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Thinking Aboutthe Future:
Education and Training Needs
for the Workforce of the Future

Joshual.Rosenbloom
Introduction

We work in a “new economy,”
and we live in an “information age.”
Phrases like these are common, and
reflect the vast changes in the nature
of work and life that are taking place
as the result of the diffusion of new
technologies, especially in the areas of
computing and information
technology. How are these
developments affecting the skills that
workers will need in the future to
succeed and prosper? What should
educators be doing to help prepare the
next generation of workers to facilitate
their transition from school to work
and enable them to find rewarding
careers?

Answering these questions
requires looking well into the future.

Assuming that there are no major
changes in retirement age, high school
seniors graduating in 2002 can expect
to remain in the work force until about
2050, or nearly half a century. Over
such a long time period it is likely that
the structure of the economy and the
nature of work more generally will
change dramatically. To illustrate the
magnitude of the potential changes it
is useful to look at how the Kansas
workforce has changed in the
previous half century.

Table 1 shows changes in the
distribution of several broad
occupational categories within the
state between 1950 and 2001, ranked
by the size of their change over this
period. As the table shows, there has
been a huge growth in so-called
“white-collar” occupations; the share
of professional and technical workers
(such as accountants, professors,
musicians, teachers, and doctors) has
increased by nearly 150 percent and
now accounts for more than one of
every five workers in the state. The

Table 1. Occupational Composition of the Kansas Workforce, 1950-2001

Occupation

Professional and Technical
Service Workers (not household)
Managers, Officials, and Proprietors
Clerical and Related

Sales Workers

Craftsmen

Laborers

Operatives

Farmers and Farm Laborers

Percent Percent Percent Percent
1950 1990 2001 Change
0.09 0.20 0.23 148.77
0.08 0.14 0.15 90.32
0.09 0.12 0.15 63.79
0.11 0.18 0.14 34.8
0.08 0.06 0.06 -20.65
0.14 0.11 0.11 -23.51
0.07 0.04 0.05 -31.31
0.13 0.11 0.08 -33.34
0.22 0.04 0.03 -88.32

Source: U.S. Census Bureau: Census of Population 1950, Census of Population 1990,

and Current Population Survey.
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number of managers, officials, and
proprietors has also grown, rising
from 9 percent of the state’s labor force
in 1950 to 15 in 2001. Service workers
(beauticians, police officers, janitors,
nurses aids, guards, and other similar
occupations), and clerical workers
have also increased their share of the
workforce. In contrast, the most
dramatic declines have been in a
variety of blue-collar or manual
occupations. In 1950 farmers and farm
laborers were the single largest group
in the state’s labor force, constituting
more than one-fifth of all workers; by
2001, their share of employment had
fallen to just 3 percent.

Given the magnitude of the
potential changes in the economy over
the next fifty years, it is difficult to
offer detailed prescriptions about how
to prepare the next generation of job-
seekers for the longer-term changes
that are likely to occur over their
working lives, other than to suggest
that they will need to be flexible, and
have the ability to learn new skills as
the structure of the economy changes.

It is easier, however, to offer more
specific insight about the likely
direction of changes over the next 5 to
10 years, the period in which today’s
students will enter their first jobs and
begin their careers. Over the past
twenty years the most important
determinants of the changing nature
of work, and hence the skills that
employers value, have been rising
productivity, which is the force behind
the upward trend in the American
standard of living, and the increasing
application of computers throughout
the economy. Both of these trends are
likely to continue to dominate other
factors in the short to medium term,
and, as a result, future changes in skill
needs will closely resemble the
changes that have taken place in the
last two decades. As we will see,
rising incomes and computerization
have increased the value of cognitive
skills; this is likely to continue to be
true for the immediate future as well.

