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ABSTRACT

Using a unique nationally representative sample of U.S. establishments surveyed in both 1993
and 1996, we examine the relationship between workplace innovations and establishment productivity
and wages. Using both cross-sectional and longitudinal data, we find evidence that high performance
workplace practices are associated with both higher productivity and higher wages. Specificaly, we
find a positive and significant relationship between the proportion of non-managers using computers and
productivity of establishments. We find that firms that re-engineer their workplaces and incorporate
more high performance practices experience higher productivity. For example profit sharing is
associated with increased productivity and employee voice has a large positive effect on productivity
when it is done in the context of unionized establishments. These workplace practices appear to explain
alarge part of the movement in multifactor productivity over the period 1993-1996. When we examine
the determinants of wages within these establishments, we find that re-engineering a workplace to
incorporate more high performance practices leads to higher wages. However, increasing the usage of
profit sharing results in lower regular pay for workers, especially technical workers and clerical/sales
workers. Finally, increasing the percentage of workers meeting regularly in groups has alarger positive
effect on wages in unionized establishments.
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|. Introduction

With the recent release of historical revisionsto productivity datafrom the Bureau of Labor
Statistics, we know that during the 1990s average annual productivity growth in nonfinancial
corporations in the U.S. was 2.7 percent. Thisrateis even higher than productivity growth experienced
by these types of firmsin the 1960s. Additionally, manufacturing productivity grew even faster at
amost 4 percent annually. This growth in productivity has led many to argue that a“New Economy” is
being created in the U.S. that is being driven by innovations in technology and by the evolution of new
forms of work organization in the context of increased globalization. This“New Economy” is
characterized by firmsincreasing their capital investments especially in information-technology software
and hardware. In addition, more firms are adopting “knowledge-based” work processes in which an
increasing proportion of non-managerial workers are involved in problem solving and identifying
opportunities for innovation and growth. Some have argued that increased manageria focus over the
1980s-1990s on quality management, continuous innovation, incentive based compensation, and
employee involvement programs has in turn raised the productive capacity of our economy. Data
collected from a representative sample of businesses in the U.S. shows that by 1996 many employers

have in fact adopted what are often labeled “high performance workplace practices’ (see Figure 1).

However, there is limited causal evidence on the role of technology and workplace innovation
in generating rising productivity during the 1990s. Asaresult, it ishard to forecast the potential
sustainability of this“New Economy” into the future. Recent studies by Oliner and Sichel (2000) and
Jorgenson and Stiroh (2000) attempt to decompose labor productivity growth into contributions coming

from capital deepening and multifactor productivity growth (the growth in output that can not be
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accounted for by changesin labor and capital inputs). These studies find for the U.S. during the 1990s
that dightly more than one half of the growth in output in private nonfarm businesses can be explained
by multifactor productivity growth. When one looks at the manufacturing sector alone during the 1990s
one can see (Table 5) that multifactor productivity growth during the 1990s was an extremely important
component of output growth in this sector. Therefore, getting a better understanding of what might be
driving multifactor productivity growth would be an important step forward in understanding what is

driving the “New Economy”.

This paper seeks to inform the debate on the determinants of the rapid increase in productivity
in the U.S. during the 1990s. Using a unique sample of U.S. businesses over the period 1993-1996 we
examine the role of information technologies (especially computers) and other capital investment,
workplace innovation (including team-work, employee involvement in decision-making and re-
engineering activities, profit sharing), and worker characteristics (education, training, turnover, gender

and race) on productivity.

We then explore how workers' wages have been impacted by innovations in workplace
practices. In particular, wetry to see if those practices which appear to raise productivity are also
associated with higher earnings by workers. Examining the impact of workplace innovation on wagesis
important for two reasons. First, if workers are being asked to take on more responsibilities for
generating innovation in the workplace, how are they being rewarded for this effort relative to the gains
businesses experience from their input? Second, if firmsfind that they need to increase compensation
substantially in order to implement many of these new workplace practices, does it become excessively

costly for them to actually move from more traditional managerial practices to new forms of workplace



organization?

For this study we use a unique nationally representative sample of manufacturing establishments,
drawn from the Educational Quality of the Workforce National Employer Survey, EQW-NES. This
survey is composed of two waves of interviews of representative samples of U.S. manufacturing and
non-manufacturing establishmentsin 1993 and 1996. The first wave in 1993 included over 1,600
manufacturing establishments and the second wave in 1996 included over 2,500 establishments
(including a panel of approximately 700 establishments). The survey has a higher response rate than
most previous studies and contains very detailed information on specific employer practices and
investments in new technology including computersWe match plant level practices with plant level
productivity and wage outcomes and estimate production functions and wage equations using both
cross sectional and longitudinal data. The existence of panel data allows us to control for unobserved

time invariant establishment characteristics.

Consistent with our earlier work (Black and Lynch 1996 and 2001), we find that high
performance practices do affect firm productivity. Specifically, we find a positive and significant
relationship between the proportion of non-managers using computers and the productivity of
establishments. We find that firms that re-engineer their workplaces to incorporate more high
performance practices experience higher productivity. Profit sharing is aso associated with higher
productivity. Inaddition, we find that employee voice (proxied by the percentage of workers who
regularly meet to discuss workplace issues) has alarger positive effect on productivity when it isdonein

the context of unionized establishments.
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When we examine the determinants of wages within these establishments, we find that re-
engineering aworkplace to incorporate more high performance practices leads to higher wages.
However, increasing the usage of profit sharing or stock options results in lower regular pay for
workers, especially technical workers and clerical/sales workers. Finally, increasing the percentage of

workers meeting regularly in groups has alarger positive effect on wages in unionized establishments.
II. Background Discussion
Wor kplace Innovation and Productivity.

Our work is not the first to examine the impact of workplace practices on the productivity of
businesses, but much of the previous work on this topic has been limited in several ways." Some of the
most detailed and insightful work on the adoption and nature of new workplace practices has been
done on a case study basis.? However, while these studies have provided us with awealth of
information on the chain of events that resulted in the adoption of new workplace practices, it is difficult

to generalize these results to a broader spectrum of the economy.

One solution to this problem is to conduct a detailed intra-industry study of the adoption of
workplace practices such as was done for the steel industry by Ichniowski, Shaw and Prennushi
(1997). The advantage of intra-industry studiesis that one can collect a high degree of detailed

information on the variation of practices within a sector and see how they are related to variationsin

1See Black and Lynch (2001) for a more detailed review of the literature.

ZThisincludes for example work on auto plants by Krafcik (1988) and Womack, Jones and
Roos (1991), a paper mill by Ichniowski (1992), two apparel plants by Berg, Appelbaum, Bailey, and
Kalleberg (1996), and aregional phone company by Batt (1995).
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performance.® By examining human resource practices associated with one specific production process
it is possible to greatly reduce problems of underlying heterogeneity of production processes. Most of
the intra-industry studies conclude that the adoption of a coherent system of new human resource
management practices such as flexible job definitions, cross-training, and work teams, along with
extensive reliance on incentive pay, results in substantially higher levels of productivity than more
traditional human resource management practices (less flexible, close supervision, hourly pay). While
these results represent an important contribution to the literature on workplace practices and

productivity, it is again not easy to generalize these findings for a broader segment of the economy.

Another research strategy, which is applied here, isto survey a more representative sample of
firms (typically cross section but also longitudinal) and examine the impact of workplace practices on
broader measures of performance such as productivity or profitability. While a number of papers have
examined this relationship and found a significant correlation between human resource management
systems and various measures of business performance, this work has been limited by problems such as
subj ective measures of productivity, low response rates, and the use of indexes of workplace practices,

which lead to ambiguitiesin interpretation..

