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T he concept of skill reflects the capacities and human capital that
workers bring to jobs--what psychologists refer to as "kaaowledge,
skills, and abilities"--and tlie specific demands that individual

jobs make on workers who occupy them. Whether the demand for skills
is changing is a vitally important question for public policy. Such changes
help determine the distribution of income and the extent of technological
unemployment; they also help determine whether relative skill shortages
exist that may lead to a lack of competitiveness, especially in relation to other
economies that possess the valued skills in more abundance.

An extensive literature has examined the causes of technological
change and its effects on the demand for skills and the structure of wages.
This article begins by reviewing this literature, which spans economics,
sociology, and other social science disciplines that examine industrial
behavior. It then makes use of an extensive establishment-level survey to
examine the effects of organizational structure and investment activity on
wages. The study finds that establishments that adopt new technologies
pay production workers more than those that do not, and also pay them
more relative to the pay of supervisors. Thus, the results suggest that
recent changes in workplaces are increasing skill requirements for
production workers. The article concludes with some comments on how
this trend will play out in terms of labor market adjustments.

Factors Shaping Changes in Skill

The demand for skill in the economy is derived from the objective
requirements associated with jobs. Changes in the demand for skill are
the result of changes either in the requirements associated with individ-
ual jobs or in the distribution of employment across jobs that have
different skill requirements. A vast literature in the social sciences, most
prominently in sociology, argues that technology drives skill require-



ments. This literatnre uses the word technology to
refer to broad changes h~ production systems, such as
the industrial revolution or the adoption of the factory
system.

One tradition argues that technological change
has tended to increase skill requirements by eliminat-
ing noxious physical labor. The focus here is often on
technological changes so massive and inexorable that
their effects on employment can be treated as exoge-
nous.1 Many of the more contemporary studies in this
area begin with the analysis from Workforce 2000,
which concludes that the distribution of employment
across occupations and industries in the United States
is shifting toward higher-skilled work (U.S. Depart-
ment of Labor 1987). Examinations of Census occupa-
tional data over time suggest, however, that the rate

The "upskilling" tradition tends
to rely on forces external to the
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at which this shift has occurred has slowed from the
1960s to the 1980s (Howell and Wolff 1991). And
further reanalysis of the data used in Workforce 2000
indicates that the anticipated shifts in the future will
not in fact increase skill demands by much (Mishel
and Teixeira 1991).

Another and perhaps equally long tradition sees
technological change operating to reduce the breadth
of skills required from workers and, in particular, their
control over the way jobs are performed.2 The
"deskilling" research argued that the types of technol-
ogies used and the way they were implemented were
choice variables that management could exercise in
ways that depended on the circumstances. Marglin
(1974), for example, argued that deskilling was a
conscious management decision taken to increase con-
trol over workers and make the management process
easier. This thesis reached its best-known form in the
work of Braverman (1974), who extended it to clerical
and other nonproduction jobs.3 Growing worker dis-

satisfaction with production jobs in the 1970s led to
explicit public policy acknowledgments that narrow,
deskilled jobs were part of the cause. For an example,
see Work in America (U.S. Department of Health,
Education, and Welfare 1973).

The "upskilliug" tradition tends to rely on forces
external to the organization for its explanations and
changes in the distribution of employment for evi-
dence. The deskilling tradition relies on forces internal
to the firm (management strategy) and changes within
individual jobs for its explanations. (See Attewell 1990
for a review of this literature.)

The third research approach is more empirically
driven and asserts explicitly that technology is a
choice variable and that the effect on skill may vary.
Spenner (1983) described this research as the "mixed
effects" position in terms of the net change it predicts
in skill.4 This middle position assumes that situational
factors sttch as labor costs or employee bargaining
power are important in determining the utility of any
technology or system of work organization.

~ Arguments about the benefits to workers of technology began
with Adam Smith, then with the scientific socialists, and continued
in studies of economic development. Kerr and coworkers (1960), for
example, saw h~dustrialization as liberating production workers by
leading to more skilled jobs. Students of industrial technology such
as Woodward (1965) argued that assembly line work was only a
stop on the road toward automated, "conth~uous production"
factories where workers would be freed from machine-paced tasks.
Blauner (1964) argued that such technologies would actually lead to
an increase in skill, for example, as workers performed a broader
range of monitoring tasks. This thesis reaches its high point with
Bell’s (1973) arguments that knowledge-based jobs would replace
production work in the economy of the future.2 Adam Smith’s observations about the increasing division of
labor and the narrowing of jobs that results can also be seen as part
of the beginning of the deskilling argnment. Durkheim (1893),
Veblen (1914), and others were concerned about the dehumanizing
effects of automation and factory production and the broader effects
it would bave on society. Scientific management as a theoretical
argument for deskilling and assembly line production methods in
basic industries led to widespread acceptance of the deskilling
argument supported by research findings (Walker and Guest 1952;
Bright 1966) and to a shift in research to examine the consequences of
deskilled jobs (for example, Blauner 1964).

3 In particular, Braverman (1974) argued that the shift in the
distribution of occupations toward administrative and white collar
jobs was not an indication that overall skill levels are rising, but
instead was simply a manifestation of deskilled production work
where the "mental" aspects bad been removed.

4 Most of these studies are cases, and man~/- are historical.
Hobsbawm (1964) describes, for example, how craft workers were
able to use the techniques of organized labor (for example, control-
ling supply) to resist management efforts to deskill jobs. Edwards,
Reich, and Gordon (1979) suggest that changes in skill have been the
result of a complex process of bargaining between management and
labor. Flynn’s (1988) survey of hundreds of case studies of tech-
nological change finds considerable variance in the effects on
employment and skill levels, lending support to the "mixed effects"
hypothesis.
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Other studies have examined changes in skill and
looked beyond technology for their explanations. For
example, Piore and Sabel (1984) argue that the satura-
tion of industrial markets and greater international
competition have forced employers to find smaller
market niches that demand quicker reactions to
changh~g markets and, in turn, a more flexible work-
place where jobs are defined more broadly and work-
ers have greater control over them. The result is to
create jobs with more skill, broadly defined. In other
words, changing product markets have made a form
of work organization that was always available sud-
denly much more effective. Cappelli and Sherer (1989)
find a broadening of responsibilities in such a firm,

Outside of production, little
evidence is seen of high-

performance work systems, even
in organizations that have

production-like aspects.

and Loveman (1988) finds evidence of a shift in
manufacturing occupations toward greater skill that is
consistent with the "flexible-specialized" hypothesis.~

Measuring Changes in Skill

Exactly ho~v one should attempt to measure skill
changes has been a vexing problem for the research
efforts described above. Studies sometimes attempt to
use measures of worker characteristics, such as aver-
age education levels, to assess whether skill require-
ments have changed. The problem with this approach
is the considerable evidence that such worker charac-
teristics vary independently from the demands of jobs
(Berg 1970). One approach is to ask workers directly
about the requirements of their jobs (Mueller et al.
1969), but an individual’s perceptions of job charac-
teristics do not necessarily relate well to actual job
characteristics (Roberts and Glick 1981). Myles and
Eno (1989) found that workers’ self-reports of skill
requirements in their jobs differed substantially from
those provided by expert raters.

A popular data source for measuring the skill
requirements of jobs has been the U.S. Department of
Labor’s Dictionary of Occupational Titles (DOT), now in

its fourth edition, which is compiled by government
job analysts who provide detailed descriptions of
some 12,000 job titles. By examining changes in these
titles in subsequent editions, one can measure changes
in job requirements (for example, Horowitz and
Herrstadt 1966; Spenner 1979). But serious drawbacks
are associated with using the DOT in this manner, in
addition to the fact that it is not updated regularly.6

An alternative approach is to estimate skill
changes by examining shifts in the composition of
occupations in the economy, the approach followed
by Workforce 2000 and discussed above.7 The problem
with all such studies is the difficulty h~ controlling for
the content of jobs. It is not obvious that the respon-
dents are really using common definitions and that the
results are reliable. The current questions used for
gathering information about jobs are far from ideal.
The Current Population Survey, the source of data for
many of these studies, asks respondents about their
business or industry, the kind of work they do, and

5 Other studies in this period continued to emphasize the
relationship between technology and skill. Hirsl’d~orn (1984) sug-
gests an argument similar to Bell’s (1973) that new automated
teclmologies will require higher-order mental and social skills from
workers. Studies of the introduction of numerically controlled
production machinery have suggested that the introduction of these
machines is designed to reduce workers’ skill (Noble 1977). Further,
even where the mix of skills associated with numerically controlled
jobs appears to grow, the changes may simply add more boring
tasks and leave the content of the jobs degraded (Adler 1986).
Again, studies in the "mixed result/it depends" tradition report a
variety of changes in skill across situations, depending typically on
contextual issues. (See the papers in Hyman and Streek (1988) and
Zuboff (1988) for case-based examples and Kelley (1989) for a
survey-based argument.) Overall, a National Academy of Sciences
study (Cyert and Mowery 1987) concluded that changing technol-
ogy was unlikely to increase skill requirements during the imme-
diate future. See Levin, Rumberger, and Finnan (1990) for a similar
conclusion.