The Human Capital Model
of Education and Training

Over the past twenty years one of
the most striking changes in the labor
market has been the rising premium
earned by college educated workers. In
1980, on average college graduates
earned about 45 percent more than
high school graduates. By the late
1990s this gap had widened to close to
80 percent.! Interestingly, real
earnings of high school graduates
have remained roughly constant over
the past two decades, so this growth is
almost entirely due to increases in pay
for college graduates.

Economists regard education as a
form of investment in “human
capital.” 2 Like other forms of
investment in physical capital (such
as factories, or equipment), education
involves an initial expenditure which
raises future productivity and, hence,
revenues in the future. In the case of
education, individuals incur both
direct costs—tuition, books, and other
instructional expenses—and indirect
costs—income that is foregone
because of the time devoted to

schooling. To compensate them for
these expenses it is reasonable to
suppose that better-educated workers
would receive higher pay. In the long
run the costs of education should
determine the premium that more
educated workers earn, but in the
short run shifts in the supply of or
demand for workers with particular
skills can cause the college wage
premium to diverge from this long-run
level.

The available evidence suggests
that the rise in pay for college-
educated workers is the result of a
growing demand for education among
employers. In particular, as Figure 1
illustrates, there has been a steady
increase in educational attainment in
recent years. In 1960, only about one
in ten workers was a college graduate.
By 1980 this figure had climbed to
close to one in five, and by 2000 it was
approaching one in three. The
combination of rising numbers of
college graduates with higher pay for
these graduates is indicative of the
growing value that employers place
on the skills and training that these
graduates possess.

Figure 1. Educational Attainment of the Labor Force, 1960-1999

Percent
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Source: U.S. Census Bureau, Census of Population, 1960, 1970, 1980, 1990,

and Current Population Surveys.
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Of course, the fact that college
graduates earn more than workers
with fewer years of education is not
conclusive proof that all of the higher
pay they receive is the result of
additional training.® Another
interpretation of the higher pay of
college graduates is that it reflects at
least in part differences in the
characteristics of different groups of
workers. Among high school
graduates, those who complete college
possess different characteristics and
abilities than those who do not, and it
is possible that some of the premium
employers are willing to pay is due to
this difference rather than the
additional training that college
graduates have received.

Preferences, Technology, and
Changes in the Demand for Labor

Why has the demand for college
educated workers grown relatively
more quickly than that for less
educated workers? To answer this
guestion we need to look more closely
at the underlying factors influencing
the demand for labor in the economy.
At any time, the demand for labor
reflects two interrelated forces. The
first is preferences; that is, the pattern
of goods and services that consumers
in this country and elsewhere wish to
purchase. The distribution of
consumer demand for different goods
and services, and its shifts over time,
determines what the economy
produces and consequently affects the
distribution of labor and other
resources to these different activities.

The second factor is technology.
Technological progress is one of the
hallmarks of our economy. Over the
past century, technological advances
have increased the efficiency of the
average American worker approxi-
mately five-fold, while allowing the
work week to shrink by nearly 20
hours (from 60 to 40 hours).* This
progress is the ultimate source of our
rising standard of living. Rising living

Vol. 25, No. 1, Spring 2002

standards affect consumer demand
through their impact on purchasing
power: as incomes rise, spending on
necessities like food and clothing
tends to rise more slowly than does
spending on discretionary items such
as health care and recreation.

In aggregate, technological
advances raise the productive effi-
ciency of the economy, thus raising
our standard of living. But technology
also affects the pattern of labor de-
mand through its impact on the labor
required to produce different goods
and services. New production pro-
cesses may affect the mix of skills and
tasks required to produce a particular
product. For example, the introduction
of robots in an auto-mobile assembly
line might reduce the need for manual
workers while increasing the need for
skilled mechanics to build and main-
tain the robots.