In earlier work (Black and Lynch 1996) using a unique representative survey of U.S.

businesses, the Educational Quality of the Workforce National Employers Survey | (EQW-NESI), we

30Other examples of intra-industry studies include work by Arthur (1994) on the steel industry,
Kelley (1994 and 1996) on the machine tool industry, and Bailey (1993) and Dunlop and Weil (1996)
on the apparel industry.

“See work by Ichniowski (1990),Huselid (1995), and Huselid and Becker (1996).
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examined the impact of workplace innovation on labor productivity by estimating a standard cross
section Cobb Douglas production function (separately for manufacturing and non-manufacturing) that
was augmented by our measures of workplace practices, information technology, and human capital
investments. In subsequent work (Black and Lynch 2001) we used panel data to estimate a Cobb
Douglas production function with labor productivity as our dependent variable and capital/labor,
materialg/labor, year dummies, and 2 digit SIC industry controls interacted with year dummiesfor a
matched data set of manufacturing establishments from the first round of the EQW-NES | survey and
the Census Bureau' s Longitudinal Record Database panel of manufacturing establishments covering the
period of 1987-1993. The average residual over this period for each establishment was then used as a
measure of the establishment fixed effect and was regressed on our measures of workplace practices,
human capital investments, diffusion of computer usage and other employee and employer
characteristics to determine their association with productivity. In thisway we tried to see how the
information on workplace practices we obtained in the EQW survey was related to which businesses

did better or worse on average over the period 1988-1993.°

In both of these studies we found that workplace practices do matter, no matter how the

production function was estimated. However, we found that what was associated with higher

*One advantage of this two-step procedure relative to the estimation of the cross section
production functionsis that we can address the issue of biases in the estimates of the coefficients of
capital, labor, and materials due to correlations with the firm specific-time invariant components of the
error term. We did this using both within and generalized method of moments (GMM) estimators to
address omitted variable and endogeneity bias. While the GMM estimator can help address
endogeneity and measurement error biases when using panel data, biases can still arise in estimating the
coefficients on the vector of workplace practices in the second step since we did not have panel
information on workplace practices.
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productivity was not so much whether an employer adopted a particular work practice but rather how
that work practice was actually implemented within the establishment. For example, ssmply adopting a
Total Quality Management system has an insignificant or negative impact on productivity unless the
proportion of workersinvolved in regular decision making within the plant is also high. In other words,

it is not so much what you say you do, but how you do it that matters.

We aso found important differences across plants on the basis of the type of labor-
management relations within the plant. Establishments with more traditional unionized labor-
management relations including little or no direct participation of employeesin decision making, had
substantially lower productivity than unionized plants that had adopted new workplace practices,
including incentive-based compensation and greater employee participation in decison making. In
addition, these unionized plants performed much better than even non-union plants that had adopted

similar high performance workplace practices.®

These findings suggest that establishment practices that encourage workers to think and interact
in order to improve the production process are strongly associated with increased firm productivity.
We found that the higher the average educational level of production workers within aplant is, the more
likely the plant has performed better than average over the period 1988-1993. In addition, although

the proportion of managerial workers who use computers had no impact on labor productivity, the

*Workers may be more willing to participate in employee involvement programsif they feel the
union will protect their employment security. Agreements made between managers and workers may
not be legally enforceable so the presence of unions, as discussed by Malcomson (1983), can address
incentive compatibility problems that may arise at the workplace. 1n addition, negotiations that
management undertakes with workers about the introduction of new workplace practices are less
expensive if the company only has to deal with union specialists rather than each individual worker.



greater the proportion of non-managerial workers who use computers, the higher was plant
productivity.’

The finding that workplace practices increase productivity is consistent with the theoretical
discussion presented in Freeman and Lazear (1995). Their work provides atheoretical basisfor the
presence and role of works councils but it could easily be applied to high performance workplace
practices. Intheir model, firms can increase total rents by giving employees a voice in management and
production decisions. However, they do so at a cost; the more voice they give to employees, the
greater the share of rents the employees will appropriate. Thereis some socially optimal amount of
voice/rent taking. Freeman and Lazear show that firms who are maximizing their own share of the rents

and not total rents will under-provide “voice’ to workers. Therefore we would expect to see positive

"In work that builds on our earlier research, Cappelli and Neumark (1999) use the EQW-NES
data set to examine the relationship between productivity, wages, and workplace practices. However,
their methodology is quite different from ours. They only examine manufacturing establishmentsin the
1993 and 1996 surveys who were also in existence in the Census Bureau’ s 1977 LRD. They then
examine the impact of workplace practices on the change in labor productivity of these establishments
over the period 1977-1993 and 1977-1996. As aresult, any manufacturing establishment that was
“born” after 1977 is excluded from their analysis. They do this to get around the problem of omitted
variable bias associated with unobserved establishment characteristics. By assuming that no
establishmentsin 1977 used any high performance practices (e.g., profit sharing, employee participation
in decision making, benchmarking, investments in human capital, etc...) they argue that they can use
values of workplace practicesin 1993 or 1996 in a ‘fixed effect’ first difference model where the
dependent variable is the difference in labor productivity between 1977 and 1993 or 1977 and 1996.
Thisisarather unusual and problematic choice of sample since a substantial part of the story of
workplace innovation throughout the 1980s and 1990s has been the creation of “greenfield” sites such
as SATURN, where firms were able to implement new forms of workplace organization in brand new
facilities. To exclude these types of establishments from the analysis significantly reduces the
generalizability of the results and may bias them against finding any effect of workplace practices on
productivity.



effects (even on the margin) of these workplace practices on productivity and wages.®

While there are strengths and weaknesses associated with all of the above-mentioned empirical
research, the primary advantage of our work is that we use arich panel data set from a nationally
representative survey of establishments to determine whether the impact of workplace innovation
obtained at the firm-specific or industry-specific level hold more generally or not. Having observations
on establishments at two different pointsin timeis crucial because it alows us to control for unobserved
time invariant establishment characteristics. The length of time between the two surveysislong enough
for asignificant number of changes in workplace practices to have occurred and short enough to
minimize the problem of “births” and “deaths’ of establishments that could limit the generalizability of
our results. The survey (both the cross sections and the panel component) has a higher response rate

than most previous studies, and it contains very detailed information on specific employer practices.

8There is also agrowing theoretical and empirical debate on the existence of synergiesin
bundles of human resource management practices. Milgrom and Roberts (1995) argue that the impact
of a system of human resource practices will be greater than the sum of its parts because of the
synergistic effects of bundling practicestogether. Kandel and Lazear (1992) argue that introducing a
profit-sharing plan for all workersin afirm may have little or no impact on productivity unlessit is linked
with other practices that address the inherent free rider problem associated with corporate wide profit
sharing plans. The empirical evidence on synergiesis mixed, with Huselid (1995) and Ichniowski et. al.
(1997) arguing that bundles matter more than individual practices and Delaney and Huselid (1996)
finding no effect from bundling. In this paper we test for the existence of these synergies explicitly. In
our earlier work, Black and Lynch (2001), we were able to interact awide range of practices with
each other to seeif there are interaction effects beyond the own effect of specific HR practices. We
believe that thisis alessrestrictive strategy than arbitrarily grouping our businesses into three or four
types of HR practice bundles or using factor analysisto generate an index of HR practices. However,
Ichniowski, Shaw and Prennushi (1997) present compelling evidence (for steel) that systems of
practices are more important determinants of productivity than individual practices. Asaresult, they
conclude that improving productivity requires substantial changesin a set of HRM poalicies, not margina
changesin any one area.
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We test for the importance of synergies in human resource management practices, match plant level
practices with plant level outcomes, and analyze the effects of these practices on objective measures of

productivity by estimating production functions on both cross sectional and longitudinal data.
Workplace Innovation and Wages

When workplace innovations are introduced there are a variety of costs associated with these
innovations that may, or may not, outweigh the productivity benefits. These include the costs of goods
and services (e.g. consultants) associated with the workplace innovation, adjustment costs (lost output
and training costs) and higher wages. So while workplace practices may have a significant impact on
the productivity of businesses, what happens to the wages of workersin firms with these types of
practices? In the second part of our paper we present some preliminary work that examines the
benefits workers may or may not be receiving from working for employers who have innovated their
workplace practices. Thiswork will hopefully also shed light on some of the costs employersincur by

implementing these innovations.