6 It is not dear that all of the entries were actually reanalyzed
in subsequent editions, and there may have been a bias toward
making the reports consistent over time. Further, by itself the DOT
measure tells only what is happening to the content of specific jobs,
not what is happening to average skill across a work force or an
organization. For example, a given job such as drafting can be
substantially deskilled by new technology while at the same time
the composition of the design work force in a firm shifts from
drafting jobs to higher-skilled engineering jobs. The overall skill
level of the design function may rise because of this shift in its
composition, even though the skill associated with some individual
jobs is declining.

z Perhaps the best data source for compositional studies is the
Occupational Employment Statistics Survey assembled by the Bureau
of Labor Statistics (BLS). This survey examines 150 occupations in
each industry with establishment-level surveys and reports the shift
in employment across those occupations. The survey is actually
conducted separately by each state, under the general guidance of,
but not the control of, the BLS. The BLS takes the data from the
states with little opportunity to check the reliability of the results or
the methods used.
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their most important activities at ~vork, a relatively
small amount of information by which to measure
skills. Classification clerks then take these responses
and code them into occupations. A number of tests are
made for the reliability of the coding but not for the
validity of the original responses. In about half the
cases, employees believe that their occupation is some-
thing different than does their employer (Mellow and
Snider 1985). At least half the tin~e, then, one of the
parties--employer or employee--is wrong in labeling
an occupation.

Perhaps the most important problem with occu-
pational data is that job titles do not always accurately
reflect changes in skill requirements. Employees in
less rigid organizations are sometimes rewarded with
"promotions" and given higher job titles, even though
their duties remain unchanged. Managers may also
arrange such promotions to secure grade-based salary
increases, especially when general salary increases are
being restrained. (The practice is sometimes known in
the compensation literature as "grade drift.") And as
jobs get broader in scope, it becomes more difficult to
match tasks and skills with specific job titles.

Finally, compositional studies do not indicate
whether changes have been made in skill require-
ments within individual jobs, the reverse of the prob-
lem noted above in using the DOT. For example, the
decline in aggregate skill levels associated with a shift
in work force composition from quality control to
assembly jobs may be offset if substantial upskilling of
assembly jobs has occurred.

Spelmer (1988; 1990) reviewed the research that
has been based on aggregate data and concluded that
the results have been mixed, at least through the
1980s--perhaps a small upgrading of content in the
form of complexity, equivocal results for content in
the form of autonomy, and not much change in
composition. His conclusions suggest that "the pov-
erty of quality data" (Spenner 1983) may be the main
obstacle to obtaining better estimates of skill changes.

My own study of changes in skill requirements
used a different set of data on 56,000 production
workers over an eight-year period and found signifi-
cant upskilling across the board for production jobs as
measured by changes in Hay points, the job evaluation
metric introduced by Hay Associates to measure job
requirements. Some of the upskilling seems due to the
fact that tasks associated with quality control and
housekeeping have been pushed onto all the remain-
ing jobs (the decline of employment in quality and
housekeeping jobs is consistent with this interpreta-
tion). That is, not only has each job experienced

upskilling but the overall distribution of production
jobs has shifted away from less skilled and toward
more skilled positions (Cappelli 1993).

Econo~nic-Based Arguments

A different research stream has developed in
economics on the question of skill levels. This research
also focuses on the role of technology in driving skill
changes. Here "technology" refers not to system or
economywide developments but to firm-level deci-
sions of the kind associated with production func-
tions. In most cases, the analysis focuses on the effects
of broad production decisions such as the level or type
of capital spending. And, in contrast with the research
cited above, the goal is less to assess skill changes than
to explain where they occur and their effects on other
aspects of operations.

Perhaps the most intriguing
aspect of arguments about
changing technology and
skill requirements is their
use in explaining changes

in the wage structure.

One set of research in this tradition focuses on the
complementarity between skills and firm production
choices. For example, Barrel and Lichtenberg (1987)
find that operations with more educated ~vorkers
adopt new technologies sooner and that the decision
to adopt new systems then increases further the de-
mand for skill. Historical research finds that as early as
the 1920s, more technologically sophisticated firms
hired more educated workers (Goldin and Katz 1995).
Other recent work (Bartel and Sicherman 1995) finds
similar results for training, in that technological
change increases training.

Still other research relies on changes in the distri-
bution of employees across occupations to estimate
changes in skill levels. Berndt and Morrison (1991)
find that investments in certain kinds of physical
capital (mainly office equipment) are associated with
increased education among production workers and a
shift toward presumably more higlily skilled nonpro-
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duction workers. Berman, Bound, and Griliches (1994)
argue that a measure of the level and rate of change in
computer investments for manufacturing firms is a
good proxy for the firms’ overall technological change
and explains the shift toward higher-skilled workers
in some operations.

Perhaps the most intriguing aspect of arguments
about changing technology and skill requirements is
their use in explaining changes in the wage structure.
The research on changes in wage structures, especially
the rise in the returns to education, is too voluminous
to review in detail here. Levy and Murnane (1992)
survey it and conclude that "the most striking evi-
dence of change in the demand for skill is the increase
in the premium associated with formal education."
Wallace and Kalleberg (1982), Davis and Haltiwanger
(1990), and others find rising wage differentials be-
tween occupations and an increase in the premium for
skill.

Several studies have attempted to see how these
technology choices, broadly defined, affect wage out-
comes. Mincer (1991) offers one of the first studies to
argue that technology explains some of the increase in
the returns to education over time. Botmd and John-
son (1992) compare different explanations for changes
in the overall structure of wages in the 1980s using
changes in education levels of workers as a proxy for
technology. They conclude that technological change
was the most important factor in explaining changes
in wage premiums in this period. Krueger (1993) finds
that workers who use computers on the job, other
things equal, earn about 10 to 15 percent more and
that computer use may explain as much as half of the
increase in the rate of return to education in the late
1980s. Dum~e and Schmitz (1995) find that the use of
advanced production technologies in manufacturing
is associated with higher wages for both production
and nonproduction workers.

Mishel and Bernstein (1994) question whether the
conclusion can really be drawn that technological
change, however defined, can explain changes in
wage differentials during the 1980s. They argue that
research showing relationships between technology
and wages--that is, between levels--does not explain
changes in wage differentials. In order to do this, one
needs to show that there has been a change in tech-
nology, specifically, that the rate of introduction of
technology was somehow greater in the 1980s. And,
as noted earlier, the evidence does not suggest that
this was the case. Indeed, the pace of change may
even have declined somewhat (Howell and Wolff
1991).

Further, as the "mixed effects" research in sociol-
ogy suggests, the introduction of specific pieces of
technology may not have an obvious effect on skill
levels. Some of the clerical occupations that have
been subject to innovations in office equipment of the
kind emphasized by Berndt and Morrison (1991), for
example, have been deskilled (for example, typists,
following word processing) while others have been
upskilled (bank tellers after the introduction of auto-
mated teller machines, Cappelli 1993). And as Kelley
(1986) demonstrated with programmable automation,
the introduction of a given technology may have very
different effects on the skills of the workers using it
across establishments, depending on factors like the
power of unions in those establishments. Finally, it is
worth asking, as Mishel and Bernstein (1994) do,
whether the assumption that average education levels
are a good proxy for skill levels, used in much of this
research, is adequate.

Work O~xanization Studies

Yet another approach to the issue of changing
skill requirements looks neither at systemwide
changes nor at production function choices associated
with capital decisions. This approach focuses on "tech-
nology" in the sense of management technology and,
in particular, decisions about how work might be
organized within individual jobs. The common theme
in models of new work systems is that they represent
a contrast to Tayloristic work systems associated with
scientific management. These changes in the organi-
zation of work alter the hierarchy and internal orga-
nization of jobs.