While new technologies change
the mix of workers required to produce
particular products, differences in the
pace of technological progress from
one industry to another causes shifts
in the relative efficiency of production

that require the redistribution of labor
across industries. Rapid mechaniza-
tion in agriculture, for example, has
allowed a shrinking number of
workers to produce an expanding
guantity of output, and contributed to
the sector’s declining absolute and
relative employment in recent decades.
More generally, productivity advance
in goods producing sectors has been
faster than in the service-producing
sectors, helping to explain the relative
shift of labor from manual
occupations to services.

The most important source of
technological advance in the
American economy over the past few
decades has been the sharp decline in
the prices of computers, especially
adjusted for quality. As anyone who
has followed the prices of personal
computers has observed, every year
prices fall while computing power
increases. The resulting fall in the
relative costs of computation has led
to the widespread adoption of
computers throughout the economy.
This effect is readily apparent in
Figures 2 and 3, which chart the

Figure 2. Computer Use, by Education, 1984-1997
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80

50_ .....................................................

40 .............................................................................................................
_____ ke
304 T e T N
L - High School Graduates
20_.._.,_....-..-..'.7.7. ................................................................................................
T Less than High School
—n
10_ ....................................................................... ' ..........................

College +

70_ ........................................................ \ ..........

+— All Workers

0 - : : :
1984 1986 1988 1990

1992 1994 1996 1998

Source: Calculated by Friedberg (2001, p. 24) from data in the U.S. Census Bureau Current

Population Surveys.




Kansas Business&Economic Review

PRI

Figure 3. Computer Use, by Occupation, 1984-1997
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Source: Calculated by Friedberg (2001, p. 24) from data in the U.S. Census Bureau

Current Population Surveys.

growing number of workers who
report using a computer at work,
broken down by education level and
occupation. Overall computer use at
work has approximately doubled
since 1984, with close to half of all
workers today reporting that they use
a computer at work. College educated
workers and those in clerical,
managerial, and professional and
technical jobs are most likely to use
computers, but the rise in computer
use transcends educational and
occupational categories.

The essential feature of computers,
according to economists David Autor,
Frank Levy and Richard Murnane
(2002) is that they perform “tasks that
can be expressed using procedural or
‘rules-based’ logic.” As such they are
highly effective substitutes for humans
in performing routine tasks—such as
monitoring the temperature of a steel
finishing line—while enhancing the

value of humans performing non-
routine tasks.

Using available data it is
relatively easy to trace the impact of
computers on the mix of occupations
in the economy. What is harder to
detect, however, is the way that the
introduction of computers has affected
the tasks required of workers within
particular occupations. But these
changes have also been dramatic and
often far-reaching. Thirty years ago,
auto manufacturers could rely on the
“warm body” approach to hiring
workers to staff their assembly lines.
As a former Human Resource
manager at Ford described the process
in the 1960s, “if we had a vacancy, we
would look outside in the plant
waiting room to see if there were any
warm bodies standing there. If
someone was there and they looked
physically ok and they weren’t an
obvious alcoholic, they were hired”

(quoted in Murnane and Levy 1996, p.
19). Today, potential workers are first
subjected to an extensive screening
process that tests their ability to
complete both paper and pencil tests,
along with their interpersonal and
communication skills. On the
assembly line, they are expected to
work in teams to identify the sources
of production problems and work
together with others to find ways to
rectify them (Murnane and Levy 1996,
pp. 24-26, 53-58).

In service sector industries like
insurance, computerization of records
has similarly reduced demand for
routine clerical work while enhancing
the need for individuals capable of
accessing and interpreting the vast
amounts of data that computers now
make available. This transition is
clearly illustrated in the insurance
industry, where computerized records
have replaced paper files,
substantially altering the process of
underwriting by making instantly
accessible a great deal more
information than was previously
possible (Murnane and Levy 1996, pp.
58-62).