One might expect that those practices which raise productivity of the firm would have a positive
impact on pay, especially if thereis any applicability of the skills associated with working in high
performance workplaces outside the firm. An obvious example of this would be premiums paid to
workers' human capital including employer sponsored training. But non-managerial workers who have
learned how to work in self-managed teams may also become more valuable to other employers as
they acquire problem solving and interpersonal skills. In order to overcome resistance to change

supervisors may have to be paid a wage premium to ensure that they actively participate in (rather than
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undermine) work practices that require them to be a facilitator of groups of workers engaged in
problem solving. These worker groups might otherwise be viewed as a challenge to the authority and
job security of asupervisor. Firmsthat are undergoing substantial re-organization (or re-engineering)
may have to pay a"“ compensating wage differential” to make-up for the increased job insecurity
associated with rapid work re-organization. At the same time, workplaces that are undergoing
substantial change in work organization may also generate increased concerns about job security that
may temper worker demands for increased wages. Finaly, employers who introduce profit-sharing or
stock options to their employees may at the same time lower average regular wages (excluding profit

sharing) to ensure that profit-sharing or stock options create the appropriate incentives.®
Computers, Productivity and Wages

Finally, we are also able to examine the impact of computers on productivity and wages. To
date, thisremains a controversial issue. Research in the 1980s (e.g., Bailey and Gordon (1988)) found
little impact of computers on trends in aggregate productivity growth and Oliner and Sichel (1994)

argued that this was to be expected given that they represented such a small percentage of the capital

*There has been relatively little work that has examined the impact of workplace innovation on
the pay of workers. In Hellerstein, Neumark and Troske (1996) the authors match data from the 1990
Decennia Census with data on manufacturing employers from the Census Bureau’ s Longitudinal
Research Database. This combines detailed demographic information on workers in a sample of plants
with information on plant-level inputs, outputs and labor costs. However, there is no information on
workplace practices in either of these databases. Cappelli and Neumark (1999) using the EQW-NES
(but for arestricted sample of manufacturing establishments that have been in existence since at least
1977) find some evidence that workplace practices such as benchmarking and total quality
management are positively related to average labor costs per worker. But these studies do not examine
changes in wages and how they are affected by changes in workplace practices over time, nor do they
examine how the pay of different categories of workers (managers, supervisors, technical workers,
clerical/sales workers and production workers) isimpacted by these workplace practices.
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stock. Thisisresulted in the so-called technology paradox that high-tech spending during the 1980s
and 1990s did not seem to raise productivity. The recent upward revisions reported by the BLS for
productivity data for the 1980s and 1990s may mean that this high-tech paradox was more of a data
artifact than anything real. In fact, Oliner and Sichel (2000) and Jorgenson and Stiroh (2001) both find
that agreat deal of the productivity growth in the second half of the 1990s can be explained by
information technology.'® But computers may have more than just a direct effect on productivity of
firms. Asdiscussed in Bresnahan, Brynjolfsson, and Hitt (1999), information technologies can also
have an important effect on the ability of firms to implement organizational changes such as reorganizing
production and giving workers more power in decision making — the so-called spillover effect from
investing in information technology. In one of the few empirical studies of investments in
information technologies and organizational change, Bresnahan, Brynjolfsson, and Hitt (1999)

find evidence for complementarities between technology, organizational changes and skills.
Unfortunately their work uses just cross sectional micro data on workplace practices. Therefore,

it isinteresting to examine both the impact of computers and other workplace innovations to see their

impact on productivity and wages.

% n addition, researchers such as Brynjolfsson and Hitt (1993) who used micro-based data
found a positive relationship between computers and productivity while Krueger (1993) found that
workers who worked with computers were paid approximately 15 percent more than similar workers
who did not work with computers. Doms, Dunne and Troske (1997), using plant-level dataon
businessesin SIC 34-38 that was matched with micro data on a sample of individuals within each of
their establishments, found a positive relationship between computers and other advanced technologies
on the one hand and pay and labor productivity on the other hand.
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IIl. TheData

In order to understand the nature and importance of our contribution, it is useful to start with a
description of the data set on which we will work. Thefirst round of the EQW National Employers
Survey was administered by the U.S. Bureau of the Census as a telephone survey in August and
September 1994 to a nationally representative sample of more than 3,000 private establishments with
more than 20 employees'’. The survey represents a unique source of information on how employers
recruit workers, organize work, invest in physical capital, and utilize education and training investments.
The survey over-sampled establishments in the manufacturing sector and establishments with more than
100 employees. Public sector employees, not-for-profit institutions, and corporate headquarters were
excluded from the sample. The target respondent in the manufacturing sector was the plant manager
and in the non-manufacturing sector was the local business site manager. However, the survey was
designed to alow for multiple respondents so that information could be obtained from establishments
that kept financial information such as the book value of capital or the cost of goods and materials used
in production at a separate finance office (typically at corporate headquarters for multi-establishment
enterprises). The sample frame for the survey was the Bureau of the Census SSEL file, one of the most
comprehensive and up-to-date listings of establishmentsin the United States. Although the sampling
frame omits establishments with less than 20 employees, it captures establishments that employ

approximately three-quarters of all workersin the U.S.

"The first survey was designed by Lisa Lynch in collaboration with EQW Co-Directors Robert
Zemsky and Peter Cappelli. The second survey included a subset of questionsidentical to this first
round plus an extensive section on employers  school-to-work activities. The surveys were supported
by the Office of Educational Research and Improvement, US Department of Education.
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The response rate in the first round EQW National Employers Survey for manufacturing
establishments was 75 percent. Thisis substantially higher than most other voluntary establishment
surveys. Of the 1,831 manufacturing establishments who participated in the survey, not all respondents
completed all parts of the survey by the interview cutoff date of October 1, 1994. Therefore, the final
number of manufacturing establishments in the sample for which all parts of the survey were completed

was 1,621. Thisrepresents a 66 percent ‘completed’ survey response rate.

A second survey was administered by the Census Bureau in August 1997*2. There was
oversampling of establishmentsin California, Kentucky, Michigan, Maryland and Pennsylvaniaand a
subsample of establishments that had been contacted in the first round. The final sample of completed
interviews for the second round of the EQW-NES included 2,479 manufacturing establishments,
representing a 63 percent response rate. A panel of 766 establishments (both manufacturing and non-
manufacturing) can be constructed between the two rounds of the EQW-NES. The panel response
rate (for first round establishments who were contacted and completed the interview in the second
round) was 74 percent. The second survey was considerably longer in duration than the first survey
(close to 45 minutes). Therefore, in spite of the high overall response rate there is a high percentage of
businesses that do not provide information on al questions asked including items such as the value of
shipments and sales, the book value of the capital stock, the costs of materials, wages paid to workers

and the proportion of workerstrained. Thiswill reduce the final sample sizes used for analysisin this

paper.

