s{x)dF{x). (5.18)

J  W

Given the new definitions for the probabilistic terms in the model, let us turn our 
attention to the determination of the optimising behaviour of firms and individuals. 
The Bellman equation for the value of employment E(w) for a worker in a firm 
paying w at the beginning of a period is given as follows:

£'(u;) =  max^e[o,i] { -c{a ) + w ^-j3{l-ô )E {w )-\-(58Ju
pw

+  cr / [x — w + (5{l — 6)(E{x) — E{w)))s{x)dF[x)},
J W

where is the value of unemployment for an individual and satisfies =  E{b). 
Using the envelope theorem this expression can be differentiated with respect to

w:
E'{w) =

1 -  /3(1 -  (5)(1 -  a{w)x{w))

This confirms that the employment value increases with w and individuals choose 
to apply to jobs paying more than their current wage.

The optimal choice of the search effort will satisfy the following first order con
dition:

Jpw
' {x — w — 6){E{x) — E{w)))s{x)dF{x),
W

which shows that no search efforts would be incurred at the top end of the wage 
distribution, since no better offers exist. The conditions imposed on c(cr) imply that 
some search effort will be always exerted and there will be a positive probability of 
sampling an offer, though never with complete certainty. The optimal search effort 
determination can be represented through a differential equation:

d'{a{w))(j'{w) -- - (1  +  ^(1 -  6)E'{w))x['w),

with boundary condition (t {w ) = 0. Substituting the value of E'(w) into this ex
pression it is possible to represent the optimal search decision as a function of the
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transition probability %(w):

The job creation process is very similar to that in the model without search 
efforts. The firms need to account for the impact that a higher offered wage will 
have not only on their per period profits and on application and quit decisions, but 
also on the probability that the worker will exert any effort to find better job offers. 
Thus, the zero profit condition will state:

 ̂ ~  ___________ 1  ̂ f5 20)
1 — I _  p(^i _  — a { w ) x { w ) )

Additionally, the balance in the stock of individuals earning less than or equal 
to a given wage w, namely u +  (1 — u)G{w)^ needs to be constant in a steady state 
equilibrium. This condition is imposed by ensuring that the flows into this stock 
are exactly compensated by the corresponding outflows:

5)(1 -  u){l -  G{w)) = T{w)x{w), (A ï j (5.21)

where T{w) is defined by equation (5.17) and %(w) by equation (5.18).

5.5.2 Solution of the endogenous search m odel

Equations (5.17), (5.18), (5.19),(5.20) and (5.21) determine the behaviour of five 
functions T{w), F{w)^G {w),x('^) arid a{w). Three additional values are unknown, 
namely g, u and w. Boundary conditions for this problem are provided by the
requirement that a(w) = G{b) = F(b) = 0, F{w) = G{w) — 0 and T{b) =  ua(b).

A possible approach to solving this problem involves fixing a given search pattern 
dr for each possible quantile of the wage offer distribution, i.e. for every value in the 
closed interval [0,1]. For example, if G{w) is the proportion of jobs paying less than a 
given amount w, we can specify a search intensity that satisfies d(G) =  a{w~^{G)). 
Expressing behavior in terms of position in the distribution allows considerable 
simplification of the exposition.

For example, it is possible to redefine the steady state balance condition in the 
distribution of earners in terms of G:
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(5(1 — 7/)(l — G) — (1 — ô)f{G )x{G ), (5.22)

where %(G) =  ■ dF (x) , f (G )  = uâ(0) +  (1 — w) â(r)dT  and I follow
the convention that every function z(G) satisfies z(G(w)) =  z(w).

Using the balance condition and the definition of %(G) we can state:

dF(G) ^  (5(1 -  u) f{G )  +  d(G )(l -  G )(l -  u) 
dC "  l - ( 5  f ( G ) ( l - e x p ( - ç f ( G ) ) )

This expression is difficult to integrate (also numerically) in order to express the 
distribution of offers as a function as the position in the distribution of wages. This 
is because the right hand side term in the expression above (call it M(G|g, w, {d(x)})
for simplicity^^) is a function of both G and T{G), which consists of an integral of
a{x) terms.

For a given à(G) search behaviour pattern defined for all G G [0,1], and par
ticular values u and g, this differential equation defines a relationship between the 
distribution of wages across employed individuals and the distribution of wage offers.