In order to quantify the overall
impact of these changes in how jobs
are performed a recent paper by Autor,
Murnane, and Levy (2002) analyzed
the characteristics of 12,000 jobs listed
in successive editions of the Dictionary
of Occupational Titles (DOT), and
matched them to aggregate
employment data to trace changes in
the mix of tasks that the economy
requires over time.® Their results reflect
a striking shift in job content in the
economy, especially since the late
1970s. While the importance of
routine, physical, and cognitive tasks
has declined, the importance of non-
routine analytical and interactive
tasks has grown sharply. Their
findings are summarized in Figures 4
and 5, which show changes in the
relative intensity of different types of
tasks over the past 40 years. After

Vol. 25, No. 1, Spring 2002
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rising gradually between 1959 and
1979, the use of cognitive skills (both
analytical and interactive) has
increased sharply in the past twenty
years. In contrast to the steady rise in
the non-routine task content of jobs,
the importance of routine tasks
increased during the 1960s, leveled off
in the 1970s, and then fell in the 1980s
and 1990s. This drop was especially
marked for the routine cognitive skills.

Forecasting Future Demand
for Occupations

In the past 20 years the diffusion
of computers and other technological
innovation has thus contributed to the
rising demand for more educated
workers, and a shift in job content
away from routine tasks and toward
non-routine ones. Forecasts of
employment changes suggest that
these trends are likely to continue into
the foreseeable future.

The United States Bureau of Labor
Statistics (BLS) regularly prepares
forecasts of occupational employment
ten years into the future. The most
recent such forecasts cover the period
from 2000 to 2010.% The basic
procedure that the BLS uses starts
with forecasts of demand for different
goods and services based on
anticipated changes in population
size and demographic composition,
along with expectations about the rate
of growth of real disposable income.
These are then mapped into demand
for particular occupations based on a
matrix of occupational employment in
different industries and sectors. This
matrix is derived from the existing
patterns of occupational employment,
but it is adjusted based on
expectations about the impact of
expected technological changes on the
different occupations. For instance, in
1985, forecasters assumed that
advances in computing would reduce
the employment of clerical and
secretarial workers over the next
decade. They were correct in this

Vol. 25, No. 1, Spring 2002

Figure 4. Changes in Economy-Wide Job Requirements
for Non-Routine Tasks, 1959-1998
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Source: Autor, Murnane, and Levy (2002, Table 4).

Figure 5. Changes in Job Requirements for Routine Tasks, 1959-1998
Relative to 1959
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Figure 6. Forecasts of Job Growth for the United States from 2000 to 2030
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Source: U.S. Bureau of Labor Statistics (2001-2002, p.12).

projection, but underestimated the
extent of the resulting declines leading
to an overestimate of the number of
clerical workers in 1995 compared to
the actual situation (Andreassen 1997,
Rosenthal 1999).

Similar procedures are employed
to produce employment forecasts for
individual states. For Kansas, these
estimates are produced by the Kansas
Department of Human Resources and
are reported in Kansas Occupational

Figure 7. Education and Training Requirements for All Jobs in 2000,

and for Projected New Jobs in 2010
Fraction of Jobs
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Outlook.” The most recent forecasts for
Kansas predict employment growth
through 2006 and reflect somewhat
older data. But both forecasts depict
very similar trends.

The most important of the
underlying assumptions embedded in
the BLS forecast are that the relatively
rapid productivity growth that
characterized the 1990s will continue,
that the aging of the population will
boost demand for medicine and health
care, that continued advances in
computers will lower the price of
products relying on microprocessors
and increase demand for these
products, and that higher incomes
will encourage more spending on
recreation and leisure activities.

Figure 6 summarizes the
anticipated number of jobs that will be
created in different broad occupa-
tional categories, ordered by current
levels of employment. Job growth
includes both newly created jobs and
replacement jobs created by the
retirement of current workers. The
greatest growth numerically will be in
services and professional, para-
professional and technical jobs. There
will be considerable growth in
production, construction and other
blue-collar jobs as well, but this
growth will be less than proportionate
to the current share of such jobs in the
economy, leading to a relative decline
in their overall importance.