2For more detailed information on response rates for the EQW-NES || see the following
internet address: http://www.irhe.upenn.edu/cgi-bin/cat.pl#nes1997.
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V. Empirical Results
Establishment Productivity

A limitation of our earlier work (Black and Lynch 2001) is that while we were able to match
our survey with longitudinal information on labor, capital and materials, we did not have longitudinal
information on workplace practices and technology. As aresult, the estimated coefficients on
workplace practices and technology may be biased. These biases may be due to correlations between
the second stage regressors and unobserved time invariant plant level characteristics. Although we
believe that the method we used in our earlier work extracted a substantial part of the previously
unobserved fixed effect and that many of the endogeneity issues are related to labor, capital and
materials, these potential biases may have affected our previously reported estimates of the impact of
workplace practices on labor productivity.** Given that we now have two waves of survey data, we

are able to address some of these concerns.
1996 Cross Section Results

As astarting point, we first used the second wave of the survey (EQW-NES I1) and estimated

cross-section production functions to examine whether the impact of workplace practices, technology

BAn example of an omitted variable that may be correlated with our workplace practices and
consequently generate biasesis managerial quality. It may be the case that the presence of good
managersis more likely to be observed in firms with high performance workplace practices. Therefore,
what looks like an effect of workplace practices on productivity is just good management. If it istrue
that good managers are those who adopt incentive-based compensation, get a higher proportion of
their workers involved in decision making, and train a higher proportion of workers to use computers,
then the fact that we are able to include these variables explicitly as regressorsin our analysis means
that there may not be much unobserved managerial quality left. However, the coefficients on
workplace practices will capture the combined effects of the practice itself and the quality of
management. These two effects should be accounted for separately.
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and worker characteristics on labor productivity in 1996 are similar to those estimated using the 1993

data (see Black and Lynch 1996, 2001). These equations are of the form:

D) In(Y/L); = "'In(K/L); + RIn(M/L); + *Z, + ,,
and
2 In(Y/P), = "'In(K/P), + BIn(M/P); + (In(N/P), + *'Z; + ,,

where ,; isan error term and *' is a vector of coefficients on Z; which are establishment specific
workplace practices and characteristics of employees such as education and turnover. In equation (1)
L isthe sum of al workers and in equation (2) we differentiate between production workers (P) and

non-production workers (N).**

We augment the standard Cobb Douglas production function by allowing productivity to
depend upon workplace practices, plant specific human capital measures, the diffusion of information
technology, employee turnover rates, age distribution of the capital stock, and other characteristics of
the establishments using data from the EQW-NES I1. Since we are trying to understand the
tremendous growth in manufacturing productivity during the 1990s, we only focus only on
manufacturing firmsin this paper. Total sales, capital, and material numbers for manufacturing
establishmentsin our survey are adjusted using deflators from the NBER Productivity Database
assembled by Eric Bartelsman and Wayne Gray (1996) and updated recently with the support of

Randy Becker at the Census Bureau. (Seethe Data Appendix for more details).

“Note that we are constraining the model here to assume constant returns to scale but we will
test this assumption in our empirical work.
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One problem with the EQW-NES is that while there is a very high overall response rate,
guestions such as the total value of shipments or sales or the book value of the capital stock had high
non-response rates. But by design, many of the manufacturing establishments in the EQW survey could
be matched with the Census Bureau’s LRD. In this way we are able to replace missing data from the
EQW survey with data from the LRD. Thisallows usin the cross section analysis to nearly double our

sample size from 760 to 1493 observations'.

Table 1 presents the results when we use the 1996 survey and estimate cross section
production functions (equations 1 and 2 above). The results presented in thistable are largely consistent
with our earlier work. In Column 1 of Table 1 we find estimated coefficients on capital, labor, and
materials that are reasonable and similar to those in our previouswork. This carries through when we
divide labor into production and non-production workers and use sales/production workers as our

dependent variable (Columns 2 and 3).16

Consistent with our earlier work, we find a positive and significant relationship between the
proportion of non-managers using computers, suggesting that the diffusion of information technology is

associated with higher productivity. In addition, having a greater proportion of total capital stock 1-4

We were concerned how correlated LRD data on sales and employees would be with EQW
data. Therefore we compared values on sales, capital, material costs, and employment from the LRD
and EQW. We had to construct a book value of the capital stock for the LRD which we did following
Black and Lynch 2001. We found the following correlation coefficients — for sales 0.91, for capital
0.79, for material costs 0.67 and for employment 0.96. We always include adummy variable in our
estimation to indicate if the data on sales, capital, materials are obtained from the LRD or not and thisis
never significant.

¥The imposition of constant returns to scale is always accepted.
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yearsold is positively associated with productivity. Note that the share of the capital stock less than
one year old isinsignificant which may indicate a“learning curve’ associated with the introduction of
new technology. In results not reported here we find that the proportion of managers using computers

does not have a significant impact on establishment labor productivity.

We find that some worker characteristics do have an impact on productivity. For example, the
overall educational level of the establishment (constructed by using the average education of each of five
occupational categories and then using employment shares as weights) is positively related to labor
productivity but when we divide labor into production and non-production workers in equations 2 and
3, education of non-production workersis not statistically significant. However, the average education
of production workersis significant but negatively related to labor productivity. This may be due to the
fact that we are not able to control for average experience or tenure in our equations. Higher turnover,
as proxied by the proportion of the workforce with tenure less than one year, does appear to
significantly reduce productivity asit did in our earlier work using 1993 data. Finally, the proportion of

workers who are women or minorities has no impact on labor productivity.

When we turn to workplace innovations we find that high performance workplace practices
and employee voice appear to be significantly related to establishment productivity. Incentive schemes
do matter, as establishments that offer profit sharing or stock options to any employees as a part of the

compensation package have higher productivity. Re-engineering®’ is significant in some of the

"Re-engineering is whether or not the establishment has engaged in a major reorganization at
any time over the past three years. Therefore, this variable is more appropriately considered as a
change variable that we would expect to have a more significant impact in the fixed effect estimation.
Management consultants typically define re-engineering as moving away from organizing work on the
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specifications but bench-marking appears to have little impact on labor productivity. Interms of the
impact of employee voice on labor productivity, we find that unionized businesses have higher
productivity. However, increasing the proportion of workers that meet on aregular basis has a

negative effect on productivity, although thisis usually insignificant. When we examine the interaction of
workplace practices in equation 3 of Table 1 we find that unionized establishments with profit sharing
have lower labor productivity while unionized establishments that underwent a re-engineering effort

have higher labor productivity. While the profit sharing result is a bit perplexing, the unionization
interaction with re-engineering is consistent with the idea that unions provide the necessary job security

to make workplace reorganization effective.
Panel Data Production Functions

In spite of the fact that we are able to control for many more managerial practices than most
previous studies on productivity, our cross section estimates may still be subject to omitted variable bias
(see Griliches and Mairesse 1995) due to unobserved establishment characteristics. Although we
believe that the detailed information contained in our establishment survey allows usto extract much of
the previously unobserved establishment specific effect, one can remove any remaining biases due to
omitted but time-invariant establishment-specific effects using panel data. Consider the following

equation:

3 Yi= "Xy + ¥+ <+,

basis of functional silos and relying instead on cross-functional operations and communications. Re-
engineering efforts are not necessarily independent of technological change but are focused on the

organization of work. When we drop re-engineering from the cross section none of the other reported
coefficients or effects change.
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whereY is sales per production worker; " is avector of coefficients on capital per production worker,
materials per production worker, and the number of nonproduction workers per production worker; *'
isour vector of coefficients on workplace practices from the EQW-NES survey; <; is an unobserved
time invariant establishment fixed effect; and ,;; isthe idiosyncratic component of the error term. Since
we have two years worth of data, if we take deviations from an establishment’s mean or, equivalently,
take first differences of equation (3), al firm observed and unobserved time invariant fixed effects drop

out and we can remove the bias in estimating the coefficientsin vectors "’ and *’ that occurs because
of the omission of the establishment fixed effect. We are thereby able to exploit the panel nature of our
data set and obtain estimates based on changes in workplace practices and how they are related to

changes in establishment productivity.

