HOW COMMON IS WORKPLACE
TRANSFORMATION AND WHO ADOPTS IT?
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The author, using data on 694 U.S. manufacturing establishments from a
1992 survey, examines the incidence of innovative work practices (teams, job
rotation, quality circles, and Total Quality Management) and investigates what
variables, inciuding human resource practices, are associated with the adop-
tion of these practices. He finds that about 35% of private sector establishments
with 50 or more employees made substantial use of flexible work organization
in 1992. Some factors associated with an establishment’s adoption of these
practices are being in an internationaily competitive product market, having a
technology that requires high levels of skill, following a “high road” strategy
that emphasizes variety, service, and quality rather than low cost, and using
such human resource practices as high levels of training and innovative pay

systems.

Anew conventional wisdom has emerged
concerning work organization in the
United States. This view holds that gains in
productivity depend on adopting new mod-
els of work organization, models that entail
internal labor market (ILM) innovations such
asbroad job definitions and the use of teams,
employee problem solving groups, and qual-
ity circles. Scholars have used a variety of
labels to describe these systems—among
them, “transformed” systems, “salaried” sys-

tems, “flexible specialization,” “high com- .

mitment” organization, and “high perfor-
mance work organization.” Influential na-
tional reports such as Made in America
(Dertouzos, Lester, and Solow 1989) and the
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Cuomo Commission Report (1988) have empha-
sized the importance of spreading flexible
work organization throughout the economy.
Many American firms have begun this trans-
formation, while others have either chosen
not to make the shift or have been unable to
do so. A common policy prescription is for
the state, local, and federal governments to
intervene with training or incentives to adopt
new work systems.

Running through thisacademic and policy
discussion have been two major unresolved
questions. First, how many firms are engaged
in reorganizing work? And second, what dif-
ferentiates firms that undertake these efforts
from those that do not?

With respect to the first question, one
widely cited national estimate comes from
the Commission on the Skills of the

The survey employed in this paper will be made
publicly available beginning September 1995,
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American Workforce, which claimed that 5%
ofemployersare so-called High Performance
Work Organizations (1990). The Commis-
sion, however, has never described clearly
the source of this estimate. A national survey
of Fortune 1000 firms by Lawler, Mohrman,
and Ledford (1992) examined quality pro-
grams, and a survey bﬁnDelaney, Lewin, and
Ichniowski (1989) examined [LM rules more
generally; below, I compare the results of
those efforts with findings of this paper. For
specificindustries, Milkman (1991) provided
estimates for Japanese electronics plants in
California, Florida and Kenny (1991) stud-
ied auto parts suppliers in the Midwest, and
Kelley (1989) and Keefe (1991) examined
manufacturing sites using machine tools.
On the second question, systematic stud-
ies of the determinants of adoption are ex-
tremely sparse. That is, there is little or no
research that takes work organization as the
dependent variable and tests hypotheses
found in the literature. Adequate data have
nothitherto been available to take the discus-
sion very much beyond anecdotal evidence.
In this paper I employ asurveyl conducted
in 1992 to provide a description of ILM prac-
tices across a representative range of Ameri-
can industries. Some important advantages
of this survey over previously available data
sources are its coverage of a wide range of
American employers (all private sector estab-
lishments with 50 or more employees), the
fact that it was conducted at the establish-
ment level rather than the corporate head-
quarters level, and its very high response rate
(65.5%). My analysis addresses both ques-
tions mentioned above, providing evidence
on the distribution of new forms of work
organization among American workplaces
nationwide,and explaining the pattern of diffu-
sion of these new forms of organization by
estimating models that contain variables repre-
senting a number of competing hypotheses.

The Survey

The survey upon which this paper is based
contains 875 observations on American es-
tablishments and was conducted in 1992.' An

'After the elimination of cases with missing vari-
ables and a few establishments that slipped into the

establishment is defined as a business ad-
dress and is distinct from a company. For
example, each assembly plant of General
Motors is an establishment, as is the corner
gas station. The great advantage of surveying
establishments, as opposed to firms, is that
the respondentin an establishment (of whom
more will be said below) is likely to know the
facts. I wanted to avoid the risks inherent in
surveys that rely on reports of corporate hu-
man resource personnel about practices
in branch plants on the other side of the
country.

The sampling universe was the Dun and
Bradstreet establishment file, which purports
tobe alist of all establishments in the nation.?
In a comparison of this file with alternative
sampling frames (the unemployment insur-
ance files, the telephone white pages, direct
enumeration, and Chamber of Commerce
membership listings), Kalleberg, Marsden,
Aldrich, and Cassell (1990) found that for a
localarea the Dun and Bradstreet file and the
unemployment insurance files yield repre-
sentative samples and are generally the best
available sources. For creating a national
sample, the Dun and Bradstreet file is the
only practical choice.

Considerable thought went into the selec-
tion of respondents. Although in many cases
a human resources pcrson might be appro-
priate, automatic selection of people in this
position was avoided. Years of open-ended
interviews with firms suggested to me that too
often HRM staff, even at the establish-
ment level, are not in touch with work
organization. Therefore, the introduc-
tory letter said:

In order to get the best possible answers we need
the cooperation of the most senior person at your
location in charge of production of goods and
services. For example,in manufacturing thismight
be the plant manager. In a non-manufacturing
setting it might be the head of the office or the
manager responsible for operations.

The survey research firm worked with the

survey inappropriately, the final sample size used in
this paper is 694.

2This commercial file is publicly available, for a fee,
from Dun and Bradstreet.
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establishment to identify the most knowl-
edgeable respondent.’

The sample was limited to establishments
with 50 or more employees in non-agricul-
tural industries.* Non-profit organizations
were eliminated. The sample was size-strati-
fied in order to create adequate samples
within size categories, and appropriate
weights are used to create a representative
sample of establishments. Each contact was
preceded by an introductory letter and a
worksheet, and the interviews were con-
ducted by telephone. The response rate
was 65.5%.% ' '

A final point regarding the survey proce-
dure concerns the unit of analysis within the
establishment. Manyvariables were collected
for the entire establishment. Detailed infor-
mation on work organization, however, was
obtained only for core employees. The rea-
son for that restriction is that no single an-
swer regarding, say, job training is likely to be
applicable to all occupational groups within
an establishment, since employers have dis-
tinctive IL.M systems for different families of
jobs (Osterman 1987). Because it was not
practical to collect ILM data on all job fami-
lies, the notion of a core job was developed.
The core job was defined as

the largest group of non-supervisory, non-mana-
gerial workers at this location who are directly

°46.0% of the respondents worked in a human
resources function and 54.0% were line managers. 1
entered a dummy variable for HRM work in the equa-
tions reported below, and this variable was insignifi-
cant, indicating that the answers did not systematically
vary with the respondent’s position. Recall that the
sampling unit is the establishment, not the firm.

*According to the Dun and Bradstreet file, estab-
lishments with 50 or more employces represent just
10% of all establishments. According to the May 1988
Current Population Survey, however, they represent
51% of all employees.

®The survey was conducted by the University of
Massachusetts Center for Survey Research. The Delaney,
Lewin, and Ichniowski survey, which contained a very
detailed and rich set of questions about a wide range of
work practices, had a response rate of 6.5%. Lawler,
Mohrman, and Ledford had a response rate of 32%.
That survey was limited to the 1,000 largest firms, and
it was answered by a respondent in corporate head-
quarters with regard to practices for all employees in
the entire company.

Table 1. The Distribution of CORE Occupations.

Occupation Percent
Professional/Technical 14.3%
Sales 19.0
Clerical 6.0
Service | 18.3

Blue-Collar 42.3

involved in making the product or in providing
the service atyour location. We want you to think
of the various groups directly involved in making
the product or providing the service and then
focus on the largest group. For example, these
might be assembly-line workers at a factory or
computer programmers in a software company,
or sales or service representatives in an insurance
company.

Table I shows the distribution of the core
job by broad occupational categories. (The
CORE jobs were coded as two-digit occupa-
tions. This table represents a further collaps-
ing of these categories.) It is apparent, and
indeed a strength of the survey, that there is
considerable variation. It will be importantin
the analysis that follows to control for occu-
pation.®

It is possible to estimate response rate bias by using
variables in the Dun and Bradstreet file. | cslimatetr‘a
logit model in which the dependent variable was the
probability of response and the independent variables
were size, a dummy equal to one if the establishment
was manufacturing, a duminy equal to one if the estab-
lishment was a headquarters of a multi-branch firm,
and a dummy equal to one if the establishment was not
partof a larger enterprise. The manufacturing dummy
and the headquarters dummy were significant. Trans-
forming the coefficient at the mean value of the vari-
ables indicated that the probability of response in-
creased by 5 percentage pointsif the respondent was in
manufacturing. A similar calculation revealed that the
probability of response decreased by 8 percentage
points if the establishment was a headquarters. Even
among non-manufacturing headquarter establish-
ments, however, the response rate in the survey was
59.1%. The weights used in this paper are adjusted to
reflect non-response.

®The distribution of Core jobs by industry follows
the pattern one would expect. For example, in manu-
facturing, firms blue-collar jobs were designated as the
CORE job in 86.3% of the cases. In Finance, Insurance,
and Real Estate the distribution of core jobs was 7.3%
professional, 54.1% sales, 20.4% clerical, 18.0% scr-
vice, and 0% blue-collar.
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Flexible Work Organization

In order to describe and analyze the distri-
bution of more flexible work systems, we
must define and operationalize the idea. The
problem is that there is no single accepted
definition. Although it seems fair to say that
the many scholars who have written on the
topic have the same broad set of practices in
mind, different authors place primary em-
phasis on somewhat different sets of dimen-
sions of those practices.

The difficulty of developing an unambigu-
ous definition is exacerbated by the fact that
firms that we might all agree are examples of
flexible work organization nonetheless ex-
hibit somewhat different practices. For ex-
ample, one model is the self-directed work
teams implemented in sites such as Corning
and Cummins Engine and in white-collar
settings such as Hanover Insurance. On the
other hand, although the General Moiors
NUMMI plant has created teams and has
numerous opportunities for employee in-
volvement in quality, the actual work tasks
are rigidly prescribed (Adler 1992; Brown,
Reich, and Stern 1991). Itis also the case that
some elements of flexible work organization,
such as employee involvement and problem
solving, have been incorporated—albeitwith
a different vocabulary—in the newly emer-
gent quality movement.

My strategy will be to develop various mea-
sures of establishment practice. I will not
insist that any single particular practice is

- necessary for an establishment to be classi-
fied as “flexible”; instead, I will look for a mix
of several practices. Second, other aspects of
ILM rules—regarding wages, employment
security, and so forth—will be treated as sup-
porting HRM practices that are, as a hypoth-
esis, necessary for the successful implementa-
tion of flexible work organization. The corre-
lation between these supporting rules and
flexible work organization will be examined
below.

It is also important to note that although
many of the examples and the language de-
scribing flexible work systems are drawn from
manufacturing, the concept itself is widely
applicable. The survey included the com-
plete range of American industries, and they

will be included in the analysis. At various
points, however, 1 will distinguish between
manufacturing and non-manufacturing.

Work Organization

In this section I examine the distribution
and penetration of the work organization
practices. The range of actual practices sug-
gests that no single measure or question is
likely to be appropriate in all firms. There-
fore, the survey asked about four practices
(all with respect to the core job family): self-
directed work teams, job rotation, employee
problem-solving groups (or quality circles),
and Total Quality Management. Respondents
were asked whether each practice was em-
ployed in the establishment and, if the an-
swer was yes, what percentage of core em-
ployees was involved. The precise definitions
given for each practice are shown in Appen-
dix A7

Table 2 shows the distribution of each
practice for two levels of penetration: whether
the practice isused atall, and whether at least
50% of core employces are involved.

