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ABSTRACT

Thi s paper exam nes the rel ationship between the use of advanced
technol ogi es and productivity and productivity growh rates. W use
data fromthe 1993 and 1988 Survey of Manufacturing Technol ogy (SMI) to
exam ne the use of advanced (conputer based) technol ogies at two
different points intime. W are also able to conbine the survey data
with the Longitudi nal Research Database (LRD) to exam ne the
rel ati onshi ps between plant performance, plant characteristics, and the
use of advanced technologies. In addition, a subset of these plants were
surveyed in both years, enabling us to directly associ ate changes in
t echnol ogy use with changes in plant productivity perfornmance.

The main findings of the study are as follows. First, diffusion
is not the sane across the surveyed technol ogies. Second, the adoption
process is not snooth: plants added and dropped technol ogi es over the

si x-year interval 1988-93. 1In fact, the average plant showed a gross
change of roughly four technol ogies in achieving an average net increase
of less than one new technology. 1In this regard, technol ogy appears to

be an experience good: plants experinent with particular technol ogies
before deciding to add additional units or drop the technology entirely.

We find that establishnents that use advanced technol ogi es exhibit
hi gher productivity. This relationship is observed in both 1988 and
1993 even after accounting for other inportant factors associated with
productivity: size, age, capital intensity, labor skill mx, and other
controls for plant characteristics such as industry and region. In
addition, the relationship between productivity and advanced technol ogy
use i s observed both in the extent of technol ogi es used and the
intensity of their use. Finally, while there is sone evidence that the
use of advanced technologies is positively related to inproved
productivity performance, the data suggest that the dom nant expl anation
for the observed cross-section relationship is that good perforners are
nore |likely to use advanced technol ogi es than poorly performng
oper ati ons.
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1. INTRODUCTION

In recent years there have been a nunber of studies exam ning the
rel ati onshi p between the use of advanced technol ogi es and pl ant
performance in U. S. manufacturing industries. A persistent finding is
that the use of advanced technology is positively related to pl ant
per formance neasured al ong a nunber of dinmensions: sales growmh, profit
mar gi n, market share, productivity, enploynent growh, survival rate,
and wages (Al exander, 1994).

Wi | e these studi es have provided i nportant new insights and
denonstrated that plants that use advanced technol ogi es out performthose
that do not, researchers have been unable to distinguish the source of
t he observed performance differences. Do the positive correlations
reflect the independent effects of technology on performance, or do they
reflect the contributions of good nanagers who tend to adopt the best
practices? 1In addition to being of academ c interest, this distinction
is inportant because it affects the mx of policies that m ght be
pursued. For exanple, if the dom nant source of enhanced perfornance is
good managenent and a skilled workforce, policies to inprove education
and training mght be relatively nore inportant than those that seek to
subsi di ze applied R&D

In this study we exploit the 1988 and 1993 Survey of Manufacturing
Technol ogy (SMI) and the Longi tudi nal Research Database (LRD) to study
several key questions relating to technol ogy use and pl ant performance

over time. First, we conpare the 1988 and 1993 plant | evel | abor



productivity performance, neasured by val ue added per enployee. W find
that, by and large, the 1993 survey data provide results on the
rel ati onshi p between productivity and advanced technol ogy use that are
simlar to those found for the 1988 survey (Dons, et. al, 1994; Beede
and Young, 1996). Technol ogy use is positively associated with
productivity.

The second issue we examne is the extent to which advanced
t echnol ogy use becane nore w despread over the 1988-93 period. If the
benefits of technol ogy use are as substantial as suggested by the
earlier studies, then one woul d expect that their use would increase
over tinme. On the other hand, if the technol ogies are associated with
scale, or are applicable only in certain situations, then they may not
be wi dely adopted. The positive relationship between size and
t echnol ogy use shown in earlier work and observed in the 1993 survey
data raises the possibility of scale economes in the surveyed
technol ogi es (Dunne and Schmtz, 1993). W find nodest increases in
technol ogy use overall. Some technol ogi es, nost notably those invol ved
i n conputer-aided design and engi neering, showed substantial increases,
whi |l e others showed no increase in use, and sonme even experienced a
decline in use. Thus, diffusion patterns were not the sanme across the
surveyed technol ogi es.

Lastly, we exam ne the role that technol ogy use plays in shifts of
resources fromlower to higher productivity plants, using the subset of

pl ants covered in both SMI surveys. Wile the results are suggestive,



the small and sonmewhat nonrepresentative sanple available for analysis
mandat es caution in drawi ng conclusions. Qur tentative conclusion is
that although there is evidence that the use of technol ogy |eads to

i nproved productivity performance, it is the use of technol ogy by good
performers that is the dom nant feature of the data.

This paper is organized as follows. In the second section we
describe the data fromthe SMI surveys and the LRD, and di scuss neasures
of the key variables. The third section describes the patterns of
t echnol ogy use found in 1993 and conpares themto those in 1988 for the
popul ati on surveyed in each year. Section IV provides analysis of the
rel ati onshi p between technol ogy use and productivity, beginning with
cross-section estimates that control for various plant characteristics.
We then turn to the anal ysis of changes in | abor productivity over the
period in Section V. This section also presents corroborative evidence
based on estimates of the probability of plants increasing their
t echnol ogy use over the period. The final section offers sonme

concl usi ons and suggestions for future work.

11. DATA, MEASURES, AND EMPIRICAL MODEL

A.  The Survey of Mnufacturing Technol ogy

The 1988 and 1993 Surveys of Manufacturing Technol ogy are
stratified sanples of plants with nore than 20 enpl oyees in the five SIC
maj or i ndustry groups 34-38: fabricated netal products, industrial

machi nery and equi pnent, electronic and other electric equi pnent, and



instrunments and related products. |In the 1988 SMI 10, 526 plants were
surveyed, while in the 1993 survey, 8,336 plants were canvased. In both
years sinple random sanpling of plants was undertaken within strata
defined by the three-digit SIC classification of the plant and its size.
Three size classes, based on total enploynent, were used in the sanpling
process: 20-99, 100-499, and 500 or nore workers. Wights were assigned
to each sanpled plant inversely proportional to the fraction of plants
sanpled in its size-industry stratum Using these wei ghts popul ation
| evel estimates of establishnment counts and preval ence can be devel oped
for each of the advanced technol ogi es surveyed.?

Bot h SMI's surveyed 17 advanced technologies identified as
i nportant by various scientific, trade, and governnent offices and
associations. Table 1 gives a brief description of the technol ogies;
further details are available in the SMI report (1994). The 17 surveyed
technol ogi es are generally associated with the use of conputers and
i nformati on technol ogy to design, develop, and control manufacturing
production. They can be grouped into 5 classes: design and engi neeri ng,
fabrication/ machinery and assenbly, automated material handling,
aut omat ed sensor-based i nspection and/or testing, and conmunication and
control

The two surveys provide neasures of the use of each of 17 surveyed

technologies at two points in tine. They also provide for the

! Preval ence rate is defined as the percentage of the popul ation
t hat has adopted a particul ar technol ogy.
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possibility of direct neasurenent of technol ogi cal change for a subset
of plants for which survey data are available in both years.