F(G) = (  M (x\u ,q ,{d})dx . 
Jo

Given the boundary conditions for F  and G, it must be also true that the solution 
satisfies:

1 =  /  M {x\u,q, {a})dx. (5.23)
Jo

This equation is the endogenous search model equivalent to (5.11), and simply 
defines a relationship between the two unknown values involved, u and g, given a par
ticular sequence It is possible to see that steady-state dynamics must imply
a negative relationship between vacancies and unemployment rates, and therefore 
the association between q and u will be positive.

^^This indicates that F{G)  depends on the unknown values for inverse tightness ç, unemployment 
u, the position of the distribution G  and the infinite sequence d{x)  of sampling probabilities for 
every given point in the distribution.

^^Notice that the integrand term is increasing in q and decreasing in u. Implicit differentiation 
shows then that q and u must be positively associated to balance the integrand for each possible 
value of G.
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Expressing the job creation or zero profit condition in terms of G:

1 -  exp
7

—g ^d(0)u +  (1 — rz) Jq a ( T ) d r ^

1 - /3  exp - q  (^â{0)u +  (1 -  u) â (r )d r ]
X

1 -  w{G)
1 -  ^ (1  -  6) (1 -  d

This allows the derivation of the wage rate associated with each position in the 
wage distribution. By evaluating this expression at G =  0, it is possible to obtain the 
typical job creation condition that produces a positive relationship between number 
of vacancies and unemployment.

_ _  1 -  exp l~q (ff(O)u)] ^
7  —   ---------- : ------------ :- ----------- 7 — 7 - T — —  X

1 - 6
1 -  /3 exp [-q  (d(O)u)] 1 - /3 u — S  '

(5.25)

This equation, together with the dynamics equation, determines the equilibrium 
unemployment and vacancy rates. Given these values, it is possible to solve for the 
maximum wage using:

7 =-
1 — exp —q ^d(0)u +  (1 — u) Jq d (r)d r^ 1 - w

1 - /3  exp —q ^â(0)u +  (1 — u) Jq cr(r)dF^ l - / 3 ( l - 6 )
(5.26)

This allows inversion of the implicit function w{G), which is defined in equation 
(5.24), and hence to calculate the distribution function in its support [6, ü)]. This 
result is conditional on a given distribution of search behaviour d(G) =  a{w{G)). 
For the derived wage and offer distributions, unemployment and vacancy rates, the 
assumed search behaviour may not be optimal. Differential equation (5.19) com
pletely defines the optimal search behaviour given %(w) and the boundary condition 
a(w) = 0. One potential approach to solving the problem is to solve by repeat
edly iterating the process of (1) finding the equilibrium characteristics of the labour 
market for a given search pattern and then (2) finding the optimal search behaviour 
associated with these characteristics.

1. Assume a search distribution do(G) for G G [0,1].

2. Derive the equilibrium unemployment and vacancy rates ui and v\ = 1/gi, 
the equilibrium support [b,wi] and the distribution Gi{w). The offer distri
bution Fi{w), the measure of effective contacts below wage w, 73(w), and the 
conditional mobility probability %i(w) can be calculated from Gi{w).
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3. Find the optimal search behaviour (Ji {w ) associated with the previous equilib
rium values. Then it is possible to derive the search efforts conditional on the 
position in the wage distribution oi{G) =  g i{w [G)).

4. Repeat until Gt[G) — dt^iiG ) for all G G [0,1]. In that case d*{G) =  Gt{G) 
and u* = Ut, q* = Qt, w* = Wt and G*{w) = Gt[w) for all w G [b, w*].

It is possible to provide an intuitive explanation for why an equilibrium will 
exist in the labour market with endogenous search efforts. A steady-state wage 
posting and search equilibrium can be completely characterised by a set of functions 
{cr(w), F(w), G(w)}, the equilibrium support W, which is the interval [b,w], an 
unemployment rate u and a value for the inverse of the market tightness q such that 
the above stated equations hold.