Table 2 presents the results when we use our two waves of the EQW-NES survey to estimate
eguation 3 allowing for establishment fixed effects. The dependent variable is the difference in labor
productivity across the two surveys and all of the explanatory variables are in first differences. The
sample size is smaller (284 establishments) because we are restricted to using only those establishments
that completed the survey in both years and had data on all variables in each survey year. The findings
are broadly consistent with those presented in Table 1, which is perhaps surprising given that our results
on the effect of workplace innovations are identified using their changes over athree-year period. If
there are few changers over this period it may be difficult to find any significant effect. In fact, we found
considerable movement in workplace practices over this three year period of time. For example, a
third of the firms change their use of benchmarking, the number of managerial levels, the percent of

workers in self-managed teams or the percentage of workers meeting regularly. These changes are not
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al inthe same direction. For example there are dmost as many firms between 1993-1996 deciding to

adopt benchmarking as there are others dropping it.

Our estimated coefficients on capital and materials are consistent with previous research and
are all statistically significant with the expected sign. In addition, we again find that information
technology matters, as the proportion of non-managers using computer is positively related to labor
productivity and statistically significant.’® In terms of the impact of worker characteristics on
productivity we find little effect of the education on productivity, but thisis likely due to the fact that the
average educational level was virtually unchanged over this period. Although not reported here, we
have also estimated fixed effects productivity equations including the proportion of non-managerial
workers trained'®. We did find a positive and marginally significant relationship between training and
establishment productivity, but alarge non-response rate reduced our sample by approximately 30
percent. For this reason, we report the results excluding the training variables. Asin the cross section

results, we find that higher worker turnover has a negative impact on labor productivity.

Again, workplace practices do matter. We find that firms that re-engineer their workplaces
experience higher labor productivity even after control for time invariant fixed effects, but now we find
no impact of profit sharing and/or stock options on labor productivity. 1n addition, we find after

controlling for fixed effects that increased usage of self-managed teams is associated with lower labor

BWe did not include the age distribution of the capital stock in the fixed effects specification
because we expect very little variation in this given the construction of this variable; as aresult, any
variation we do see would likely reflect noise in the measurement.

®We also included a measure of job rotation that was never significant in any of the
productivity equations.
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productivity.?

Finally, when we examine interaction effects we find that unionized establishments with a higher
proportion of workers meeting regularly in groups to discuss workplace issues are also more
productive. This suggests that synergies may exist between workplace practices.

Wages

Given that we have established a relationship between workplace practices and firm
productivity using both the cross-section and panel data variation, we next turn to see whether or not
the benefits to productivity that firms experience with these practices are shared with workers. In
particular, must establishments compensate workers for their increased involvement in the production
process and for incurring the risk associated with profit sharing forms of compensation? To examine
this, we estimate anal ogous equations using the log of the average establishment hourly wage as the
dependent variable instead of 1abor productivity. We can then examine the relationship between

workplace practices and wages.

Table 3 presents estimates from cross-section wage equations using the 1996 survey data.?

“This could be due to the fact that some workplace practices, when adopted, take awhile to
improve productivity. Consistent with thisideais the negative (although not statistically significant)
coefficient on the interaction re-engineering and the percentage meeting to discuss workplace practices.
Time spent in meetings associated with self-managed teams or problem solving could reduce
productivity in the short run but have a positive impact on productivity in the longer run.

?!Note the sample sizein Table 3 for all workersis smaller than the sample size for the cross
section productivity equation in Table 1. This reflects the fact that not al firms provided wage
information. But the sample hereis not a subset of establishments from Table 1 because those
businesses that did not provided information on sales or capital stock but did provide information on
wages would be included here. We report sample means in the first column so that one can see that
even though these are not the same sample of establishments, the average characteristics are virtually
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Thisis anaogous to our cross-section production functionsin Table 1 but with the average hourly
wage, first at the establishment level and then by occupation within the establishment, as the dependent
variable. The relationships we observe are quite similar to those we see when estimating the impact on
productivity, which suggests that these establishments do need to compensate the workers for
participating in these workplace practices which increase productivity. Columns 2 and 3 present the
results when the dependent variable is the log of the average wage in the establishment. Column 2
shows that, consistent with the literature using individual level data, higher average education in the
establishment is associated with higher wages; the magnitude suggests that a one year increase in
average education raises wages by 11%. Larger establishments pay higher wages, and establishments

with more women pay lower wages. Establishments with more turnover also pay lower wages.

Stock options and profit sharing as a part of the compensation package for any employee are
associated with higher regular wages. Workers appear to also be compensated for using more
advanced technology; the more non-managers using computers, the higher wages are. Unionized
employers pay about 10% more than non-unionized businesses and employers that report that

communication skills are a high priority in recruitment also pay their workers more.

When we alow for interactions between workplace practices (column 3), we see that the
resultsare similar. In addition, we see that when an establishment has a higher percentage of workers
meeting regularly in groups and the firm is unionized, wages are higher. Thisis entirely consistent with

what we find with respect to establishment productivity.

thesamein Tables 1 and 3.
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Columns 4 through 8 present the results when we examine the average wage in each
establishment by occupational group, where the occupation groups include managers, supervisors,
technical workers, production workers, and clerical/sales workers. The results are relatively consistent
across occupations, however, there are some notable exceptions. The percentage of non-managers
using computers only matters for the wages of supervisors and production workers. Increased training
of managers and supervisors raises their wages, but increasing the proportion of workers trained in any
of the other occupational categories appears to have no impact on their wages. Supervisors are paid
more if they work in unionized establishments and establishments that have experienced a high degree
of work reorganization combined with a high participation level of workersin regular meetingsto
discuss workplace issues. Since typically supervisors play the role of facilitators in these groups this
suggests that those firms that have substantially “changed the rules of the game” for supervisors are also
paying a significant wage premium to them. Production, clerical and sales workers that are working for
unionized firms that have a high proportion of workers involved in regular meetings also have higher

wages compared to other workers?.
Wages with Panel Data

Since we have information on wages paid in both 1993 and 1996, we are also able to examine
how changes in worker characteristics and workplace practices are related to wage growth in the

establishment. Table 4 presents these results, first looking at the average wage in the establishment and

“We also included the percentage of workersin job rotation in al equations. Thisvariableis
never significant expect in the wage equation for managers where it is associated with a higher rate of

pay.
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then breaking it down by occupation.

Despite larger standard errors (probably due to the increased measurement error induced by
looking at first differences), the results using the panel are roughly consistent with our cross section
findings. Columns 2 and 3 show the results when we consider the average wage of the establishment
both without and with interactions. We find that higher average education in an establishment leads to
higher wages; increasing education by one year leads to more than 5% wage growth. But now we see
that re-engineering a workplace to incorporate more high performance practices lead to higher wages
of about 7%, but this effect is offset somewhat for firms with a high percentage of workers meeting
regularly in groups. Again, thisis consistent with the idea that the implementation of these practicesis
costly and it takes time before we see wage or productivity effects. Increasing the use of profit sharing
or stock options resultsin slightly lower regular hourly pay for workers and thisis statistically significant
for clerical/sales workers. Notice that thisis a sign switch from the cross section results reported in

Table 3.

Finally, increasing the percentage of workers meeting regularly in groups has alarger positive effect on

wages in the presence of unions, again consistent with the productivity findings.