We use the nunber of technol ogi es adopted, and groupi ngs of these
basi ¢ counts, as neasures of how extensively a plant uses advanced
technologies. This is not a wholly satisfactory procedure for two
reasons. First, it does not provide a neasure of how intensively a
pl ant uses a particular technology. It is possible for a respondent to
report that they use a technol ogy even though the technology affects a
very small proportion of the plant's output. This short comng is
partially addressed in the 1993 survey, which supplenents the technol ogy
use information with technol ogy-specific counts of workstations or
pi eces of equipnment that are in place and a nmeasure of when the
technol ogy was first introduced. Although we are unable to fully
exam ne them here, we do provide limted infornmation on alternative
measures of intensity of use for a subset of technol ogies.

A second |limtation is that sinple counts do not take account
differences in conbinations of technol ogi es anong plants. Beede and
Young (1996) have shown that plants differ in the conbinations of
t echnol ogi es they enpl oy and sonme of these conbinations are
significantly associated with plant performance. Rel ated evidence on
the i nportance of conbinations is given in a recent paper by Johnson,

et. al (1995).°2

2 They argue that sone technol ogy groups are conplenentary to |abor
(1 abor - enhanci ng), while others are substitutes for |abor (Iabor-
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Wil e count neasures are less than ideal, there are severa
reasons why nost of our analysis focuses on counts. First, this allows
us to conpare results fromthe 1993 SMI directly to earlier work for
whi ch count data are the only data avail able. Moreover, experinents
with a nunber of different neasures of technology use find that sinple
t echnol ogy counts provide useful neasures of how advanced a plant's
technol ogy is (Dunne, 1994, Dunne and Schmtz, 1994, and Dons, et. al,
1995). In this regard, even though sonme of the conbinations anong
t echnol ogi es show statistically significant relationships with
per formance, technol ogy conbi nations explain mnor portions (less than 2
percent) of the observed variations in plant performance in the 1988 SMI
(Beede and Young, 1996).

The SMI' surveys al so provide several plant variables which are
used in the analysis. In particular they provide qualitative
informati on on the type of manufacturing process at each pl ant
(fabrication, machining, and/or assenbly). W view the neasures based
on this information as a proxy for howintegrated is the plant's
production. The SMI data also include the selling price of the

product (s) produced at each plant. Dons, et. al (1995), using the 1988

saving). In terns of the categories of technologies in the SM,
fabrication/ machi nery and assenbly and automated material handling are

| abor - savi ng technol ogi es and desi gn and engi neeri ng, autonated sensor -
based i nspection and/or testing, and communi cation and control are

| abor - enhanci ng technologies. An inplication of their discussion of the
two categories is that the | abor enhancing technologies will tend to
have greater inpacts on productivity grow h.
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SMI, show that these price classes are positively correlated with
skilled labor in the plant. However, we find a weaker statistical

rel ati onship between these price variables and productivity in the 1993
dat a.

B. The Longi tudi nal Research Dat abase

The data for plant characteristics and performance conme fromthe
LRD, which provides |ongitudinal information on inputs and outputs of
manuf acturing plants derived fromthe qui nquenni al Census of
Manuf acturers and the Annual Survey of Manufacturers (MGuckin and
Pascoe, 1988). The estinmates of productivity, capital stock, and | abor
skill mx for surveyed plants were devel oped fromthe LRD s information
for 1987 and 1992. W use the census years 1987 and 1992, rather than
1988 and 1993, since data fromonly a subset of SMI manufacturing plants
are available in the LRD for non-census years. Use of the census data
maxi m zes our sanple of observations.

Labor productivity is defined as val ue added per enpl oyee;
simlarly, capital intensity is neasured by book value of total capital
per enployee. Labor skill mx is neasured by the ratio of skilled
workers to total enploynment, where skilled workers are proxied by non-
production workers. Plant size also is neasured by total enpl oynent.
Ceographic location is in terns of the nine Census regions. Table 2
lists all variable nanmes and definitions used in the enpirical nodels.
Mean val ues are also reported for the 1988 and 1993 data, as well as the

1988/ 93 panel. Value added and capital data are deflated with 4-digit



SIC output and investnent indices fromthe National Bureau of Econom c
Research, Inc. (Bartlesmann and Gray, 1994).
C.__ Sanple

The sanples used in particular anal yses al ways consi st of the
maxi mum observations for which all data are avail able after excluding
i nputes, mssing and extrene val ues. The sanples available were 6,917
plants fromthe 1988 SMI and 6, 122 fromthe 1993 SMI. These sanples are
representative and accounted roughly for 17.6 percent (1988) and 14.0
percent (1993) of total establishments in the manufacturing universe and
50.1 percent (1988) and 41.3 percent (1993) of total enploynent.

There were 1,708 plants with conplete data in the LRD and both
SMI' surveys. VWile we discuss differences between this panel subsanple
and the full sanples in nore detail below, we note here that the
| ongi tudi nal sanple is biased toward nmedi um and | arge plants w th higher
advanced technol ogy use rates in both years. The proportions of plants
in the panel subsanpl e using the advanced technol ogies is higher in the
over 6 class of technol ogy users and lower in the |less than 6 category.
As shown in Table 3 -- which provides a conparison of the proportion of
the sanple in each technol ogy class for the panel and full sanple in
both 1988 and 1993 -- the bias pattern is simlar in both years,
suggesting that the change neasures may be reflective of the popul ation.
Mor eover, as discussed below we are able to replicate the cross-section
estimates found for the full sanples in each year with the data fromthe

panel subsanpl e.



D. Empirical Mbdel

The basic enpirical nodel is a traditional fixed effects Cobb-

Dougl as production function.

Log(Pi:) = b, + b[Log(K/Li;)] + b,TECH, + byX, + bm +e,

for i =1,...,N,
t =1,...T. (1)
The subscript ‘i’ refers to the plant; ‘t’ denotes the tine
period, and the $s are coefficients to be estimated. |In the

di scussion below, we drop the ‘t’ subscript for sinplicity of
presentation. P denotes productivity, neasured as val ue added
(thousands) per enployee, and K/L is capital intensity, neasured
as the book value of capital (thousands) per enployee. X is a
vector of other control variables, including size, age, |abor

skill mx, product price, manufacturing type, industry, and

region. The m;s are unobserved, fixed plant effects, including

managenent quality, and eis an error term

Qur TECH vari abl e neasures advanced technology in use at the
plant and is an index to account for the quality variation in
capital. It is well known that when estimating the underlying
characteristics of production, accounting correctly for
variations in the quality of capital is critical. W expect a
positive relationship between plant productivity and our
t echnol ogy vari abl e.

In a simlar fashion, the ratio of non-production workers to
total enploynment proxies for a quality index for |abor. Non-

production workers are often thought to be nore highly skilled



t han production workers.® Adoption and use of advanced
technol ogi es, particularly conputer based equi pnent, requires
skilled labor. Thus, we would expect to find better productivity
performance at plants with nore skilled | abor

Two econonetric problens are of concern in estimating this
nodel. First, the plant effects (m are unobserved. O greater

concern to us is the estimates of $,. The TECH paraneter

estimates are biased upward due to the likely positive
correl ati on between technology and the omtted plant effects ().

