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Abstract

We study wages, size-wage prem a and the enpl oynment structure
(measured as the fraction of production workers in an establishnment)
and their relationship to the extent of advanced-technol ogy usage at
U.S, manufacturing plants. W begin by sketching a nodel of

t echnol ogy adoption based on Lucas (1978) that provides a framework
for interpreting the data analysis. W then study a new Census
Bureau survey of technol ogy use at manufacturing plants. Wrkers in
establishments that are classified as the nost technol ogy intensive
earn a prem um of 16 percent as conpared to those in plants that are
the | east prem um earned by workers in all but the very |argest

pl ants. The inclusion of the technology classification variables in
st andard wage regressions reduced the size-wage prem a by as nmuch as
60 percent for sone size categories.
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1. | ntroducti on

In trying to understand significant and puzzling wage
nmovenents, econom sts have often turned to expl anati ons based on
changes in technol ogy. For example, Welch (1970) argues that
skil | ed- bi ased technol ogi cal change was the main force behind the
increase in demand for educated workers that kept the return to
education fromfalling in the face of a tremendous expansion in the
share of educated workers over the period 1940-60. More recently,
Davi s and Hal tiwanger (1991) have argued that skill ed-biased
t echnol ogi cal change is the nost |ikely suspect behind the
significant increase in manufacturing wage inequality over the | ast
thirty years. While these and other studies (e.g. Allen (1991),
M ncer (1991), Berman, Bound, and Giliches (1992) and Bound and
Johnson (1992)) typically find a significant role for technology in
expl ai ni ng wage patterns, nost are forced to rely on rather indirect
measur es of technol ogy.

In this paper we study a survey of technol ogy usage at

manuf acturing plants which provides unusually direct information on

technol ogy enpl oyed at the plant. Fromthis survey we construct



measures of "how intensively a plant uses advanced-technology in its
production process.” Wth these neasures we study the relationship
bet ween wages, enploynment structure (measured as the fraction of
producti on workers at a plant) and plant technology intensity. W
exam ne, for exanple, the prema paid to workers in plants classified
as the nost technology intensive. W also ask if differences in
t echnol ogy can "explain" any of the enployer size-wage prem a puzzle.
Since the survey is a point in time survey we are limted to such
cross-section analysis and cannot directly confront some of the
i ssues introduced in the above papers. However, if technol ogical
change is, on bal ance, skilled-biased and if changes in technol ogy
are responsi ble for significant wage novenents, as argued in the
papers above, then we should expect that our direct measures of
technol ogy usage at plants should be related to wages, enploynent
structure and size-wage prem a at those plants. [|f our neasures were
not related to such variables, it would cast sonme doubt, we believe,
on ot her studies that have used indirect nmeasures of technology in
order to explain wage novenents over tine.

The technol ogy data enployed in the paper are fromthe Survey
of Manufacturing Technol ogy (SMI), a Census Bureau survey of
advanced-technol ogy usage at U.S. manufacturing plants. The survey
requested that the plant manager specify which, if any, of a |ist of
sevent een advanced technol ogies were used at the plant. Fromthis

usage information we construct nmeasures of plant technol ogy



intensity. The data on wages and enpl oynent come fromthe Census of
Manuf actures (CM.

Wth information fromthe SMI and CM we are able to exam ne
standard cross-section production-worker wage regressions that
i nclude dumry variables for region, industry, plant size (nmeasured by
total enploynent), plant age and neasures, defined bel ow, of the
technology intensity of the plant. W find that production workers
in plants which are classifies as the nost technol ogy intensive earn
a 16 percent prem um as conpared to workers in plants classified as
the | east technology intensive. This finding is consisten with the
interpretation that these plants enploy a higher fraction of skilled
producti on workers than do the | east technol ogy intensive plants.

The premium for working in the nost technol ogy intensive plants
is greater than the size prem um earned by workers at all but the
very largest plants. As conpared to workers in the smallest plants
(plants with enploynment |ess than 100), production workers in plants
wi th enploynment 100-249, 250-499, 500-999, 1000-2499 and over 2500,
earn no premum a 3 percent premum and 8 percent premum a 17
percent prem um and a 28 percent prem um respectively.

