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THE ECONOMICS OF SKILLS
OBSOLESCENCE: A REVIEW

Andries De Grip and Jasper Van Loo

ABSTRACT

In this chapter we review the economic literature on the various causes of
skills obsolescence and the ways in which skills obsolescence has been
modelled or estimated. Most of the literature focuses on skills obsolescence
due to atrophy and worker displacements. Skills obsolescence may,
however, also be due to the wear of skills, technological and organizational
developments, shifts in the structure of employment and organizational
Jorgetting. In the second part of the chapter, we discuss measures for skills
obsolescence. Skills obsolescence measures are related to both the cause of
skills obsolescence and the way in which it manifests itself.

1. INTRODUCTION

An important characteristic of the literature on skill-biased technological change
is the focus on technological developments that increase the complexily of jobs
in many different segments of the labor market (e.g. Groot & De Grip, 1991;
Machin & Van Reenen, 1998; Wolff, 2000). These technological developments
are often related to various organizational renewals that also have their effects
on the skills demanded in various occupations (e.g. Bresnahan, Brynjolfsson,
& Hit, 1999; Caroli, 1998). Apart from the apparent upgrading effect of the
skill level demanded in the labor market, there are also shifts in the fype of
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skills demanded. In particular, problem-solving skills, communication and social
skills and information technology (IT) skills are becoming increasingly
important in many jobs (Green et al., 2000). Both the upgrading tendencies and
the shifts in the types of skills demanded increase the awareness that in the
“greying” western econornies many workers run the risk of their skills becoming
obsolete (e.g. MNational Skills Task Force, 1999).

Early human capital literature dealt with the issue of skills obsolescence by
including the rate by which the stock of human capital deteriorates in deter-
mining the optimal path of lifetime investment in human capital (see e.g.
Ben-Porath, 1967). Other disciplines also deal with the obsolescence of skills.
The first mention of “occupational obsolescence” was probably made by
Tugwell (1931b} in an article in Political Science Quarterly. Tugwell used the
term “occupational obsolescence™ as a better alternative for the term “techno-
logical unemployment,” as “obsolescence implies thar something has happened
to outmode a particular way of doing,” whereas “unemployment is far from
being the whole problem.” Moreover Tugwell states that separations of workers
from their jobs are not merely due to technological developments, but may also
be due to demand shifts on product markets.

In his paper in the American Psychologist, Dubin (1972) discusses the profes-
sional obsolescence of workers in terms of “the half-life of a professional,”
a concepl taken from nuclear physics. The half-life of a professional can be
described as “the time after completion of professional training when, because
of new developments, practicing professionals have become roughly half as
competent as they were upon graduation to meet the demands of their
profession.” Rosenow (1971) estimated the half-life of medical knowledge to
be five years, whereas Lukasiewicz (1971) stated that the half-life of a 1940
engineering graduates was 12 years compared to five years for the graduates
at the end of the 1960s.

As mentioned in Rosen’s (1975) seminal paper on “Measuring the
Obsolescence of Knowledge,” from an economic point of view two main types
of skills obsolescence can be distinguished. Analogously to economic theory
with respect to the depreciation of physical capital, we can roughly distinguish
between rechrical and economic skills obsolescence. Technical skills obsoles-
cence is due o changes that originate in workers. Economic skills obsolescence,
on the other hand, is caused by changes in the job or work environment (Neuman
& Weiss, 1995)" Technical skills obsolescence therefore affects the human
capital of a worker itself, whereas economic skills obsolescence affects the
value of the human capital of workers. Rosen (1975} refers to the former as
the depreciation of human capital opposed to obsolescence related to the market
value of a worker’s human capital.
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In this chapter we review the economic literature on the causes of skills
obsolescence and the various ways in which skills obsolescence has been
modeled or estimated in both theoretical and empirical studies. For this review
we develop a typology of the various types of skills obsolescence that can be
distinguished with respect to the different possible causes of skills obsolescence.
Apart from its analytical relevance a framework like this is also relevant from
a policy point of view as it indicates the character of the training policy needed
when workers are facing a particular type of skills obsolescence.

The chapter is structured as follows. Firstly, building on the main distinction
between technical and economic skills obsolescence, in Section 2 we develop
a typology of the different types of skills obsolescence at the individual and
firm level and discuss the economic literature that is concerned with these types
of obsolescence. In Section 3 we describe the state of the art with respect to
the way in which skills obsolescence has been measured in the economic
literature. Section 4 concludes and summarizes.

2. CAUSES OF SKILLS OBSOLESCENCE

From an economic point of view two types of skill obsolescence may occur.
Human capital may depreciate due to rechnical and economic skills obsoles-
cence. Technical obsolescence affects the stock of human capital a worker
possesses in the sense that skills get lost, whereas economic skills obsolescence
affects the value of the human capital a worker possesses due to external
developments.

Building on this main distinction, we develop a typology of five different
types of skills obsolescence related to the cause of the obsolescence: two types
of technical obsolescence and three categories of economic obsolescence.
Firstly, the depreciation of human capital may simply be caused by the wear
of skills, resulting from the natural ageing process, injuries or illness. The second
category of technical skills obsolescence concerns the atrophy of skills due (o
the lack of, or insufficient use of skills. This atrophy could result from
unemployment, or from employees’ working below their attained level of
education. Also, as a result of specialization certain knowledge and skills
acquired during initial education may get lost.