It is clear that if the relevant criterion is
whether a given practice is used among any
CORE employees, we must conclude that the
elements of flexible work are quite wide-
spread. For example, over half of the estab-
lishments use teams,and 33.5% employ TQM.
The picture changes, however, when we look
only at flexible work organization practices
in which at least 50% of the employees are
involved: the occurrence of each practice
then falls by roughly 15 percentage points.®
Even so, the distribution of self-directed work

7As several people have pointed out, the survey did
not directly observe the actual work practices. Respon-
dents may tend to exaggerate, in the direction of
socially acceptable responses, their actual practices. As
already noted, however, considerable care was taken to
work with the most knowledgeable available respon-
dent. Furthermore, as the statistical results below dem-
onstrate, the responses are not simply noise; they are
correlated in sensible ways with explanatory variables.
Nonetheless, as is true in all surveys of this kind, the
point estimates of the practices should be treated with
caution.

8The results of Lawler, Mohrman, and Ledford are
broadly consistentwith mine. They find that 66% of the
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Table 2. The Extent of Use of Innovative Work Practices,

as Indicated by Two Measures of Penetration.

Percentage at Any

Percentage at 50% or

Percent Level of Penetration Higher Level of Penetration
Type All Manufacturing All Manufacturing
Teams 54.5% 50.1% 40.5% 32.3%
Rotation 43.4 55.6 26.6 37.4
TOM 335 44.9 245 321
QC 40.8 45.6 27.4 29.7
None 21.8 16.0 36.0 33.2

teams is surprisingly widespread. There is
clearly much higher use of this practice than
of the others.

In the manufacturing/blue-collar sample,
as in the total sample, there appears to be
substantial diffusion of flexible work prac-
tices if we examine the use of those practices
at any level, and a substantial drop-off in
diffusion if we look only atinstances in which
atleast 50% of core workers participate. Self-
directed teams appear less widespread in
manufacturing than elsewhere in the
economy,’ but the other practices are more
common in manufacturing.

These data lead to the natural question of
whether the practices form groups fromwhich
emerge identifiable patterns that might be
thoughtof as the new systemsdiscussed in the
literature. Table 3 shows how the practices
cluster together when the 50% participation
threshold is used. (Note, however, that no
conclusions are changed when other thresh-
olds are imposed.) It appears that there is no
single major dominant cluster of practices.
Each of the possible combinations is repre-
sented, and in most of the cases the distribu-
tion of clusters seems rather even.

Fortune 1000 firms in their sample have quality circles
and that 47% have self-managed work teams. In both
cases the modal degree of penetration is below 20% for
those firms that do have the practice (Lawler, Mohrman,
and Ledford 1992:20-22).

An explanation for this pattern suggested by Jan
Klein (1991) is that self-managed work teams place
strains on the inventory management system in manu-
facturing.

This conclusion changes a bit when one
looks for what might be termed an “anchor-
ing practice.” Among non-manufacturing
establishments in which the core employees
were not blue-collar, 71.7% of those estab-
lishments that engaged in at least one prac-
tice had self-managed teams. Even here, how-
ever, nearly 30% engaged in some combina-
tion of practices that did not involve teams.
By contrast, there is no evidence of an an-
choring practice among blue-collar core
employees in manufacturing. Job rotation
comes closest: among those establishments
that engaged in at least one flexible work
practice, 56.3% used job rotation and 43.7%

Table 3. Clustering of Work Practices.
(50% or Greater Penetration)

Manufacturing/

Description Entire Sample Blue-Collar
None 36.0% 33.2%
All 48 50
Teams Only 14.4 5.5
Rotation Only 7.0 11.7

QC Only 3.1 24
TQM Only 2.6 45
Team/Rotation 4.8 4.6
Team/QC 4.3 3.3
Teamn/TQM 4.6 4.2
Rotation/QC 3.0 33
Rotation/TQM 1.5 4.5
TQM/QC 44 4.9
Team/TQM/QC 36 4.2
Team/Rotation/TQM 1.2 1.6
Team/Rotation/QC 23 3.4
Rotation/TQM/QC 1.4 2.9
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had some combination that did not involve
job rotation.'

Afinal question, which is virtually imposed
by the popular discussion, is whether it is
possible to provide a summary figure regard-
ing the use of High Performance Work Sys-
tems. The numerous definitions in the schol-
arly literature might lead one to suspect that
this is a difficult question to answer, and
nothing in these data suggest otherwise.
As already noted, there is no dominant
pattern.

If we are pushed to state a definition, it
might be reasonable to characterize an orga-
nization as “transformed”if there are at least
two practices in place with 50% or more of
CORE employees involved in each. By this
definition, 36.6% of the entire sample, 43.0%
of non-manufacturing establishments, and
35.9% of manufacturing establishments are
of the new breed.'" These estimates are con-
siderably higher than those commonly cited,
and although the definition is admittedly
arbitrary, it is likely that the truth is much
closer to these figures than to those found in
popular accounts (recall also that only core
Jobs are being considered here).

%Again, Lawler, Mohrman, and Ledford find
roughly similar patterns. For example, 64% of
firms in their sample viewed TQM and various
forms of employee involvement as distinct pro-
grams that are not jointly managed (Lawler,
Mohrman, and Ledford 1992:104).

Y"The Commission on the Skills of the American
Workforce used the criterion of whether firms hired on
the basis of a skill as opposed to behavior or ability to
“getalong.” They assumed that firms that sought hard
skills used them and hence were high-performance
organizations. The distinction between hard skills and
behavioral skills is not conceptually clear, nor is the
assumption thatone can go from knowing about hiring
rules to understanding work organization. Leaving
aside these problems, however, the current survey can
also provide estimates along these lines. In an open-
ended question, | asked establishments what were their
firstand second most important hiring criteria for core
jobs. 1 coded their responses into various categories. If
high-performance firms are defined as those listing
hard skills as their first most important hiring criterion,
36.2% of establishments in the sample were high-
performance; if only those establishments that listed
hard skills as both their first and second most impor-
tant criteria are counted, only 13.2% were high-
performance.

Explaining the Distribution of
Work Practices

The next step is to try to understand why
some establishments have adopted these vari-
ous work practices while others have not. 1
will estimate three models that use alterna-
tive dependent variables as measures of the
establishments’ overall profile with regard to
flexible work systems. Details on the estima-
tion methods are provided below.

The independent variables are intended
to test many of the explanations that have
appeared in the literature concerning varia-
tion in the adoption of flexible work prac-
tices across establishments. These explana-
tions can be categorized as follows.

Markets and strategy. It seems reasonable to
suppose that the nature of an establishment’s
competitors and of its market will influence
the choice of work systems. The relation-
ships, however, are not necessarily simple
and straightforward. Consider first competi-
tive pressure. Normally, one might expect
thatan establishment selling in a market with
many competitors will be under pressure to
adopt the most productive possible work sys-
tem, and this tendency may indeed lead to
elements of flexible work organization. Off-
setting this tendency, however, is the consid-
eratjon that new work systems represent con-
siderable investment, and firms that face very
competitive market situations may be operat-
ing on too tight a margin to undertake these
long-run investments. The variable measur-
ing the competitiveness of product markets is
called compeTIV.}2

In addition to the degree of competition
in the market, itis also important to consider
the identity of the competitors. Much of the.
pressure to adopt new production systems
has come from the example of foreign com-
petitors, and this pressure probably is felt
most strongly by enterprises that compete in

"®The respondent was asked whether there were
many firms, a few firms, or no firms selling products or
services that competed with the establishment. The
variable is coded “1” if there are many competing firms
and “0" if there are no competing firms or a few
competing firms.
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international markets. In addition to this
market argument, it seems reasonable to ex-
pect that establishments operating in inter-
national markets are more likely to be ex-
posed to new ideas and practices than are
those operating only in domestic markets.'®
The variable INTERNAT is a dumny variable
equal to “17 if the establishment sells in inter-
national markets. ’

A second aspect of an establishment’s
market concerns its competitive strategy. Itis
commonly posited that employers face the
choice of either competing on the basis of
cost or competing on the basis of quality,
variety, and service (Piore and Sabel 1984;
Cuomo Commission 1988; Kochan and
Osterman 1991). In popular discussion, the
former is referred to as the “low road” and
the latter as the “high road,” on the assump-
tion that the latter implies more generous
employment conditions (such as wages) and
new work systems.

The survey contained a set of questions
intended to distinguish between these strate-
gies. I assigned 100 points to the goal of
competing on cost and then asked the re-
spondents to indicate how many points three
other competitive strategies—quality, vari-
ety, and service—would receive for their es-
tablishment in comparison. For example, if
the respondent considered competing on
quality twice as important to the establish-
ment as competing on cost, he or she would
assign 200 points to competing on quality. I
employ the first principal component of the
three variables, and thiscomponent is termed
STRATEGY. Larger values of this variable imply
greater use of the “high road” strategy."

Technology. An important aspect of tech-
nology is its complexity. It is reasonable to
cxpect that the gains from the introduction
of flexible work systems, and hence the like-
lihood that such systems will be introduced,

BFor example, in the automobile industry quality
circles were included in contract language as early as
1973, but were implemented on a wide scale only after
pressure from Japanese competitors became intense
(Katz 1985).

The eigenvalue for the first component was 1.896
and the proportion of variance accounted for by this
component was 63.2%.

are greater under more rather than less com-
plex technologies. The extent of complexity
ismeasured by the variable skLEv, which equals
“1" if the production process requires high
levels of skill and “0” otherwise.!®

Values. 1t is well known from anecdotal
evidence that firms that appear to observers
to be similar with respect to markets, technol-
ogy,and other structural characteristics none-
theless differ considerably in human resource
practices.'* One possible explanation for such
differences is differing values from firm to
firm. For example, firms may differ in the
extent to which the enterprise is seen as a
community or a “family.” Many observers
believe that Japancse employers have more
of a community or stakeholder view of their
enterprise than do American employers, and
this difference helps explain various differ-
ences between work practices in the two coun-
tries (Dore 1973; Lincoln and Kalleberg
1990). Kochan, Katz, and McKersie (1986)
cite management values as an important de-
terminant of HRM practices.

About 50% of the survey instrument con-
sisted of a long series of questions about
benefits, particularlywork-family benefits, and
about enterprise values regarding these ben-
efits. This portion of the questionnaire was
administered before the work organization
questions that are the subject of this paper,
and hence the respondents’ answers to val-
ues questions were uninfluenced by the work
organization section. The key values ques-
tion in the benefits section was, “In general,
whatisyour establishment’s philosophy about
how appropriate itis to help increase the well
being of employces with respect to their per-
sonal or family situations?” Establishments
that responded (on a five-point scale) that it
was “very” or “extremely” appropriate are
assigned “1” on the dummny variable vALUE."

1*Respondents were asked to characterize the skijll
level of the core jobs on a 1-5 scale; skiev is coded “1”
if the reply was “very skilled” or “extremely skilled."!

"*In the computer industry, Data General and Digi-
tal Equipment Corporation are two firms that have
taken very different approaches over the years. In the
steel industry, USX and National or Inland are ex-
amples.

"The distribution of responses on the five-point
scale was 1.7% “not appropriate,”9.4% “a little appro-
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Firm environment. An increasingly common
argument is that some companies fail to trans-
form their work organization because such
transformations are long-term investments
with considerable up-front costs and uncer-
tainty. Many firms, so it is alleged, face pres-
sures from investors to emphasize short-term
profits at the expense of such long-term in-
vestments (Porter 1992; Jacobs 1991). The
variable HORIZON measures the extent to which
the establishment feels such pressure.'s

There are several other environmental
features that may influence the adoption of
new work systems. Establishments that are
partof larger organizations (a branch plant,
for example) may receive greater resources,
information, and technical assistance in
adopting flexibie work organization than do
independentestablishments. In addition, they
may be more likely to adopt flexible work
systems due to isomorphic processes of coer-
cionand mimicry (DiMaggio and Powell 1983;
Pfeffer and Cohen 1984; Baron, Jennings,
Devereau, and Dobbin 1988). A dummy vari-
able LaRGER takes on the value of “1” if the
establishment is part of a larger organization.