When we look at individual occupations, we find that education has a significant and positive
relationship to wages for al groups except production workers and supervisors. In addition, increasing
the proportion of managers trained over the period 1993-1996 has a positive and significant impact on
wages of managers and increasing the proportion of clerical and sales workers trained raises their

wages aswell. In general, changesin workplace practices seem to have alarge impact on the wages of
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supervisors, production and sales/clerical workers.
V. Conclusion

During the period 1993-1996 we find that U.S. manufacturing employers have been actively
engaged in workplace re-organization and that these changes in workplace practices, along with
increasing diffusion of computers, have played a significant role in the recent rise in manufacturing
productivity. While manufacturing firms are enjoying the benefits of these technological and managerial
innovations, workers appear to aso be sharing some of these gainsin the form of higher wages -- a
“win-win outcome”. More specifically, we find that increasing the percentage of non mangers using
computers, undergoing re-engineering, or increasing employee voice all increase both productivity and
wages. This makes sense if the augmented Cobb-Douglas function we have used here provides a good
description of production and firms hire workers competitively.? But not all innovations impact
productivity and wages in the same way or even necessarily in the expected way. For example,
businesses that increase the proportion of workers in self-managed teams appear, at least in the short
run, to have lower productivity and surprisingly pay workers higher wages. It isinteresting to note that
the usage of self-managed teams was one of the few workplace practices that we did not see much
changein over the period 1993-1996 and this result may explain why. Finally, establishments with a
great deal of employee involvement and re-engineering going on at the same time have lower
productivity (although not statistically significant) while workers in these types of businesses are paid

significantly lower wages.

“Note that we are not explicitly testing for the equality of coefficients here but rather just
examining the direction of effects.
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At the beginning of this paper we discussed how important multifactor productivity has been
during the 1990s in terms of driving output growth, especially in the manufacturing sector. We can use
our estimates of the impact of workplace practices on labor productivity in a growth accounting
framework and see how much of overall growth in manufacturing our measures of workplace
innovation can account for over the period of 1993-1995. We present these calculationsin Table 5
along with the figures reported by the BLS to “benchmark” our findings with their numbers. Asseenin
this table, the sample of EQW manufacturing establishments experienced very similar output growth
over the period 1993-1996 as reported by the BLS for the country asawhole. The BLS reports that
output growth in manufacturing grew at a compound average annual growth rate of 4.2 percent
between 1993-1996. We find arate of 4.7 percent using the EQW cross sections over the same
period. The BLS reports that combined inputs (capital, labor and materials) grew 2.3 percent over this
period and using the estimated coefficient from Table 2, equation 3 as shares we find inputs grew 3.2
percent in the EQW survey. Asaresult, multifactor productivity grew 1.9 percent in the BL S reported
figures and 1.6 percent using EQW data. The advantage of the EQW surveys, however, isthat now
we can use our estimated coefficients and calculate the impact of workplace innovation on multifactor
productivity. We find that they contributed 1.4 percent per year. In other words, workplace practices
and re-engineering efforts accounted for approximately 30 percent of output growth in manufacturing
over the period 1993-1996, or 89 percent of multifactor productivity. Though 1.4 percent may sound
high, many of our workplace practices such as re-engineering reflect both technological aswell as
organizational changes. Nevertheless, we believe that this accounting exercise indicates that

understanding workplace innovation can go some way in explaining recent trends in multifactor
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productivity.

In future work, we plan to extend this analysis to examine in greater detail the interaction
between investments in computers and workplace innovation, investigate if the impact of these
workplace practices is similar in the non-manufacturing sector, and pursue the issue of synergiesin
workplace human resource management practices in more detail. Understanding whether or not the
recent rise in productivity growth is sustainable into the future will also require researchers to continue
case studies and intra-industry analyzes that provide a deeper understanding of the processes firms are
employing such as re-engineering and the barriers firms are facing to increase their productivity.
However, at the moment, understanding the relationship between high performance workplace
practices and firm productivity and wages can provide avaluable first step towards understanding our

New Economy.
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Data Appendix
The price deflators for shipments were constructed from 5-digit product deflators from BEA
using the Bartelsman, Becker and Gray (2000) data set. These are largely created from the Bureau of
Labor Statistics (BLS) industry-based producer prices which are extrapolated backwards using the
old BLS product prices. These data contain the BEA’s computer deflator which is adjusted for quality

using hedonic techniques.

The capital deflator is created by first generating a 3-digit industry real net capital stock value.
The 3-digit data are converted to the 4-digit level by assuming that the industry-asset type flows are the
same for al 4-digit industries within a 3-digit industry. With thisinformation, 4-digit investment
deflators are created for equipment and structures separately. Again, this deflator aso incorporates the

hedonic adjustment for quality changes in computers.

The materials deflator is created by averaging together price deflators for 529 inputs (369
manufacturing industries and 160 non-manufacturing industries), using as weights the relative size of
each industry's purchases of that input in the Input-Output Tables. The inflation in materials pricesis
calculated as a Tornquist index (weighting each product's inflation rate by the average of the previous

and current-year's shares in total materials used).

The energy price deflator is based on each industry's expenditures on six types of energy
(electricity, residual fuel oil, distillates, coal, coke and natural gas). These six types of energy represent
94.6 percent of all energy expenditures by the manufacturing sector in 1976. They are amagjority of the

energy costs for all but one industry, and over 90 percent of energy costs for 300 of the industries.
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Figure 1: Incidence of Workplace Practices
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Source: EQW 2™ Round Survey. Weighted data on U.S. establishment practicesin 1996. Definitions:
Reengineering - any reengineering efforts over the past three years; regular employee meetings - % of
establishments reporting 75% or more of workers meeting regularly to discuss workplace issues; self
managed teams - % of employers reporting 25% or more of their employeesin self-managed teams; and
frontline workers using computers - % of businesses reporting that 75% of more of their frontline workers
use computers. Text of the survey and a public use version of the data are available on the Internet at
www.irhe.upenn.edu/~shapiro.



Table 1: Determinants of Labor Productivity: 1996 Cross Section

T-gatigticsin parenthesis
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Variable

Ln (Capital/Workers)
Ln (MaterialsWorkers)

Ln
(Nonproduction/Production)

Share of Equip < 1yr.
Share of Equip 1-4 yr. old

Proportion Non-Managers
using Computers

Ln (Average Education)

Ln (Avg Ed Nonproduction
Workers)

Ln (Avg Ed Production
Workers)

Turnover (proportion
employees< 1 year)
Proportion employees
Women

Proportion employees
Minority

Re-engineering
Benchmarking
Number of Managerial Levels

Proportion workersin self-
managed teams

Mean Eg. 1
(sd.) Coefficient
t-statistic
0.133**
(10.84)
0.476**
(34.2)
Technology
0.116 0.115
(0.142) (0.962)
0.294 0.199**
(0.222) (2.496)
0.414 0.288**
(0.364) (5.438)

Worker Characteristics

254 0.693**
(0.082) (2.90)

2.62
(0.077)

2.47
(0.113)

0.149 -0.428**
(0.157) (-3.731)
0.375 -0.066
(0.247) (-0.846)
0.272 0.070
(0.260) (1.047)

0.376 0.061*
(0.484) (1.676)
0.332 0.001
(0.471) (0.024)
2.63 -0.003
(1.92) (-0.389)
0.151 0.024

(0.289) (0.396)

Eq. 2

Coefficient
t-statistic

0.138**
(11.108)

0.483**
(34.614)

0.286**
(17.33)

0.094
(0.775)

0.231**
(2.87)

0.267**
(5.021)

0.117
(0.497)

-0.33
(-1.988)

-0.392+*
(-3.377)

-0.046
(-0.589)

0.078
(1.148)

Use of High Performance Work Systems

0.062*
(1.679)

0.005
(0.145)

-0.009
(-1.053)

0.070
(1.142)

Eq. 3
Coefficient
t-statistic

0.137+*
(11.092)

0.483**
(34.573)

0.286**
(17.321)

0.095
(0.779)

0.221%*
(2.737)

0.277+*
(5.165)

0.150
(0.636)

-0.349%*
(-2.101)

-0.376+*
(-3.239)

-0.054
(-0.683)

0.085
(1.262)

0.047
(0.764)

0.007
(0.200)

-0.010
(-1.178)

0.089
(1.262)