Figure 7 depicts the implications
of these predicted job trends in terms
of skills and training needs. In this
figure the fraction of job openings
between 2000 and 2010 requiring each
level of education or training is
compared to the fraction of existing
jobs in 2000 requiring that level of
education or training. Most job growth
will occur in occupations requiring
only moderate experience or short-
term on-the-job training, but there will
be more emphasis on on-the-job
training and less on prior experience
than is true today. Also, compared to

Vol. 25, No. 1, Spring 2002
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Figure 8. Forecasts of Job Growth for Kansas from 1996 to 2006
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January, 2000.

the situation today, future job
openings will be somewhat more
likely to require some college or a
college degree. But these changes are
relatively small.

Figure 8 shows forecast job
growth in Kansas through 2006.
Comparing Figures 6 and 8, the
pattern of job growth is qualitatively
quite similar. There are, however,
some notable differences. Agriculture
is still more important in Kansas than
in the nation as a whole, and
agriculture will create more jobs in
Kansas than in the nation as a whole.
All of this growth will come through
replacement jobs, however, as
continued advances in production
continue to produce a decline in new
jobs in this sector. Job growth in blue-
collar occupations, and in sales and
related occupations is also predicted
to be somewhat greater in Kansas than
is true nationally. In contrast, growth
in the professional and technical and

Vol. 25, No. 1, Spring 2002

managerial categories is anticipated to
be somewhat slower in Kansas than
the nation as a whole.

From Jobs to Skills: What Do
Future Workers Need to Know?

The effects of technology and
preferences on the economy have
tended to increase the value of
cognitive skills in the workplace. In
particular, employers have placed
increased weight on the ability of
workers to: (1) read, write, and do
math at the high school level, (2) solve
semi-structured problems, (3) work in
teams, (4) communicate effectively,
and (5) use computers to perform
everyday tasks.

In a recent study one team of
economists surveyed 800 employers in
4 large cities about the characteristics
of recently filled jobs (Holzer 1996). In
their survey they asked employers
how frequently workers had to deal

with customers in person or on the
phone, read or write paragraphs, do
arithmetic, or use a computer. Even in
jobs filled by non-college graduates
they found that more than 90 percent
of the positions required daily
performance of at least one of these
tasks. And, as Figure 9 shows, with
the exception of writing, each of these
tasks was required on a daily basis in
more than 50 percent of the jobs
represented in the survey.

These findings about the
importance of cognitive skills are
echoed in the results of a recent survey
of Kansas employers (Stella, Krider,
and Ash 1997). The vast majority of
the employers surveyed in the state
reported an increase in skill
requirements between 1992 and 1997,
with 22 percent describing the
increase as “significant,” and 49
percent characterizing it as “slight.”
Employers were also asked to identify
the areas where the most improvement
in skills was needed. Their responses
are summarized in Table 2. While
technical and manual skills clustered
near the bottom of the list in terms of
frequency, cognitive and interpersonal
skills were clustered near the top.

Employment forecasts for the near
term suggest that employment trends
through 2010 will closely resemble
those of the recent past. As a result,
employers are likely to continue to
need workers with strong cognitive
skills. For educators this suggests a
need for continued effort to upgrade
training in basic cognitive and
problem-solving abilities, while
providing training in working
effectively in teams. While addressing
the evident short-term skill needs of
employers, better cognitive and
problem solving skills should also
provide workers with greater
flexibility in responding to shifting
patterns of demand over their entire
working lives.