Size is likely to be related to adoption of
flexible work practices, but the direction of
the effect is ambiguous. On the one hand,
smaller establishments have fewer resources
to devote to human resource innovations.
The literature on training, for example, dem-
onstrates clearly that smaller firms train less
than do large ones (Bishop, n.d.). On the
other hand, the literature on corporate reor-
ganization and decentralization (as well as
the policy discussion of networks) suggests
that smaller establishments, which are not
weighed down by the heavy hand of corpo-
rate bureaucracy, are more agile and more
likely to adopt new production techniques
than are large establishments. In order to test

priate,” 33.0% “moderately appropriate,” 42.8% “very
appropriate,” and 12.8% “extremely appropriate.”

"*The respondent was asked to indicate on a five-
pointscale the extent of pressure the establishment felt
from investors or any larger organization of which it
Wwas part to attain short-term profits at the expense of
long-term investments. This five-point scale was recoded
into a dummy variable equal to one if the respondent
felt “very much pressure” or “extreme pressure.”

for possible non-linear effects of size, I use a
step function, that is, a series of size dummy
variables. The omitted category is 100-499
employees.

The organizational sociology literature
suggests that the age of an establishment (for
which the variable AGE is entered) should
inversely influence its rate of adoption of
innovations, because organizational forms
tend to be “frozen” at birth (Stinchcomb
1965). Finally, whether a union is present
seems important, although the expected di-
rection of the effect is not clear. There is
considerable anecdotal evidence of unions
opposing the kinds of work rule changes that
areimplied by transformed systems, but there
are also instances in which unions have been
cooperative and helpful in the process (Katz
1985; Cappelli and Sherer 1989). The net
effect is an empirical question. The variable
UNION measures whether employees at the
establishment are covered by a union.

The models also include dummy variables
for the CORE occupations and for industry.”
Estimation

An important difficulty is that there is no
single obvious way to estimate a model ex-
plaining adoption of flexible work practices.
One natural strategy is to combine the prac-
tices and ask abéutan establishment’s overall
rating. This is particularly tempting since, as
noted, about a third of the establishments
have none of the designated flexible work
practices. I will take three approaches to an
overall characterization of the establishment.
First, I'will estimatealogit modelin which the
dependent variable equals one if an estab-
lishment engages in at least one of the prac-
tices at the 50% level of penetration and zero
otherwise. The advantage of this variable is
that it is straightforward and readily inter-
pretable; the disadvantage is that it is a bit
arbitrary, since an establishment with 49%
penetration is given a zero. A second
approach is to use principal components

'%Cases were dropped in which there were missing
values on the use of any of the practices. In addition,
three establishments in mining were dropped because
of collinearity problems.
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Table 4. Variable Definitions and Means.

Variable Definition Mean
UNION 1 = a union is present; 0 = no union ’ .237
AGE Years since establishment founded 24.675
COMPETITIVE 1 = establishment’s product market is competitive .620
INTERNATIONAL 1 = establishment sells in international markets .299
HORIZON 1 = management feels pressure from investors or large

organization for short-term profits 219
SKILL 1 = core job is very or extremely skilled .369
LARGER 1 = establishment is part of a larger organization .660
STRATEGY Principal component of points assigned to variety,

service, and quality relative 1o cost ~.004
VALUES 1 = respondent affirmed that it is very or extremely

appropriate for the establishment to accept responsibility

for the personal and family well-being of the employees .5562
Size 1 1 = establishment has 50-99 employees .509
Size 3 1 = establishment has 500-999 employees .048
Size 4 1 = establishment has 1,000-2,499 employees .026
Size 5 1 = establishment has 2,500+ employees .006

analysis to construct a composite variable
from the percentage of penetration of each
of the four practices. 1 therefore create an
index that s the first principal component of
the four penetration variables, and] this is
treated as a dependent variable.® The third
approach is to estimate an ordered probit
modelinwhich the dependentvariable ranges
from zero to four, with each point on the
scale representing an additional work prac-
tice at the 50% penetration level.

Taken together, these three dependent
variables seem to represent the range of ways
in which one might form an overall charac-
terization of an establishment. One model
(the logit) asks whether any practice is used
at all at the 50% level, another (the ordered
probit) asks how many practices are used at
the 50% level, and the third (the principal
components) treats penetration as a continu-
ous variable and creates an index of the four
practices. Using all three models permits an

The index is .55#TQM Penctration + .43¢+Team
Penetration + .38+Rotation Penetration + .59+Quality
Circle Penetration. The first principal component ac-
counted for 44% of the variance and had an eigenvalue
of 1.752.

assessment of how robust the findings are
across specifications.?

Means for the variables are shown in
Table 4, and results of the estimation are
presented in Table 5. The first column of
Table 5 contains coefficients for the logit
model concerning whether the establishment
engages in any practices at the 50% level of
penetration; the coefficients in the second
column are for the principal components
model; and the coefficients in the third col-
umn are for the ordered probit. The logit
coefficients have been transformed so that
they have a direct interpretation.2

#In unreported regressions (using Tobit models) I
also estimated models in which the dependent vari-
ables were the percentage penctration of each prac-
tice. The results of these equations are available upon
request. The results are generally comparable to, but
slightly weaker than, those reported here. In particu-
lar, the strategy variable and the variable measuring
whether the establishment is part of a larger organiza-
tion were significant in the equations for teams and job
rotation but not in the quality circles or TQM equa-
tions.

ZIn order to interpret logit coefficients as the mar-
ginal change in a probability given a one unit change in
theindependentvariable, theyneed to be transformed.
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Table 5. Determinants of Flexible Work Practices.
(t-Statistics in Parentheses)

Ordered
Principal Probit;
Logit; Any  Components;  No. of

Independent Practice Four Practices
Variable > 50% Practices 250%
UNION 067 -.176 -110
(1.211) (1.461) (.973)
AGE -.001 -.001 -.001
(1.984) (.551) (.738)
COMPETITIVE 065 -.197 -.079
(1.431) (1.989) (.836)
INTERNAT 172 .267 .330
(3.194) (2.338) (3.05)
HORIZON -.017 .066 026
(.347) (.587) (.248)
LARGER .090 575 441
(1.827) (5.371) (4.21)
VALUES .163 578 509
(3.854) (6.131) (5.56)
SKILL 099 410 .300
(1.956) (3.781) (2.92)
STRATEGY .058 079 .108
(2.906) (2.378) (3.43)
Size 1 .083 .264 .325
(1.767) (2.549) (3.25)
Size 3 -.317 -.567 -.647
(3.254) (2.646) (3.06)
Size 4 177 183 .263
(1.269) (.646) (.983)
Size § -.192 -.211 -.257
(.783) (.382) (.495)
CONSTANT -.478 -1.715 -.257

(3.533)  (6.126) (.495)
Log Likelihood  -888.467 R?=.242  —886.67
N 694 694 694

Note: The equation also includes controls for core
occupation and for industry.

Several conclusions come through quite
strongly. Most impressive is the importance
of managerial values. In all equations, the
coefficient on VALUE is positive and signifi-
cant. This result is especially striking given
that the question was asked in the context of
attitudes toward employees’ social and eco-
nomic welfare, and not in regard to specific

The transformation is

aP/oX=B(P(1-P),
and thisexpression is evaluated at the mean probability
in the sample.

issues of work organization. Evidently, inde-
pendent of any productivity gains to be had
from flexible work organization, establish-
ments that believe that they have responsibil-
ity for employee welfare are more likely to
adopt innovative work practices.

It is also striking that enterprises that sell
in international markets are more likely to
adopt work reform. This result is indepen-
dent of the overall level of competition in the
market. One possible interpretation of this
pattern is that establishments that are ex-
posed to international markets learn more
quickly than others about alternative work
practices.?

The third variable that produces consis-
tently strong results is skill level. As the skill
levels required by an enterprise’s technology
increase, so does the use of the various work
organization innovations.

These models also support the view that
establishments that follow the “high road”
are more likely to adopt flexible work prac-
tices. In addition, being partofalarger enter-
prise, that is, being a branch plant or office,
also increases the likelihood of adoption of
elements of flexible work organization. Fi-
nally, smailer enterprises secrn more likely to
use innovative work practices.

In none of the equations is there evidence
in support of the time horizons argument,
nor do the age or union status of an establish-
ment appear to be very important.*

Related Human Resource Policies

There is a widespread view that work orga-
nization changes need to be accompanied by

BCausality may, however, run in the other direc-
tion. That is, it may be that only firms that are produc-
tive due to their adoption of flexible work organization
are able to compete internationally. To determine the
direction of causality, data on timing both of work
reformsand entryinto international markets are neces-
sary. The survey did not collect these data.

Lawler, Mohrman, and Ledford (1992:97-98)
present the results of significance tests of simple (that
is, unconditional) correlation coefficients between the
presence of TQM and some independent variables.
They find thatsize, manufacturing, and the presence of
foreign competition are positively correlated with the
use of TQM, and unionization is negatively correlated.
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supporting HRM practices. This view follows
from an idea found in the internal labor
markets literature that groups of rules fit
together logically and that it is therefore not
possible to randomly adopt particular prac-
tices (Osterman 1987). The prescriptive lit-
erature has taken a similar perspective (Na-
tional Research Council 1986). Although it
seems unlikely that we will find perfect real
world adherence to these ideas (for example,
some establishments will adopt flexible work
organization withoutadopting all of the other
HRM rules that the literature predicts), it is
important both for theory and practice to
learn whether there are indeed the kinds of
interrelationships among personnelrules that
are predicted. I first describe the kinds of
supporting rules theory leads us to expect
and then examine whether the survey data
show an association between these practices
and flexible work organization.

In order to achieve the flexibility inherent
in systems such as team production, employ-
ees must be willing to change jobs more often
and to rcly less on rigid procedures govern-
ing who does what. In this survey, deploy-
ment rules were measured by asking two
questions, one concerning the importance
of seniority versus merit in promotions and
one concerning the importance of insider
preference versus outside hiring in filling
vacancies. ]

Compensation is also a central HRM vari-
able. The anecdotal evidence suggests that
many firms that have moved toward more
flexible work organization have accompa-
nied the shifts in work systems with compa-
rable changes in ILM rules governing wages.
These firms presumably subscribe to the
theory that when employees are given more
power to determine outcomes, they should
have a financial stake in enterprise success.
There has been an explosion of innovations

*The respondents were asked to respond to the
following two questions on a five-point scale: “When
you fill a core job above the entry level, how important
isitto give preference to someone already employed in
the establishment?™ and “When you do fill a core job
with someone already employed, how important is
seniority in deciding who among the already employed
gets the job?”

in pay systems, and the survey focused on
three of the most popular: the respondent
was asked whether or not the establishment
had in place profitsharing or bonuses; gain-
sharing; and pay for skill. Separate questions
were asked about each practice.?

Asecond issue concerning wagesiswhether
the establishment paid its employees a wage
premium (or what might be termed an effi-
ciency wage).” New work systems typically
require more commitment, effort, and dis-
cretion from employees, and these qualities
are just the ones that are alleged in the
efficiency wage literature to be produced by
wage premiums. In addition, to the extent
that the firm wishes to be selective in hiring
and establish a pool or waiting line of higher-
quality employees, it will also pay a wage
premium.

The implementation of flexible work sys-
tems would seem to require higher levels of
skills than are typically required of employ-
ees in traditional mass production systems.
One would therefore expect thatinvestments
in training would be higher in transformed
work systems. Three training variables are
used: one measuring the percentage of core
employees who receive formal off-the-job
training, one measuring the percentage of
CORE employees who receive cross-training
(training in skills other than those used di-
rectly in their current job), and one measur-
ing the value placed on skill enhancement
relative to other HRM goals. (The last vari-
able is described in more detail below.)

Many advocates of flexible work systems
have argued that firms adopting these sys-
tems must be prepared to provide enhanced
levels of job security (Levine and Tyson 1990;

*The wage practice questions referred to the entire
establishment, not just the core family. In addition,
pretest results suggested that it would be too difficult
for the respondent to provide information on the
percentage of employees covered by each program, so
these data were not collected.