The iterative approach for solving the problem suggests two consecutive transfor
mations. First, a given continuous real valued search function g{G) defined on the 
compact interval [0,1] is mapped onto a vector ^  G 4̂  of functions w(G),F{G)^ %(G) 
and values u^w = w(I) and q. Let us denote this mapping as 7  ̂ : To derive
the successive mapping, consider the differential search equation and the associated 
boundary condition of no search at re =  ü). This maps the vector 'ip onto a new 
function a{G) that belongs to Q, 72 : 4̂  —> il. A full equilibrium in this model is 
characterised by a fixed point of the compound transformation T  = TGG, that is 
defined by:

d' = T a

and -0 =  Tiff. A fixed point ff must satisfy ff =  Tff.
The natural procedure for showing the existence of an equilibrium or fixed point 

in this type of environment is to use an extension of Brouwer’s fixed point theorem, 
to the context of bounded continuous fu n c tio n s .T h is  extension is known as the 
‘Schauder fixed point’ theorem and it states that the transformation T  =  7^7^ has 
a fixed point when:^^

I. The domain % of ff is a bounded subset of %. This is true by the definition 
of the distribution function, with values in the closed interval X  = [0,1].

^^The solution to our problem is not a single value or a finite vector but a function â(G ), which
is defined on the infinite number points between 0 and 1.

^^See Stokey and Lucas (1989) for a general description of fixed point theorems and their appli
cations to economics in recursive problems.
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2. Given C{X)  as the space of bounded continuous functions on X , equipped 
with the sup norm, Q C C(X ) is nonempty, closed, bounded and convex.

3. The mapping T  : O O, where d' =  T d, is continuous.

4. The family T(Q ) is equicontinuous.

The proof of the general theorem is omitted, as well as the detailed proof that 
the above stated conditions are met by thefl’lTOtlSlTO'hsM'ered'hêr^;* Itituitively, this 
involves finding bounds for the vacancy rate and the maximum wage offered in equi
librium. Given the productivity normalisation to one, wages offered in equilibrium 
will lie between b and some value which is always smaller than productivity, for 
otherwise the vacancy would not have been created, q will be positive and finite 
given the fact that b < 1 and a and G are probabilities. The concept of equicon- 
tinuity specifies that every transformation must be uniformly continuous and this 
continuity must also be uniform for all functions in the H space. This step involves 
the analysis of each one of the two transformations in T.

The existence of a fixed point does not guarantee its uniqueness. With endoge
nous search efforts, it would be possible to find multiple equilibria with different 
associated levels of search and wage dispersion. Additionally, this fixed point result 
does not generally imply that repeated iteration will ever converge.

5.6 E m pirical im plications o f th e  m icro-founded  

m atch ing m odel

Empirical work on search and matching is seriously constrained by the impossibility 
of observing the distribution of offers in a labour market. Researchers need to infer 
this distribution from the information on the wages received by existing workers. 
One approach to solving this problem is to use the distribution of wages received by 
individuals who have moved from unemployment into jobs. '̂^ In the more typical 
model with aggregate matching technology, perfect substitutability of employed and 
unemployed workers in matching and constant returns to scale, it is possible to 
form a sample analogue of the market offer distribution F{w) by weighting each

being a contraction mapping would be a sufficient, but not necessary condition for conver
gence and uniqueness.

^^As explained in Mortensen (1999,2002) and Christensen et al (2001).
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firm’s wage by the relative number of workers hired by that firm directly from non
employment.

The identification relies on the assumption that unemployed individuals, as they 
are willing to accept any offer higher than 6̂  ̂ move into jobs which are supposed 
to reflect the offer distribution. This ignores the fact that better paying offers will 
tend to receive more applications and will make application success less likely. If 
this assumption is not correct, unemployed individuals who sample worse offers will 
be more likely to move into employment, and those who sample better ones will 
stand a lower chance of success because of the stronger competition they face from 
individuals who are currently employed.

Under the micro-founded urn-ball matching technology (which preserves the sub
stitutability and constant returns properties), there is still a sample selection prob
lem for the unemployed, because they don’t move uniformly into the jobs offered 
at one time period in the economy. The transition is weighted by the application 
success probability of the job sampled, which depends on the number of potential 
competitors amongst the existing employed workers.