In this case, the positive coefficient of $, may be sinply
pi cking up the fact that 'good' plants are likely to have

advanced technol ogi es, not that technol ogy use inproves
productivity. W cannot get consistent estimates of b, unless we
find instruments that are correlated with the TECH vari abl e, but
uncorrelated with mand e

In order to elimnate this problem we estimate the
production function nodel of equation (1), in first difference

form
Diog(P) =g + a[DLog(Ki/Li)] + g,(DTECH) + g(DX) + De, (2)
where g = (b o3 - Dby gs) for all j.

In principle, equation (2) elimnates the tinme invariant,

® Al'though there is significant w thin group heterogeneity between
production and nonproduction workers, we follow Dunne and Troske (1996),
Dons, et. al (1995), and Dunne, et. al (1996) in assum ng the skil
content of nonproduction workers is higher than that for production
wor ker s.
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unobserved plant effect (m as well as the tine invariant

observed plant characteristics, such as size and age cl ass, type
of manufacturing, region, and industry.

Unfortunately, a common problem when differenced data are
used to nmeasure production relationships is that the effects of

errors in neasurenment of other variables are magnified. This
W Il reduce our ability to identify g because the signal

remai ning in the )TECH neasure may be overwhel ned by the
relatively | arge nmeasurenment errors in capital (Giliches, 1986;
Giliches and Mairesse, 1995); resulting in biased and

i nconsi stent paraneter estinmates.

Finally, we note that while our ultimte object is to
exam ne the direction of causality between productivity growh
and the use of advanced technology, this requires estimtion of a
full structural nodel. Full structural nodeling is beyond the
scope of this paper for a variety of reasons, including data
constraints.

Wth these factors in mnd, we estimate equation (1) for two
cross-sections, 1988 and 1993, in section IV. This allows us to
check the robustness and persistence of the relationship between
the use of the advanced technol ogies and the |evel of
productivity. Using our panel of plants covered in both the 1988
and 1993 SMI, equation (2) estimation results are reported in
section V. Before turning to this analysis, we discuss the

observed changes in technol ogi cal use between 1988 and 1993.
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I11. DIFFUSION OF TECHNOLOGIES

In 1993, roughly 75 percent of all manufacturing plants
classified in SICs 34-38 used at | east one of the 17 advanced
technol ogies. This was a nodest increase fromthe 68.4 percent
found in 1988. The nunber of plants using nore than five
advanced technol ogi es al so increased, from23.1 percent in 1988
to 29.1 percent in 1993. Because use rates are nuch higher for
| arge then small plants, use rates are much greater if cal cul ated
on a sized wei ghted basis.

Tabl e 4 shows the percentage of establishnents in 1993 using
each of the 17 technol ogies by the five nmgjor SICs covered in the
survey. The preval ence rates of individual technol ogies varied
wi dely. Very few of the technol ogi es showed use rates over 50
percent and many, particularly |asers, robots, and autonated
mat eri al sensors, had use rates |less than 10 percent. The nost
preval ent technol ogi es are conputer aided design and nunerically
controll ed machi ne systens. These technol ogies were identified
by Johnson, et. al (1995) as | abor enhancing and they reported
that "Il abor-enhancing technol ogi es enjoy the greatest adoption
rate." Thus, our results are generally consistent with those for
Canada.

In order to focus on differences in use rates between 1988
and 1993, Table 5 presents the use rates, by technol ogy for 1988.
Conmparison of Tables 4 and 5 reveal s significant increases in use
rates for sonme technologies. Wat is striking about the data is

that use actually declines for a few of the technologies and is
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stagnant for others. Conputer design and engi neering, consisting
of three individual technol ogies, showed the greatest increases.
Mor eover, the increases were observed in each major industry
group. The only other technol ogy that showed | arge percentage
increases in use rates was | ocal area networks (LAN), nost
notably for transfers of technical data.

The data in these tables suggest that new entry is not a
primary vehicle for introduci ng advanced technol ogi es. Each
maj or i ndustry group showed positive increases in the nunber of
establishments operating. Industry 38, with by far the nost
substantial increase in plants, showed little difference from
other industries in the change in use rates. This is consistent
with Dunne (1994), who found young and old plants used advanced
technologies at simlar frequencies, and also wth Baily, et. al
(1991), who found that increases in productivity are associ ated
with shifts in market share to productive continuing plants, not

entry or exit.

IV. PRODUCTIVITY AND TECHNOLOGY USE

Tabl e 6 shows regressions of nunbers of technol ogies and a
variety of control variables on |abor productivity for both 1988
and 1993.4 Although there are sone differences, the coefficients

are remarkably simlar in each year. O nost interest, the

* For ease of presentation, we report only the paranmeter estinmates
for the capital intensity, labor skill mx, and technol ogy vari abl es.
The full set of paraneter estimates is available fromthe authors.
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coefficients on technol ogy use remain strong, positive, and

i ncreasing in nunber of technologies in both years. These
coefficients are significant even after accounting for a w de
range of control neasures including |abor skill mx, capital
intensity, plant size and age, product price, region, and 4-digit
SIC industry effects.

The i npact of various plant characteristics is as foll ows.
Labor productivity increases with size, particularly for plants
with nore than 500 enpl oyees. Age has the opposite effect:
younger plants are generally nore productive, ceteris paribus.
The type of manufacturing coefficients (e.g., fabrication and/or
machi ni ng, assenbly, all three, or none) are negative. Since the
omtted category of this set of dummy variables is plants for
whi ch none of the other three categories are relevant, the
interpretation of these variables is not clear. Nonetheless,
since the coefficient for plants which engage in fabrication,
machi ni ng, and assenbly work is the snmallest of the set, these
findi ngs suggest that nore integrated operations are the | east
producti ve.

A. Intensity of Technol ogy Use

These cross-section results provide strong evi dence that
pl ants that use advanced technol ogi es nore extensively have
hi gher productivity performance. |In order to investigate the
effect of the depth or intensity of use, as contrasted with the
wi dth or breath of use, Table 7 presents three regressions in

whi ch neasures of intensity of use in design and engi neering,
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fabrication and machi ni ng, and comruni cati on and control are
added. These three variables are based on questions newto the
1993 survey. The data on how nany workstations or pieces of
equi pnent in use at a plant provides information beyond sinple
counts of technol ogies used. W introduced this neasure into the
regression on a per-enployee basis to reflect intensity of use.

The intensity measures were not applicable for all 17
t echnol ogi es surveyed. However, they were available for the nost
preval ent technol ogi es -- design and engi neering, fabrication and
machi nery, and communi cations and control. W report three
regressions involving these variables. The first, estimated for
the entire sanple, shows a significant positive coefficient for
conput er assi sted design and conmuni cati on and contr ol
technol ogies. These results suggest that intensity of use is
per haps an independent factor in explaining plant productivity.
We al so note that the extensiveness of use of advanced
technol ogies remains a significant factor in the productivity
equation even after intensity of use is introduced.