¥’The question asked whether there was a policy in
place to pay the establishment’s core employces wages
that were higher than, the same as, or lower than the
wages for employees in comparable occupations in the
same industry in the same geographic area. The vari-
able is coded as “1" if the policy was to pay a higher
wage.
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Kochan and Osterman 1990). The logic is
that for employees to be willing to give up
work rules that provide them a degree of job
security (in the sense of limiting the
employer’s ability to collapse jobs and hence
reduce employment), they must be provided
employment guarantees in return. Such job
security is seen as an i&portam element of
the Japanese and even German systems, and
a number of the new auto contracts, such as
NUMMI and Saturn, have strong employ-
ment pledges. On the other hand, there have
been widespread recent layoffs even in firms,
such as IBM and DEC, that are thought to
exemplify flexible work organization. I em-
ploy two questions concerning job security.
The first is simply whether the establishment
had made any explicit or implicit no-layoff
pledge. The second is part of a series of
questions asking the establishment to rank
various human resource objectives.

As with the earlier strategy variable, re-
spondents were asked to rank several human
resource goals. The technique was to assign
100 points to a baseline objective, in this case
controlling wage and benelit costs, and then
ask respondents to assign points to each of
three additional objectives: increasing em-
ployee commitment, increasing employee
skill, and reducing employment levels.® The
first two goals are expected to be positively
associated, and the third (employment re-
ductions) negatively associated, with flexible
work systems.

The respondents were also asked about
their use of temporary and contingent labor.
(A distinction was made between in-house
temporary help—employees who are on the
establishment’s payroll—and outside contrac-
tors, who are on a third party’s payroll. Paral-
lel questions were asked about each category.)
The standard argument concerning tempo-
rary and contingent employees is that firms
use them in order to buffer their core em-
ployees from the vicissitudes of the labor
market. Since protection of core employees
is more important in transformed work sys-
tems than in conventional work settings (both

*These are distinct objectives in which reducing
cost was described in terms of wage and benefit levels,
not total labor costs.

because of the higher skill level of these
workers and because greater security is nec-
essary to obtain their cooperation in flexible
work), a hypothesis is that there will be a
higher fraction of contract and temporary
employees in establishments that have
adopted flexible work systems. A contrary
argument is that use of contingent workers
and temporary workers signals lack of com-
mitment to investing in a permanent labor
force.

One might also expect a high priority on
human resource considerationsin firms com-
mitted to new work systems. I asked respon-
dents how great a weight HRM consider-
ations are given when major decisions are
taken by the cstablishment. The five-point
scale answers were recoded to equal one if
HRM was said to be “very” or “extremely”
important.

Table 6 shows the mean value of these
HRM variables for the entire sample and for
two subgroups: establishments that engaged
in any of the work organization practicesata
penetration level of 50% or more, and those
that did not. In addition, the table provides
significance tests for the differences in the
means bctween the two subgroups. These
significance tests are based on regressions in
which the dependent variable is the HRM
practice in question and the independent
variable is a dummy for whether the estab-
lishment has 50% or more penetration of at
least one practice. The regressions also in-
clude controls for industry and core occupa-
tion.

This analysis shows that a number of the
HRM practices are indeed related to adop-
tion of flexible work practices.?® There is

®Some readers might prefer a technique such as
cluster analysis to determine if the HRM practices fall
together in recognizable ways. Although clustering is a
reasonable alternative, as a first-round approach ! find
the strategy employed here more robust. Cluster analy-
sis can yield numerous alternative outcomes on the
same data depending on choices of metrics or distance
measures, and there are no tests for goodness of fit
(Nunnally 1978:430). Furthermore, simple examina-
tion of the means tells us that there isno HRM practice
that is uniformly associated with the presence or ab-
sence of flexible work organization. Hence, the notion
of distinct clusters is not necessarily appropriate.
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Table 6. The Relationship Between the Presence of Human Resource Practices
and the Adoption of Flexible Work Practices: Significance Tests.

Establishment
Has at Establishment
Least One Has No
Flexible Flexible
Work Work
Practice Praclice
with 50% with 50%

Human Resource Practice All Penetration Penetration t-Statistic
Gainsharing 137 .144 126 .946
Pay for Skill 304 364 197 4.676%*
Profit-Sharing/Bonus 447 .478 .393 2.008*
Wage Premium .365 376 .345 .792
HRM Department Role 541 .564 501 2.338+*
Percent in Off-the-Job Training 320 375 219 4.838%+
Percent in Cross-Training 451 529 314 7.456%*
Employment Security Policy .398 394 404 179
Points for Increasing Skill 136.664 142.849 125.899 2.651**
Points for Increasing Commitment 191.711 199.713 177.521 2.430%*
Points for Reducing Employment 80.455 80.195 80.916 .851
Percent Contingent .076 066 .090 2237+
Percent Temporary .070 071 .070 915
Seniority Hiring 708 721 701 474
Seniority Promotion .303 313 .286 211

Note: T-statistics are based on equations that include CORE occupation and industry controls.

*Significantly different at the .05 level; **at the .01 level.

clear evidence that skills and training are
important; indeed, all three of the skill vari-
ables (percentage in off-the-job training, per-
centage who receive cross-training, and com-
mitment to increasing skill) are significant.
In addition, two of the four pay practices are
significant, although neither gainsharing nor
the wage premium variable proves impor-
tant. A high valuation on attaining a commit-
ted work force is significant, a result that is
indirectly reinforced by the negative and
significant coefficient on the use of contin-
gent employees. Finally, the role of the HRM
departmentalso differentiates establishments
that use flexible work practices from those
that do not.

These results support many of the propo-
sitions in the HRM and ILM literatures con-
cerning the practices needed to underwrite
flexible work organization.* The most sur-

*These results can be compared to those of
Ichniowski (1990), which are based on the survey of
Delaney, Lewin, and Ichniowski (1989). Ichniowski did

prising exception is the lack of evidence that
employment security is important. Also sur-
prising is the finding of no evidence that
seniority versus merit rules play a role. Both
of these sets of variables can be thought of 4s
capturing various aspects of job ownership.

not make the distinction used here between work prac-
tices and supporting HRM policies, but rather used
cluster analysis to combine a wide range of practices
and policies into several groups. The clustering proce-
dure led to the identification of nine groups. These
clusters included typical union firms (with, for ex-
ample, strict seniorityand grievance procedures), trans-
formed firms (with flexible job design, high levels of
communication between management and workers,
and substantial training), and a range of intermediate
forms. There was also a substantial number of firms
with rules that fell into no discernible pattern. Thir-
teen percent of the establishments in the sample were
the most traditional category, 13% were in the most
transformed category, 46% fell betwcen thesc extremes,
and 28% were unclassifiable (Ichniowski 1990:15).
Considerable caution is nceded in making compari-
sons between these results and mine, both because of
the differences in procedure and becausc of the very
different sampling frames and response rates.
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Evidently, contrary to expectations, it is pos-
sible to introduce innovations in work prac-
tices without reassuring employees that their
Jjobs are not at risk. Some observers explain
such results by arguing that workers are con-
structing their careers via movement among
networks of firms rather than by staying put
with one employer.®' On the other hand, in
answer (0 a survey question on whether the
expected employment of recent employees
was the same as, less than, or greater than in
the past, 43.8% of establishments that had
adopted at least one of the four practicesat a
50% level of use said the stay had lengthened,
compared to only 34.9% of establishments with
no practice at the 50% level of penetration.

Conclusion

This study has made considerable progress
in documenting the extent of the diffusion of
flexible work practices and in identifying
their correlates. First, about 35% of private
sector establishments with 50 or more em-
ployees appear to have made substantial use
of flexible work oiganization in 1992. This
result is broadly consistent with Lawler,
Mohrman, and Ledford's (1992) investigation
of quality programs in Fortune 1000 firms.

Second, the findings strongly confirm that
a number of variables are positively associ-
ated with the adoption of flexible work prac-
tices: a market with international competi-
tion; a high skill technology; worker-oriented
values; following a high-road strategy (em-
- phasizing service, quality, and variety of prod-
ucts rather than low cost); and being part of
a larger organization. Also robust are the
findings that neither the presence of unions
nor pressure to turn short-term profits seems
to be an important consideration. The re-
sults also allow the identification of a set of
HRM practices that underwrite adoption of
flexible work systems. Chief among these are
innovative pay schemes, extensive training,
and efforts to induce greater commitment
on the part of the labor force. By con-
trast, neither employment security nor
policies on seniority versus merit as a

*!For example, this point was made by my colleague
Charles Sabel in a conversation.

basis for promotions seem to be important.

In addition to their interest as previously
unavailable descriptions of national practice,
these results can be read as supportive of
many of the internal labor market theorics
that have emerged in the past several years
concerning work reorganization. On the
other hand, the results also contradict some
important expectations. There do appear to
be systematic differences between establish-
ments that adopted no flexible work prac-
tices and those that adopted at least one (as
indicated by the results of the logit model).
Among firms in the latter category, however,
the work practices did not seem to cluster
together into a natural formation that one
might characterize by any of the popular
labels—"high performance work organiza-
tion,” for example, or “transformed” firm.
Also quite surprising is the unimportance of
some of the HRM practices, particularly em-
ployment security, as predictors of the use of
flexible work organization.

These anomalies invite some reconsidera-
tion of received wisdom, but the implication
is far from clear. One possibility is that we are
observing establishments in the process of
change, and that after some time more prac-
tices will be adopted and the clusters we
expected to find will cmerge. There is some
support in the survey for this idea, given that
49.1% of the teams, 38.0% of the jobrotation
practices, 71.1% of TQM programs, and
67.9% of problem-solving groups or quality
circles were introduced less than five years
prior to the survey year of 1992,

Also possible, however, is the considerably
more dramatic interpretation that we have
been misled by a few well-publicized cases. In
the United States there may be many paths
for work reform. If that is so, we will want to
know much more than we do about the pros
and cons of different choices. In addition,
the unimportance of employment security
may reflect substantial changes in the bound-
aries of firms and internal labor markets.

At a minimum, it seems to me that these
data indicate that it is too early to construct
“ideal types” of internal labor markets or
“transformed” firms. We first need a consid-
erably more textured understanding of the
range of practicesand the direction of change.

[E————

—-
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APPENDIX

Following are the definitions the interviewers used
when the respondent requested clarification.

Self-directed work teams. Employees supervise their
own work, they make their own decisions about pace
and flow and occasionally the best way to get work
done.

Job rotation. Self-explanatory example: In some
banking firms you spend six months in the real estate

division, 6 months in pension plans, etc. Simply rotat-
ing jobs.

Prablem-.wlm'nggrouﬁx/quality circles. Quality pro-
grams where employees are involved in problem-
solving.

Total Quality Management. Quality control approach
that emphasizes the importance of communications,
feedback, and teamwork.
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Abstract

Previous studies have suggested that technological change is the main cause of the recent increase in demand for highly skilled
workers in developed countries. However, a more recent strand of literature has also introduced the “Skill Biased Organisational
Change” hypothesis, according to which the increasing diffusion of new organisational practices within firms plays a role in the
increasing demand for skilled workers. We estimate a SUR model for a sample of 400 Italian manufacturing firms, showing that
upskilling is more a function of reorganisational strategy than a consequence of technological change alone. Moreover, some
evidence of superadditive effects emerges, which is consistent with the notion that technology and organisation jointly affect the
demand for labour.
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1. Introduction trade economists, these alternatives are connected to
globalisatior? whereas among industrial and manage-
The long-run empirical evidence from numerous de- rial economists they concern the reorganisation of pro-
veloped countries indicates that the number of skilled duction. In this paper, we assess the relative importance
workers has grown over time. In the past two decades of technological and organisational change and the pos-
the economic literature (see next section) has offered ansibility that technology and reorganisation exert a joint

explanation for this empirical evidence based on the so-

called “Skill Biased Technological Change” (SBTC)
hypothesis, according to which the reason for the up-
skilling of the labour force is the non-neutrality of tech-
nological change, which benefits skilled labour more

superadditive effect on the demand for skills.