Thus, the estimated cumulative distribution function of earned wages among 
movers from unemployment will be:

lb s{t)dF{t)

The estimated distribution F{w) will tend to put too much weight at the lower 
part of the equilibrium support, and will be stochastically dominated by the true 
wage offer distribution. Mathematically, this can stated as:

A{w) =  F(w) -  F{w) =  r  ( -  1 ) dF{x) >  0. G W.
Jb s(t)dF{t) J

To show this, notice that A{b) =  0 and A{w) = 0. A{w) reaches a maximum at 
the wage level w that satisfies s{w) = s(t)dF{t). This is an interior point of the 
distribution support. For any w < w {w > w)^ A{w) is strictly increasing (decreas
ing) because the application success rate s{w) is strictly decreasing in wages. Thus, 
A{w) remains positive whenever w stays away from the maximum and minimum 
wage levels and the stochastic dominance property holds.

Which in equilibrium implies the whole offer distribution.
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Thus, empirical analysis based on an aggregate matching process could wrongly 
lead us to believe that there are a high number of relatively low wage offers in the 
labour market. This would be due to the observation of unemployed individuals 
being proportionally more likely to move into these jobs, due to lower competition 
from the currently-employed to get into them. This erroneous conclusion is also 
likely to affect estimates of ‘search cost’ related parameters because it would be 
possible to infer a high cost elasticity from data showing unemployed individuals 
to move faster into jobs than the employed into better jobs after controlling for 
differences in the pool of desirable wages. This effect is also likely to be important 
when testing alternative hypotheses of wage determination, i.e. wage posting versus 
bargaining, etc.

In a model with an aggregate matching technology, the arrival rate of contacts 
only depends on the relative measures of searching agents on both sides of the 
market and the associated search intensities. Once a contact is made, there is a 
strictly bilateral relationship. Within a model in which firms post wages, it is the 
worker’s decision whether to accept the offer or keep searching. Hence, the chance 
of finding a desirable match from a worker’s point of view is:

'^agi'w) = a{w)X{l — F{w)) = a{w)X / dF{x),
J W

that is, the product of the probability of sampling an offer in a given period, the 
homogeneous contact rate A (which depends only on the market tightness) and the 
probability that the sampled offer is better than the current position. It is interesting 
to compare this probability with that implied by the micro-founded model:

r w

7Tmtc(w) =  a{w) / s(x)dF{x). 
J w

W ithout direct information about the wages offered in a representative sample of 
job openings, it is impossible to distinguish between these two models. This would be 
the case in a typical panel data set of individuals. From such data, one can estimate 
the conditional probability of moving to a job paying w' or more for an individual 
initially earning w or unemployed (b). This probability is given by TTagiw'lw) — 
(j{w)X dF{x) in the aggregate model; and by TTmid'Uj'l'Uj) =  a(w) s{x)dF{x) 
according to my model. This transition data does not allow to distinguish between 
F'(w) (the density of offers) and s{w)F'{w) (the real density distorted by the appli-
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cation success probability).
A few possible avenues for empirical investigation are open. One involves finding 

direct data on vacancies that can help estimate F{w) directly. Once this is possible, 
search intensity a(w) can be subsequently identified and lessons can be learnt about 
the matching process and the costs involved in job search. It is less likely that 
information can be obtained from reliable sources about either search efforts or 
rejection rates l — s{w). The last possibility is to use the actual distribution of wages 
G(w) and impose the model structure (i.e. the relationship between F  and G in 
equation (5.23)). The micro-founded model nests the aggregate-matching model in 
that it does not assume a constant matching rate to jobs sampled by the individuals. 
Therefore, the hypothesis that would be tested would be s{w) = s for all w G W .

Assuming the model presented in this chapter is a correct description of the 
matching process, its properties can be used to identify search efforts up to scale. 
For example, notice that

7rmic(w'\w) _  a { w )

T ^ m i c i ' w ' l b )  a { b )  ’

for any w G W . Notice this holds for any w' which is larger than w , so this provides 
the intuition for a test about the validity of the general assumption that the current 
position does not affect opportunities of upward mobility relative to individuals at 
different levels of the wage distribution. Rejection of this hypothesis could possibly 
suggest that employers do not choose randomly between applicants and tend to 
prefer those who had initially higher wages or were simply employed, as opposed to 
unemployed, even if their skills are observationally equivalent.