Related to different causes of economic skills obsolescence three types of
skills obsolescence can be distinguished. Firstly, job specific skills obsolescence
may occur due fo technological or organizational developments in the
production process, which change the skills demanded for a particular job. In
that case the skills the workers in that occupation possess are probably no longer
sufficient to perform their jobs properly. A second type of economic skills
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obsolescence is related to the shifis in the sector structure of employment. In
that case, workers’ skills may still be adequate for their profession, but the
demand for their occupation is declining. Shifis in the industry structure of
employment cafi be due to shifts in consumer demand, investments, government
purchases and international trade patterns. Due to these demand shifts part of
the workers employed in sectors of industry, which face a sharp decline in
employment have to find a job in another economic sector in order to remain
employed. Finally, economic skills obsolescence may be due to firm-specific
skills obsolescence. This may occur if workers are laid off in case of a firm
closure or reorganization. In that case the firm-specific skills of these workers
lose their value.

The above-mentioned types of skills obsolescence all refer to the individual
level. However, as the counterpart of organizational “learning by doing” (Arrow,
1962) organizational forgetting may occur. This organizational forgetting is not
merely the aggregate of the wear of skills of the individual workers in the firm,
but may also be due to quits of workers with firm specific skills.

An overview of the various types of skills obsolescence discussed above is
given in Table [. This typology is especially relevant from a (human resources)
policy point of view, since it might indicate the kind of training that is required
when of workers face a particular kind of skills obsolescence. For example, in
the case of wear and atrophy training policies should focus on refresher courses
with respect to the skills that had gone lost or retraining if workers are no
longer able to remain employed in their current jobs. ln case of job-specific

Table 1. Types of Skills Obsolescence.

Type of skills obsolescence Depreciation of human capital by:

Technical skills obsolescence

* Wear Natuoral ageing process, illness, or wjury
* Atrophy No or insufficient use of skills

Economic skills obsolescence

» Job-specific skills obsolescence New skill requirements due to developments in
society

« Skills obsolescence by sectoral shifts Shrinking employment in occupation or
economic sector

« Firm-specific skills absolescence External mobility

Organizationad forgetting The aggregate of wear of skills of individual

workers, or quits of workers with firm-specific
skills
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skill obsolescence further maining related to the new skills demanded in the
current job are needed, whereas in case of skills obsolescence due to shifts in
the sector structure of employment training policies should focus on refraining
workers for another profession. If workers mainly face firm-specific skills
obsolescence mobility to another firm and the related firm specific human capital
investments should be facilitated.

As mentioned in the introduction both technical and economic skills
obsolescence are recognized in early human capital literature. Moreover is
impact on the optimal path of lifetime human capital investments has been
considered. Ben-Porath (1967) simply models skill obsolescence as something
that has a negative effect on the rate of change of the human capital stock, i.e.

Ky = Qr --~6K[

where Q, is the flow of human capital produced in year t, K, is the stock of
human capital and § is the rate by which the stock of human capital deteriorates.

In a similar way Rosen (1975) includes skill deterioration as an important
correction to the measurement of the productivity effect of investments in
training. Rosen argues that these investments should be considered gross invest-
ments in training. Depreciation should be taken into account to determine nef
training, which could add to a worker’s productivity. As mentioned above Rosen
recognizes the occurrence of both technical and economic skill obsolescence:
“(apart from the skill acquired by experience) older persons possess less skill
because they received less from their education (acquired at an earlier date)
and also because what they did learn has depreciated over a longer period of
time.” (Rosen, 1975, p. 204).

However, the depreciation of human capital has never been in the core of
the analysis. Labor economics particularly developed the insights in the produc-
tion of human capital distinguishing between specific, general and transferable
skills and the shifis in the educational structure of labor demand. Apart from
the studies on the atrophy of skills due to career interruptions and the literature
on job displacements, the obsolescence of skills has never been a major line
of research in labor economics. However, from various points of view related
to one or more of the possible causes of skills obsolescence mentioned above
studies have been published. In the remainder of this section we will give an
overview of this scattered literature.

Technical Skills Obsolescence: Wear

Rosen (1975) indicates the obsolescence due to the wear of skills as the
depreciation of human capital, which depend on the age of persons:
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Depreciggion arises because the ability of individuals 1o apply acquired skills and knowledge
10 inCorpy producing opportunities systematically changes with age.

On this point-Rosen distinguishes between:

« the general deterioration of mental and physical capacities due to ageing and
« the decreasing capacity to learn and adapt to new situations.

Strictly speaking, the latter does not refer to human capital that gets lost, but
refers to @ declining effectiveness of further investments in additional training
or learning on-the-job.

Van Loo et al. (2001) argue that the wear of workers” skills is not only
related to the matural ageing process. It may also be due to injury or illness.
This meansg that physically or mentally heavy working conditions may accelerate
the wear of a worker’s skills. If e.g. a4 40-year-old bricklayer is no longer able
to use his vocational skills due to persisting back pains, his vocational human
capital has been lost.

Technical Skills Obsolescence: Atrophy

In the economic literature, there have been a number of coniributions to the
relation between the non-use of skills and atrophy. There are many underlying
factors that could be responsible for a person not using specific acquired skills.
The most important distinction that can be made is between atrophy that takes
place when a person is employed on the one hand, but is not using all his or
her skills in the current job and on the other hand atrophy taking place when
employees are unemployed or have interrupte- their career.