The paper is organised as follows. SecRqnesents
some evidence for the general upskilling trend in man-
ufacturing across developed countries and discusses
the economic literature on the role of technological

than other production factors. Because technology is and organisational change as a possible explanation

complementary to skills, acceleration in the rate of

for the skill bias. SectioB sets out our empirical anal-

technological change increases the demand for skilled ysis based on a sample of 400 Italian manufacturing

labour. Indeed, whilst the phenomenon of SBTC ap-
pears to be a long-term historical trend (d¢elson
and Winter, 1982; Dosi, 1988; Goldin and Katz, 1998;
Von Tunzelmann and Anderson, 199®e diffusion of
Information and Communication Technologies (ICTs)
seems to have given new impetus to the substitu-
tion of unskilled for skilled workers. As technologies

such as ICTs have proved successful in raising the

marginal productivity of skilled labour relative to un-
skilled labour, they have also made it relatively cheaper
to employ skilled workers in place of the unskilled.
Accordingly, Wood (1995)andMichel and Bernstein

firms, while policy implications are discussed in Sec-
tion 4. Finally, some concluding remarks are made in
Sectionb.

2. Comparative evidence and survey of the
literature

The OECD Secretariat collected comparative data
on employment broken down by occupation (high and
low-skilled white-collar workers and high and low-
skilled blue-collar workers) for some OECD coun-

(1996)argue that the 1980s witnessed an acceleration tries during the 1980s and the beginning of the 1990s

in SBTC which resulted in rising skill premian many
countries (see alsAghion and Howitt, 2002 How-
ever, since the evidence for this acceleration is mixed
(seeAutor et al., 1998 one might contend that, within
a multi-sector framework, it is mostly the sector bias
of technological change that is in operation, rather than
the factor bias usually mentioned by labour economists
(for a definition, seelones, 1966 This explanation
is consistent with empirical evidence supporting the
SBTC hypothesis for high-tech countries (such as the
US and the UK) but not for medium or low-tech ones
(including other European countries; see Secldi.
Given that the literature is inconclusive on whether
technological change favours a certain factor of pro-
duction, or whether it is more likely to occur in some
sectors rather than others (ddaskel and Slaughter,

(OECD, 1996, 1998 Unfortunately, this database has
not been updated for the years since 1993. We have re-
constructed more recent figubalative to the manu-
facturing sector alone for the G-7 countries, maintain-
ing a dichotomous division between skilled workers
(white-collar workers, WC) and unskilled (blue-collar
workers, BC).

2 This strand of literature supports the hypothesis that increased
volumes of world trade and FDI cause a reallocation of the labour
force, shifting activities involving unskilled workers towards the
least developed countries, while activities involving the production
of skill-intensive goods remain in the developed on&sdd, 1994
for an empirical test on Italian data, ddanasse et al., 20040wing
to alack of data, testing this hypothesis empirically is often a difficult
undertaking; however, some studies on the subject have failed to find
strong support for this explanation of the skill bias (Saughter,

2002, some researchers have looked for other possible 2000; Piva and Vivarelli, 2002, 20p4This hypothesis will not be

complementary explanations of the skill bias. Among

1 Defined as the ratio between the wages earned by high-skilled
workers and the wages earned by low-skilled workers.

discussed and tested in the present paper.

3 Data are not comparabketweencountries owing to different
sources and various classifications of occupations (see the note to
Fig. 1); however, they provide importantinformation on the dynamics
of the demand for skilled workesgithin each country.
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0 10 20 30 40 afflicted continental European countries between the
Canada 1981-1991//1996.2000 e —— | mid-1980s and the late 1990d#chin and VVan Reenen,
France 1982-1990//1990- 1990 [ — 19989, and of wage dispersion between skilled and un-

skilled workers in the US and — to a lesser extent — the
UK (Krueger, 1993; Autor et al., 1998
Concern regarding the worsening socio-economic
status of the unskilled has induced researchers to seek
UI1S81-191/1991-1959 | ) better understanding of the skill bias effect. The re-
US 1983-1993//1998-2001 % | cent theoretical and empirical research on the matter
can be surveyed by starting with the earlier studies,
Fig. 1. Shares (percentage values) of white-collar workers in manu- which only dealt with technological change, and then
facturing employment in the G-7 countries. Notes: For each country, analysing the strand of literature that examines the role

the two pairs of bars refer to the initial and final year of the two peri- f isati lch ith | in int fi
ods reported on the left. Source for data reported in the first periods of organisational change, either alone or in interaction

is OECD (1998) Data for the second periods are our calculations With technology.
based on the following national sources — Canada: Population Cen-

sus,Statistics CanadaFrance: Recensements de la Populatiia, 2.1. Technology alone: the SBTC hypothesis
SEE Germany: Employment RegistéAB Germany ltaly: Sistema o ’

Informativo ExcelsiorUnioncamerg Japan: Labour Force Survey L. .
and Population Census (2003 data are relative to the month of June), 1€ SBTC hypothesis is based on the idea that there

Statistics BureapUnited Kingdom: Labour Force Survedffice for is close complementarity between new technologies
National StatisticsUnited States: Population Censuks Bureau of and skilled workers, given that only the latter are fully
Labor StatisticsTherefore, data are not comparable between coun- able to implement those technologfeEmpiricaI stud-

tries, while within each country the two pairs of values are strictly . . . . . . .
comparable within them but not between them. In addition: * data lestesting this hypOtheSIS’ ateitherthe firm orthe indus-

for Germany refer to West Germany for the 1980-1990 period and trY level, have been carried out on the manufacturing
to the whole of Germany for the 1999-2002 period; the inclusion sectors of various developed countries. Most of these
of East Germany contributes to reducing the skill incidence in man- studies focus on thfactor biasof SBTC.
ufacturing employment. ** 1997-2003 data for Japan also include As far as the US is concerned, there is substantial
the construction sector, which explains the reduction of the skill in- . . .
cidence in the last period with respect to the previous one. an.d consistent evidence supporting the SBTC hypot.h-
esis. Among the most recent and most representative
papersBerman et al. (1994) at the sectoral level —and
These data can be used to examine the changing skillDunne et al. (1996} at the firm level — have found a
composition.Fig. 1 depicts the change in the struc- positive and significant relationship between R&D and
ture of manufacturing employment in the G-7 coun-  skilled labour in the USDoms et al. (19973 for firms
tries over the 1980s (OECD source) and the 1990s (ourin some US manufacturing sectors — have shown that
calculations based on national statistical sources). At the use of the most advanced industrial technologies
first sight, there is a persistent upskilling trend of the |eads to greater utilisation of workers with higher qual-
workforce in all countries: the relative share of WC is  ifications. Another test of the SBTC hypothesis was
increasing everywhere, even in most recent years (seeconducted bySiegel (1998) who found evidence of
alsoPiva and Vivarelli, 2001 upskilling in those Long Island manufacturing plants
However, in most recent decades, the demand for that had introduced new technologies. With regard to a
skilled workers seems to have grown more rapidly than particular sector — US chemical firmsAdams (1999)
the corresponding labour supply, since skilled workers showed the skill bias nature of R&D expenditure and
are not only more easily employed but, under certain jnnovative investments.
circumstances, also proportionally much better paid  |n Canada, botiBetts (1997)who examined man-
than unskilled workers (seMickell and Bell, 1995; ufacturing, andGera, Gu and Lin (2001)who fo-

Haskel and Slaughter, 2002 cused on both the manufacturing and service sectors
Consistently with the different national institutional

contexts, economists view skill bias as one of the
possible determinants of the high unemployment that * For a theoretical survey, s&anta (2004)

Germany 1980%-1990%//1999-2002
Italy 1981-1991//1997-2002

Japan 1980-1990//1997%#%-2003**
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(1981-1994), demonstrated a connection between sev-and showed that the relative demand for skilled workers
eral different measures of technology and the growing was positively linked to R&D expenditure.
demand for skilled workers.

For the UK ,Machin (1996} using both sector-level 2.2, Organisation alone: the SBOC hypothesis
and firm-level datain the 1990s —aHdskel and Heden
(1999) — at the firm level — demonstrated a positive This second strand of literature is based on the hy-
relation between R&D intensity, number ofinnovations pothesis that the increasing diffusion of new organisa-
produced and used, and skilled labour (in the sector tional practices within firms plays a role in the increas-
analysis), and both studies found a correlation betweening demand for skilled workers.
the use of computers and skilled labour in the case of  In general terms, organisational change is becoming
firms. increasingly important, and the empirical literature on

The results of studies dealing with other countries the subject is growing rapidly in significance. The ba-
have generally confirmed the SBTC hypothesis, al- sic idea is that a progressive shift from rigid, Tayloris-
though less robustly than in the case of the British and tic, and segmented organisations towards more flex-
North American economies. ible and “holistic” ones is taking place within firms

In France,Mairesse et al. (20019btained results  (seeLindbeck and Snower, 1996This phenomenon
similar to those oMachin (1996)for firm level data first appeared in the US and Japan and has since
where the technological variables were ICT capital spread through Europe, although with different intensi-
and ICT workers. However, only the negative relation ties from country to country (se&oki, 1986; Greenan
between ICTs and less-qualified labour was robust in and Guellec, 1994; O’'Connor and Lunati, 199pace
the time-series estimations. This confirmed the results precludes athorough summary of the vast amount of lit-
of Goux and Maurin (200Q0who showed that an in-  erature —whose basic notions originated Witiandler
creased spread of new technology accounted for only (1962)— on organisational change and its impact on
15% of the change in labour demand between 1970 andfirms’ structure and performance. Suffice it to say that
1993. economic, management and sociological studies on the

For Spain, Aguirregabiria and Alonso-Borrego  subjectseemto agree onthe following recenttrends (for
(2001) used a panel of 1080 firms and tested the re- a more detailed analysis, s€aroli, 200): Decentral-
lation between new technologies and upskilling, us- isation and delayering: “lean production” is associated
ing the GMM estimator for dynamic panels. Using a with new firms’ functions, such as just-in-time, man-
dummy representing the introduction of “technological agement of breakdowns and quality control, which in
capital”, they confirmed the SBTC hypothesis, while turn imply both the decentralisation of decision mak-
finding no significant effect with respect to R&D ex- ing and greater involvement, responsibility and au-
penditure. tonomy at the shopfloor level (sd&rynjolfsson and

In Germanyfalk (1999)showed that the jointim-  Mendelson, 1993; Greenan, 199&sesnahan, 1999
plementation of new products and processes had theCollective work: new working practices such as work
greatest effect on the employment structure, exerting teams and quality circles require collective effort by the
the strongest positive impact on the demand for uni- workforce (se®sterman, 1994 Multi-tasking: work-
versity graduates. This result was also obtaineHddi ers are now required both to perform a greater vari-
and Koebel (2004)whose empirical analysis showed ety of tasks within a given occupation and to rotate
that the accumulation of office machinery and com- among different jobs (se@reenan and Mairesse, 1999;
puter capital stock —in 35 German industries over the Ichniowski and Shaw, 2003
period 1978-1994 — was a significant factor in the shift Moreover, the empirical literature reports that the
of labour demand towards highly skilled workers (uni- organisational changes listed above generally occur at
versity graduates). the same time, assuming the form of “clusters” of or-

Machin and Van Reenen (1998tended the analy-  ganisationalinnovations. For instantmniowski et al.
sis of the phenomenon beyond the national level. They (1997) showed the complementarity of the introduc-
set up a panel (at the manufacturing-sector level for tion of teamwork, flexible job assignment and intensive
seven developed countries over the period 1973—-1989)workers-management communication in US steel man-
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ufacturing (for an empirical study using Italian data, see
Cristini et al., 2003

Obviously, organisational innovation practices such
as those briefly described imply that the manufactur-
ing workforce must be upskilled. Accordingly, sev-
eral authors have put forward and tested the “skill bi-
ased organisational change” (SBOC) hypothesisr
instance,Greenan and Guellec (1998)sing a 1987
French survey on work organisation, found that organ-

145

et al., 1989; Milgrom and Roberts, 1990, 1995; Black
and Lynch, 200{for a study using Italian data, sB@i
and Santangelo, in preds

Indeed, new ICTs modify the way in which deci-
sions are taken in a firm, often making hierarchies re-
dundant because orders are replaced by interactions
among workers (seBolton and Dewatripont, 1994
ICTs, moreover, on the one hand facilitate lateral com-
munication because they enable delayering into a flatter

isational change — such as greater worker autonomy organisation, while on the other they increase the ability
and increased communication among workers — was of shopfloor workers to perform information-intensive

positively correlated with skill-upgradingAgain with
regard to FranceThesmar and Thoenig (200@)nd
Caroli et al. (2001)using large databases of French
manufacturing firms, found respectively a strong neg-

tasks (sedradner, 1993; Caroli, 2001; Colombo and
Delmastro, 200%).