The contemporary debate about these new mod-
els of work in the United States began by identifying
"high performance" (HP) work systems in the context
of new production systems: High performance pro-
duction systems were identified based on productivity
outcomes, and the work systems demanded by them
were identified, by definition, as high performance
work. These production systems are most clearly
associated with Japanese manufacturing and include
techniques such as statistical process control, just-in-
time (JIT) inventory systems, continuous improve-
ment, and total quality management (TQM). This
approach is, not surprisingly, the one taken by re-
search projects that focus on production, such as
MIT’s World Motor Vehicle Project (MacDuffie and
Krafcik 1992) or the study of manufacturing con-
ducted by the National Academy of Sciences (1986).
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The models of "lean" production basically argue
that increased quality, productivity, and flexibility can
be obtained by making better use of employees. In
particular, responsibility and decision-making are
transferred from administrative structures directly to
employees or to their teams. These arrangements
demand significantly more from employees than do
work systems associated with scientific management,
where tasks are narrowed and virtually all decision-
making is in the hands of management.

These new work systems are associated with a
series of specific work practices such as employee
empowerment and participation in decision-making,
where employees take over some tasks previously
performed by supervisors, engineers, and staff special-
ists; teamwork, where autonomous or semi-autono-
mous teams take over some direct supervision and

The models of "lean" production
basically argue that increased

quality, productivity, and
flexibility can be obtained by

making better use of employees.

substitute for formal management structures; and
job rotation/cross-training, where employees within
teams swap tasks and become more interchangeable.

Measuring the incidence of these work practices
is yet another way to proxy whether skill require-
ments are rising. The important question here is how
to define those practices--is it a set of practices or
individual ones? liow extensive should they be to
count? and so on. Lawler, Mohrman, and Ledford’s
(1992) study of Fortune 1,000 firms in 1987 and again
in 1990 provides extensive breakdowns of practices.
Twenty-five percent have no employees involved in
job redesign; 13 percent have a majority of the work
force in quality circles, and 22 percent in some other
participation group; 12 percent have a majority of
employees receiving team-based incentive pay; and 68
percent have more than a majority of employees
involved in cross-training.

Osterman’s 1992 survey (1994) reports that about
one-third of firms have some significant level of the
practices associated above with high performance
work. Forty percent have a majority of the workers in
the "core" of their production process in teams and 26

percent h~ job rotation. Bassi’s (1992) survey finds that
one-half of non-manufacturing firms and three-quar-
ters of manufacturing firms have undergone some
reorganization of work along the lines of these prac-
tices, although very few had made substantial changes
yet. A just-released survey conducted by the Census
for the National Center on the Educational Quality of
the Workforce (EQW) finds that between 20 and 30
percent of establishments surveyed had some combi-
nation of these practices (EQW 1995).

Work Organization Outside of Production

By definition, the techniques of high performance
production systems are associated with production
work, and not all of these techniques apply directly to
other industries. The equivalent study to the one
noted above ush~g Hay data for clerical jobs finds no
consistent pattern; some clerical occupations show
increases in skill while others experienced decreases
(Cappelli 1993).

One important attribute of these high perfor-
mance systems is the increased flexibility needed to
handle variations in products. Situations that do not
demand change--indeed, may punish it--may not
make great use of these techniques. HP production
techniques are used little in industries like transpor-
tation, distribution, or public utilities, perhaps because
reliability and consistency are the prime consider-
ations there. Indeed, the work systems in these indus-
tries are often referred to as "high reliability" systems.

One of the more curious findings, however, is that
little evidence is seen of work practices associated
with high performance production systems even in
organizations that have production-like aspects. The
processing of transactions in the back offices of finan-
cial services and related industries, for example, looks
very much like an asselnbly line, and in fact more
people are employed in these industries than in man-
ufacturing. Yet there appears to be little, if any,
evidence that HP production practices or even specific
HP work practices are being used in these operations.
Indeed, the management focus in these facilities seems
to be quite strongly in the opposite direction--to
automate employees out of the process altogether.~

It is not obvious that there is a common trend in
service jobs. In health care, for example, anecdotal
evidence suggests that the biggest development has

s Prelin6nary findings from a study of transaction processing
at the Wharton School’s Financial Services Center finds virtually no
evidence of HP production practices.
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been the deskilling of jobs along the lines of Taylor-
ism: Many of the simple tasks traditionally performed
by nurses are now being transferred to lower-skilled
workers. In customer contact jobs in retailing and
hospitality, some efforts are being made to "empower"
workers by giving them more authority to solve
problems. Overall, there appears to be a clear trend
toward high performance work in production-ori-
ented jobs because it is associated with a new produc-

tion process. It is not clear that this movement will
make equal progress elsewhere.

Do These Arrangements Raise Skills?

Whether these new models of work organization
are changing skills--and if so, in what way--is a
central issue in a number of public policy arguments.
Advocates assume that they raise skill requirements
substantially and that the introduction of these sys-
tems may well require significant upgrading of work
force skills (National Center on Education and the
Economy 1990; U.S. Congress, Office of Technology
Assessment 1990). Closer inspection suggests that the
changes in skill demands may not be so obvious.
Consider, for example, the issue of individual worker
autonomy, a key concept of participative work sys-
tems thought to raise skill demands. As Klein (1989)
observes, just-in-time inventory systems that elimi-
nate buffers of materials or intermediate products
between work groups make those groups highly in-
terdependent. Changes in the production arrange-
ments within any individual group can change their
work pace, causing either shortages or pileups of
material downstream. Because the overall flow of
work across all teams in the assembly process must be
absolutely consistent, the autonomy that any individ-
ual team has to make changes in work organization is
tightly constrained.

As Adler (1993) discovered at the New United
Motor’s (NUMMI) joint venture between Toyota and
General Motors, the principle of continuous improve-
ment requires that the performance of individual tasks
be completely routinized, so that the work teams can
discover whether minute changes in tasks lead to an
improvement in performance. In this sense, continu-
ous improvement in work processes is like a labora-
tory experiment where everything is held constant
except the one change being investigated. For employ-
ees, individual tasks appear to be every bit as rigidly
defined as under scientific management. They do not
have the individual autonomy that demands higher
skills.

Lean production essentially eliminates SOlne jobs
and pushes their tasks onto production workers. Some
of those tasks, such as housekeeping, make few de-
mands on skills. Other tasks such as coordinating job
design changes across teams demand considerably
higher skills, especially behavioral skills such as com-
munication and negotiation, and group dynamics
skills. Adler notes that many of the tasks previously
performed by industrial engineers, such as job analy-
sis and redesign, are now being pushed down to the
production teams.9

Research Questions
The literature from various fields reviewed above

points toward several important issues under the
general heading of skills and the economy. Perhaps
the most fundamental question is, what factors deter-
mine why skill requirements appear to be rising in
some sectors or establishments? Answers to this ques-
tion may help address the more general issue as to
whether some average trend in skill levels exists in
the economy as a whole or in broad sectors within it,
a trend that might require a response either from
public policy or from the private sector. And the final
question, which follows from the above, is whether
changes in skill requirements might help explain some
of the changes in the structure of wages--particularly,
rising wage differentials for skilled versus less skilled
workers--in the economy as a whole.

The EQW National Employer Smv;ey

A recent establishment-level survey of employ-
ment practices conducted by the U.S. Bureau of the
Census for the National Center on the Educational
Quality of the Workforce (EQW) may help address
some of the above questions. The EQW National
Employers Survey (designed by Lisa Lynch in collab-
oration with EQW Co-Directors Robert Zemsky and
Peter Cappelli) was administered by the U.S. Bureau
of the Census as a telephone survey in August and
September 1994 to a nationally representative sample
of private establishments with more than 20 employ-
ees. The survey represents a unique source of infor-
mation on how employers recruit workers, organize

9 It is also important to remember that while these skill require-
ments are rising for production workers, they often start at a low
base. It is certah~ly possible, therefore, that workers already have the
skills to meet the increasing skill demands represented by these new
systems.
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~vork, invest in physical capital, and utilize education
and training investments. It is structured to provide
information on all categories of incumbent workers,
not just new hires or those in core occupations.

The survey oversampled establishments in the
mantffacturing sector and establishments with over
100 employees. Public sector employees, not-for-profit
institutions, and corporate headquarters were ex-
cluded from the sample. Although the survey ex-
cluded establishments with fewer than 20 employees
(which represent approximately 85 percent of all es-
tablishments in the United States), the sampling frame
represents establishments that employ approximately

Research suggests several factors
that might be contributing to

rising skill requirements at the
establishment level: management

structure, union coverage,
computer use, R&D investment,

and new zoork systems like TQM.