The rel ationship between the nmeasures of technology intensity
and the size-wage prema is also explored. This was done as foll ows.
We conpared the size premuns in the regressi on above, which included
dummy variables for the technology intensity of the plant, to the

premuns in a regression with those technol ogy control s del et ed.



| ncl uding the technol ogical controls significantly reduces the size
premumfalls from2 percent to zero. For the establishments with
enpl oynment 250-499, 500-999, 1000-2499 and over 2500, the size
premumfalls 59 percent, 41 percent, 30 percent and 24 percent
respectively. The size premiumfalls the greatest amount for the
smal | er size categories. As will be seen below, there is nuch
greater variability in technol ogy usage at small and medi um si zed
pl ants as conpared to |arge plants. Hence, the potential for the
technol ogy controls to pick up differences across plants is greater
for small and nedium sized pl ants.

We al so exam ned the relationship of the technol ogy controls
and non-production worker wages. The results for the non-production
wor ker wages closely mrror those for the production workers and w |
be di scussed below. Again the findings are consistent with the
interpretation that the nost technol ogy intensive plants enploy a
hi gher fraction of skilled non-production workers than do the | east
t echnol ogy i ntensive plants.

VWhile skill levels can vary within the production and non-
producti on worker groups, they also vary across the two groups, with
non- producti on workers typically regarded as the nore skilled group.
Since the CM has information on the fraction of production workers in
total enploynment, we can explore howthis ratio is related to
technol ogy usage at plants. W find, anong other things, that plants

whi ch are the nost technol ogy intensive enploy a smaller fraction of



producti on workers than plants that are classified as the | east so.
This is consistent with the findings of Berndt, Mrrison and
Rosenbl um (1992).

I n the next section we present a nodel of technol ogy adoption
based on Lucas (1978) that is consistent with the findings discussed
above. There are two key ingredients in the nodel. First,
technol ogy is assuned, as in the papers discussed above, to be
skill ed-biased. Plants which intensively use advanced-technol ogy
therefore employ a high fraction of high-quality, skilled workers who
earn higher than average wages. Second, as often assuned in the
i ndustrial organization literature, the cost of adopting technol ogy
is independent of size. Since the cost of adopting technology is
i ndependent of size, but the benefits are increasing in size, the
| argest plants, on average, are nore likely to adopt advanced-

t echnol ogy.

There is evidence, beyond that in the papers cited above, that
the interpretation offered in the nodel below is a reasonabl e one.
First, there are case studies which suggest that technology is
skill ed-biased (Bailey (1989), (1990)).! Second, many of the
advanced technol ogi es on the SMI survey require conmputer skills.

Krueger (1991) argues that there is a substantial wage prem um for

'Also related is the literature that discusses conplinentarity
bet ween skilled | abor and technol ogi cal change (captial), for
exanpl e, Bartel and Lichtenberg (1987) (Hamernmesh (1980)).



having conmputer skills. In an analysis of Canadi an manufacturing
plants, Reilly (1992) finds that inclusion of a variable that
i ndi cat es whet her a plant has access to a conputer or not
significantly reduces the size-wage prem um

The remai nder of the paper proceeds as follows. [In the next
section we sketh a very sinple nodel of technol ogy adoption. This
nodel provides a framework for interpreting the data anal ysis that
follows. The third section describes the data sets used in the
paper. Here we al so discuss how we construct the neasure of
technology intensity of the plant. Some summary statistics are al so
di scussed. The cross-sectional wage regressions and anal ysis are
presented in section 4.
2. A Model of Technol ogy Adoption

In this section we sketch a very sinple nodel of technol ogy
adoption that provides a framework for interpreting the data anal ysis
bel ow. The nodel joins an idea in Lucas (1978), that variations in
size of business reflects heterogeneity is managing skills or "span
of control,” with a very old idean fromthe technology literature,
nanely that while the cost of adopting technology is often
i ndependent of the scale of production, the benefits are typically
positively related to scale (see, e.g., Arrow (1962)). We will first
present a brief sunmary of the Lucas nodel and then discuss our
si nmpl e extension.