A smal|l observed value for the intensity of use neasure can
arise either because the plant did not use the technol ogy at al
or used it sparingly. A plant that did not use one of the
technol ogi es for which we have an intensity neasure could be
hi ghly productive because it used one of the non-neasured
categories of technology. |If this situation was w despread, then
it wuld tend to bias the coefficient on the intensity neasure

towards zero. By restricting the sanple we can elimnate this
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possi bl e downward bias. Therefore, we estimted the nodel using
a restricted sanple including only those plants that had no
technol ogy or used the design and engi neering or comruni cation
and control technol ogies for which we had a intensity of use
measure. As can be seen fromcolums two and three in Table 7,
the coefficients on technology intensity are positive and
significant, and about 19% hi gher in value, relative to the
estimates fromthe full sanple (colum one), suggesting the bias
fromthis source i s noderate.

Wil e these results show a significant and consi st ent
positive relationshi p between productivity and advanced
t echnol ogy use, the source of the correlation cannot be deduced.
Al'l the positive characteristics, arguably including technol ogy
use -- size, labor skill mx, capital intensity, etc. -- are
associ ated with good managenent and progressive firnms. It is
possi bl e that these relationships are sinply reflecting the fact

that efficient producers are nost likely to use new technol ogi es.

V. PRODUCTIVITY GROWTH AND TECHNOLOGY USE

Qur analysis of productivity growh is based on panel data
fromthe 1988 and 1993 SMI. Table 8 displays nean | abor
productivity for a transition matrix based on technol ogy use in
1988 and 1993. For exanple, the row col um conbi nation 3-5\3-5
i ncl udes plants that used 3-5 advanced technol ogies in both
years. For these plants, productivity increased frome60.4 in

1988 to 66.2 in 1993. 1In order to protect confidentiality, we
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omt certain off diagonal elements off diagonal elenments for
transitions up and down. None of the conclusions drawn are
contradi cted by the suppressed dat a.

For all technology cells, real |abor productivity increased
over the 1988-93 tine period, with the exception of the 1-2/0
cell, where productivity declined from62.8 to 58.7, and the 3-
5/ 1-2 technol ogy cell, which remained virtually static at $66 of
val ue added per enployee. Generally speaking, within a 1993
technol ogy use class, productivity increases with nore extensive
technol ogy use in 1988 (noving down a col um).

Tabl e 9 di splays the nean | abor productivity in both 1988
and 1993 for the entire sanple of plants in the 1988 survey and
the 1993 survey, respectively. This table is directly conparable
to the row and col um sanple neans in Table 8. A conpari son of
t hese nmeans suggests that the results shown in Table 8 for the
panel subsanple are quite simlar to those found for the cross-
section sanples. The levels and the change are simlar, with tw
not abl e exceptions. Productivity is 18 points higher for plants
in the 1993 sanple with no advanced technol ogy in place than for
t he panel subset: 48.7 and 66.5, respectively. Conversely, the
1993 performance of plants using 13-17 of the surveyed
technol ogies is just under 100 for both the 1988 and 1993 sanpl e,
but somewhat | ower for the panel subset, 78.2 (1988) and 90.1
(1993).

Al t hough conpari sons such as these are not conclusive, we

bel i eve they support use of the smaller nonrepresentative sanple
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for the growth in productivity analysis. This is particularly
true when these conparisons are viewed in the context of the
di stribution of the panel across the technol ogi es that was
presented earlier in Table 3. Recall that while the distribution
of the subsanple was not the sane as the distribution of the
representative sanple in either year, the differences were
simlar in each year.

The results of this exercise do not provide any evi dence
t hat technol ogy use per se leads, at least imediately, to
i ncreased productivity. Tables 8-9 clearly reflect the results
of the cross-section regressions presented earlier: greater
nunbers of technol ogies are associated wth higher productivity.
However, in Table 8, the cells showng the greatest growh rate
in productivity were not necessarily associated with nore
extensive use of technology. The rate of growth in productivity
was highest for the 0/0 (21.1%, 6-12/3-5 (19.4%, and 1-2/3-5
(16.9%9 cells. On average, productivity grew by 13.6% for plants
movi ng down a technol ogy use class, 11.4%for plants remaining in
the same technology class, and 11.2% for plants noving up a
technol ogy class. Based on these data we tentatively concl ude
that the positive association of technol ogy use and productivity
is reflective of a correlation of our neasure of technology wth
an omtted variable(s) such as the quality of managenent or
capital

A. Productivity G owth Reqgressions

Al though Table 8 indicates that changes in the nunber of
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technologies in use by a plant effects productivity, there are
reasons to examne the relationship further. First, the table
does not provide controls for many of the factors which differ
across plants, such as changes in the capital intensity and
change in | abor force skill m x.
Second, the tabl e neasures changes by shifts across

technol ogy classes. Wile these classes are neaningful in the
cross-section regressions, they may be too crude and aggregate

for use in analysis of productivity growth. Table 8 inplicitly
measures net change in nunber of technol ogies.®> The average net

change in technologies in use was 1.7 for plants with none of the
17 advanced technologies in 1988. For plants with 6 or nore

t echnol ogi es the average net change between 1988 and 1993 was
negative, indicating a drop in the nunber of technol ogi es bei ng
used.

Thi s aspect of the adoption process, adding and droppi ng
technol ogi es, needs to be considered. |In fact, the gross change
in the nunber of technologies in use ranged from1l.7 for the no
technol ogy class (1988) to 5.3 for plants using 13 or nore
technol ogies in 1988. Therefore, we further investigate the

rel ati onshi p between productivity growh and technol ogy use by

®> Net change is neasured as the change in the nunber of
technol ogies reported in 1993 m nus the nunber reported in the 1988 SMI.
Gross change is defined as the absolute value of a change in the use of
technol ogies. Therefore, adding a technol ogy counts as one, as does
dropping a technol ogy. A gross change of four neans that between 1988
and 1993 four technol ogi es were added, or dropped, or a conbination of
adds and drops.
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estimating the first differenced nodel given in equation (2).
The nodel relates change in (the log of) productivity to changes
in the capital intensity, skill mx, and extent of technol ogy
use.

To nmeasure change in technol ogy use, we devel oped neasures
of both net and gross change. Most plants not only added, but
al so dropped, one or nore of the 17 surveyed technol ogies. Wile
one third of the sanple showed a decline in the extent of their
technol ogy use, the average net change was positive, from4.0
technologies to 4.7. Nevertheless, there was consi derabl e
churning -- the average plant showed a gross change of about 4
technol ogies. The net change neasure hi des considerable shifting
in the actual technological mx reported in the two years.

The hi gh degree of churning, or turnover, in technol ogies
used nmakes it likely that our technol ogical class variables, as a
measure of the extensiveness of technology use, are subject to
measurenent error. In the context of a dependent variable like
change in | og productivity, which has relatively small variation,
finding any relationship is difficult. W don't, however, want
to bel abor the point. As we discuss below, this churning appears
reflective of real forces. |In particular, the high rate of
turnover in gross technology use may, in addition to neasurenment
error, be associated with experinentation and acceptance or
rejection of particular technol ogi es.

The results of applying the panel data to this nodel of

productivity growh are given in Table 10. Colums 1-3 differ
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only in the neasure of the change of the extent of technol ogy use
variable. The first columm includes net change in the nunber of
t echnol ogi es used, while colum two includes gross change. The
results in the third colum replace the change in the nunber of
technol ogies with a set of class dumm es for whether the plant
moved up, down, or renmmined in the sane technol ogy class (0, 1-2,
3-5, 6-12, or 13-17) over the 1988-93 peri od.