5.7 C oncluding rem arks

This chapter has provided micro-foundations for the matching frictions that are at 
the very heart of endogenous wage and technology dispersion. The main novelty 
has been to consider such micro-foundations in a highly dynamic environment with 
on-the-job search. Unlike models where aggregate matching functions are used, the 
employment probability is not only determined by the relative measures of searching 
agents on both sides of the market, but also by the distributions of offers and wages 
across jobs. This has important implications for the way the wage offer distribution 
can be estimated and imposes restrictions on inferences that can be made from 
job-worker flows.
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By introducing job-specific human capital investments by employers, the basic 
model gains in terms of producing more realistic, positively skewed wage and capital 
distributions. A more complex version of the model with endogenous search efforts 
has also been developed. Even though closed form solutions do not exist, it has been 
shown how a relatively simple iterative numerical model can be used to solve a model 
in which job search decisions interact with job creation and wage posting decisions 
as well as labour market flows dynamics. Testable predictions could be examined 
with the use of matched firm-worker panel data that contains information on search 
intensity. In particular, it would be possible to test the hypothesis that aggregate 
matching is an empirically valid simplification of the process bringing workers and 
jobs together.

Developing micro-foundations for the matching process in the labour market (as 
it could be done for other types of market), is a hugely promising research area. 
The urn-ball matching mechanism that has been presented is extremely simple and 
may not be the most appropriate choice in practice. The formal structure of the 
model could probably be extended to account (numerically) for more complicated 
matching processes as long as the steady-state dynamics can be stated in terms of 
the relative position in the distribution.

We still know very little about the likely impacts of technological changes or 
policy interventions on improving the efficiency of the matching process. Research 
findings in this area will be valuable in helping to evaluate how new technologies 
such as the internet can reduce transaction costs and similar frictions, increase the 
volume of transactions and shape the distribution of prices.
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Chapter 6

Conclusions

The well known mantra of “education, education, education” , which has been pre
sented as the key policy focus for a government, reflects how education is perceived -  
by politicians, voters and the society in general- as crucial in determining a society’s 
structure and dynamics. Among other things, education can enhance an individ
ual’s capacity to receive higher wages in the labour market. However, substantial 
differences can still be found among individuals with comparable levels of education. 
This thesis has explored four themes of wage inequality which are intimately related 
to this ‘residual’ variation in individual earnings.

Chapters 2, 3 and 4 have in common the exploration of individual ability differ
ences as a potential explanation for observed wage differences. In chapter 2, I have 
studied the effect of cognitive and non-cognitive abilities in determining educational 
attainm ent and a series of labour market outcomes, including hourly wages. In this 
chapter, the focus is on the production of ‘human’ assets which are rewarded in the 
labour market, without providing an explanation of why these assets are valuable 
to employers. Chapter 3 directly investigates one of these hypotheses by testing 
whether part of the economic value of education, as measured by wages, is due to 
the information it provides to employers about a worker’s productivity. Chapters 
2 and 3 use direct information from test scores administered to individuals when 
they were children. However, chapter 4 uses a distinct data set which does not 
include direct ability information, but identifies whether respondents under-utilise 
skills or whether their formal qualifications are largely unrelated to the job they 
are performing. Using longitudinal information about changes in the match quality 
and wages, it is possible to explain part of the observed wage penalties arising from
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a lower degree of job/qualifications-match quality on the basis of unobserved indi
vidual differences. Job mobility patterns of ‘mismatched’ individuals are used to 
understand what drives employers to hire university graduates to perform jobs that 
demand less skills or that are relatively unrelated to the individual’s educational 
background. Chapter 5 provides a different type of analysis about the phenomenon 
of wage inequality among similarly educated individuals. An intuitive explanation 
for the question about whether genuinely comparable individuals can earn different 
wages would suggest that ‘luck’ is a possible explanatory factor."The unsatisfactory* 
part of this explanation is the lack of further insight about why firms are willing to 
pay different wages for identical levels of productivity. Matching frictions provide 
the explanation for a rational process of differentiation in wage posting strategies 
across firms: when firms compete for workers and mobility is imperfect, higher wages 
attract more applicants and are more likely to lead to the retention of workers.