75 percent of all workers. This is because while most
establishments are small (fewer than five employees),
most workers are employed in larger establisltments.
We concentrated on those establishments employing
the most employees. The target respondent in the
manufacturing sector was the plant manager and in
the nonmanufacturing sector was the local business
site manager. The survey was designed to allow for
multiple respondents so that information could be
obtained from establishments that kept financial infor-
mation, for example, in a separate office--typically
at corporate headquarters, for multi-establishment en-
terprises. Computer Assisted Telephone Interviewing
(CATI) was used to administer each survey, which
took approximately 28 minutes to complete.

The sampling frame for the survey, was the Cen-
sus Bureau’s SSEL file, one of the most comprehensive
and up-to-date listings of establishments in the United
States. Of the 4,633 eligible establishments contacted
by Census, 1,275 refused to participate in the survey.
This represents a 72 percent response rate, which is
substantially higher than that of many similar estab-
lishment surveys. The usual reason given by employ-

ers for not participating ;vas that they did not partic-
ipate in voluntary surveys or they were too busy to
participate. Probit analysis (described in Lynch and
Black 1995) of the characteristics of nonrespondents
indicates no significant pattern at the 2-digit industry
level in the likelihood of participating in the survey.
The only businesses more likely not to participate
were manufacturing establishments with more than
1,000 employees, which represent 0.1 percent of the
sample. Of the 3,358 establishments that participated
in the survey, not all respondents completed all parts
of the survey by the interview cutoff date of October 1,
1994. The final number of surveys in ~vhich all parts
of the survey were completed was 1,621 for estab-
lishments in the manufacturing sector and 1,324 es-
tablishments in the nonmanufacturing sector. This
represents a 64 percent overall "completed" survey
response rate. The results presented below refer to this
final sample of 2,945 establishments. (See the Appen-
dix for more details on the response rates, the distri-
bution of establisinnents by industry, and the distribu-
tion of establishments by employer size, weighted and
unweighted.)

The National Employers Survey (NES) is used
below to examine the factors that predict whether skill
requirements are increasing for production workers at
the establishment level and then to explore how the
characteristics associated with rising skill require-
ments affect the wages of production workers and
their supervisors, the first level of management in
most organizations. The research reviewed above sug-
gests several possible factors that might be contribut-
ing to rising skill requirements at the establishment
level. From the sociological traditions, especially the
"mixed effects" approach, come arguments about
management structure and union coverage (raising
skills), and arguments about size and structure affect-
ing skills. From the economics-based research on skills
complementarity comes the argument that innova-
tion should be higher when education levels in the
work force are higher, further increasing skill de-
mands. From the production-function-oriented re-
search comes the argument that computer use and
research and development investments are raising
skill levels. And from the work organization research
come arguments about how new work systems that
involve programs like total quality management
(TQM) and employee participation raise skill require-
ments.

The NES asks a very simple and straightforward
question of each establishment: Have the skills re-
quired to perform production jobs adequately risen
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over the past three years? Because the question asks
about perceptions, it is subject to all kinds of error at
the level of the individual respondent; the criteria that
respondents use to aggregate the different changes
going on in the workplace into an overall conclusion
about skill changes will surely differ across individu-
als. But it is difficult to see a priori how errors of this
kind would vary with establishment characteristics.
And it is worth noting that other measures of skill
change, such as occupational titles, have their own
measurement problems, as noted above.

The fact that the question asks about a change in
skill levels suggests that ideally we would like to have
information about changes in establishment practices,
data that we do not have, unfortunately. On the other
hand, many of these practices are essentially new;
widespread computer use among regular employees,
for example, is quite a recent phenomenon, as are
most of the work systems examined here.

We begin the analysis with an equally straight-
forward logit model examining the responses as to
whether skill requirements have risen. Controls are
included for industry at the 2-digit level, establish-
ment size, whether it is part of a multi-establist~nent
operation, and the percentage of the work force ac-
counted for by production and supervisory employ-
ees. (Appendix Table A-4 contains summary statistics
for all variables included in the regressions.)

In particular, we are interested in seeing whether
skill requirements have risen where the education
levels of production and supervisory employees (the
groups most directly affected by technology changes
of the kind described here) have risen; whether the
use of computers, the presence of research and devel-
opment operations, and capital lead to rising skill
requirements; whether skill requirements are rising
where TQM programs and self-managed teams are
in place, where the ratio of production workers to
supervisors is greater, and where the organization is
"flatter"--as measured by the number of levels of
management.~° The argument concerning the latter
two variables is that they measure changes that essen-
tially push tasks down onto the more ntunerous,
lower-level employees, raising the skill requirements
of their jobs.

Hypotheses concerning the influence of union
representation are more alnbiguous. The "mixed ef-
fects" literature suggests that unions may help lower-
level employees prevent their jobs from being de-

Supervisors are defined as the first level of management.

Table 1
Logit Results for Establishments Reporting
Rising Skill Requirements for Production
lobs

Standard
Variable Parameter Error

Intercept .85 .28
TQM Program .15 .03
Percent of Nonmanagerial Workers in

Self-Management Teams .001 .006
Ratio of Employees to Their Supervisors .0002 .0007
Number of Management Levels -.008 .010
Log Capital Stock/Total Sales .03 .009
R&D Center Present .12 .03
Percent of Managers Using Computers .0007 .0005
Percent of Nonmanagerial Employees

Using Computers .001 .0005
Percent of Employees with Less than

One Year of Tenure -.0005 .0009
Education of Production Workers

(years) - .025 .018
Education of Supervisors (years) .02 .01
Percent of Employees Unionized -.0007 .0005

R2 = .17
R2 = .14
F = 5.146
Prob > F = .0001

skilled. But employers also appear to treat unionized
establishments very differently, for example, underin-
vesting in the kinds of new techniques that might
other~vise raise skills.

The results presented in Table 1 are generally
supportive of the hypotheses. For example, computer
use is associated with rising skill requirements (not
quite approaching conventional significance levels for
managerial computer use) as are capital levels and
research and development operations. TQM programs
and self-managed teams also raise skill requirements.
The presence of unions seems to lower skill require-
ments, although the effect is very small and estimated
imprecisely. Perhaps the most surprising result is that
while skills are rising where supervisors are more
educated, they appear to be rising more where educa-
tion levels of production workers are lower.

Part of the complication in understanding these
education results is that the dependent variable mea-
sures only whether skill requirements are rising, not
whether they are high or low, in contrast to the skills
complementarity research, which attempts to measure
levels of technology. So, for example, the skill levels at
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establishments with uneducated production workers
could be rising very quickly, precisely because they
start from a low base. In other words, these establish-
ments are playing catch-up with more sophisticated
establishments. The relationship between rising skills
and higher education levels of supervisors is perhaps
easieff to see. Given that supervisors serve important
training and teaching functions, it is important that
they be more educated when efforts are under way to
raise the skill requirements of the workers they super-
vise. Interpreting the magnitude of these relationships
in a practical way is difficult, given the categorical
nature of the dependent variable.

The next issue to examine is how some of these
same factors that raise skills might affect the structure
of wages in these establishments. One way to think

For production workers, wages
are higher where teams and
TQM are used and where

organizations are flatter, and
where capital is more intensive.

about this relationship is as a system of equations,
where establislunent practices with respect to technol-
ogy, broadly defined, drive increases in skill require-
ments and, in turn, wages. But there are several
reasons for examining the reduced form, where poten-
tial relationships between practices and wages are
considered directly. First, the average level of skill
requirements is more likely to be related to wage
levels than is the increase in skills, the dependent
variable examined above, and we do not have a
measure of average skill levels. Second, the establish-
ment practices considered here may have effects on
wages other than through skill levels. They may
demand more effort, for example, or generate stress
that requires commensurate compensation. The vari-
able measuring skill increases is included in the anal-
ysis, however, to see how rising skill requirements
affect wages.

Another potential issue is that wage levels may
affect the choice of practices. This is perhaps most
obvious with capital decisions like computer pur-
chases, where capital could be substituted for labor,
depending on relative prices. It is less obvious for

these other practices, where the effects on labor are not
at all clear. For example, does a TQM program in-
crease or decrease total labor requirements or change
the mix of ~vorkers by skill? Where wages affect the
choice of practices, the relationship may well be recur-
sive, as Bartel and Lichtenberg (1987) argue in a
similar context--practices drive ~vages, which then
affect the choice of practices, and so on. In that case,
more straightforward, single-equation ordinary least
squares techniques may be sufficient.~

Simple OLS estimates relating establishment
practices to wages are presented for production work-
ers, for supervisors, and for the differential between
the two. The same set of independent variables is used
as in the skill requirements equation, and for similar
reasons--practices that demand more from employees
should lead to higher wages for production workers.
The one exception is that we also include the variable
measuring whether skills have risen for production
workers in the equation.