An example of the first type of atrophy is the suggestion of Freeman (1976)
that knowledge is “wasted” when there is excess supply of higher educated
people, forcing higher educated persons to apply for jobs that require fewer
skills than they have actually obtained. Higher educated people then more or
less autormatically become under-utilized or overeducated. The skills and knowl-
edge that these overeducated people do not apply in their job may decay or
may event be lost completely.

Krahn and Lowe (1997) analyzed the atrophy of skills of employed persons.
They studied the impact of spending an extended period of time in a job with
limited literacy requirements on literacy loss over time. The results of their
study support the idea that working in an environment with limited complexity
leads to skill loss through atrophy.

Arthur et al. (1998) conclude, on the basis of a meta-analysis from the
psychological literature on skill decay and retention, that there is substantial
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skills obsolescence when skills are not practiced or used. Analogous to these
findings it seems plausible to suggest that spending time without a job may
even cause a more severe degree of atrophy, since being out of a job implies
that most skills are not nsed at all.

Several authors have addressed the issue of atrophy caused by career
interruptions and periods of unemployment (Corocan & Duncan, 1979; England,
1982; Kim & Polachek, 1994; Mincer & Ofek, 1982; Mincer & Polachek, 1974;
Mincer & Polachek, 1978; Sandel & Shapiro, 1980). Using U.S. data, these
authors focus on career interruptions and unemployment duration and their
effects on earnings and wages of female workers. All the studies find that time
out from work has a negative effect on wages. Women who take time out
appear to suffer an additional negative effect above and beyond the wages lost
due to the fact that they do not build up further experience. This additional
effect has been interpreted as the result of skill atrophy.

Mincer and Ofek (1982) present a graphical representation of the various
(wage) effects of an interruption of a worker’s career. As Fig. 1 shows the
age-earning profile for a continuous worker is given by the straight line JKZ,
whereas the age-earning profile of a worker who faces a career interruption is
indicated by the line ABCDEFG. The figure assumes that the career interruption
is anticipated by means of a lower rate of investment in human capital, which
is reflected in a relatively flat wage profile in the pre-interruption period (AB
instead of JK ). At the re-entry point the wage (DE ) is below the wage at the
point of labor force withdrawal (CB ), whereas B is equivalent to the rate of
depreciation dué to lost experience. Mincer and Ofek (1982) qualify this as the
short run rate of depreciation due to non-use (&). € is reduced in the long run
to & due to the restoration of market productivity and the accumulation of job
tenure in the post-interruption period.

Mincer and Polachek (1978) and Polachek (1981) were among the first to
measure an occupational rate of atrophy. They defined atrophy as the loss of
earnings potential that can be attributed to periods of work intermittency and
argued that the occupation in which the loss of earnings potential is smallest
the atrophy rate is lowest. The authors obtained estimates of atrophy rates from
regressions of first differences in wages on length of work interruption for each
broad occupational category during the years 1967-1972. They found that the
atrophy rate is highest for professional, craft and managerial occupations and
(logically) lowest for unskilled and household labor. On the basis of these
findings Polachek (1981) concludes that women often avoid work in profes-
sional, craft and managerial occupations because of the high atrophy rate in
these occupations. However, England’s (1982) research on occupational sex
segregation does not support these findings (see Section 3).
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LIN{W)

"one period”

Fig. 1. Age-eaming Profile in Case of a Career Interruption.
Source: Mincer & Ofek (1982).

Mincer and Ofek (1982) studied the depreciation and restoration of human
capital and they too concluded that dropping out of the labor force for a period
of time results in the depreciation of skills and a significantly lower rate of
retwn to a given number of years of work experience. A recent study on
technological change and skills obsolescence in Germany by Blechinger and
Pfeiffer (2000) also confirms these results by showing a decrease in monthly
gross earnings by 9% if a person re-enters after a period of unemployment.
Temporarily interrupting the career even reduces monthly gross eamnings by no
less then 12%. The authors further suggest that after a period of unemployment,
re-entering the labor market leads to jobs allowing for less utilization of skills
obtained earlier, which would cause further skills atrophy. Albrecht et al. (1999)
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use a rich Swedish data set to re-examine the effects of time out on subsequent
wages and find that, consistent with U.S. studies mentioned earlier, total time
out has a significant negative effect on both women’s and men’s wages.
However household time and unemployment duration have significant negative
effects on women’s wages, while formal parental leave has no effect at all.
Men, on the other hand, are confronted with a significant negative wage effect
from formal parental leave. The results of this study suggest that the drop in
wages associated with time out is not mainly due to skill atrophy, because if
that were so time out should have similar effects.

Although focusing on the effect of “forgetting” on a firm’s learning curve,
in his experimental study Bailey (1989) also analyses the effect of atrophy on
the effects of an interruption of the learning process. From the relevant
psychological literature he introduces the important distinction between “contin-
wous control tasks” and “procedural tasks.” Continuous control tasks involve
repetitive movements without a clear beginning or end, for example visually
inspecting parts on an assembly line. Procedural tasks consist of a series of
discrete simple motor responses, such as pressing appropriate buttons 1o run a
computer. Thus a procedural task consist more of learning what to do than of
learning the motion itself. Bailey shows that forgetting of a continuous control
task is negligible, whereas forgetting a procedural task is a function of both the
time of interruption and the amount of learning before the interruption.