In most countries, the introduction of ICTs does not
appear to have generated any immediate and direct in-

ative correlation between product turnover — taken as crease in productivity, probably because of the spe-

a measure of organisational “creative destruction” —
and blue-collar workers, and a skill bias effect result-
ing from organisational change in association with a
reduction in the firm’s size, which probably suggests
an evolution towards more flexible firm€aroli and

Van Reenen (200Xompared two panels of French and
British firms, focusing mainly on organisational change
(measured with a dummy). Their results, which sup-

ported the SBOC hypothesis, proved to be econometri-

cally significant in both the panels. Finallgreenan

cial nature of information technology. As pointed out
by Gibson and Daldy (2003 his study on comput-
ers and the wage structure in New Zealand, ICTs are
mostly “general purpose technologies” (GPTs), whose
main impact on the economy is not direct but oc-
curs through a wide range of secondary innovations.
Similarly, Mowery and Simcoe (20023how that it

took about 25 years (1960-1985) for the Internet to

shift from public (mainly military and academic) to
private/commercial applications, owing to the need

(2003) using a survey on organisational change in for crucial complementary technological and organisa-
French manufacturing in 1993, found that the increase tional innovations. As a consequence, the introduction
in skill requirements was more closely connected to of a new GPT does notimmediately result in a surge in
organisational than to technological change. productivity growth; at least as long as firms invest in
developing these secondary innovations. This experi-
mentation phase requires both workers who are skilled
and workers who are “adaptable”, in the sense that they
possess a combination of general knowledge and on-
WhereasAghion et al. (1999)naintained thattech-  the-job experience that is not acquired from vocational
nological progress was the main cause of change andand specific technical education alone but is also learnt
that organisation was secondary, a recent strand of thefrom wide-ranging education and training.
literature has tended to emphasise that technological ~The above theoretical considerations are supported
change and organisational change are complementaryby empirical evidence. For instance, on studying the
to each other, and that they often generate superadditive
effects in terms of a firm’s performance, measured in
terms of either productivity or profitability (se€eavitt

2.3. Technological change associated with
organisational change

7 Conversely, the mismatch between technological change and or-
ganizational inertia may generate an adverse impact on a firm'’s per-
formance (the so-called “Solow paradox”; $8g/njolfsson et al.,

_ 1997; Brynjolfsson and Hitt, 2000

5 It should be noted that the economic literature has been most & Colombo and Delmastro (200flpd that organizational change
concerned with the consequences of organisational change on pro-(measured as a change in the number of hierarchical tiers within the
ductivity, while there have been few attempts to focus directly on firm)is largely explained by the adoption of advanced manufacturing
skills. technologies and flexible automation; however, their result holds true

6 See alsdGreenan (1996b) for both contractions and expansions of the managerial hierarchy.



Table 1

A summary of empirical analyses of skill bias

Country and period

Unit of analysis and methodology

Proxy for technology or/and
organisation

Main results

Authors

Technology
USA, 1979-1989
USA, 1972-1988
USA, 1987-1992
USA, 1987-1990

USA, 1974-1988

Canada, 1962-1986

Canada, 1981-1994

United Kingdom, 1979-1990,
1984-1990

United Kingdom, 1973-1992,
1986-1988

France, 1970-1993

France, 1986-1994

Spain, 1986-1991

Sector, OLS in difference

Firm, OLS in first differences, long
difference and instrumental variables
Firm, OLS in cross-section and time

series

Plants in Long Island, two stage
probit for six classes of workers

Firms (and plants) in chemical
sector, SUR estimates

Sector, SUR estimates (estimated

separately for each sector) for five

inputs: WC, BC, capital, energy, raw

materials

Computer and R&D expenditure

R&D and introduction of
industrial innovations
Investment in computers and
industrial innovations

Adoption of new technologies
R&D and capital split into
infrastructure and equipment

Temporal trend as proxy for
technological change

Sector (manufacturing and services),Stock of R&D, stock of patents

oLSs

Firm: 1984-1990, sector:
1979-1990, WLS in difference

Firm, panel structure with pooling
estimates and with fixed effects

Sector, 2SLS

Firm, cross-section in long
difference (4 years)

Firm, panel analysis using GMM
estimator

used, Total Factor Productivity,
age of capital stock

Introduction of computers
between 1984 and 1990 in firms,
R&D expenditure for sectors
Investment in computers

Computers and industrial
technology

Investments in computers and

office automation

R&D, technological capital,
physical capital

Confirmation of SBTC hypothesis
Confirmation of SBTC hypothesis for
R&D
Confirmation of the SBTC hypothesis in
the cross-section dimension but not in
time-series

Technology adoption increases the
demand for all non-production workers
and reduces that for production workers
High skill bias effects due to firm R&D
expenditure on the plant directly
involved
Technological change is not neutral.
Furthermore, in 11 sectors out of 18
there is a strong skill bias effect

Confirmation of SBTC hypothesis:
various technology indicators strongly
correlated with skill intensity
Confirmation of SBTC hypothesis both
at sector and firm levels

Skill-upgrading is mainly guided by
phenomena within the firm.
Computerisation significantly reduces
the demand for unskilled workers
The increased diffusion of new
technology explains only 15% of the
change in labour demand
Strong negative effect of the
technological variable on the less skilled
group of workers; the effect is robust in
time-series
Only the dummy for the introduction of
technological capital has a strong
negative effect on unskilled workers,
especially during recessions

Berman et al. (1994)
Dunne et al. (1996)
Doms et al. (1997)
Siegel (1998)

Adams (1999)

Betts (1997)

Gera et al. (2001)

Machin (1996)

Haskel and Heden (1999)

Goux and Maurin (2000)

Mairesse et al. (2001)

Aguirregabiria and
Alonso-Borrego (2001)
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Germany, 1997-1999

Germany, 1978-1994

Denmark, France, Germany, Japan,
Sweden, United Kingdom and
United States, 1973-1991

Organisation

France, 1987

France, 1984-1995

France, 1989-1992
France, 1992-1996; Great Britain,
1984-1990

France, 1993

Technology + organisation
USA, 1994

USA, 1987-1994

Firm, system of probit equations

Sector, Box—Cox factor demand

system

Sector, GLS in first difference

Individual/firm, descriptive
approach on BC workers

Firm, OLS and OLS in long
difference
Firm, probit
Firm, OLS in long difference
Firm, multiple correspondence

analysis

Firm, Spearman rank order
correlation

Firm, OLS in cross-section in which

demand for IT is partly controlled by
the organisation variable

Introduction of new products
and processes

Office machinery and computer
capital (OCM)

R&D expenditure

Intensity of communication
within the workshop and
autonomy of workers

Product turnover as a proxy of
organisational “creative
destruction”

Dummy on organisational
change

Dummy on organisational
change-delayering

Different organisational
structures: flexible enterprises,
technical expertise firms,
centralised and hierarchical
firms, not flexible structures

Components of organisational
architecture: decision rights,
knowledge work and incentives.
Proxies for technology: total
capital stock of IT, computing
power, PCs and networking
technology

Technological capital, number
of computers and organisational
variable (changes in workplace)

Joint implementation of new products
and new processes has a stronger impact
on the employment expectations of
university graduates than do product
innovations alone
Accumulation of OCM capital stock is
the major factor contributing to the shift
in labour demand towards highly skilled
workers

Faster skill-upgrading in sectors with
more intensive R&D in all countries

The skill of labour force is positively
linked to both organisational variables

Firms that experienced high product
turnover were compelled to change their
functional mix into more flexible
functions requiring more skilled workers
Organisational change has a negative
impact on the class of less skilled
workers

The change in the number of skilled
workers employed is significantly
influenced by organisational change
Skills and organisational change are
much more correlated than skills and
technological change

Greater level of ICTs is associated with
increased delegation of authority to
individuals and teams. Moreover, the
combination of technological and
organisational change involves skill bias
both in the firms’ actual workforces and
the recruitment strategies

IT combined with organisational change
increases demand for skilled workers
more than IT alone

Falk (1999)

Falk and Koebel (2004)

Machin and Van Reenen
(1998)

Greenan and Guellec (1998)

Thesmar and Thoenig (2000)

Caroli et al. (2001)

Caroli and Van Reenen
(2001)

Greenan (2003)

Hitt and Brynjolfsson (1997)

Bresnahan et al. (2002)
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impact of the implementation of advanced manufac- (b) Less clearcutresults are reported in empirical stud-
turing technologies on human resource management ies testing the SBTC hypothesis in continental Eu-

(HRM) practices Siegel et al. (1997jound a strong ropean countries; moreover, some studies finding
correlation between these technologies and enhanced  a positive relationship between technology and up-
employee empowerment. skilling reveal that this result is mainly driven by
Brynjolfsson and Hitt (1998)demonstrated that an adverse effect of technological change on the
ICTs and new working practices cluster together. More less skilled workers.
specifically, the stock of IT capital and the number of (¢) Empirical analyses specifically based onthe SBOC
PCs proved to be correlated with the diffusion of self- hypothesis have been conducted in France and the
managing teams, workers’ involvement in strategic de- US: these studies seem to show that new human re-
cisions, and workers’ discretion in planning their work. sources practices in more flexible and decentralised
Case studies at the level of individual firms are re- organisations require skilled workers.
viewed byHitt and Brynjolfsson (2002)and they con-  (d) While different forms of organisational change
firm the close complementarity between ICTs diffusion tend to cluster, it has also been shown that organ-
and the three types of firm-level reorganisation listed isational change as a whole is generally accompa-
in Section2.2above. nied by technological innovation and new human
Now that it has been demonstrated that technologi- resources practices.

cal change and organisational change often go together,(e) The still few recent studies that have examined

some studies have also shown — not surprisingly, given the correlation among new technologies, organi-

the results discussed in Secti@$ and 2. 2above —that sational change and skills suggest a superadditive

this combined modification of a firm’s structure gives skill bias effect of reorganisation combined with

rise to anincrease in the demand for skills. For instance, technological change.

Hitt and Brynjolfsson (19973urveyed about four hun-

dred firms and found not only that greater levels of ICTs ~ In the following sections we will try to go a step fur-

were associated with increased delegation of authority ther asregards previous empirical literature, the attempt

to individuals and teams, but also that the combination being to jointly test the SBTC and SBOC hypotheses

of technological and organisational change involved and assess both their relative statistical Significance and

skill bias both in the firms’ actual workforces and in  the possible occurrence of superadditive effects.

their recruitment strategies.