Based on rising pay for college
graduates one route toward this end is
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Figure 9. Task Performance Frequency of Non-College Jobs, 1996
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Source: Holzer (1996, p. 81).

to encourage ever more students to
pursue additional education. College
is a costly solution to these training
needs, however, and it may not be the
best solution for all students. One
recent study by Richard J. Murnane,
John B. Willett, and Frank Levy (1995)
that examined the relationship
between cognitive ability of high
school graduates in the classes of 1972
and 1980 (measured by scores on a
standardized math test), and earnings
six years after graduation (i.e., in 1978
and 1986, respectively) found that
there was a positive relationship, and
that this relationship had grown
stronger over time.® Between 1978 and
1986 the differential between the
earnings of 24-year old women with a
B.A. and those with only a high school
diploma increased by 20 percent. All
of this growth can be explained,
however, by the increase in pay
related to cognitive ability: controlling
for differences in test scores at the time
of high school graduation, the
researchers found there was no
change in the college wage premium

for women between 1978 and 1986.
Among young men, this effect was less
dramatic, but controlling for
differences in cognitive abilities at
high school graduation reduced the
growth in college wage premiums by
more than one-third. These results
suggest that while there is a need for
an increased number of college
graduates, some of the economy’s
growing demand for cognitive skills
might be met in a more cost effective
way by enhancing training in these
skills at the high school and/or
community college level.
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Table 2. Frequency with Which
Kansas Employers Cited a Need for
Improvement of Specified Job Skills
Among Newly Hired Workers, 1996
Skill Percentage
of Employers

Listening/oral communication 76
Problem solving 75
Goal setting/personal motivation 73
Work attitudes/habits 72
Decision making 70
Organizational effectiveness
/leadership 70
Teamwork 69
Comprehension/ understanding 68
Creative thinking 66
Interpersonal relations 66
Adaptability/flexibility 62
Writing 59
Computer 58
Computation 57
Willingness to learn 53
Business/management 50
Reading 39
General labor 32
Skilled trades/crafts 32
Machine operation 34
Mechanical 36
Electrical 24

Source: Stella, Krider, Ash (1997, Table 7).

Notes

1. There are, of course, differences in pay
among college graduates, and these are
related in part to specific fields of study. In
1996, the highest paid college graduates were
those with degrees in engineering, who earned
an average of $4,680 a month or 67% more
than the lowest paid college graduates, those
in education, whose average monthly
earnings were $2,802. But even the lowest
paid category of college graduates earned
considerably more than the median high
school graduate ($1,894 per month). See
Bauman and Ryan (2001).

2. Shackleton (1995, chs. 2-3) provides a
good introduction to human capital theory
as well as criticisms of this approach.

3. Nonetheless, it is hard to imagine how
economy-wide productivity could have
increased enough to support all the
additional goods and services that are
produced unless rising levels of education
had contributed to rising productivity.

Vol. 25, No. 1, Spring 2002
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4. Real Gross Domestic Product per worker
(values at 2000 prices) has increased from
$13,700 in 1890 to $65,500 in 2000. See
DelLong (2000).

5. Dictionary of Occupational Titles
examiners evaluate each of over 12,000 jobs
along 44 objective and subjective dimensions
including training time, physical demands
and required workers aptitudes,
temperaments and interest. From these
Autor, Murnane and Levy selected five of
these measures to capture different
dimensions of job content. The job
characteristics they used were: DCP
(direction, control and planning of activities)
used as a measure of non-routine managerial
skills; GED Math score used as a measure of
non-routine cognitive tasks; STS (set limits,
tolerances or standards) used to indicate
routine cognitive tasks; FINGDEX (finger
dexterity) used as a measure of routine
manual activity; and EYEHAND (eye, hand,
foot coordination) used as a measure of non-
routine motor tasks.

6. For these forecasts and links to
documentation explaining them in detail, see
the BLS occupational employment web site
http://www.bls.gov/emp/home/htm.

7. Occupational forecasts by state are also
available on the Internet at http://
almis.dwis.state.us.us/occ/projhome.asp.

8. The math test focused on students’ ability
to read well enough to follow directions,
manipulate and use fractions and decimals,
and interpret graphs. It did not assess
mastery of more advanced mathematics,
such as algebra or geometry (Murnane,
Willett, and Levy 1995, p.253).

Vol. 25, No. 1, Spring 2002
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