Given that the work organization practices in
particular are aimed primarily at production workers,
we might expect their effect on supervisors to be
different from the effect for production workers. The
complication in framing hypotheses about supervisors
is that they often serve two very different roles. On
the one hand, they are teachers and monitors of
employees, serving as a substitute for lower-quality
workers; on the other, they also serve as lead workers,
contributing side-by-side with production employees
and ftmctioning as complements when the ability of
their workers increases. To illustrate, having more
educated production workers may reduce the moni-
toring tasks of supervisors but may increase the stan-
dards to which supervisors have to perform in their
own tasks.

An interesting question is the extent to which the
practices measured by the independent variables
demand more of the skills and abilities that trade in
labor markets, suggesting that higher-quality workers
should be needed, or require greater effort and atten-
tion of the kind that commands higher wages as a
compensating differential. Traditional wage equations

~ The kind of practices outlined here may be associated with
better organizational performance, ~vhich in turn makes it possible
to pay higher wages through some kind of rent-sharing model.
These practices may generate such performance themselves, or
better performance produced through some other means may
provide resources that make possible both these practices and
higher ~vages. We hope to estimate the extent to which rent-sharing
is involved in these results in subsequent models by including
controls for establishment performance.
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Table 2
Regression Results for Log Average
Annual Pay for Production Workers

Variable
Standard

Parameter Error

Intercept 9.10 .17
TQM Program .05 .02
Percent of Nonmanagerial Workers in

Self-Management Teams .001 .0004
Ratio of Employees to Their

Supervisors -.0005 .0005
Number of Management Levels -.01 .006
Log Capital Stock/Total Sales .01 .006
R&D Center Present .02 .02
Percent of Managers Using Computers .0008 .0003
Percent of Nonmanagerial Employees

Using Computers .0006 .0003
Percent of Employees with Less than

One Year of Tenure -.005 .0006
Education of Production Workers

(years) .05 .01
Education of Supervisors (years) ,008 .007
Percent of Employees Unionized .002 .0003
Skills Rising for Production Jobs .05 .02

R2 = .17
R2 = .14
F = 5.146
Prob > F = .0001

of the kind presented here that control for education
may well ignore effects on wages caused by demand-
ing more skilled workers.

The results for the wage equations are generally
stronger than for the skills regression (Table 2). For
production workers, wages are higher where teams
and TQM are used and where organizations are
"flatter" (that is, have fewer management levels).
Wages are also higher where capital is more intensive,
but having an R&D operation seems to have little
effect. The use of computers by both production work-
ers and managers is associated with higher wages for
production workers. The magnitude of these effects is
much smaller than Krueger’s (1993) finding, however,
and management’s use of computers appears to have
a somewhat larger effect on production worker wages
than does computer use by production workers. It
may well be that when supervisors are working di-
rectly with computers, they have less time to serve as
monitors and teachers, and higher-skilled production
workers are required as a result.

The results are some~vhat different for supervi-

sory wages (Table 3). Despite the fact that teams in
production work generally transfer tasks from super-
visors to employees, the presence of teamwork among
production workers appears to raise supervisor
wages. The new role that supervisors play in such
settings (for example, "coach," not "boss") may be
stffficiently challenging to command greater pay. Flat-
tening the organization also raises supervisor pay,
presumably because it pushes more tasks down to
supervisors. But a wider span of control (the produc-
tion worker to supervisor ratio) has no effect, suggest-
ing that the monitoring function traditionally proxied
by the span of control may not be all that important in
determining supervisor pay.

Perhaps the most interesting results are that su-
pervisor pay is higher when production workers are
more educated and make greater use of computers.
These results also seem to suggest that supervisors
may serve more as complements for the skills of
production workers than as substitutes.

The estimates of the ratio of production to super-
visory pay withh~ the same establishment speak more
directly to issues of inequality, at least inside organi-

Table 3
Regression Results for Log Average
Annual Pay for Supervisors

Vadable Parameter

Intercept 9.78
TQM Program .02
Percent of Nonmanagerial Workers in

Self-Management Teams .0009 .0004
Ratio of Employees to Their Supervisors -.0003 .0004
Number of Management Levels -.01 .006
Log Capital Stock/Total Sales .007 .005
R&D Center Present -.008 .02
Percent of Managers Using Computers .0003 .0003
Percent of Nonmanagerial Employees

Using Computers .0007 .0003
Percent of Employees with Less than

One Year of Tenure -.004 .0006
Education of Production Workers

(years) .02 .01
Education of Supervisors (years) .02 .007
Percent of Employees Unionized .001 .0003
Skills Rising for Production Jobs .05 .02

R2 = .17
R2 = .14
F = 5,146
Prob > F = .0001

Standard
Error

.17

.02
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Table 4
Regression Results for Log of Ratio of
Average Annual Pay for Production
Workers to Supervisors’ Pay

Variable
Intercept
TQM Program
Log Capital Stock/Total Sales
Percent of Managers Using

Computers
Percent of Employees with Less

than One Year of Tenure
Education of Production Workers

(years)
Education of Supervisors (years)
Percent of Employees Unionized
Skills Rising for Production Jobs
R2 = .17
R2 = .14
F = 5.146
Prob > F = .0001

Standard
Parameter Error

- .68 .15
.03 .02
.007 .005

.0004 .0002

-.001 .0005

.03 .009

.01 .006

.0008 .0002

.05 .02

zations. Because supervisors earn more than produc-
tion workers on average, an increase in the ratio of
production to supervisory pay can be seen as reduc-
ing the wage differential between the two occupations.
We might expect that work practices like TQM would
reduce pay inequality, because they raise the skill
requirements of production workers--and their pay
--more than they raise those of supervisors.

The results in Table 4 suggest that TQM programs
reduce the differential between production and super-
visory employees.12 Perhaps the most interesting find-
ing, however, is that increased computer use by man-
agement reduces the differential in pay between
production and supervisory employees. Again, such
computer use appears to identify working arrange-
ments where the supervisors are serving as comple-
ments for skilled production workers. Among the
control variables reported here, the average education
level for production workers has the expected effects
on the ratio, although the positive relationship with
supervisor education is a surprise. Unions, which
represent production workers but not supervisors,
reduce the wage differential, while worker turnover
increases the gap between production and supervi-
sory pay. Together, the results in Table 2 and 3 might
suggest that the introduction of computers and new
work practices may increase inequality within occu-

pations (comparing establishments that use them with
those that do not) but reduce inequality between
occupations within establishments where they are
introduced.

Conclusions
The results described above suggest that technol-

ogy has an important impact on changes in skill
requirements ~vithin establishments and on the struc-
ture of wages within those establishments. Manage-
ment practices--especially decisions on work organi-
zation-may be as much a source of that ilffluence as
are capital spending, computer use, and R&D.

Overall, these results seem to support the general
argument that changes in the ~vorkplace are increasing
skill requirements, at least for production workers.
But the conclusions about the structure of wages may
be somewhat different from those of previous studies,
at least in part because there are many different
dimensions on which to evaluate whether wage struc-
tures have changed. Specifically, many of the practices
associated with new workplace technology, broadly
defined, do lead to higher wages for production
workers. These practices may well increase the in-
equality of wages between production ~vorkers in
establishments that have these practices and workers
in establishments that do not. On the other hand, at
least some of these practices seem to reduce the wage
differential between production workers and supervi-
sors within the same establishments.