W hat are the main contributions in this thesis? In chapter 2, I have derived 
cognitive ability measures that allow comparison of two British birth cohorts. This 
has revealed that ability progression throughout childhood has become increasingly 
influenced by parental class and income. Moreover, generalised expansion in ac
cess to education has not occurred in either an egalitarian or a meritocratic way: 
educational attainment has become less dependent on cognitive ability and more de
pendent on parental income and social class. Non-cognitive abilities, as measured by 
an index of anti-social behaviour, appear to be important factors of educational suc
cess and might provide an effective target for policy interventions. Cognitive ability 
appears to be an important determinant of conventional measures of socio-economic 
success such as employment opportunities or wages, independent of any effect it has 
through other variables. Despite many data limitations, I find mild support for the 
hypothesis that the wage return to cognitive ability has increased over time and has 
a positively-sloped profile over the life-cycle (before the age of 40). Additionally,
I have identified how ability and parental characteristics interact with each other 
and education so as to explain wages earned as adults. The main lesson from this 
analysis is that the effect of parental influences on wages is mainly due to the educa
tion inequalities generated on account of family background. Higher education has 
become an important class leveller in terms of earnings for those who have access to 
it. This emphasises the importance of devising policies that generate ‘genuine’ equal 
opportunities in the access to education. To consider the gravity of the situation, 
notice that the data shows children from a less privileged milieu to have a higher
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ability threshold/hurdle (to improve their educational attainment) and that this gap 
has increased. Estimates suggest that increasing returns to higher education are con
centrated at intermediate ability levels and children from less favoured backgrounds 
appear to be left out. To summarise the findings of this chapter, the importance of 
education is undeniable, independent of ability, in terms of individual progression. 
However, attainment opportunities are becoming less evenly distributed, according 
to both meritocratic and egalitarian principles, thus widening the existing gaps in 
British society. It is important 'to investigate "A ether this finding also applies to 
cohorts younger than that of 1970.

In chapter 3, I have developed and tested a model of asymmetric employer learn
ing. In the model, I provide theoretical conditions for the identification -  based 
on the experience and tenure profiles of estimated returns to ability and educa
tion -  of employer learning about unobserved worker’s productivity and statistical 
discrimination based on education. Estimates based on this model support the hy
pothesis that British employers have limited information about their workers, make 
inferences based on their education levels, and progressively learn about their true 
ability. Moreover, this learning process -  particularly among blue-collar and less 
educated workers- favours incumbent employers relative to potential competitors. 
This informational advantage brings wages below their competitive level and has 
substantial implications for the incentives of firms to provide training. From the 
policy point of view, the key finding is that policies need to take account of the ef
fect on information flows in the labour market, and how this can have repercussions 
for firms’ and individuals’ investment decisions.

The importance of information flows is further emphasised in chapter 4. Workers 
who have qualifications that are marginally related to their jobs or have skills to 
do more demanding jobs are more likely to move both to ‘better’ and ‘worse’ jobs, 
compared to adequately matched individuals. This suggests that in an early stage of 
their careers, these workers are being screened by their firms. Only upon successful 
completion of the screening period is an individual allowed to progress, whereas a 
negative result leads him/her to a worse type of job. This is a widespread European 
phenomenon, although its nature varies considerably across countries depending on 
the relative supply and demand for highly educated individuals. For most countries, 
OLS estimates of wage penalties to a low quality match almost vanish after con
trolling for individual fixed effects, suggesting that persons with a degree are very 
heterogeneous and that the least skilled are more likely to be mismatched. However,
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the estimated penalty in Spain remains quite large -  this is one of OECD countries 
that experienced a relatively faster growth in University enrolment rates. In this 
case, there seems to be a genuine problem in the labour market mechanisms that 
seek to match supply with demand for skills.

A lot of progress has been made in the study of labour markets whose struc
ture differs from the conventional assumption of a frictionless, competitive environ
ment. Matching models have become a key instrument in the analysis of labour 
markets, but heavily rely on an aggregate specification for the matching function 
that describes how workers and firms get together. In chapter 5, I have provided 
a methodology to incorporate micro-foundations to this process in an environment 
that allows workers to search for better jobs while employed. This setting provides 
an explanation for genuine residual wage inequality by explicitly relating wage offers 
to the probability of receiving more applications. The endogenous determination of 
the unemployment rate and wage distribution is also extended to job-specific invest
ment decisions by firms and job-search efforts by individuals. This model illustrates 
some aspects of the matching process that constrain the empirical identification of 
the unknown distribution of wage offers. Such properties are not present in more 
aggregate models. This methodology can be further developed by studying alter
native micro-foundations for the matching process. This type of research can help 
understand, for example, how internet-based job (goods)-search technologies can 
affect the structure and steady-state dynamics of labour (product) markets.
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