Economic Skills Obsolescence:
Technological and Organizational Developments

As mentioned in the introduction, skills obsolescence due to rapid technological
developments is most prominent in the current public debate on the necessity
of lifelong learning. However, studies in this field are still scarce, although we
can find notions of skill obsolescence due to technological developments in the
economic literature at the beginning of the past century. In his article on
“Machinery and the Laborers” in the Quarterly Journal of Economics of 1908
Carver (1908) argued that “the progress of invention has caused a shifting
demand for the services of the different classes in the industrial world” Manual
workers are less important but “engineers and others who supply certain types
of labor, are becoming relatively more important.”

The main focus in the early literature in this field is on the “substitution of
improved machines and processes for men.” In this respect Tugwell (1931a, b)
introduced the term “occupational obsolescence” instead of the more common
notion of “technological unemployment.” This change in emphasis reflects the
notion that it is “impossible and undesirable to prevent (technological) change.”
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The main problem is therefore “that workers, once replaced. will have difficulty
findirng jobs for which they have been trained.” The best solution for this problem
would be found'in the direction of adult education and the rehabilitation of the
humart obsolescenr” (Tugwell, 1931b).

Farly human capital literature also dealt with skill obsolescence due to
technological change (e.g. Cipriani, 1967; Holtmann, 1972; Rosen, 1975).
Holtmeann (1972) and Weisbrod (1962) argue that by investing in education
individuals may gain “secondary skills to maintain options against technolog-
ical obsolescence™ (Holtmann, 1972, p. 414). This also holds for investmenis
in training: “the firm can reduce the rate at which benefits deteriorate by making
investynents in the worker’s original training. Differential retwrns to various
amounls of training are artributable to the decrease in the rate of obsolescence
of present training and the decrease in the rate of obsolescence of all future
wrainirg.” (Holtmann, 1972, pp. 414-415). However, the mechanisms by which
initial education and training reduce the rate of skill obsolescence are not made
very explicit. Most clearly stated it is defined as the option value of education,
ie. the “secondary skills™ that enable workers to remain productive if firms
change the technology of the production process. For Holtmann this option
value of education is more or less synonymous with the “quality of training.”
Mincer (1989) links skills obsolescence to the incentive to invest in training.
If, due to technological developments, “the skills acquived in training become
rapidly obsolete, the incentives to invest in training would be reduced. However,
if obsolescence is gradual or partial, successive training would add to skills,
and incentives would not be impaired, especially if emplovers share the training
costs.” (Mincer, 1989, p. 13)

Su {1973) simply defines skills obsolescence, due to technological change as
the gap between what a worker already knows and what he needs to know for
working with the new technology. Following Holtmann (1972), he assumes that
this gap is smaller for workers with a higher quality of initial education, since
a higher quality of initial education reduces the retraining costs later in a
worker’s career. Su also gives the condition for the optimal point in time at
which a firm terminates the retraining of existing workers and starts hiring new
workers: “Given the qualiry of workers, the firm should continue fraining until
the benefit net of labor costs per worker per unit of time is equal to the marginal
training costs.” (Su, 1973)

Rosen (1975, pp. 199--200) considers the obsolescence of skills due to
technological developments to be a vintage effect:

Obsodescence occurs because stocks of knowledge available to society change from time to
time ... Sometimes new knowledge proves received knowledge to be incorrect or at least
less general than was supposed at an earlier time. Similarly, production innovations often
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render useless skills associated with prior methods. In both cases, capital losses are imposed
on those embodying the earlier knowledge and skills.

Apart from this effect of technological developments on the skills demanded
in the labor market, Rosen (1975) also points to the effect innovations in
teaching methods may have. If these innovations make the learning process for
particular skills more productive, these innovations will increase value added
from given resource inputs. This will reduce the costs of learning and therefore
the equilibrium price of these skills in the labor market.

Van Imhoff (1988) models the negative effect of a greying labor force on
economic growth by means of a vintage model which takes account of skills
obsolescence due to technological developments. He shows that when popula-
tion growth slows down adult education becomes necessary to prevent the
diffusion of technological innovations in the production process becoming
hampered by the obsolescence of the skills of the working population.

Bartel and Sicherman (1993) focus on the ways in which technological change
affects the retirement decisions of older workers. They argue that technological
change can affect retirement decisions as it increases the depreciation rate of
workers’ human capital. However, technological change may also have a reverse
effect on retirement as it induces workers to invest more in additional training.
Bartel and Sicherman therefore expect that in industries with high rates of
technological change workers will retire later because of their investments in
on-the-job training. However, an unexpected technology shock will induce older
workers to retiré sooner as in that case the required amount of training will be
unattractive for older workers. Bartel and Sicherman’s hypotheses are supported
by their empirical results.

Neuman and Weiss (1995) further develop the analysis of the vintage effect
of human capital depreciation. They distinguish between the depreciation of
skills due to wear and the depreciation of human capital because the skills
workers learned at school have become more or less outdated. They state that
this is dependent on the level of schooling. Contrary to Holtmann (1972} and
Cipriani (1967) they assume that the higher the level of education of a worker,
the more quickly the human capital becomes obsolete. Since the material taught
in elementary schools does not change much over time. Neuman and Weiss
(1995) assume that workers with only elementary school hardly suffer from any
skill obsolescence.

Figure 2 illustrates the assumed experience-earning profiles for workers with
different vintages of education by level of education (16, 12 and 8 years of
schooling, respectively). Each curve shows the experience-earning profile for a
certain time-equivalent level of education. The year shown on each curve is
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Fig. 2. The Effect of Schooling Vintage on Experience-Earnings Profiles.