More recentlyBresnahan et al. (2002)sing data

covering approximately 250 US firms (1987-1994) in 3. Some results from Italian manufacturing

cross-section, have demonstrated that labour demand

has undergone structural changes in favour of skilled  This section describes an empirical analysis of a

workers only when the introduction of computers has sample of Italian manufacturing firms, the purpose be-

been accompanied by reorganisation within the firm. ing to assess whether technological change and reor-
ganisation are possible determinants of the skill bias in

a medium-technology country.
2.4. A summary of the empirical literature

Table 2

A summary of the empirical works discussed in the - -
Some descriptive statistics

previous sections is given ifable 1

The main findings of this literature can be sum- Sample Population
. : ) : (1991) (1991)
marised in the following points:
Observations 400 4169
. " .. Employees (average) 351 310
(a) North American and British empmcal analyses Sales (average, million ltalian lira) 93989 85478
usually support the SBTC hypothesis regardless of rep (%) 1989-1991 48 36.99
the level of analysis or proxy used to measure tech- ORG (%) 1989-1991 41.75 37.80

nology. ORG and R&D (%) 1989-1991 23.25 20.24
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The data are taken from a representative database ofof selecting a subsample where innovative firms make
Italian manufacturing firms with more than 11 employ- up about half of the firms examined (48%) and firms in-
ees (for details on the stratified methodology used to volved in organisational change more than 40%, which
create the survey sample, Sdlediocredito Centrale,  permits a more balanced empirical analysis of the im-
1999. This database comprises the replies to three pact of SBTC and SBOC.
gquestionnaire waves administered by the investment  With reference to skills, the MCC data enabled
bank Mediocredito Centrale (MCC) in 1991, 1994 and identification of two broad categories of homogeneous
1997, with each questionnaire collecting retrospective workers: white-collar (WC, including the entrepreneur
data for 3 year8 By considering only reliable and com-  and family assistants, senior and junior managers, and
plete data strings overlapping the three waves and ex-office workers) and blue-collar (BC, manuals).

cluding obvious outlierd? a sample of 400 firms was The econometric specification is conducted within a
obtained. theoretical framework based on the transcendental log-
Table 2provides some descriptive statistics. arithmic (or translog) firm cost function. The model

As can be seen froffable 2 our final sample turned  used is in long differences, with technological and
out to be characterised by larger and more innovative organisational change referring to the 3-year period
firms in comparison with the entire survey population 1989-1991 and the dependentand controlling variables
of 4169 firms!! In fact, the dynamic specification de- referring to the subsequent period 1991-1997. The
scribed below required selection of only those firms advantages of this specification are that it eliminates
covered by all the questionnaire waves (the overlap was firms’ fixed effects and possible problems of endogene-
561 firms and 400 firms after the cleaning procedure ity (one such problem is that only firms which already
described above). These firms were larger and more in- have skilled workers have the potential for innovative
novative than the average; an outcome due to both of investment: sedcemoglu, 1998; Kiley, 1999 In this
the survey methodology and to a “survivor bias”. As regard, it was not possible to use a dynamic panel struc-
regards the former, while being stratified for smaller ture (such as the GMM approach, s&éeellano and
firms, MCC surveys attempt to include all manufac- Bond, 1991; Blundell and Bond, 199&ecause — in
turing firms with more than 500 employees in all the the MCC database — technological and organisational

waves (sed/lediocredito Centrale, 1999. 5). As re- determinants were not represented by variables with
gards the latter, larger and older firms are more likely a temporal structure, but only by qualitative dummies
to survive (secAudretsch et al., 199@nd Santarelli (and in the case of the organisational dummy, infor-

and Vivarelli, 2002 and thus more likely to enter our mation was only available for the first wave, i.e. for
overlapping subsample of 400 firms. While this sample the first 3-year period). However, long differences is
selection is obviously detrimental to the representative- considered the most viable method with which to test
ness of our analysis, it is also true that larger firms are a dynamic specification in the absence of a time-series
more likely to be involved in the phenomena examined structure in the available data (for similar economet-
by this paper, namely technological and organisational ric strategies seblachin et al., 1996; Caroli and Van
change (this is the so-called Schumpeterian hypoth- Reenen, 2001
esis; seeschumpeter, 1942; Audretsch, 1995; Cohen In more detail, following a rather standard approach
and Klepper, 1996 Thus, there is an obvious trade-off (see, among otherdartel and Lichtenberg, 1987;
between the advantage of maintaining a fully represen- Berman et al., 1994; Machin and Van Reenen, 1998;
tative sample of overall Italian manufacturing and that Caroliand Van Reenen, 2001the method used is based
on estimation of a restricted cost function given only
9 To avoid the use of misleading data, firms subject to takeover or DY the cost of labour (the only variable factors of pro-
break-up involving major employment discontinuities were excluded - duction are the two categories of workers) while capital

from the sample. For the few remaining cases, two dummies indicat- gnd techno|ogy are assumed to be quasi fixed factors
ing whether the firm declared takeovers or break-ups were included for firm i:
in the econometric analysis (see below). '
10 According to Grubbs’ test.
11 The total number of firms is 4169 without any missing value on
sales and employment in 1991. LC; = f(Yi, Ki, Wij, SB) 1)
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where LC is the labour cost;the translog functional
form; Ythe outputK the capitalw ; the wage for thgth
category of workers (in our cage 2: WC the white-
collars, i.e. non-manuals and BC the blue-collars, i.e.
manuals); SB the possible sources of Skill Bias, namely
R&D and/or organisational intangible investments.

With all the variables in logarithms, minimisation
of costs and implementation of Shephard’s lemma, we
obtain:

3InLC;

= ——— = ¢ +aIn(¥) + In(K;)
alnw; wec

Si

Wi wC

+yIn (w—> + §In(SB;) 2

i,BC

wheres represents the share of labour cost of white-
collars.

To eliminate they; fixed effects, we shift to a speci-
fication in differencesA4) and we obtain the following
stochastic form with a random error teroy:(

As; = aAIn(Y;) + BAIN(K;)

M) + 8AIN(SB) + u;

Wi BC

+yA In < 3)

In this specification, the relative wage variable carries
a risk of endogeneity — owing to its collinearity with
the dependent variable — and is generally eliminated
or instrumented (se€hennells and Van Reenen, 2002
p. 184;Machin and Van Reenen, 1998. 1225, Eq.
(2)). However, the specification proposed in (3) can
be proxied by using information on employment (see
Bartel and Lichtenberg, 198@p. 7-8), and in this case
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ment component alone isolated from the wage compo-
nent) and that it does not require instrumentation of the
wage regressor (s€hennells and Van Reenen, 2002
p. 178).

Starting from the general specification (3) with
WC/BC as dependent variable, we used a Seemingly
Unrelated Regression (SUR; sédiner, 1962 method
jointly testing two equations: one for the white-collars
and one for the blue-collars. This method is based on
the assumption that the right-hand part of the equa-
tion is independent of the error term, that the errors
are crossed, and that the method therefore guarantees
greater efficiency compared with an OLS estimation
of the single equations. These assumptions are likely
to hold in our specification (see E@) below), where
basically the same equation (demand for labour) is ap-
plied to two different components (WC and BC) of the
same workforce within the same unit of analysis, that
is, the firm (for examples of previous papers using the
SUR methodology in the empirical investigation of the
sources of the skill bias, sdgetts, 1997 p. 146, Eq.

(2); Adams, 1999p. 501, Eq. (5); for a discussion of
this methodology, seBanders and ter Weel, 2004p.
22ff).

In this context, in our joint econometric specifica-
tion the dependent variables are the log of differences
(1991-1997) in WC and BC. The aim is to test the role
of the two possible determinants of skill bias — mea-
sured as dummies which indicate the presence or ab-
sence of R&D expenditure and organisational change
(ORG)* in the previous period 1989-1991 — control-
ling for contemporaneous determinants such as output
(sales), capital and labour costs (WC and BC wages)

the dependent variable can be measured either as thevhich may influence the causal link we want to ex-

ratio of white-collars (WC) to total workers or the ratio
of white-collars (WC) to blue-collars (BC). Although
less straightforward from a theoretical point of view,

plore. Because the average annual wages of WC and
BC workers were not provided by the MCC database,
they were calculated by merging the MCC sample with

the specification in employment shares has been usedthe INPS (Italian National Institute for Social Secu-

— either alternatively or jointly with the specification in
labour cost shares — by many researchersBsgman
etal., 1994p. 384, footnote 1¥achin, 1996p. 139ff.

and Tables 7.4-7.®oms et al., 199/p. 270, Eq. (2);
Machin and Van Reenen, 199Bp. 1226-1230 and
table Appendix 1Siegel, 1998Eq. (5) and Table 8;
Aguirregabiria and Alonso-Borrego, 20#gs. (1) and
(5))- The advantages of this alternative specification are
that it enables direct testing of the sources of the skill
bias in the demand for labour (that is, on the employ-

12 For R&D the question in the questionnaire was “whether the
firm has carried out investments in R&D activity during the past 3
years” and for ORG “whether the firm has carried out significant
organisational changes in its structure”. Although oversimplifying,
these questions (the only ones available in the first 1989-1991 wave,
which unfortunately did not include any other possible measure of
R&D intensity) were addressed to the top managers of medium and
large firms (se@able 9. Hence their answers should be considered
homogeneously reliable.



M. Piva et al. / Research Policy 34 (2005) 141-157 151
Table 3
SUR estimates of changes in the demand for WC and BC between 1997 and 1991 (R&D and ORG)
(1) dwc (2)diBC (3)diwc (4)dIBC (5) diwc (6) diBC

Constant QL7 (1.34) 012 (1.17) —0.13 (1.83J —0.05 (0.64) 0.16 (1.33) —0.05 (0.64)
Sales 02 (5.795" 0.38 (6.34)" 0.31 (5.64)" 0.39 (6.58§" 0.31 (5.51§" 0.40 (6.60§™
Capital 004 (1.11) 009 (2.49)" 0.04 (1.02) 010 (2.62)" 0.04 (1.04) 010 (2.57"
Wages —0.60 (6.96§" —0.004 (0.04) —0.59 (6.91" —0.01 (0.15) —0.59 (6.88§" —0.01 (0.14)
R&D 0.02 (0.36) —0.01 (0.19)
ORG Q06 (1.46) —0.08 (1.83]
ORGx R&D 0.09 (1.78§ —0.10 (1.82)
Fixed effects

B 5.56° 121 595 1.18 586 1.23

Size 2575" 1253™ 26.20™ 10.42" 27.29™ 11217

Sector 053 235 040 258 078 181
R? 0.23 019 024 020 024 020
Observations 400 400 400 400 400 400

t-statistics in brackets. R&D and ORG refer to the 3-year period 1989-1991; WC, BC, sales, capital and wages are all expressed as a difference
of the logarithm (1997-1991). With reference to the fixed effects (TB = takeovers and breakups; size =five firm size classes; sector = four-sectors
Pavitt's taxonomy) the result of a Wald test is given, under the null hypothesis of zero value of the relevant dummies. All three models prove to
be superior to OLS estimates, according to the relative Breusch-Pagan'g#éb}s: 75.355" , x2(1) =74.356" , x2(1)=74.008" .

* Significant at 10%.
** Significant at 5%
*** Significant at 1%.

rity) databasé? All the variables were deflated and

the econometric contrdf* As a matter of fact, Italian

expressed according to 1990 prices. Capital, K, was manufacturing comprises a large fringe of family busi-
derived from the balance sheet item “net technical as- nesses — some of them relatively large in size, like most
sets”, while output, Y, was quantified in terms of sales. ofthosein our sample (s&able 29 —either operatingin

Formally, we tested the following specification:

AIN(WC;) = C + aAIn(Y;) + BAIN(K )

+yAlIn(wwe,) + A SBi -1 + uir,

AIn(BC;,) = C +aAln(Y;) + BAIN(K;)

+yA ln(wBC;,) + XSB‘i,t—l + uj
with SBj¢—1 (Skill Bias dummy) =alternatively:
R&Djt_1, ORG 1 and R&D _1 x ORG t_1.

Additional controls were included: four Pavitt-
sector fixed effectsRavitt, 1983, five firm-size fixed
effects (11-20; 21-50; 51-250; 251-500; >500 em-

traditional industries or below the technological fron-

tier when active in advanced sectors (Beekart et al.,

2003. Hence, consistently with the findingsidaskel
) and Slaughter (2002n the case of our sample the shift

from unskilled to skilled labour is unlikely to be driven

uniquely by in house RD activities.
The ORG variable instead affects the demand for
BC and WC with the expected signs and proves to be

significant in determining redundancy among the un-

ployees), and two fixed effects related to takeovers

or break-ups (TB) declared in the period 1991

1997.