It is apparent that this nodel, regardless of which neasure
we use for change in technol ogy use, explains essentially none of
t he observed variation in productivity gromh. W believe our
| ack of explanatory power is due to three factors. First, the
errors in variable neasurenent, as discussed in Section I1.

A second possibility is that better perforners are noving to
newer or better technol ogies not covered in the survey. Most of
t he surveyed technol ogi es have been available since the early
1980s, sone for considerably |onger. However, we do not think
the surveyed technol ogi es are obsol ete because the survey
responses suggest that plants not using the technol ogi es pl anned
to adopt them Nonetheless, if coverage of new technologies is
i nconpl ete, sonme plants may be switching to out-of-scope
technol ogies and we nay well be mi ssing information on the
“cutting edge” technol ogies which are making the difference in
pl ant performance.

Athird difficulty, we call a plant-specific “persistence
effect”. W know that the variance in productivity across

establishnments at any given point in tinme is quite high. W also
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know that there is a persistence factor in individual plant’s
productivity: the plant’s position within the productivity
distribution tends to remain somewhat stable, but with a
degradation or regression to the nean over tinme.® Qur nodel, as
specified in equation (2), assuned this persistence factor was
constant. To adjust for the degradation of the persistence

factor, we reestimte equation (2), nodifying the “fixed” plant

effects (m as follows:
Dm = r;, where r;, = f(initial state)). (3)
The persistence effect, represented by r;, is a function of

the plant’s initial state. The function, f, is unknown, as is
t he exact specification of the initial state. W, therefore, use
a linear function of the extensiveness of the plant’s set of

technol ogies in 1988 and the quality of the plant prior to
t echnol ogy changes as instrunents for r. The later is proxied by

a set of class dumry variables for the industry specific quintile
of the 1988 | abor productivity distribution the plant was in. In
this way, we attenpt to mnimze transitory factors in the
observed productivity neasure that do not reflect the pernmanent
or long-run quality of the plant.

When we include the initial conditions, the positive

® Bailey, et. al (1992) exam ne the dynami cs of plant |evel
productivity for 23 four-digit manufacturing industries. They found,
anong other things, that there is significant persistence across tine in
pl ant | evel productivity. Dwer (1995) found that, for the textile
i ndustry, plant “fixed effects” erode over tine, with a half life of 10
to 20 years.
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rel ati onship between capital intensity and productivity growth
becones statistically significant. However, the change in |abor
skill mx remains insignificant. The net change in the nunber of
technol ogi es has a positive and significant relationship to
productivity growh.’” This suggests that the observed
correl ation between productivity and the extent of technol ogy use
is not just a matter of good plants adopti ng new technol ogi es.
In general, all the nmeasures of initial conditions gave
results consistent wwth the hypothesis that a significant
fraction of a plant's productivity gromh is associated with its
status at the beginning of the period. The coefficients on the
plant quality variables (initial productivity quintile) are
negati ve, suggesting regression to the nmean characterizes the
productivity distribution. That is, plants with high observed
productivity in a period are likely to show |lower growh in
productivity and vice versa. The plant's initial nunber of
technol ogi es are positively related to change in productivity,
al though insignificant for plants with less than 6 technol ogi es.
Thi s suggests that experience may be a factor in determning the
i npact of technol ogy on inproved plant performance, which we
exam ne further bel ow

B. Experience in Using Technol oqy

As nentioned above, the regression results suggest that

" W also estimate the nodel with gross change, expecting it to
capture adjustnent costs in adding and dropping technol ogies. However,
the estimated relationship is statistically insignificant, perhaps
because of omtted, non-survey technol ogy information.
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experience may be a factor in determ ning the inpact of
t echnol ogy on changes in plant performance. A conparison of the
net and gross change in the nunber of technol ogi es shows al nost
four changes in technol ogi es used for every net increase. Wile
we know that sone of this is noise in the data, the rather
substanti al observed turnover suggests that advanced technol ogi es
may be sonet hing of an experience good. Plants adopt a
technol ogy and then through experience decide whether or not to
continue to use it. The 1993 survey includes a set of questions
designed to indicate how | ong a plant has used each technol ogy.
The answers are subject to recall bias and conparisons to
responses in the 1988 survey indicate inconsistencies in sonme of
the answers.® Thus we rely on our panel data for neasurenent of
t echnol ogy adoption after 1988. However, the experience neasure
that can be derived is of such potential interest that we include
sonme di scussion of it here.

Experience with an appropriate technol ogy shoul d, through
| earning by doing, lead to | ower costs and increased
productivity. However, our neasure of experience, the portion of
technol ogi es used nore than five years, is not significant in
regressions of productivity levels or productivity gromh. This
may be due to the substantial noise in the survey data. Table 11
shows the average percentage of plant technol ogi es used nore than

five years for the transition matrix of nunber of technologies in

8 The data exhibits the phenonmena known as “tel escoping,” or
respondent error in recalling the date of adoption.
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use in 1988 and 1993. The tabl e excludes certain off-diagonal
el ements to ensure confidentiality. These omtted cells do not
ef fect any concl usi ons drawn.

From Table 11, it is readily observed that the percentage of
technol ogi es used for nore than five years is higher the greater
t he nunber of technol ogies that the plant uses. For plants with
13 or nore technologies in 1993, 71 percent of the technol ogies
had been in place for nore than 5 years. |In contrast, for those
plants with 3-5 technologies in 1993, only 53 percent of the
technol ogies were in use over 5 years. This relationship is
evident not just in the sanple nmeans. Each colum of the Table
11 shows that the experience of plants within the same 1993 use
class is higher the greater nunber of technologies in use in
1988. In other words, those plants with the | argest technol ogy
use had the greatest experience.

As expected, the trend in the relationship across the rows
is in the opposite direction. That is, for any |level of
technology in 1988, the experience ratios decline with greater
1993 | evel of technol ogy use. For exanple, for plants with 6-12
technologies in use in 1988, the percentages are 78 percent, 70
percent, and 64 percent, respectively. Simlarly, for plants
with 3-5 technologies in 1988, the percentage of the plants with
nmore than 5 years experience in 1993 is 63 percent, 60 percent,
and 46 percent, for plants noving down, remnaining the sane, and
nmoving up in the technol ogy use distribution, respectively.

Looki ng at the diagonal of the table, it is also readily observed
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that for those plants that did not change their technol ogy group,
the greater the nunber of technologies in place, the higher the
portion of plants with extensive experience using the

t echnol ogi es.

These observations are consistent with substanti al
experinmentation and adjustnments in the process of arriving at a
t echnol ogi cal configuration that is optinmal for the plant.® 1Is
there support for this view? To find out we estinmated an ordered
probit with three possible outcones for a plant's change in
t echnol ogy use between 1988 and 1993. Table 12 shows the
estimated probabilities of noving to a higher technol ogy use
cl ass, dropping down to a | ower technol ogy use class, or
remai ning in the same class, conditional on the plant’s initial
(1988) technol ogy use class. The values in the table are based on
eval uation of the ordered probit at the sanple nean val ues.