Source: Neuman & Weigs (19935).

the year in which schooling was completed. For example college graduates that
have just graduated are on the upper curve (1990). Someone who finished initial
education in 1980 is on a lower curve because his vintage of schooling is less
productive than the more recent vintages. However, given further depreciation
10 years later he will be on the 1970 curve. The dark line in the figure shows
the experience-earnings profile of an individual graduate in the course of
his life.

The hypothesis of skills obsolescence because of technological developments
15 related to the literature on skill-biased technological change (SBTC), which
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points to the upgrading of the skill level demanded due to technological
developments. This means that more highly educated people will be employed
in occupations that used to be the domain of low-skilled workers. New
technologies have in fact opened up possibilities of utilizing the skills of high
skilled workers productively in these occupations, whereas the skills of the
lower educated workers who used to work in these occupations are no longer
sufficient to remain employed in their jobs (Borghans & De Grip, 2000).

Autor et al. (1998) show that the upgrading of the skill level of the workforce
is the strongest in the most computer-intensive sectors. As mentioned in the
introdaction, advances of ICT inducing an upgrading of the skill level demanded
in a job, are often complementary with organizational changes that enable firms
to improve their service quality:

Effective use of computer systems calls for new cognitive skills, having a deep understanding
of one's own organization and one’s customers’ needs. Even those managerial and professional
workers who never touch computers are having their work transformed in this way, calling for
more and more complex bodies of skill and knowledge (Bresnahan et al., 1999).

Apart from the upgrading of the level of skills demanded in many jobs, tech-
nological developments also affect the kind of skills demanded. A typical
example of skills obsolescence due to technological developments is the intro-
duction of personal computers in an office environment. This innovation
decreased the value of basic typing skills, one of the main competences
demanded in the work of secretaries. Instead knowledge of Windows-based
software has become more important for their productivity. In particular,
problem-solving skills, communication and social skills and computing skills
are becoming increasingly important in many jobs, whereas the market price
of manual skills declines (Green et al., 2000). These shifts in the skills demanded
in many jobs are often related to the organizational changes that accompany
the diffusion of ICT. This in particular holds for the increasing demand for
workers with both cognitive and “people skills” (Autor et al., 1998).

Moreover, organizational developments such as reorganizations and changing
management systems can have a dramatic influence on the content of jobs
(Caroli. 1998; Van Loo et al., 2001; Watkins & Marsick, 1993). Particularly,
the shift from intensely specialized mass production towards modes of produc-
tion that focus on tailor-made products requires more flexible and multi-skilled
workers (cf. Lindbeck & Snower, 2000). These developments depreciate the
market value of the human capital of the more specialized workers who were
used to work in more traditional modes of production.

Economic literature has also paid attention to the differences in the
durability of skills in various fields of expertise. McDowell (1982) shows that



14 ANDRIES DE GRIP AND JASPER VAN LOO

knowledge in physics and chemistry becomes more rapidly obsolete than in
humanities. For this reason the latter studies are much more attractive for
women who anticipate on a career interruption for the purpose of raising
children.

Economic Skills Obsolescence:
Shifts in the Sector Structure of Employment

The notion that skill obsolescence could occur due to demand shifis in product
markets also goes back to the early literature on the shifts in the sectoral
structure of employment. Tugwell (1931a) argues that a worker who faces skill
obsolescence should be retrained for “expanding and needed activities in the
place of his own vanishing one.”

A seminal article on the shifts in the sectoral structure of employment is
Lilien’s (1982) paper in the Journal of Political Economy on Sectoral Shifts
and Cyclical Unemployment. Lilien focuses on defining the natural rate of
unemployment due to the reallocation of workers required by the sectoral shifts
in employment and does not refer to any notion of skill obsolescence. However,
apart from frictional search unemployment, skills obsolescence is probably part
of the problem if shifts in the sector structure of employment cause temporary
unemployment of workers in declining sectors of industry who have to search
for a job in another industry in which the demand for labor increases.

Skills obsolescence due to shifts in the sector structure of employment is
related to Wood’s notion (1994} that in the global process of specialization the
western economies specialize on the knowledge intensive “high tech” sectors
of industry, whereas sectors in which traditionally many tow-skilled workers
are employed move to the less advanced economies. For low-skilled workers
this implies that their employment opportunities shift from the “open” manu-
facturing sector to service sectors, which cannot move abroad, such as personal
and consumer services. This probably implies that low skilled workers who
were employed in manufacturing should acquire more communication skills.
Moreover, the human capital of these workers that is specific to the occupation
or sector of industry in which they were employed loses its market value (Van
Loo et al., 2001).

As Kletzer (1998, p. 129) argues, displaced worker studies (see below)
revealed that the sector of industry in which a worker is employed is an impor-
tant dimension across which skills are transferable: “the post-displacement
earnings of individuals who change industry are lower than the earnings of
otherwise comparable individuals who siay in the same industry.”
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Economic Skills Obsolescence: Firm Specific Obsolescence

Davis et al. (1996) emphasizes the importance of the continuous reallocation
of jobs between firms. They show that (gross) job creation and destruction is
much larger than suggested by the figures on the (net) increase or decrease of
employment by sector. The high level of reallocation of jobs between individual
firms can be a major source of skill obsolescence. As already noticed by
Beveridge (1930, p. 17), particularly workers who heavily invested in firm-
specific human capital therefore run the risk that their human capital becomes
obsolete:

The men peculiarly Hable to this complete reversal of fortune are those who, without being

in the ordinary sense skilled, acquire by prove trustworthiness, by familiarity with the course

of business . . . a special value for one employer, but who when that employment fails cannot

prove their worth to another.