We begin by briefly reviewing Lucas (1978). 1In the nodel



i ndi vi dual s either becone managers or enployees (and work for other
managers). All individuals are assuned to have the sanme ability as
workers but to vary in their ability to manage. Managing skill is
i ndexed by x and is assunmed to be distributed in the popul ation
according to the cunul atvie distribution function A(x). If an
i ndi vidual of type x hires n workers then production of the single
commodity equal s y(x,n) = xCg(n), where g is increasing and concave.
Note, for sinplicity, we have dropped the captial input in
producti on, though capital is crucial in Lucas. Note as well that
g(C) is assuned to have dim nishing returns so that one manager does
not enploy the entire workforce. |If a person of type x becones a
manager, the person chooses n to maxim ze d(x, n)=xBg(n)-wsn, where w
is the wage paid to workers. The nmaxim zed profit, denoted o*(x),
and the choice of |abor input, denoted n*(x), are both increasing in
Xx. Each type x decides to either work as an enpl oyee, and earn w, or
as a manager who enpl oys workers, and earn 0*(x). An equilibrium
i nvol ves a mangerial type x=z such that types x>z manage and types
x<z work a enpl oyees.

As a sinple extension of this framework, suppose that if an
i ndi vi dual beconmes a manager that the person has a choice of
t echnol ogi es to enploy. Suppose each technol ogy, indexed by é0E
enpl oys two types of |abor, skilled (S) and unskilled (U). Larger
e's will index nore "advanced" technologies. As an illustrative

exanpl e, suppose each technology e is described by two nunbers



(a(e),b(e)) and let the production function be given by y(x,S U e) =
xBa(e)Cg(m n[b(e)VU,S]), with g(B) again assuned to be concabe. Each

t echnol ogy uses skilled and unskilled | abor in fixed proportions. 1In
order to interpret larger €' s as nore advanced technol ogi es we assune
the following. First, nore advanced technol ogi es are nore skil
intensive, that is, b(B) is increasing in e (since bBU =S is a
necessary condition for profit maxim zation, b increasing neans S/ U
is increasing). Second, holding |abor input (U S) fixed, nore
advanced technol ogies yield greater output. That is, a(B) is
increasing in é. Third, the nore advanced the technol ogy, the nore
costly is the technology to adopt. Note that while for a given e
silled and unskilled | abor are (perfect) conplenents, before a
technol ogy is chosen there are substitution possibilities.

In addition to the choice of technol ogy, each manager nust al so
choose a skilled and unskilled | abor input.? For sinplicity we
assunme that the | abor input choices satisfy bBU = S, a necessary
condition for profit maxim zation. Let w, and w, be the skilled and
unskil |l ed wages respectively. W assunme w>w, For conveni ence
assume the set of technol ogies contains two elenents, e=0 (call it
the "standard" technology), with a=b=1, and e=1 (call it the

"advanced" technology), with a>1, b>1. Ignoring the cost of adopting

2For the discussion at hand, the reader can think of the |abor
t hat managers hire as producti on worker |abor. So each manager nust
deci de on the input of skilled and unskilled production worker | abor.



t he advanced technol ogy for the noment, the profict function when
enpl oyi ng the advanced technol ogy is

xBaBg( bBU) - (w, + wBb)BU (1)
while profits when using the standard technol ogy are

xBg(U) - (w, + wg)BU (2)n
order to close the nodel, assunme that there is an infinite suppy of
unskill ed | abor at the wage w, this wage determ ned outside the
nodel . Those of type x can either work as skilled workers (and earn
w,) or managers (and earn 0*(x)), with the distribution of types
given by A(x). As above, and equilibriuminvolves a managerial type
Xx=z such that type x>z manage and types x<z work as skilled
enpl oyees.

We now turn to a brief analysis of the nodel. The nodel is
only interesting if the cost of adoption is such that it pays for
sone type x to adopt the nore advanced technol ogy. Therefore assune
it is profitable for sone x to adopt the e=1 technology. The
anal ysis bel ow entails show ng that the benefit to adopting the
advanced technology increased with x. After this has been
established then it is obvious that larger plants will adopt the
technology. This follows because the cost of adopting is independent
of Xx.

Benefit of Adopting Advanced Technol ogy
In order to distinguish the choices in equations 1 and 2 above,

Il et N denote the choice in equation 1 and U the choice in equation 2.