The probability of a plant decreasing the nunber of
technologies it uses and dropping down a technology class is 92
percent, if the plant used 13 or nore of the surveyed
technologies in 1988. Since a plant can't increase its extent of
technology use if it is already in the top use class, or decrease
its technology use if its is in the |owest use class, these
estimates are censored. Even so, there is only an 8 percent
chance that a plant wwth 13-17 technologies in 1988 would stil

be in that class in 1993. Plants using 6-12 technol ogies in 1988

® Recall that it is possible that best perforners are noving to
newer technol ogi es not covered in the survey.

26



had a 53 percent chance of dropping to a lower class by 1993. 1In
contrast, plants with two or fewer technol ogies had nearly a 60
percent chance of increasing the nunber of technol ogies they use,
such that they noving to a higher technol ogy use class. These
results are not unexpected.

To sunmari ze, plants with nore extensive advanced technol ogy
use have greater probabilities of dropping in technol ogy class,
whi |l e those using few advanced technologies are nore likely to
increase. \What is surprising is that in only one category -- 3-5
technologies in use in 1988 -- was the probability of remaining
in the sanme class greater than the probability of changing
cl asses. The typical plant had a relatively high probability of
changing its category of technol ogy use. Thus, even though these
cl asses of technology use are quite wide, they do not conpletely
hi de the extensive turnover suggested by the conparison of the

net and gross change in the actual nunber of technol ogi es used.

VI. CONCLUSIONS

Bef ore drawi ng together the main results of this study, we
enphasi ze the inportance of technol ogy surveys |ike the SMI for
understanding the role of technology in the evol ution of
i ndustries and, consequently, in the performance of plants.
There are two aspects of the SMI that are worth highlighting.
First, the new SMI survey is a direct followup to the 1988
survey of advanced technology use. The simlarity in design

bet ween the two surveys provided a unique opportunity to exam ne
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the use and pl anned use of advanced (conputer based) technol ogies
at two different points in tine. Data sets |like this are rather
scarce.

Second, the data conpl enent the basic plant |evel data
collected in the regul ar censuses and annual surveys, which
provi de nmeasures of plant performance and ot her pl ant
characteristics. Mreover, for a subset of the surveyed SMIr
pl ants, we have the information on both technol ogy use and pl ant
performance avail able in both years. This allows us to directly
associ ate changes in technol ogy use with changes in plant
productivity performance, controlling for other plant
characteristics. Wile the small and sonmewhat nonrepresentative
sanpl e avail able for this part of the anal ysis nmandates caution
in draw ng concl usions, we believe that several inportant
fi ndi ngs energe.

The main findings of the study are as follows. First, the
di ffusion rates across the surveyed technol ogies differ
substantially. Second, the adoption process is not snooth:
pl ants add and drop technol ogi es over the six year interval 1988-
93. In fact, the average plant showed a gross change in
technol ogy use of roughly four in achieving an average net
increase of 0.5 new technologies. 1In this regard, technol ogy
appears to be an experience good: plants experinment with
particul ar technol ogi es before deciding to add additional units
or drop the technology. Future work needs to exam ne ways to

identify how much of this churning is real and how nuch is noise.
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At the least, these findings indicate that the pace of
t echnol ogi cal progress at the plant |evel involves nore than
sinply addi ng technologies in a uniformway.

Qur third finding is that establishnments using advanced
technol ogi es exhi bit high productivity. Fourth, this
relationship is observed in both 1988 and 1993 even after
accounting for other inportant factors associated with
productivity: size, age, capital intensity, labor skill mx, and
other controls for plant characteristics such as industry and
region. Fifth, the relationship between productivity and
advanced technol ogy use is observed both in the extent of
technol ogi es used and the intensity of their use. Finally, while
there is sone evidence that the use of advanced technologies is
positively related to inproved productivity performance, the data
suggest that the dom nant explanation for the observed cross-
section relationship is that good perforners are nore likely to

use advanced technol ogi es than poorly perform ng operations.
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Table 1

Description of Technol ogi es

Technol ogy

Descri ption

Comput er ai ded desi gn

CAD control | ed machi nes

Di gital CAD

Fl exi bl e manufacturing
syst ens/ cel

Nurerically controlled
machi nes/ conput er
control |l ed machi nes

Material s working | asers

Pi ck/ pl ace robots

O her robots

Aut omati ¢ storage/
retrieval systems

Aut omat i ¢ gui ded vehicle
syst ens

Techni cal data network
Factory network

| nt er conpany conput er

net wor k

Programmabl e controllers

Comput ers used on factory
| oor

Aut omat ed sensors used on
i nputs

Aut omat ed sensors used on
final product

Use of computers for drawi ng and designing parts or products for
anal ysis and testing of designed parts and products

Use of CAD output for controlling machines used to manufacture
the part or product.

Use of digital representation of CAD output for controlling
machi nes used to nanufacture the part or product.

Two or nmore machines with automated material handling
capabilities controlled by conputers or programable

controll ers, capable of single path acceptance of raw naterials
and delivery of finished product.

NC machi nes are controlled by nunerical commands punched on
paper or plastic nylar tape, where CNC machi nes are controlled
through an internal conputer

Laser technol ogy used for welding, cutting, treating, scribing
and mar ki ng.

A sinmple robot with 1-3° of freedom which transfers itens from
pl ace to pl ace

A reprogrammabl e, multi functioned manipul ator designed to nove
materials, parts, tools, or specialized devices through variable
progranmed notions.

Comput er-control | ed equi pnent providing for the automatic
handling and storage of materials, parts, and finished products

Vehi cl es equi pped with automati c gui dance devices programed to
follow a path that interfaces with work stations for automated
or manual |oading of nmaterials, parts, tools, or products

Use of LAN technol ogy to exchange technical data w thin design
and engi neering departnents.

Use of LAN technol ogy to exchange informati on between different
points on the factory fl oor

I nt erconpany conputer network linking plant to subcontractors
suppl i ers, and/or custoners.

A solid state industrial control device that has progranmmbl e
mermory for storage of instructions, which perforns functions
equivalent to a relay panel or wired solid state logic contro
system

Excl udes conmputers used solely for data acquisitions or
monitoring. |Includes conputers that nay be dedicated to
control, but which are capable of being reprogrammed for other
functions.

Aut omat ed equi pment used to performtests and inspections on in-
conming or in-process naterials

Aut omat ed equi pnent used to performtests and inspections on
final products.