The notion of firm-specific skill obsolescence is also found in the literature on
job displacement. Hamermesh (1987) found that displaced workers face a
considerable loss of their “job-specific” human capital, as reflected in their
post-displacement wage level. By focusing on “mass layoff separations.”
Jacobson et al. (1993) sharpen the focus on the workers for whom the previous
employment relation was valuable. Their analysis showed that mass layolfs
cause large losses of firm-specific human capital. Carrington (1993) emphasizes
the large losses of firm-specific human capital when workers with long tenures
are displaced even when the local labor market is performing well.

Organizational Forgetting

In contrast to the various types of skill obsolescence dealt with above, “orga-
nizational forgetting” does not refer to skill obsolescence faced by individual
workers. As a matter of fact it is the counterpart of Arrow’s (1962) “learning
by doing.” As mentioned above, Bailey (1989) implicitly interprets organiza-
tional forgetting as the aggregate of the wear of skills of the individual workers
in a firm. Darr et al. (1995), however, argue that the knowledge acquired by
learning by doing may also be lost by personnel turnover. In their study on
pizza stores they find that the knowledge acquired by learning by doing
depreciates rapidly. They argue that high turnover rates of employees are a
major cause of organizational forgetting in service organizations.

Studies on organizational forgetting show that the rate of organizational
forgetting in fast food franchises is much higher than in shipbuilding, whereas
organizational forgetting in automotive production is lower than in shipbuilding
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Table 2. Overview of Studies on Skills Obselescence.

Technical Skills Obselescence

Wear
Rosen (1973), Van Loo et al. 2001)

Atrophy

Mincer and Polachek (1974), Freeman (1976), Mincer and Solamon (1978, Corocan and
Duncan (1979), Sandel and Shapiro {1980), Polachek (1981), England (1982), Mincer and Ofek
(1982), McDowell (1982), Bailey (1989), Kim and Polacheck {1994}, Krahn and Lowe (1997).
Albrecht et al. (1999, Blechinger and Pfeiffer (2000), Van Loo et al. (2001

Economic skills obsolescence

Technological and organizational developments

Cipriani (1967}, Holtmann (1972, 1973), Su (1973}, Rosen (1975}, Van Imhoff (1988), Mincer

(1989), Groot and De Grip (19913, Bartel and Sicherman (1993), Neuman and Weiss (1995),
Blechinger and Pfeiffer (2000), Van Loo et al. (2001}

Shifts in the sector structure of employment
Tugwell {1931a, 1931b), Lilien (1982), Wood (1994), Kletzer (1998), Van Loo et al. {2001}

Firm-specific skills obsolescence
Beveridge (1930), Hamermesh (1987). Addison and Portugal (1989). Camington (1993),
Jacobson et al. (1993), Kletzer (1998), Van Loo et al. (2001)

Organizational forgetting

Keachie and Fontana (1966), Bailey (1989), Argote et al. (1990), Epple et al. (1991), Darr et al.
{1995)

(Argote et al., 1990; Epple et al., 1991). From these findings Darr et al. (1995)
conclude that the slowest rates of deprecimidﬁ are observed in technologically
sophisticated production processes in which the knowledge is embedded in the
technology of production. This knowledge is more resistant to depreciation than
knowledge embedded in individual workers or in other aspects of the organi-
zation.

Table 2 gives an overview of the various studies on types of skills obsoles-
cence discussed above.

3. THE MEASUREMENT OF SKILLS OBSOLESCENCE
In this section we will discuss the ways in which the various kinds of skills
obsolescence outlined in Section 2 have been measured in the relevant literature.
However, similar to the difficulty in measuring workers’ skills {Borghans et al.,
2001; Van Loo & Semeijn, 2001) the measurement of skills obsolescence is
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far from straightforward. Moreover, it is obvious that there is a distinction
between, on the one hand, the measurement of technical skills obsolescence,
related to the wear or atrophy of the skills previously possessed and, on the
other hand the measurement of economic skills obsolescence which does not
affect workers’ skills but the market value of these skills. Furthermore, it should
be noticed that skills obsolescence can manifest itself in several ways, most of
which were mentioned by Tugwell (1931b):

« unemployment;

« degradation to lower skilled jobs;

« lower wages;

« problems to fulfil one’s job properly.

Generally speaking, four major forms of measuring skills obsolescence can be
distinguished:

« objective methods: festing the deterioration of the skills workers possess;

s subjective methods: asking workers (and/or their employers) whether they
face skills obsolescence;

+ (indirect) measurement of productivity: wages or earning profiles or the unit
costs of production;

« indirect measures: rate of innovations indicating the speed of skills obsoles-
cence.

Most prominent in economic literature is the measurement of skills obsolescence
by means of the workers’ wages or earning profiles building on the framework
that human capital theory offers. However, several studies rely on one of the
other ways of measurement. As mentioned above skills obsolescence may be
revealed in various ways, although it may be expected that in most cases the
obsolescence of workers’ skills will ultimately be reflected in their earnings.
Moreover, as mentioned in Section 2, from a training policy point of view it
is also relevant to distinguish between the different kinds of skills obsolescence
that can be distinguished. This also affects the requirements a proper measure-
ment of skills obsolescence should fulfill.