Profit sharing or Stock 0.516 0.103** 0.105** 0.167**
options (0.499) (2.936) (2.947) (3.991)
Employee Voice
Unionized 0.304 0.072* 0.092** 0.168**
(0.460) (1.816) (2.283) (2.338)
Proportion Workers meeting 0.524 -0.061 -0.007* -0.054
regularly in Groups (0.436) (-1.525) (-1.655) (-1.008)
Recruitment Strategies
Grades atop priority in 0.163 -0.019 -0.020 -0.012
recruitment (0.369) (-0.412) (-0.425) (-0.258)
Communication atop priority 0.560 0.008 -0.010 -0.008
in recruitment (0.497) (0.213) (-0.287) (-0.208)
Interaction Terms
Union* profit sharing 0.169 -0.218**
(0.375) (-2.904)
Union* re-engineering 0.129 0.121*
(0.336) (1.60)
Union* %meet 0.147 0.011
(0.329) (0.124)
%meet* re-engineering 0.206 -0.041
(0.371) (-0.506)
Union*% in self-managed 0.041 -0.100
teams (0.158) (-0.736)
N = 1493 1493 1493 1493
Adjusted R? = 0.645 0.822 0.823

Estimated equations also include a constant term, 2-digit SIC industry controls, and adummy if the
establishment is part of a multi-establishment firm.

** denotes significance at the 5% level.
* denotes significance at the 10% level.
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Table 2: Determinants of Labor Productivity: Fixed Effects Model (1996-1993)

T-gatigticsin parenthesis
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Variable

Ln (Capital/Workers)

Ln (Materials/Workers)

Ln
(Nonproduction/Production)

Proportion Non-Managers
using Computers

Ln (Average Education)

Ln (Avg Ed Nonproduction
Workers)

Ln (Avg Ed Production
Workers)

Turnover (proportion
employees <1 year)

Proportion employees
Women

Proportion employees
Minority

Re-engineering
Benchmarking

Number of Managerial Levels
Proportion workersin self-

managed teams

Profit sharing

Mean
(s.d)

0.351
(0.317)

252
(0.07)

2.63
(0.069)

2.47
(0.070)

0.109
(0.118)

0.349
(0.214)

0.272
(0.252)

Eqg. 1
Coefficient
t-statistic

0.176**
(2.099)

0.250**
(3.315)

Technology

0.296**
(2.043)

Worker Characteristics

-0.70
(-1.071)

-0.932
(-1.364)

0.704
(1.198)

-0.255
(-1.069)

Eq. 2

Coefficient
t-statistic

0.185**
(2.391)

0.277+*
(3.604)

0.301**
(4.665)

0.345**
(2.442)

-0.352
(-0.525)

-0.909*
(-1.802)

-1.057*
(-1.65)

0.722
(1.234)

-0.168
(-0.670)

Use of High Performance Work Systems

0.426
(0.495)

0.408
(0.492)

2.71
(2.12)

0.172
(0.300)

0.63
(0.483)

0.205**
(2.667)

-0.045
(-0.491)

0.003
(0.200)

-0.545**
(-2.278)

0.041
(0.673)

Employee Voice

0.201**
(2.619)

-0.034
(-0.370)

0.001
(0.072)

-0.536**
(-2.242)

0.042
(0.647)

Eq. 3
Coefficient
t-statistic

0.194**
(2.544)

0.274**
(3.675)

0.300**
(4.743)

0.363**
(2.564)

-0.457
(-0.674)

-0.718
(-1.342)

-1.085*
(-1.716)

0.813
(1.381)

-0.117
(-0.453)

0.312*
1.72)

-0.04
(-0.421)

-0.003
(-0.176)

-0.535**
(-1.968)

0.017
(0.221)
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Unionized 0.377 0.23 0.28 -0.148
(0.485) (1.218) (1.394) (-0.490)
Proportion Workers meeting 0.577 -0.075 -0.078 -0.172
regularly in Groups (0.430) (-0.865) (-0.879) (-1.598)
Interaction Terms
Union* profit sharing 0.232 0.141
(0.423) (1.014)
Union* re-engineering 0.162 0.068
(0.369) (0.442)
Union* %meet 0.190 0.408*
(0.356) (2.127)
%meet* re-engineering 0.249 -0.226
(0.400) (-1.095)
Union*% in self-managed 4.26 0.179
teams (13.22) (0.543)
N= 284 284 284 284
Adjusted R? = 0.673 0.797 0.798

Estimated equations also include a constant term.

** denotes significance at the 5% level.
* denotes significance at the 10% level.
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Table 3: Wage Equation, cross section 1996

T-statidticsinpnarenthesis

Variable Mean All All Managers  Supervisors Technical  Production  Clerical/Sales

(sd) Workers Workers Workers Workers Workers
Dependent variable: In (avg. wage)

Technology

Share of Equip < 1 yr. 0.102 0.044 0.043 0.078 -0.089 0.071 0.030 0.039

(0.118) (0.601) (0.591) (0.581) (-0.993) (0.689) (0.340) (0.436)
Share of Equip 1-4 yr. old 0.263 0.049 0.052 0.270** 0.118** 0.099 -0.025 0.010

(0.197) (1.067) (1.145) (3.187) (1.973) (1.519) (-0.459) (0.160)
Proportl on Non-Managers using 0.323 0.075** 0.073** 4.66e-04  0.082** 0.064 0.157** 0.062
Computers (0.309) (2.445) (2.365) (0.008) (2.072) (1.516) (4.208) (1.565)

Worker Characteristics

Avg. Education 125 A1** 1x* .036** L019** 05** .028* 045**
(0.9 (10.115) (10.134) (2.757) (2.237) (6.956) (1.946) (4.400)
Proportion of Employees Trained 0.09* 0.09** -0.03 -0.01 0.002
(within occupation) (1.795) (2.832) (-0.878) (-0.270) (0.083)
Turnover (proportion less< 1 yr.) 138 -0.230** -0.232** -0.017 -0.059 -0.168* -0.402** -0.227**
(0 142) (-3.560) (-3.569) (-0.142) (-0.728) (-1.830) (-5.329) (-2.774)
Proportion employees Women 0.342 -0.367** -0.368** -0.167* -0.300** -0.317%*  -0.493** -0.258**
(0.212) (-7.996) (-8.025) (-1.896) (-4.938) (-4.493) (-8.749) (-4.267)
Proportion employees Minority 0.245 0.028 0.029 0.139** 0.083* 0.123** -0.040** 0.143**
(0.257) (0.786) (0.816) (2.067) (1.780) (2.315) (-1.984) (3.086)

Use of High Performance Work Systems

Re-engineering 0.386 0.005 0.002 -0.048 -0.055 -0.032 -0.041 0.008
(0.487) (0.290) (0.052) (-0.806) (-1.301) (-0.670) (-1.055) (0.198)
Benchmarking 0.344 0.018 0.017 0.036 0.031 0.027 0.014 0.035
(0.475) (0.962) (0.898) (1.110) (1.328) (1.058) (0.649) (1.536)
Number of Managerial Levels 0.261 0.084* 0.080 0.032 -0.027 0.108 0.117* 0.026
(0.174) (1.660) (1.574) (0.342) (-0.402) (1.455) (1.868) (0.367)
Proportion workersin self-managed  0.177 0.003 0.020 0.052 -0.053 -0.041 0.039 -0.038

feams (0.304)  (0.096) (0.576) (0.846)  (-1.255) (-0.895)  (1.001) (-0.926)
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Profit sharing 0.567 0.034* 0.026 -0.003  0.065* 0.017 0.025 0.027
(0.496)  (1.890) (1.225) (-0.080)  (2.377) (0559)  (0.989) (0.983)