Sour ce:

Manuf act uri ng Technol ogy, 1988
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Table 2

Definition of Variables and Summary Statistics

1988/ 93
Vari abl e 1988 1993 Pane
Di screte Variables
Techy,:  No Technol ogi es . 180 . 113 . 102
Tech,: 1 - 2 Technol ogi es . 248 . 208 . 184
Tech,: 3 - 5 Technol ogi es . 276 . 305 . 253
Techs: 6 - 12 Technol ogi es . 270 . 345 . 410
Tech,: 13 - 17 Technol ogi es . 026 . 029 . 051
NoChange: Sane Technol ogy C ass . 483
in 1988 & 1993
MoveUp: Hi gher Technol ogy O ass . 318
in 1993 Than 1988
MoveDown: Lower Technol ogy d ass . 199
in 1993 Than 1988
Assenbly: Assenbly . 187 . 185
Fab/ Mach: Fabricati on & Machi ning . 135 . 121
Fab/ Mach/ Assenb: Fabri cati on, . 625 . 636
Machi ni ng & Assenbly
None: None of the above . 054 . 052
Size,;: 21 - 99 Enpl oyees . 427 . 427
Si ze,; 100 - 249 Enpl oyees . 269 . 267
Size;: 250 - 499 Enpl oyees . 130 . 134
Size,s 499 - 999 Enpl oyees . 103 . 106
Si zes: 1, 000+ Enpl oyees . 072 . 066
Age;: < 5 Years . 099 . 090
Age,: 5-15 Years . 304 . 308
Age;: 16-29 Years . 309 . 299
Age,: 30 + Years . 287 . 303
Price;: < $5 . 143 . 139
Price,; $5-$100 . 264 . 262
Price;: $101-$1, 000 . 217 .211
Price,; $1,001-2,000 . 055 . 052
Prices: $2,001-10, 000 . 122 112
Prices: $10,000 + . 198 . 212
MJ = Multi-Unit Firm . 618 . 599
LPQuintile;: 1988 Labor Productivity . 140
in Lowest Quintile
LPQuintile, 1988 Labor Productivity . 188
in Second Quintile
LPQuintile;: 1988 Labor Productivity . 195
in Third Quintile
LPQuintile,; 1988 Labor Productivity . 220

in Fourth Quintile
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1988/ 93
Vari abl e 1988 1993 Pane

LPQuintiles: 1988 Labor Productivity . 257
in H ghest Quintile

Conti nuous Vari abl es

LnLP: Log(Val ue Added/ Labor) 3.881 3.990
DI nLP:  LnLPg; - LnLPgg . 100
LnKL: Log(Capital/Labor) 3.186 3. 389
DLnKL: LnKLg; - LnKLgg . 301
LnSkil'l: Log(NonProduction -1.313 -1.268
Wor ker s/ Labor)
DLnSkill: LnSkillg - LnSkill 88 . 033
NTech: Nunber of Technol ogi es 3.984 4.726
in Use
DNet: Net Change in Nunber of . 486
Technol ogi es, 1993-1988
DG oss: G oss Change in Nunber 4.162

of Technol ogi es, 1993-1988

! Deflated with NBER four-digit SIC price index, 1987=1.00.
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Table 3

Sanple Distribution by Nunber
of Technol ogi es Used, 1988 & 1993

Nunber of 1988 1993
Technol ogi es Panel SMI Panel SMI
0 0.10 0.18 0.10 0.11
1- 2 0.18 0. 25 0.14 0.21
3-5 0. 25 0. 28 0. 25 0.31
6 - 12 0.41 0. 27 0. 46 0. 34
13 - 17 0. 05 0. 03 0. 06 0. 03
Tot al 100. 00 100. 00 100. 00 100. 00
N 1,732 6, 917 1,732 6, 122
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Per cent

Table 4

of Establishments Using
Conput er - Based Machi nes by Two-Digit

I ndustry, 1993

Two-Di gi t | ndustry*
Technol ogy 34 35 36 37 38 All
Desi gn & Engi neeri ng
Conput er Ai ded Desi gn 46.5 64.1 64. 2 53.9 65.5 58. 8
CAD Control |l ed Machi nes 19.3 34.8 21.5 25.5 18.5 25.6
Digital CAD 7.0 11.6 16.1 9.6 16.1 11.3
Fabri cati on/ Machi ni ng Syst ens
Fl exi bl e Manufacturing Systens 9.5 11.8 17.0 15.5 14. 2 12. 7
NC/ CNC Machi nes 40. 4 61.9 34.5 44.1 35.1 46. 9
Lasers 3.4 4.3 7.8 5.4 6.3 5.0
Pi ck Pl ace Robots 6.6 5.4 15.2 10.1 11.7 8.6
O her Robots 3.8 3.6 5.3 11.7 3.8 4.8
Aut omat ed Material Handling
Aut omati c Storage/ Retrieval 1.2 2.3 3.8 3.8 4.8 2.
Gui ded Vehicl e Systens 0.3 1.1 1.7 2.2 1.5 1.1
Aut onat ed Sensor Based | nspection
Mat erial s Sensors 8.1 8.1 11.8 15.6 11.7 9.9
Qut put Sensors 9.6 10. 6 17.5 16.1 14.7 12.5
Communi cation & Control
LAN for Technical Data 20.1 29. 4 37.1 28.0 40.7 29.3
Factory LAN 14.5 21.0 30.5 23.9 30.0 22.1
I nt er conpany Conput er Net wor k 16.7 15.4 21.9 23.4 15.3 17.9
Programabl e Controllers 30.2 29.0 30.7 30.7 29.8 30.4
Conputers Used on Factory Floor 20.2 28.1 33. 26. 8 29.0 26.9
Nunmber of Establishnents 13, 190 14, 231 7,472 4,110 3,988 42,991
Sour ce: “Manufacturing Technol ogy: Preval ence and Plans for Use, 1993,” Current

Industrial Reports. Bureau of the Census,

U.S. Departnent of Commerce.

Except

* Industry 34 -- Fabricated Metal Products,
Equi prent

Industry 35 -- Industrial & Commerci al

Industry 36 -- Electronic & Other Electrical
Comput er

Industry 37 -- Transportation Equi pnent

Industry 38 -- Measuring, Analyzing,

34
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Per cent

Table 5

of Establishments Using
Conput er - Based Machi nes by Two-Digit

I ndustry, 1988

Two-Digit I'ndustry*

Technol ogy 34 35 36 37 38 Al |
Desi gn & Engi neeri ng

Conput er Ai ded Desi gn 26. 8 43.2 48.5 39.9 48. 9 39.0

CAD Controll ed Machi nes 13.1 21.6 16.0 16.6 14. 6 16.9

Digital CAD 6.5 11.0 12.8 10.0 12.5 9.9
Fabri cati on/ Machi ni ng Syst ens

Fl exi bl e Manufacturing Systems 9.0 11.0 11.9 12. 6 10. 8 10.7

NC/ CNC Machi nes 32.2 56.7 34.9 37.3 33.6 41. 4

Lasers 2.9 3.6 7.5 6.0 4.3 4.3

Pi ck Pl ace Robots 5.7 5.8 13.1 10. 4 8.6 7.7

O her Robot s 4.4 5.2 6.9 10.5 4.4 5.7
Aut omat ed Material Handling

Aut omati c Storage/ Retrieval 1.0 3.6 4.9 4.7 4.2 3.2

Gui ded Vehicl e Systens 0.8 1.7 1.8 3.3 1.3 1.5
Aut onat ed Sensor Based | nspection

Material s Sensors 6.7 8.5 16. 2 12.7 12.2 10.0

Qut put Sensors 8.3 9.9 22.2 14. 15.4 12.5
Conmmuni cation & Control

LAN for Technical Data 13. 4 18.5 24.9 22.0 25.8 18.9

Factory LAN 11.6 16. 3 21.1 18.7 21.3 16. 2

I nt erconpany Conputer Network 14.9 12. 4 16. 2 21.7 13.8 14.8

Programuabl e Controllers 26. 8 33.9 38.0 32.0 32.7 32.1

Conputers Used on Factory Floor 21.1 28.1 34.5 27.4 32.3 27.3
Nunmber of Establishnents 12, 746 13, 176 7,293 3,425 2,916 39, 556
Source: “Manufacturing Technol ogy, 1988,” Current Industrial Reports. Bureau of the

Census, Econonics and Statistics Adm nistration,

* Industry 34 -- Fabricated Metal
Equi prent

Products, Except

Industry 35 -- Industrial & Commerci al

Industry 36 -- Electronic & Other Electrical
Comput er

Industry 37 -- Transportation Equi pnent

Industry 38 -- Measuring, Analyzing,

35

Machi nery & Conput er

U. S. Departnment

Equi prent

Equi prent & Conponents,

& Controlling Instrunents

of Commer ce.