Wage Effects in Earning Functions
In the economic literature skills obsolescence is usually measured via workers’

wages. This is the case for the literature on atrophy due to career interruptions
(e.g. Mincer & Ofek, 1982) as well as the literature on skills obsolescence due
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to technological developments (Neuman & Weiss, 1995) and the literature on
the obsolescence of sector-specific or firrn-specific human capital due to worker
displacement {e.g. Jacobson et al., 1993). All these different types of skills
obsolescence are measured by estimating earnings functions that take account
of the particular kind of skills obsolescence concerned.

Following the arguments presented in Fig. 1, Mincer and Ofek (1982) estimate
both the short-term and long-term wage loss due to the atrophy of a worker’s
skills caused by interrupted work careers. They estimate various specifications
of earning functions that take account of the wage effects of both the periods
of labor force participation and nou-participation in a worker’s career.

Neuman and Weiss (1995) estimate “Mincerian™ earning functions in which
they focus on the expected stronger skills obsolescence due to technological
developments the workers employed in “high-tech” sectors of industry face.

Jacobson et al. (1993) define displaced workers’ earnings losses to be the
difference between their actual and expected eamings had the event that led to
their job losses not occurred. They argue that this measure is better than
comparing workers’ wages in some post-displacement period and their earn-
ings in a period shortly before separation. Firstly, the latter measure does not
control for macro-economic developments that change workers” wages whether
they are displaced or not. Secondly, il does not control for the wage growth
that may have occurred when the worker was not displaced. Finally, the wages
of displaced workers who were employed in firms that faced declining employ-
ment might have been adversely affected several years before these workers
actually lost their jobs.

Greenhalgh and Stewart (1987), Lillard and Tan (1992), Lengermann (1996)
and Arulampalam et al. (1997) examine the effects of different types of training,
distinguished by their timing. All Four studies show that older spells of training
are associated with smaller wage effects than more recent training. This indicates
the depreciation of the human capital not recently acquired. Greenhalgh and
Stewart, moreover. find that longer spells of training show less obsolescence
than shorter spells and both Greenhalgh and Stewart and Arulampalam et al.
find that the more general human capital acquired by non-vocational education
does not face any obsolescence.

Of course, the key difficulty in measuring the wage effects of skills
obsolescence is to isolate this effect from the effects of other factors that
influence workers’ wages. Jacobson et al. (1993) and Kletzer (1998) argue that
larger earning losses for displaced workers who change industry do not
necessarily reflect the loss of sector specific human capital as indusiry wage
effects may also be due to efficiency wages, union rents, incentive pay schemes,
or internal labor markets.
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A similar point can be found in England’s (1982) critique on Polachek’s
measure of skills atrophy, namely the effect of post-school years of home-time
on current earnings. England states that Polachek’s measure is not a net measure
of depreciation, because it also picks up some effect on earnings caused by
foregone appreciation through experience.

It is difficult to distinguish between the wage effects of different causes of
skills obsolescence. Rosen (19735) and Weiss and Lillard (1978) state that it is
impossible to disentangle obselescence of human capital due to wear and
obsolescence due to technological developments since newer vintages enter and
workers get older simultaneously. However, Neuman and Weiss (1995) separate
these two types of skills obsolescence in the experience-earning functions they
estimate by assuming that skill obsolescence due to wear is the same across
industries. This assumption can be justified by the fact that skill obsolescence
due to wear is related to the worker himself and not to the industry in which
he is employed. Following Mincer (1974), Neuman and Weiss include schooling
vintages, measured as a worker’s age minus years of schooling minus six (the
age at which schooling begins) in the earnings function. Assuming that the
higher a worker’s level of education the more quickly his human capital becomes
obsolete, they are able to test whether technological developments cause skill
obsolescence by means of the interaction term of experience x years of
schooling. As mentioned above, Neuman and Weiss also distinguish between
high-tech and low-tech sectors of industries, which enables them to test the
hypothesis that skill obsolescence due to technological developments is faster
in high-tech industries by means of the interaction term of high-fech x
experience x years of schooling.

Other Measures of Productivity

In the literature on organizational forgetting dealing with skills obsolescence
at the firm level the loss of productivity is measured as the effect of the
depreciation of knowledge on the unit costs of production (Darr et al., 1995). The
effect of organizational forgetting on the unit costs of production is estimated with
both past output and recent output at the right-hand side of the equation. In case
of depreciation recent output is a more important predictor of current productivity
than past output. The analysis of Darr et al. includes the possible obsolescence of
all three knowledge variables related to learning by doing: i.e. firm specific
experience, experience by the same franchisee and industry experience.
Minimum wages, union power or other barriers to downward flexibility of
wages could imply that workers who face skills obsolescence will not be
employed at a lower wage rate. This means that their skills obsolescence will
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be reflected in a higher risk of unemployment. For this reason Van Loo et al.
(2001} use the flow from employment to unemployment or non-participation as
an indicator of skills obsolescence.!

Objective Measurement: Tests of Workers® Skills Deterioration

Although hardly used in economic literature it should be noted that the skills
of workers can also be measured by means of testing or assessments. If such
tests are repeated after some time in a longitudinal panel they can also measure
skill cbsolescence. Using the data of the OECD International Adult Literacy
Survey, Leuven et al. (2000) show that measurements of the literacy skills of
workers are probably a betier measure of their skill levels than data on the level
of education. Building on the extensive psychological literature on the measure-
ment of intelligence and skills, (Bailey, 1989) shows how effective experiments
in which individuals have to work at repetitive tasks can be applied for testing
the wear of skills acquired by learning by doing.