A movement toward workplace practices that
raise skill requirements and wages will benefit work-
ers, but it may also create a new equilibrium in the
labor market with some potentially undesirable con-
sequences for employers--delays in filling positions
and increased wages for skilled jobs that may damage
an establishment’s competitiveness.13 As with most

12 Other insignificant coefficients from the regressions are not
reported here but are available upon request.13 Workforce 2000 (U.S. Department of Labor 1987) focused the

attention of both employers and policymakers on the issue of a
potential rn~,smatch between the skills of the labor force and the
demands of employers in the years ahead. Complaints by employ-
ers of difficulties in finding workers with adequate basic skills,
despite a plentiful supply of applicants, was one of the major forces
that led to another U.S. Department of Labor investigation, the
Secretary of Labor’s Conm~ission on Workforce Quality and Labor
Market Efficiency (1989). A recent report by the U.S. Congress,
Office of Technology Assessment (1990) also argues that a mismatch
between the existing labor force and skill requirements will occur as
manufacturing, in particular, shifts to the flexible-specialized pro-
duction techniques described by Piore and Sabel (1984).
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developments, however, it is difficult to guess at the
precise general equilibrium effects of such changes on
the economy as a whole. For example, the changes in
the distribution of employment across occupations
that might result could alter the income distribution in
other ways. Employers might respond to higher
wages by substituting capital for labor and redesign-
ing jobs to have lower skill requirements. This should
expand the supply of applicants and address the
relative shortage of skilled workers in the long run,
but it may also create less challenging jobs that pay

14 Tbe rising wage differentials associated witb skill and edu-
cation noted above suggest that deskilling must not be the dominant
trend in tbe economy, altbough it may be particularly important in

less. The National Center on Education and the Econ-
omy (1990) and Kane and Meltzer (1990) both con-
clude from interviews that many employers have
responded to a relative shortfall/rising wages for
skilled workers by "deskilling" jobs.~4 Studies like the
one by the Office of Technology Assessment present
the worrisome possibility that the products of these
deskilled production systems will not be of the quality
necessary to compete internationally. The potential
consequences of rising skill requirements are therefore
complex, and it may not be obvious how best to
accommodate them.

some sectors and may in part offset what would otherwise be even
greater increases in skill differentials.
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Appendix

Appendix Table A-1
EQW National Employer Survey Response
Rates~

Number of
Percentage    Cases

Manufacturing Sector
Completed + All Partialsu 75.0 1,831
Completed + Workplace Partials 70.4 1,728
Completed Interviews 66.0 1,621

Nonmanufacturing Sector
Completed + All Partialsu 69.4 1,516
Completed + Workplace Partials 66.2 1,445
Completed Interviews 60.6 1,324

aEmpirical analysis of the determinants of the probability of refusing to
participate in the survey showed no significant impact of establishment
size or industry on the probability of responding for the nonmanufacturing
sector. For manufacturing, establishments in the largest size category
(1,000 employees or more) were slightly more likely to refuse to participate
in the survey than establishments in all other size categories.
~Since all interviews had to be completed by the end of September 1994,
some of the surveys were not completed. The survey allowed for multiple
respondents and was divided into two main sections: establishments’
sales and financial information, and employment practices. The bulk of
the survey’s questions were contained in the employment practices
section of the survey. Therefore, the final sample includes some partial
interviews. Our analysis focuses on both the completed and the work-
place partial inte~ews.
Source: The EQW Nalional Employer Survey, The National Center on the
Educational Quality of the Workforce.

Appendix Table A-3
Distribution of Sample by Establishment
Size
Number of Employees Unweighted Weighted
at Establishment Percentage Percentage

20- 49 17 53
50-99 15 23
100-249 19 14
250-999 29 8
1,000 or more 20 2

Total unweighted observations = 3,173
Source: The EQW National Employer Survey, The National Center on the
Educational Quality of the Workforce.
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Appendix Table A-2
Distribution of Sample by Industry

Unweighted Weighted
Percentage Percentage

Manufacturing
Food and Tobacco (SIC 20, 21) 5
Textile and Apparel (SIC 22, 23) 4
Lumber and Paper (SIC 24, 26) 6
Printing and Publishing (SIC 27) 5
Chemicals and Petroleum

(SIC 28, 29) 6
Primary Metals (SIC 33) 6
Fabricated Metals (SIC 34) 5
Machinery & Computers, Elec.

Machinery, and Instruments
(SIC 35, 36, 38) 6

Transportation Equip. (SIC 37) 6
Misc. (SIC 25, 30, 31,32, 39) 6

Nonmanufactudng
Construction (SIC 15-17) 5
Transportation (SIC 42, 45) 4
Communication (SIC 48) 2
Utilities (SIC 49) 4
Wholesale Trade (SIC 50, 51) 5
Retail Trade (SIC 52-59) 4
Finance (SIC 60-62) 4
Insurance (SIC 63, 64) 4
Hotels (SIC 70) 5
Business Services (SIC 73) 4
Health Services (SIC 80) 4

Total unweighted observations = 3,173

2
2
2
2

1
2
2

4
1
2

7
3
2
1

11
34
4
2
2
7
8

Source: The EQW National Employer Survey, The National Center on the
Educational Quality of the Workforce.

Appendix Table A-4
Means and Standard Deviations of
Variables Used in Regressions

Unweighted
Variable Mean

Standard
Deviation

Percent of Managers Using Computers 75.2 30.4
Percent of Nonmanagerial Employees

Using Computers 37.5 34.3
Percent of Nonmanagedal Workers in

Self-Management Teams 12.9 25.9
Number of Management Levels 2.6 1.6
TQM Program? (1 = yes) .55 .50
Ratio of Employees to Their

Supervisors 18.6 20.6
Percent Supervisors 8.9 5.5
Percent Production Workers 58.6 22.6
Firm Size:

20 - 49 .12 .32
50-99 .18 .39
100-249 .20 .40
250-1,000 .32 .47

Multi-Establishment Firm? (1 = yes) .67 .47
Log of Capital Stock/Total Sales -1.4 1.7
R&D Center Present? (1 = yes) .58 .49
Skill Rising for Production Jobs?

( 1 = yes) .66 .47
Education of Production Workers

(years) 12.1 .9
Education of Supervisors (years) 13.3 1.5
Percent of Employees with Less than

One Year of Tenure 13.9 14.9
Percent of Employees Unionized 20.3 32.6

References
Adler, Paul. 1986. "Teclmology and Us." Socialist Reviezo, vol. 16,

January/February.
. 1993. "Time-and-Motion Regained." Harvard Business Re-

viezo, vol. 44, no. 1, pp. 97-108.
Attewell, Paul. 1990. "Skill and Occupational Changes in U.S.

Manufacturing." Presented at Stanford University Conference on
Technology and the Future of Work, 28-29 March, Stanford, CA.

Bartel, Ann P. and Frank R. Lichtenberg. 1987. "The Comparative
Advantage of Educated Workers in Implementing New Technol-
ogy." The Review of Economics and Statistics, vol. 69 (February), pp.
1-11.

Bartel, Ann P. and Nachum Sicherman. 199~. "Technologica!
Change and the Skill Acquisition of Young Workers." National
Bureau of Economic Research Working Paper No. 5107.

Bassi, Laurie. 1992. "Reorganization of Work and Workplace Edu-
cation: Scope and Impact." Washington, D.C.: Southport Institute.

Bell, Daniel. 1973. The Coming of Post-Industrial Society. New York:
Basic Books.

Berg, Ivar. 1970. Education and Jobs: The Great Training Robbery. New
York: Praeger.

Berman, Eli, John Bound, and Zvi Griliches. 1994. "Changes in the

Demand for Skilled Labor within U.S. Manufacturing Industries:
Evidence from the Annual Survey of Manufactures." Quarterly
Journal of Economics, vol. 109, no. 2 (May), pp. 367-97.

Berndt, Ernst R. and Catharine J. Morrison. 1991. "High-Tech
Capital, Economic Performance, and Labor Composition in U.S.
Manufacturing Industries: An Exploratory Analysis." Mimeo,
Massachusetts Institute of Technology.

Blauner, Robert. 1964. Alienation and Freedom. Chicago, IL: Univer-
sity of Chicago Press.

Bound, John and George Johnson. 1992. "Changes in the Structure
of Wages During the 1980s: An Evaluation of Alternative Expla-
nations." The American Economic Review, vol. 82 (June), pp. 371-92.

Braverman, Harry. 1974. Labor and Monopoly Capital: The Degradation
of Work in the 20th Centunj. New York: Monthly Review Press.

Bright, James R. 1966. "Increased Automation and Skill Require-
ments." In Technology and the American Economy. Washington,
D.C.: Government Printing Office.

Cappelli, Peter. 1989. "The Role of Unions in Improving Workforce
Quality, Labor Market Efficiency, and Effective Employee Man-
agement." In Investing in People: A Strategy to Address America’s
Workforce Crisis. U.S. Department of Labo,r, Commission on Work-

152 May/June 1996 New England Economic Review



force Quality and Labor Market Efficiency. Washington, D.C.:
USDL.

¯ 1993. "Are Skill Requh’ements Rising? Evidence for Produc-
tion and Clerical Workers." Indastrial and Labor Relations Review,
April, pp. 515-30.

Cappelli, Peter and Peter D. Sherer. 1989. "Spanning the Union/
Nonunion Boundary." h~dustrial Relations, vol. 28 (Spring), pp.
206 -26.

Cyert, Richard M. and David C. Mowery, eds. 1987. Technology and
Employment. Washington, D.C.: National Academy of Sciences.