Table 3 presents the results. The first finding

skilled. This is consistent with a view of Italy that orig-
inated withFua (1988) who stressed the importance
of the so-called organisational-entrepreneurial factor

14 Nor can significant effects of the technological variables be found

in Aguirregabiria and Alonso-Borrego (2004jth regard to Spanish

firms, inGreenan (2003)ith regard to French firms or i@aroli and

(columns 1 and 2) suggests that the alleged role of Van Reenen (2008gain with regard to French firms. Of course, this

R&D alone in determining skill bias is not robust to

finding does not rule out a possible role by other forms of techno-

logical change — not detectable in this study — such as knowledge
I embodied in new machinery and capital equipment and acquisition
13 This complex and costly merging procedure was restricted to the of information relevant to innovation projects from clients and/or
sample of 400 firms and not extended to the entire MCC database. It suppliers (se®iergiovanni and Santarelli, 1996; Piergiovanni et al.,
is for this reason that wages do not appearable 2

1997.
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Table 4
SUR estimates of changes in the demand for WC and BC between 1997 and 1991 (SHOPFLOOR)
(1) diwc (2) diBC (3)diwc (4)diBC

Constant —0.13 (1.76) 0.13 (1.30) —0.14 (1.90) 0.12 (0.86)
Sales 31 (5.64" 0.39 (6.60§™ 0.30 (5.45§" 0.40 (6.70§"
Capital Q04 (1.05) 010 (2.60§™ 0.04 (1.05) 010 (2.58§"
Wages —0.59 (6.94) —0.01 (0.12) —0.59 (6.91" —0.01 (0.12)
SHOPFLOOR W5 (1.22) —0.09 (1.91)
SHOPFLOORX R&D 0.09 (1.83] —0.12 (2.20§"
Fixed effects

B 6.12 1.20 604" 114

Size 2618™ 14.73™ 26.95™ 11157

Sector 042 266 081 188
R2 0.24 020 024 020
Observations 400 400 400 400

t-statistics in brackets. SHOPFLOOR and R&D refer to the 3-year period 1989-1991; WC, BC, sales, capital and wages are all expressed as ¢
difference of the logarithm (1997-1991). With reference to the fixed effects (TB = takeovers and breakups; size =five firm size classes; sector:
four-sectors Pavitt's taxonomy) the result of a Wald test is given, under the null hypothesis of zero value of the relevant dummies. The two

models prove to be superior to OLS estimates, according to the relative Breusch—Pagary3(tBsts74.520" , x2(1)=73.619" .

* Significant at 10%.
** Significant at 5%.
** Significant at 1%.

in re-shaping the profile of those Italian firms which do
not rely on their own R&D as the sole source of change.
Finally, in columns (5) and (6) an interaction dummy
representing the joint presence of ORG and R&D ex-
hibits higher and more significant coefficients when

functions, we found that the variable ORG was mainly
driven by changes atthe SHOPFLOOR level, including
transformations in the Production and Quality Control
business function® In its turn, this specific variable

exhibited a better statistical performance than did the

compared to ORG in the previous estimates (3) and general dummy ORG (see followirigble 4.

(4).1° This result suggests a superadditive skill bias
effect of reorganisation combined with technological
change, and it is consistent with the findings sum-
marised in Sectio@.3above.

For a more detailed investigation of the role of ORG
in reshaping the composition of the demand for labour,
we were able to use an additional piece of informa-
tion from the original MCC questionnaire. As far as

As shown by the results iTable 4 organisa-
tional changes at the shopfloor level affect the rel-
ative demand for WC and BC with the expected
signs, while a clearer superadditive effect emerges
from the significant coefficients in columns (3) and
(4).7 A peculiarity of the Italian case is that both the
sole impact of SHOPFLOOR and the joint effect of
SHOPFLOORx R&D seem to be unbalanced both in

organisational change is concerned, the complete ques-terms of statistical significance and the values of the co-

tion was: “whether the firm has carried out significant

efficients. In other words, organisational change at the

organisational changes in its structure and, if yes, in level of the workfloor mainly implies the redundancy

which business function (Marketing, Distribution, Pro-
duction, Finance, Administration, Management, Qual-
ity control, Other)”. Testing the impacts and joint in-

teractions of different dummies for each of these firm’s

15 Note that the simultaneous inclusion of the three dummies —
R&D, ORG and ORGx R&D - is not econometrically appropriate
due to the obvious high collinearity between the interaction variable
and its two components (the linear correlation between R&D and
ORGx R&D is 0.57 and between ORG and OR@R&D is 0.65).

16 SHOPFLOOR assumes value 1 when there has been an organi-
sational change either in the Production function or the Quality Con-
trol procedure or in both; the linear correlation between ORG and
SHOPFLOOR was equal to 0.92. The SHOPFLOOR dummy as-
sumes a value of 1 in 38% of firms in the sample (while it assumes
avalue of 1 in 21.94% of the entire population).

17 Changes in all the other business functions were found to be
statistically not significant in their impacts on the relative demand
for WC and BC workers.
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of blue-collars while it weakly increases the demand
for white-collars.
4. Policy implications

The descriptive statistics for the G-7 countries pre-
sented in Sectio? show a clear upskilling trend in

153

tively affected by an inefficient mix of ICTs and new
working practices? If this is the case, HRM and ed-
ucation policies may decisively mitigate the impact of
technological and organisational change upon the most
vulnerable workers.

Turning to education and training policies, some of
the previous literature suggests that workers are bet-
ter off with general rather than vocational education,

manufacturing industries over the 1980s and 1990s. In because their skills are in this case less likely to be ren-

the case of Italy, the analysis of a sample of manu-
facturing firms carried out in the present paper shows
that the upskilling trend of employment appears to
be mainly a function of the reorganisational strategy
adopted by the firms, possibly combined with tech-
nological change. Moreover, shopfloor reorganisation
appears to have slightly favoured more skilled workers,
whereas blue-collar workers seem very vulnerable to
the joint effect of reorganisation and the implementa-
tion of new technologies.

In terms of policy prescriptions, these findings sug-

gest that reorganisational strategies should be cou-

pled with intervention regarding HRM at the level
of the firm, especially with regard to production
workers. Indeed, the lack of complementary man-

dered obsolete by technological progress (dekson
and Phelps, 1966; Maurin and Thesmar, 2004

This policy implication appears to be consistent
with the view of ICTs as pervasive “general-purpose
technologies” applicable across a wide range of func-
tions and tasks (se&resnahan and Trajtenberg, 1995;
Freeman and Logg 200).1° On this view, both tech-
nological change alone and any parallel organisational
change require general and adaptable skills rather than
specific competencies. In this regatdiueger and
Kumar, 2004buse OECD data to show how the US
surpasses Europe in providing general tertiary educa-
tion: they show that the ratio of general to vocational
education subsidies in post-secondary school is equal
to 1 in Germany and Italy, while it is 2.55 in the US.

power strategies increases the likelihood of redundancy This evidence is considered by the authors as a possi-
among blue-collar workers, who may be particularly ble determinant of higher productivity gains and eco-
exposed to labour-saving organisational and techno- nomic growth in the US, compared with Europe (see
logical changes (for instance, according to the em- alsoKrueger and Kumar, 2003a
pirical results byWolff (1995), “motor skills” seem Indeed, when new technologies and new organisa-
to be affected by a long-term absolute decline, see tional practices require the workforce to have task,
also Freeman and Soete, 199Hence, policy mak-  functional and sectoral flexibility, and make specific
ers should support holistic strategies at the level of the skills rapidly obsolescent, secondary and tertiary ed-
firm (on-the-job training aimed at transferring updated ucation should be targeted more on general content,
capabilities to workers), and they should promote ed- models and methodologies rather than on specific tech-
ucation and off-the-job training. In other words, only nical competencies. According ®resnahan (1999)
education and training can maximise the joint impact andBresnahan et al. (2002)eneral education should
of technological and organisational change on firms’
performance and aggregate welfare. 18 We thank one of the referees for suggesting this line of interpre-
One can go a step further and suggest a “three an—tigion- _ _
gle” management strategy where organisation, tech- Moreovgr — and beyond the scope of this paper — it sh(_)uld be
. . borne in mind that ICT-based general purpose technologies also
n0|09y an_d skills are the_ compo_nen_ts of the trlangle massively affect the services sector ($deinknecht, 200), with
(seeCaroli, 200). According to this view, our resultS  the processes of SBTC and SBOC occurring in a similar manner to
show that a good match between these different factorsthose detected in manufacturing activities and affecting both service

seems to hold at the white-collar level, while a possi-
ble mismatch negatively affects the demand for blue-
collars. In this framework, blue-collars are not neces-
sarily “victims” of intrinsically labour-saving techno-

workers and service consumers (&sgit and Soete, 2001Among
studies which consider the skill bias in services as well as in man-
ufacturing, seéutor et al. (1998) Gera et al. (2001)Mairesse et

al. (2001) Falk and Koebel (2004)However, only a few studies
have specifically investigated skill bias in the service sectors (see,

logical and organisational change; they are only nega- for instanceKaiser (2000andEvangelista (2000)
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also deliver anumber of “non-cognitive” skills, ranging seen solely as a necessary response to the technical
from interpersonal skills to the ability to work steadily challenges raised by the “new economy” and the ICT

and autonomously, from flexibility to an ability to influ-

revolution; it should also be viewed as an institutional

ence team-mates and inspire subordinates (quite con-context favouring the diffusion of general knowledge,

sistently,Wolff (1995), finds that the demand for “cog-
nitive skills” was strongest in the 1960s than in the
1980s).

These prescriptions seem to be consistent with the

empirical results discussed in the previous section:
if skill-upgrading is not triggered by technological

change alone, but mainly by organisational change
(possibly combined with the former), the need for

social and communication skills, and “learn how to
learn” capabilities (sekundvall, 1992; Lundvall and
Johnson, 1994; Lundvall et al., 2002

5. Conclusions

Recent theoretical and empirical studies have fo-

engineers and IT technicians no longer emerges ascused on the contemporaneous occurrence of techno-

paramount, while the increasing demand for a multi-
skilled and easily adaptable workforce calls for an in-
crease in the supply of general education and training

logical and organisational change within firms. Using
a unique database, this paper improves on the previ-
ous literature in jointly considering the SBTC and the

at the high and intermediate levels. The latter seems SBOC hypotheses, otherwise generally tested in sepa-

to be particularly important, since workers’ greater in-
volvement and autonomy require general knowledge
even at the level of the shopfloor (blue-collar) and at
that of routine clerical work?

For instance;Torrisi (1998)— in his study on the
software industry — shows that high-level specific skills

for ICTs, such as mathematics and computer science,

should be coupled with intermediate and less spe-
cific skills based on work experience and system en-
gineering. However, Torrisi also shows that “general-
purpose” capabilities (more connected with general ed-
ucation) are just as important as “context-specific” ones
(more closely connected with vocational education and
training). Indeed, the former prove to be crucial in ab-
sorbing knowledge from universities and competitors,
while the latter are importantin relationships with users
(Torrisi, 1998 pp. 144ff.). These considerations prompt
an alternative view which sees general and vocational
education as complements rather than substitutes.
Finally, if organisational change (possibly com-
bined with technological change) proves to be “knowl-
edge biased” for all levels of the workforce, the con-
cept of a “learning society” warrants closer attention,
and should shape the evolution of education policies.
Thus, the building of a learning society should not be

20 For a similar opinion, se&teedman et al. (1998nd Caroli
(2001) Indirect evidence on the unfulfilled need for more general
knowledge at the intermediate and lower levels of the occupational
structure is provided by the use of graduates at the shopfloor level,
seeMason (1996 andMason and Finegold (1997)

rate estimates.

In more detail, this paper offers new evidence on
the effect of technological and organisational change
on the skill composition of Italian manufacturing em-
ployment. In particular, it shows that:

(a) The alleged role of R&D alone in determining skill
bias is not confirmed by econometric estimations;
this result is in contrast with previous evidence
from US data, but consistent with previous empir-
ical papers which have used European data from
less technologically advanced countries.
Significant organisational changes made by a firm
to its structure and particularly to its shopfloor
functions are major factors affecting skill compo-
sition; in comparison with previous literature, this
result suggests a possible dominant role of organ-
isational change at the shopfloor-production level.
Combining R&D and the organisational variables
yields a higher and more significant impact; this
outcome is consistent with recentresults from man-
agerial literature based on case studies.

(b)

(©)

If this is the nature of the skill bias, a possible impli-
cation for education and training policies is that gen-
eral knowledge — including non-cognitive capabilities
—should be fostered. The correlated research question
as whether general and vocational education are com-
plements or substitutes in affecting both a firm’s perfor-
mance and the aggregate economic growth is a matter
for further investigation.
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