Employee Voice

Unionized 0.319 0.098** 0.048 0.068 0.097* 0.070 0.066 -0.066
(0.466) (4.708) (1.241) (0.955) (1.943) (1.263) (1.402) (-1.318)
Proportion Workers meeting 0.539 0.011 -0.027 -0.062 -0.045 -0.036 -0.040 -0.040
regularly in Groups (0.424) (0.507) (-0.958) (-1.145) (-1.190) (-0.817) (-1.138) (-1.040)
Recruitment Strategies
Grades atop priority in recruitment 0.168 -0.011 -0.008 0.005 0.012 -0.011 -0.007 -0.025
(0.374) (-0.438) (-0.334) (0.120) (0.4149) (-0.337) (-0.250) (-0.850)
Comm. atop priority in recruitment 0.509 0.034* 0.032* -0.015 0.008 0.014 0.022 0.015
(0.500) (1.850) (1.760) (-0.463) (0.356) (0.550) (1.019) (0.667)
Interaction Terms
Union* profit sharing 0.201 0.029 0.075 -0.017 0.000 0.007 0.097**
(0.401) (0.757) (1.155) (-0.368) (0.006) (0.172) (2.076)
Union* re-engineering 0.137 -0.029 -0.078 -0.031 -0.020 -0.011 -0.010
(0.344) (-0.767) (-1.201) (-0.671) (-0.392) (-0.263) (-0.223)
Union* %meet 0.161 0.101** 0.108 0.059 0.056 0.124** 0.132**
(0.331) (2.245) (1.373) (1.069) (0.913) (2.408) (2.364)
%meet* re-engineering 0.226 0.022 0.047 0.109** 0.096 0.089* 0.052
(0.380) (0.523) (0.621) (2.068) (1.599) (1.817) (0.980)
Union*% in self-managed teams 0.456 -0.007 -0.014 -0.003 -0.003 -0.005 -0.003
(1.579) (-0.988) (-1.063) (-0.321) (-0.356) (-0.712) (-0.308)
N = 637 637 637 439 488 474 557 523
ézdj_usted 0.518 0.499 0.153 0.281 0.247 0.460 0.192

Estimated equations also include a constant term, 2-digit SIC industry controls, establishment size, and adummy if the establishment is part of a multi-establishment fir
** denotes significance at the 5% level and * denotes Significance at the 10% level. ] .
In regressions done by occupation, we also include the percentage of establishment workforce in that occupation.



Table 4: Wage Equation Fixed Effects Model (1996-1993)
T-statistic in parenthesis

Variable Mean All All Managers  Supervisors  Technical Production  Clerical
(s.d.) Workers ~ Workers Workers Workers Workers

Dependent variable: In (avg. wage)

Technology
Proportlon Non-Managersusing  0.363 0.027 0.036 -0.011 0.043 -0.081 -0.036 -0.018
Computers (0.327) 0.747 0.967 -0.157 0.929 -1.197 -0.840 -0.331

Worker Characteristics

Avg. Education 12.5 .054** .059** .048** -0.010 .04** 0.002 047

(0.009) 3.620 3.962 3.171 -1.147 3.423 0.115 3.559

? of Employees Trained 0.09* 0.03 0.013 -0.015 0.06*

(within occupation) 1774 0.745 0.285 -0.553 1.752
Turnover (proportion less< 1 0.124 -0.029 -0.018 0.188 0.084 0.001 -0.062 -0.004
yr.) (0.134) -0.408 -0.250 1.362 0.877 0.011 -0.658 -0.037
Proportion employees Women 346 0.158 0.68 0.288 -0.033 0.370** 0.089 0.097

(0 213) 1.456 1534 1.507 -0.246 1.945 0.689 0.651
Proportion employees Minority 275 -0.161** -0.160* -0.114 0.130 -0.030 -0.231* -0.215

(0 252) -2.106 -1.866 -0.672 1.049 -0.162 -2.126 -1.613

Use of High Performance Work Systems

Re-engineering 0.420 -0.006 0.068* 0.067 0.076* -0.087 0.044 0.064
(0.495) -0.308 1711 1.004 1.653 -1.401 1.039 1.277
Benchmarking 0.400 -0.024 -0.019 0.002 -0.002 -0.025 -0.005 -0.039
(0.491) -1.152 -0.934 0.045 -0.089 -0.688 -0.222 -1.430
Number of Managerial Levels 268 0.002 0.001 0.001 0.0001 -0.001 -0.002 -0.006
(0 193) 0.411 0.252 0.127 0.006 -0.070 -0.245 -0.700
Proportlon workersin self- 179 0.051 0.064* -0.091 -0.046 -0.096 0.036 0.126**
managed teams (0 311) 1.405 1.620 -1.305 -0.932 -1.251 0.767 2.339
Profit sharing 0.580 0.008 -0.003 -0.016 -0.014 -0.050 -0.013 -0.073*
(0.495) 0.359 -0.109 -0.326 -0.406 -1.072 -0.410 -1.884

Employee Voice
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Unionized 0.344 0.076 -.008 0.056 0.026 0.022 -0.085 0.253*
(0.476) 0.898 -0.081 0.294 0.216 0.121 -0.733 1.655
Proportion Workers meeting 0.589 0.015 0.002 -0.012 0.054 0.063 0.049 0.097**
regularly in Groups (0.435) 0.611 0.064 -0.196 1.296 1.044 1.212 1.986
Interaction Terms
Union* profit sharing 0.200 0.042 0.091 0.044 0.155* 0.012 0.042
(0.401) 0.919 1.082 0.744 1.723 0.222 0.648
Union*re-engineering 0.148 -0.018 -0.038 -0.014 0.078 -0.009 0.089
(0.356) -0.441 -0.545 -0.280 1.133 -0.193 1.609
Union* %meet 0.186 0.114**  0.273** 0.062 -0.090 -0.021 -0.019
(0.358) 2.077 2.698 0.843 -0.892 -0.322 -0.229
%meet* re-engineering 0.268 - -0.085 -0.077 0.055 -0.107** -0.059
(0.417) 0.105**  -1.081 -1.383 0.710 -2.046 -0.955
-2.249
Union*% in self-managed teams ~ 0.397 -0.066 -0.048 0.051 -0.042 0.032 -0.198*
(1.360) -0.699 -0.305 0.402 -0.240 0.274 -1.579
N= 250 250 250 205 207 183 240 225
égj_usted 0.814 0.817 0.511 0.706 0.539 0.773 0.548

Estimated

establishmg%t warkforce in that occupation.
** denotes significance at the 5% level.
* denotes significance at the 10% level.

uations also jnclude a constant term, establishment size, and in regressions done by occupation, we a so include the percentage of



Table5: Compound Average Annual Rates of Growth in Output and the Contribution of

1949-
98
Output 3.3
Combined Inputs* 2.1
(includes capital,
labor, materials)

Multifactor Productivify2 1.1

Contribution of
R&D? 0.2

Contribution of
Workplace Practices® -

1979-

90

2.0

0.8

1.7

0.2

Factor Inputs and Multifactor Productivity, Manufacturing (percent per year)
BLS EQW-NES
1990- 1995- 1993- 1993-
95 98 96 96
38 49 42 4.7
21 23 23 3.2
25 19 16
02 02 - -
- - - 14
- - - 0.2

Remaining Residual -

Source: Bureau of Labor Statistics, Multifactor Productivity Trends, 1998, rel eased September
21, hZO()lc())/and authors' own calculations from the EQW-NES first and second round cross sections
with a 1% trim.

1
2.
3.
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The growth rate of each input is weighted by its share of nominal costs in the BLS figures
and by the estimated coefficient in Table 2 equation 3 for the EQW-NESfigures.
Thisis the contribution of R& D to multifactor productivity in private nonfarm businesses,

not just manufacturing.

This calculation is based on the change in workplace practices and worker characteristics

reported in the 1993 and 1996 EQW-NES cross sections weighted by the coefficients on

workplace practices and worker characteristics presented in Table 2, equation 3.