Davis, Steven J. and John Haltiwanger. 1990. "Wage .Dispersion
Between and Within U.S. Manufacturing Plants, 1963-1986."
Unpublished manuscript, University of Cliicago Graduate School
of Business.

Dunne, Timothy and James A. Schmitz, Jr. 1995. "Wages, Employ-
ment Structure and Employer Size-Wage Premia: Their Relation-
ship to Advanced-Technology Usage at U.S. Manufacturing Es-
tablishments." Economica, vol. 62, no. 245 (February), pp. 89-107.

Durkhein~, Emile. [1893]. 1964. Division of Labor in Society. Glencoe,
IL: Free Press.

Edwards, Richard, Michael Reich, and David Gordon. 1979. Labor
Market Segmentation. New York: Basic Books.

EQW (Educational Quality of the Workforce). 1995. "First Find-
ings: Results of the EQW Employer Survey." Philadelphia, PA:
National Center on tlie Educational Quality of the Workforce
(EQW).

Flynn, Patricia M. 1988. Facilitating Technological Change: The Human
Resoarce Challenge. Cambridge, MA: Ballinger.

Goldin, Claudia and Lawrence F. Katz. 1995¯ "The Decline of
Non-Competing Groups: Changes in the Premium to Education,
1890-1940." Harvard University Working Paper, July 23.

Groshen, Erica L. 1995. "Wage Variation Among Establishments
Within Industry." Quarterly Journal of Economics, forthcoming.

Hirshhorn, Larry. 1984. Beyond Mechanization: Work and Technology
in a Post-Industrial Age. Cambridge, MA: The MIT Press.

Hobsbawm, Eric J. 1964. "The Labor Aristocracy in the 19th Centu-
ry." In Laboring Men, Eric J. Hobsbawm, ed. New York: Basic
Books.

Horowitz, Morris and Irwin Herrstadt. 1966. "Changes in Skill
Requirements of Occupations in Selected Industries." In Technol-
ogy and the American Economy. Washington, D.C.: Government
Printing Office.

Howell, D.R. and E.N. Wolff. 1991. "Trends in the Growth and
Distribution of Skills in the U.S. Workplace, 1960-1985." Industrial
and Labor Relations Review, vol. 44, no. 3 (April), pp. 486-502.

Hyman, Richard and Wolfgang Streek, eds. 1988. New Technology
and h~dustrial Relations. Oxford: Blackwell.

Kane, Michael and Ann Meltzer. 1990. Upgrading Training for
Employed Workers. Washington, D.C.: Pelavin Associates.

Kelley, Mary Ellen. 1989¯ "Unionization and Job Design Under
Programmable Automation." Industrial Relations, vol. 28 (Spring),
pp. 174-87.

-. 1986. "Programmable Automation and the Skill Question: A
Reinterpretation of the Cross-National Evidence." Haman Systems
Management, vol. 6, no. 3, pp. 223-41.

Kerr, Clark, John T. Dunlop, Frederick Harbison, and Charles
Myers. 1960. h~dustrialism and Indastrial Man. Oxford: Oxford
University Press.

Klein, J.A. 1989. "Tlie Human Costs of Manufacturing Reform."
Harvard Business Review, vol. 42, no. 2, pp. 60-66.

Krueger, Alan B. 1993. "How Computers Have Changed the Wage
Structure: Evidence from Microdata, 1984-1989." Quarterly Joar-
hal of Economics, vol. 108, (February), pp. 33-60.

Lawler, Edward E. III, Susan Albers Mohrman, and Gerald E.
Ledford, Jr. 1992. Employee Involvement and Total Quality Manage-
merit: Practices and Results in Fortune 1000 Companies. San Fran-
cisco, CA: Jossey-Bass.

Levin, Henry M., Russell Rumberger, and Christine Finnan. 1990.
"Escalating Skill Requirements or Different Skill Requirements?"

Paper presented at Conference on Changing Occupational Skill
Requirements: Gathering and Assessing the Evidence¯ 5-6 June,
Providence, RI, Brown University.

Levy, Frank and Richard Murnane. 1992. "U.S. Earnings Levels and
Earnings Inequality: A Review of Recent Trends and Proposed
Explanations." Journal of Economic Literature, vol. 30, no. 3 (Sep-
tember), pp. 1333-81.

Loveman, Gary W. 1988. "Structural Change and the Composition of
Manufacturing Employment." Cambridge, MA: Massachusetts In-
stitute of Tedmology, Department of Economics Workh~g Paper.

Lynch, Lisa M. an~ Sandra E. Black. 1995. "Beyond the Incidence of
Employer-Provided Training: Evidence from a National Employ-
ers Survey." National Bureau of Economic Research Working
Paper No. 5231, August.

MacDuffie, John Paul and John F. Krafcik. 1992. "Integrating Tech-
nology and Human Resources for High Performance Manufac-
turing: Evidence from the International Auto Industry." In
Kochan, T.A. and Useem, M., eds., Transforming Organizations, pp.
209-26. New York: Oxford University Press.

Marglin, Stephen A. 1974¯ "What Do Bosses Do? The Origins of
Hierarchy in Capitalist Production." Review of Radical Political
Economics, vol. 4, pp. 60-112.

Mellow, Wesley and Hal Snider. 1985. "Accuracy of Response in
Labor Market Surveys: Evidence and Implications." Journal of
Labor Economics, vol. 1, no. 4, pp. 331-44.

Mincer, Jacob. 1991¯ "Human Capital, Technology, and the Wage
Structure: What Do Time Series Show?" National Bureau of
Economic Research Working Paper No. 3581.

Mishel, Lawrence and Jared Bernstein. 1994. "Is the Technological
Black Box Empty? An Empirical Examination of the Impact of
Technology on Wage Inequality and the Employment Structure."
Washington, D.C.: Economic Policy Institute Working Paper.

Mishel, Laurence and Ruy A. Teixeira. 1991. "The Myth of the
Coming Labor Shortage: Jobs, Skills, and Incomes of America’s
Workforce 2000." Washington, D.C.: Economic Policy Institute.

Mueller, Eva, Judith Hybels, Jay Schmiedeskamp, John Sonquist,
and Charles Staelin. 1969. "Technological Advance in an Expand-
ing Economy: Its Impact on a Cross-Section of the Labor Force¯"
Ann Arbor, MI: Survey Research Center, University of Michigan.

Myles, J. and G. Eno. 1989. "Job Skills in the Service Economy: Final
Report to the Economic Council of Canada." Ottawa, Canada:
Carleton University.

National Academy of Sciences. 1986. Human Resource Practices for
hnplementing Advanced Manufacturing. Washington, D.C.: Na-
tional Academy Press.

National Center on Education and the Economy. 1990. "America’s
Choice: High Skills or Low Wages?" Rochester, NY: National Center.

Noble, David F. 1977. Forces of Production: A Social History of
Industrial Aatomation. New York: Alfred A. Knopf.

Osterman, Paul. 1994. "How Common Is Workplace Transforma-
tion and Who Adopts It?" Industrial and Labor Relations Review,
vol. 47, no. 2 (January), pp. 173-88.

Piore, Michael J. and Charles F. Sabel. 1984¯ The Second Industrial
Divide. New York: Basic Books.

Roberts, Karlene and William Glick. 1981. "The Job Characteristics
Approach to Task Design: A Critical Review." Journal of Applied
Psychology, vol. 66, pp. 193-217.

Smith, Adam. 1937. The Wealth of Nations. 1776. New York: Random
House.

Spenner, Kenneth I. 1979¯ "Temporal Changes in Work Content."
American Sociological Review, vol. 44, pp. 968-75.

--. 1983. "Deciphering Prometheus: Temporal Change in the
Skill Level of Work." American Sociological Review, vol. 48, pp.
824-37¯

--. 1988. "Technological Change, Skill Requirements, and Ed-
ucation: The Case for Uncertainty." In Richard Cyert and David
Mowery, eds., The hnpact of Technolog~y and Change on Employment
and Economic Growth, pp. 131-81. Cambridge, MA: Ballinger.

--. 1990. "The Measurement of Skill: Strategies and Dilemmas

May/June 1996 Nero England Economic Review 153



with Special Reference to the Dictionary of Occupational Titles."
Paper presented at Brown University Conference on Changing
Occupationa! Skill Requirements: Gathering and Assessing the
Evidence. 5-6 June, Providence, RI, Brown University.

U.S. Bureau of Labor Statistics. 1988. "Occupational Employment in
Manufacturing Industries." Bulletin 2312. Washington, D.C.: Gov-
ernment Printing Office, August.