Machi nery & Transportation

Except



Table 6

Labor Productivity Regressions!?

Vari abl e 1988 1988 1993 1993
I ntercept 3.777* 3. 749* 4.039* 4.010*
(0. 076) (0.077) (0. 083) (0. 084)
LnKL 0. 158* 0. 160* 0. 143~ 0. 144~
(0. 008) (0. 008) (0. 008) (0. 008)
LnSki |1 0. 070* 0. 069~ 0. 079* 0. 079*
(0.012) (0.012) (0.012) (0.012)
NTech 0. 015~ 0. 015~
(0. 002) (0. 003)
Tech, 0. 058* 0.047H
(0. 020) (0. 026)
Tech, 0. 094~ 0. 090~
(0. 021) (0. 026)
Tech, 0.127* 0.118*
(0. 024) (0. 029)
Tech, 0. 215* 0. 231~
(0. 048) (0. 052)
N 6, 843 6, 843 6, 062 6, 062
R . 232 . 232 . 264 . 263

Nunbers in parentheses are standard errors. Definition of variables given in
Tabl e 1.

L' Al regressions include dumy variables for size, age, type of

manuf acturing, nean product price, single/multi-unit firm regi on, and
four-digit SIC industry.

* Significant at the 95%] evel

H Significant at the 90% | evel
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Table 7

Labor Productivity Regressions, 1993!

Vari abl e 1993
I nt er cept 4.001* 3.978* 3.773*
(0.084) (0.103) (0.102)
LnKL 0. 144* 0. 142* 0.163*
(0.008) (0.008) (0.010)
LnSki | | 0.078* 0.073* 0. 061*
(0.012) (0.014) (0.016)
Tech, 0. 039 0. 051* 0. 047
(0.026) (0.029) (0.042)
Tech, 0.077* 0. 095* 0. 084*
(0.026) (0.027) (0.031)
Tech, 0. 098* 0.108* 0.112*
(0.029) (0.030) (0.033)
Tech, 0. 200* 0. 210* 0. 204*
(0.052) (0.053) (0.059)
Design & 0. 153H 0. 182*
Engi ne. Int. (0. 080) (0.081)
Fabricating & -0.002
Machi ning Int. (0.002)
Comm & 0.119* 0. 142*
Control Int. (0. 045) (0.048)
N 6, 062 5,163 3, 757
R . 265 . 267 . 295
Nunbers in parentheses are standard errors. Definition of vari abl es given
in Table 1.
L' Al regressions include dumy variables for size, age, type of
manuf acturing, nean product price, single/multi-unit firm regi on, and

four-digit SIC industry.
* Significant at the 95%] evel
H Significant at the 90% evel .
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Table 8

Aver age Labor Productivity,
By Technol ogy Use, 1988 & 1993 Pane

Technol ogy Technol ogy Use, 1993
Use, 1988 1-2 3-5 6-12 13-17 Sanpl e Mean
1988 1993 1988 1993 1988 1993 1988 1993 1988 1993 1988 1993
0 43.6 52.8 42.2 49. 8 44.3 52.0
1- 2 62. 8 58.7 50. 2 54.9 53.3 62. 3 53.2 58.0
3-5 66. 5 65.9 60. 4 66. 2 64.3 69.5 62. 8 68. 4
6 - 12 57. 1 68. 2 72.2 80.0 75. 6 87.9 70. 2 78.9
13 - 17 77.3 84.7 82.9 92.1 80.8 87.6
Sanpl e Mean 57.7 66. 5 54.3 57. 4 56. 8 64.7 68.5 75. 2 78. 2 90.1 63.1 70. 1
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Table 9

Aver age Labor Productivity
By Technol ogy Use, 1988 and 1993 Sanpl es

Technol ogy Use

1-2 3-5 6-12 13-17

Sanpl e

Mean

1988 1993 1988 1993 1988 1993 1988 1993 1988 1993 1988 1993
1988 Sanpl e 44.0 49.0 52.5 57.1 59.3 64.9 68. 3 78.6 77.8 99.0 57.8 65.1
1993 Sanpl e 46. 2 48. 7 54.5 56. 2 56.5 61.7 66. 4 72.0 81.2 98.4 59.2 63.9
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Tabl e 10

Change in Labor Productivity Regressions,

Vari abl e 1988/ 93 Pane
I nt er cept 0. 091* 0. 082* 0. 080* 0.712*
(0.015) (0.027) (0. 020) (0.052)
DLnKL 0. 025 0. 025 0. 026 0.030H
(0. 020) (0. 020) (0. 020) (0.017)
DLnSki | | 0. 031 0. 031 0. 030 0.019
(0.029) (0.029) (0.029) (0.026)
DNTech 0.002 0. 007H
(Net) (0.004)
(0. 004)
DNTech 0. 002
(G oss) (0. 005)
MoveUp 0. 026
(0.030)
Mov e Down 0. 020
(0. 035)
Initial Conditions:
Tech, g 0. 009
(0.047)
Tech, gg 0. 065
(0. 045)
Tech; gg 0. 149*
(0.043)
Techy gg 0. 200*
(0.068)
LPQuintil e, g - 0. 560*
(0. 049)
LPQui ntil e; g -0.678*
(0.047)
LPQuintil e, g -0.837*
(0.047)
LPQui ntil es gg - 0. 926*
(0. 045)
N 1,708 1,708 , 708 1,708
R? . 002 . 002 . 002 . 219

Nunbers in parentheses are standard errors. Definitions of variables are given
in Table 1.

* Significant at the 95%/ evel

H Significant at the 90% I evel
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Aver age Percentage of 1993 Technol ogi es

Tabl e

11

In Use More Than Five Years,
By Technol ogy Use,

1988 & 1993 Panel

Technol ogy Technol ogy Use, 1993 Sanpl e
vse, 1988 0 1-2 3-5 6-12 13- 17 Vean

0 0. 00 0. 00 0. 00

1- 2 0. 00 0. 55 0.31 0. 33
3-5 0. 63 0. 60 0. 46 0. 50

6 - 12 0.78 0.70 0. 64 0. 68
13 - 17 0. 96 0.92 0. 87
Sanpl e Mean 0. 00 0. 46 0. 52 0. 60 0.71 0.51
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Table 12

Probability of Changi ng Technol ogi es Use Cd ass,
Condi ti oned on 1988 Technol ogy Use d ass

Technol ogy Use Move Up a Move Down a Stay in Sane
Cl ass, 1988 Technol ogy C ass Technol ogy C ass Technol ogy C ass
0 0. 00 0.19

0. 59 0. 02
3-5 0. 30 0. 59
6 - 12 0. 53 0. 44
0. 00 0.92
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