Subjective Measurement: Workers’ and Employers Surveys

Subjective measurement of skill obsolescence is also rare in economic literature.
In their research on the obsolescence of skills acquired by apprenticeship
training, Blechinger and Pfeiffer (2000) use survey data on the following
question: “How much of the occupational knowledge and skills you acquired
during your apprenticeship can you still apply in your currens work?” The
answers are given at a five-points scale from*“very little or nothing at all” to
“very much.” Blechinger and Pfeiffer show that these subjective measurements
of the applicability of workers” previous apprenticeship training have some addi-
tional explanatory power in a standard Mincerian earnings function with
experience and schooling, Particularly, the workers who could apply “very little
or nothing at all” from their previous apprenticeship training have considerably
lower wages than similar workers with better applicability of their apprentice-
ship skills.

Van Loo et al. (2001) use a subjective measure for job-specific skills
obsolescence due to technological and organizational developments. People
were asked to inditate whether or not their qualifications have depreciated due
to changes in their current job. Van Loo et al. notice that it may be a
disadvantage of this measure that it fails to take into account skills obsolescence,
which is not perceived by the employees themselves. On the other hand a
subjective measure of skills obsolescence may reveal skills obsolescence, which
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is mot (yet) reflected in workers’ earnings due to union power, internal labor
markets or other institutions that cause wage rigidity.

Van Loo et al. (2001) also use a second subjective measure of skills
obsolescence based on a survey of employees. In this bi-annual survey,” workers
are asked to estimate the extent ro which their qualifications are suited for their
current job on a five-point scale. If between two points of time workers indicate
a two-point or larger decrease in the score, this indicates that their qualifications
have become less suited for the job they currently have. This can be interpreted
as the occurrence of skills obsolescence.

Indirect Measures

MceDowell (1982) uses a more indirect measure of skill obsolescence. He
focuses on the rate at which a worker’s knowledge in a particular field becomes
obsolete as reflected in the age profile of cited works: “The observation that
older papers are less frequently cited than more recent papers suggests that,
as research communications age, they lose some of their relevance in the current
research front.” (McDowell, 1982, p. 755). For his measure of the durability
of knowledge McDowell uses the proportion of total citations in professional
journals that are referenced to publications that were published within the
five-year period immediately preceding the year of citation. The higher this
literature decay rate, the higher the rate at which the knowledge in a particular
field becomes obsolete. It should be noted, however, that such a measure of
the durability of knowledge is of course quite related to other more indirect
measures of the speed of technological developments as e.g. R&D or ICT invest-
ments, which are usually seen as explanatory variables for the way in which
individuals in a particular segment of the labor market are facing skill obso-
lescence due to technological developments.

As mentioned in Section 2, Van Loo et al. (2001) also relate the wear of
worker’s skills to injury or illness due to physically or mentally heavy working
conditions. For this reason they discuss various measures of wear related to
heavy working conditions. In their empirical analysis they use long-term job
related sick leave as an indicator of wear that depreciates the vocational human
capital of workers because they will probably no longer able fo return to their
previous job.

4. CONCLUSIONS

In this chapter we have attempted to give an overview of the different kinds
of skills obsolescence that could analytically be distinguished with a major
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distinction between technical and economic skills obsolescence. Apart from the
literature on the atrophy of skills due to non-participation and the literature on
job displacement, the literature on skills obsolescence is remarkably scarce.
However, scattered studies on different aspects of skills obsolescence have been
published. Most of these studies were published in periods in which unem-
ployment was high. This increased the focus on the adverse impact of skill
obsolescence for the worker involved. It is interesting that in the recent policy
debates on skills obsolescence and “lifelong learning” the main focus is on the
waste of valuable human resources (in case of non-participation) and on the
non-optimal performance of workers with inadequate skills due to skills obso-
lescence. This holds both for technical and economic skills obsolescence. This
brings skills obsolescence to the heart of the economic challenge the western
economies face: to realize the transformation towards a knowledge-based society
with a greying population.

Therefore, further research in this field is of great importance. This holds for
both the further development of theoretical insights and models and empirical
research with respect to the various types of skills obsolescence distinguished.
Moreover, economic analyses should more explicitly focus on the kind of skills
involved in a worker’s skills obsolescence and the rates at which the varicus
kinds of skills become obsolete.

The latter requires that more adequate data on the development and obso-
lescence of skills should be developed by surveying or “testing” workers skills
in surveys among workers. In this light the Infernational Adult Literacy
Survey/Life Skills survey of the OECD and the Skills Survey of the Employed
British Workforce {Green et al., 2000) are valuable initiatives. Moreover, it is
important to develop linked employer-employee (LEE) data in which informa-
tion on the skills obsolescence workers face can be related to information at
the firm level on the diffusion of technological innovations and HRD-policies.
Information on these issues is not only useful from a research point of view,
but also from a policy point of view.

Finally, economic analysis should more explicitly focus on the effects of
training or other HRD policies on the prevention or reduction of the various
kinds of skills obsolescence that can be distinguished. In an era of rapidly
changing work in turbulent labor markets, skills obsolescence will likely gain
importance on poljcy makers’ agendas.

NOTES

1. Wan Loo et al. (2001) use this measure of skills obsolescence in an empirical
analysis in which they wy to explain the occurrence of skills obsolescence due to market
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developments or firm-specific obsolescence. However, the risk of unemployment is not
necessarily restricted to these kinds of skills obsolescence.

2. For both variables the authors use of the Dutch labor supply survey of the
Organization for Labor Research (OSA).
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