U.S. Congress, Office of Technology Assessment. 1990. Worker
Training, Government Printing Office.

U.S. Department of Health, Education, and Welfare. 1973. Work in
America. Washington, D.C.

U.S. Department of Labor. 1987. Workforce 2000: Work and Workers for
the 21st Centm~y. Washington, D.C.

--. Various Years. Dictionary of Occupational Titles. Washington,
D.C.: Government Printing Office.

U.S. Department of Labor, Commission on Workforce Quality and
Labor Market Efficiency. 1989. Investing in People: A Strategy to
Address Americas’s Workforce Crisis. Washington, D.C.: USDL.

Veblen, Thornstein. 1914. The Instinct of Workmanship. New York:
Viking.

Walker, Charles R. and Robert H. Guest. 1952. Man on the Assembly
Line. Cambridge, MA: Harvard University Press.

Wallace, Michael and Arne L. Kalleberg. 1982. "Industrial Transfor-
mation and the Decline of Craft: The Decomposition of Skill in the
Printing Industry, 1931-1978." American Sociological Review, vol.
47 (June), pp. 307-24.

Woodward, Joan. 1965. Industrial Organization: Theory and Practice.
Oxford: Oxford University Press.

Zuboff, Shoshana. 1988. In the Age of the Smart Machine. New York:
Basic Books.

John Bound, Associate Professor of Economics, Lhliversity
of Michigan, and Visiting Scholar, the Russell Sage Foun-
dation.

I would like to begin by reviewing what I think we
know and do not know about technological
change and its implications for the structure of

wages. I will then go on to discuss the specific research
reported in Peter Cappelli’s paper.

I believe it is fair to say that we know with
reasonable certainty that, over the past two decades,
technological changes have raised skill requirements
and that, as such, technological change has been an
important contributor to the growing gap in wages
between skilled and less skilled workers. In his review
of the direct evidence on skill requirements, Cappelli
emphasizes that such evidence is open to various
interpretations, largely because of data limitations. I
basically agree with this point. However, the most
compelling evidence on the nature of the technological
change over the past two decades comes, I believe,
from indirect evidence. Despite the fact that the rela-
tive cost of skilled labor has been rising, relative
utilization has also been rising (Bound and Johnson
1992; Katz and Murphy 1992; Murphy and Welch
1993). Tttis is true whether one looks at the educa-
tional or the occupational distribution of the work
force. Most of the sttifts towards higher skills appear
to occur witkin an industry (Berman, Bound, and
Griliches 1994) and even within a plant (Bernard and
Jensen 1994). The shifts are occurring not just in
manufacturing, where foreign outsourcing might ex-

plain them, but in all sectors of the economy (Murphy
and Welch 1993). From a neoclassical perspective, it is
easy to explain such shifts as a result of technological
change, but it is hard to explain them as a result of
other factors.

I do not intend to claim that technological change
will always be "biased" towards more skilled labor.
Both history and the recent past offer clear examples of
the opposite. For example, computer technology has
led to a decrease in the demand for skilled draftsmen.
However, the evidence mentioned above suggests
that, certainly within the last few decades and proba-
bly for most of tiffs century, on net, technological
change has favored the more skilled.

We know with reasonable
certainty that technological

change has been an important
contributor to the growing

gap in wages between skilled
and less skilled workers.

While we can be reasonably certain that techno-
logical change has increased the skill requirements in
the overall economy, there is a lot we do not know. We
do not know much about the nature of the innovations
involved or the nature of changes in the skill require-
ments of jobs. What is more, I do not believe that we
will learn much about the nature of the changes using
the kinds of data sets that have been used successfully
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to document the rise in skill premia. The Current
Population Survey (CPS) has asked questions of indi-
viduals about computer utilization on the job, while
the Census of Manufactures asks questions about
computer investments, but such data are too crude to
give us much insight into the actual nature of the
changes that are occurring.

If we are to learn more, we need to turn to a
combination of case studies and special surveys, Case
studies can be extremely informative and interesting,
and they are the best way to find out about what has
been occurring in the context of specific industries.
However, the obvious limitation of case studies is that

We do not know much about the
nature of the innovations involved

in technological change or the
nature of changes in the skill

requirements of jobs.

one can never be sure how representative they are.
This is where the special survey can be useful. It is
from this perspective that I read Cappelli’s paper.
Cappelli’s tabulations are based on a new survey of
the workplace, the Educational Quality of the Work-
force (EQW) National Employers Survey. The data,
containing information on recruitment strategies,
workplace organization, and skill requirements, are
representative of private establishments nationwide
with more than 20 workers.

In his analysis of the EQW data, Cappelli reports
on the association between various explanatory fac-
tors and changes in both the skill requirements for
production jobs and the wages of production workers
and their immediate supervisors. While other inter-
pretations of the wage equations are possible, I sus-
pect that the right way to explain them is to assume
that they reflect variation across establishments in
terms of the skill level of the workers. More direct
measures of skills would have been useful; but in lieu
of such measures, I think it reasonable to assume that,
in the context of a reasonably high degree of mobility
across establishments and industries, higher wages
are closely associated with higher skills.

It is tempting, but mistaken, to use Cappelli’s
wage equation results to make ilfferences about the

effects of various factors on the distribution of wages
in the overall economy. It is easiest to make this point
within the context of a specific example. Cappelli finds
that computer utilization is associated with higher
wages among production workers. More specifically,
the wages for production workers tend to be higher
in establishments where the utilization of computers
is the norm. However, this result says nothing about
the overall effect of computers on production worker
wages. In fact, it is entirely possible that while those
who work with computers are paid a premium, the
introduction of computers (more broadly, the micro
chip) has led to a substitution of machines for humans,
a declh~e in the demand for production labor, and, as
a result, a decline overall in the wages of production
workers.

It is worth noting that by limiting his analysis to
production workers and their immediate supervisors,
Cappelli is missing an important part of the action.
The fraction of the work force in production or non-
supervisory jobs has been declining dramatically, and
this shift away from production or nonsupervisory
work is a very important part of the skill upgrading
that has been occurring in the U.S. economy. This
comment should not be seen as a criticism of what
Cappelli has done. Others, including myself, have
focused on the shift away from production work but
have largely ignored changes in the nature of produc-
tion work itself. Thus, Cappelli’s work should be seen
as complementary to the tabulations that others have
done. It is important, however, to bear in mind the
limited focus of Cappelli’s tabulations when interpret-
ing them.

I will not review Cappelli’s findings in any great
detail, but do want to comment on a few of them. He
finds that the use of computers is associated with
higher wages or skills. This result mirrors other re-
sults in the literature, although here Cappelli finds
this result for production, nonsupervisory workers.
Krueger (1993), using the CPS, found an association
between the use of computers and wages, but his
sample included all workers. In my own work (Ber-
man, Bound, and Griliches 1994), I have found invest-
ments in computers to be positively associated with
the shift away from production work, but that study
ignored changes that were occurring in production
work itself. Thus, Cappelli’s finding is newer than it
might appear from a superficial reading of the litera-
ture.

The EQW includes a variety of measures reflect-
ing the organization of the workplace (for example,
Total Quality Management or TQM). A variety of
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researchers have speculated that recent changes in the
organization of the work place are likely to have
increased the skill requirements of the typical produc-
tion or nonsupervisory job. The tabulations Cappelli
reports represent the first statistical evidence support-
ing this notion that I know of.

While Cappelli is interested in studying changing
skill requirements, the EQW data are not ideal for this
purpose, being cross-sectional rather than longitudi-
nal. Thus, for example, we find out that computer
utilization and TQM are associated with higher wages,
but we cannot be sure that changes in either were
associated with increases in wages or skill require-
ments. Cappelli can do little about this problem within
the context of the EQW data; and before having much
confidence in his findings, he cautions, we need to
have them confirmed with longitudinal data.

Perhaps most discouraging to me about Cappel-
li’s paper is the fact that, despite the focus of the EQW
employers’ survey, the variables he uses continue to
be very much "black boxes." What was it about the
introduction of computers or TQM into the workplace
that entailed enhanced skill requirements among pro-
duction ;vorkers? To a large extent this lhnitation may
characterize any survey, though narrowly targeted
surveys (for example, the Census "Survey of Ad-
vanced Technologies" in selected manufacturing in-
dustries) may suffer less from this problem. However,
I suspect that a better understanding of the effect of
human resources management practices or advanced
technology on skill requirements may necessitate de-
tailed longitudinal case studies of the sort recently
COlnpleted by Ichniowski, Shaw, and Prennushi (1995)
on the steel industry.
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