Then the maxim zing choice U for equation 2 satisfies, where D
denotes differentiation,
xBDg (U*) = w, + w, (3) and
t he maxi m zing choice N* for equation 1 satisfies
xBaBDg( bBN*)Bb = w, + w, b (4) The benefit from
adopting the advanced technol ogy is
B(x) = xBaBg(bBN*) - (w, + wgBb)BN* - [xBg(U*) - (w, + w,)BU*]
Differentiating the benefit with respect to x,
DB(x) = aBg(bBN*) + xBaBDg( bBN*)BbBDN* - (w, + w b)BDN* (5)
- [g(U*) + xBDg(U*)BDU* - (w, + w;)BDU*]
Substituting equation 4 into the second term of equation 5, and
substituting equation 3 into the fifth termof equation 5, we have
DB(x) = aBg(bBN*) - g(U*) (6)
Letting f = (Dg)% (i.e., f is the inverse of Dg), we have U* =
fl(w+w,)/x] (from equation 3) and bBN* = f[ (w,+w,Bb)/ xBaBb] (from
equation 4). Substituting these into equation 6, we see that DB(x) =
(w, + wBb) - (w, + w,) > 0. Hence, the benefit of adopting the
t echnol ogy increases in X.

Consi der the behavior of some variables in the nodel that wll
have counterparts in the CM and SMI studi ed bel ow. The average
producti on workers wage in an establishnment in the nodel is w=(wU +
w,S)/ (U +S). Denoting the average wage paid in equilibriumby type x
as w*(x), it is clear that average wages in the nodel are (weakly)

increasing in x. That is, given that there are only two technol ogi es



in the nodel, there are only two average wages. Those plant run by
managers with the largest x's pay the highest average wage.® |f size
is measured as the output of the establishnment in equilibrium Y*(x),
the w* is increasing in y*.

Now suppose that there is a random conponent to production, and
than the choice of technol ogy and enpl oynent nust be nade before the
realization of this conponent. For exanple, supppose the production
function above is nultiplied by a factor & that has sone
di stribution. The production function above is therefore interpreted
as expected production. None of the choices in the nodel are
changed.* In this case, w and y* have a joint distribution, with
E(w*|y*) an increasing function of y*. |[If we calcul ate expected
aver age wages conditional on size and technol ogy, expected average
wages do not depend on size. That is, if é* denotes the choice of
t echnol ogy, then E(w*|y*,é*)=(w,+b(e*)w,)/(1+b(é*)) is not a function
of y*. Once we know the technol ogy enpl oyed at the plant, average

wages are determ ned. As we proceed with the analysis below we wll

W assumed above that it is profitable for sonme type x to
adopt. Hence all types greater than this x will also adopt. In the
di scusiion in the paragraph, we are inplicityly assum ng that
paranmet er val ues are such that there are sonme types who becone
managers but who do not adopt the advanced technol ogy.

40f course we need to worry about the situation in which a
manager gets a "bad" draw and is not able to neet the payroll out of
current receipts. To avoid such problens we assunme that individuals
have endownents to cover such occurences.



refer back to these conditional expectations fromthe nodel.
3. Description of Data

The data used in this paper are drawn fromtwo plant | evel data
sets constructed by the Census Bureau - the 1988 Survey of
Manuf acturing Technol ogy (SMI) and the 1987 Census of Manufactures
(CM. The information provided by each data set will be described in
turn.

The sanpling frame for the SMI was manufacturing was plants
whi ch: (1) had 20 or nore enployees and (2) were in the two-digit
manuf acturing industries 34 through 38. The industries covered in
the sanple are Fabricated Metal Products (34), Nonelectrical
Machi nery (35), Electric and El ectronic Equi prment (36),
Transportation Equi pnent (37) and Instrunments and Rel ated Products
(38). The sanple consisted of 10,526 manufacturing plants from a
popul ati on of 39,556 plants.?®

The SMI consi sted of questions about the plant's usage of
sevent een advanced-technol ogies from five mpjor technol ogy groups
during the year 1987. The seventeen technol ogies, and five major
t echnol ogy groups, are listed in the |leftnost colum of Table 1. The
technol ogi es represent relatively new i nnovati ons that have general

use across a wi de range of industries.

For a detailed description of the data set see Dunne (1991).
For detailed information on the individual technol ogies and the
survey net hodol ogy see Manufacturing Technol ogy 1988, pp 1-5 and
Appendi x Cl1.



The technol ogy usage question on the SMI was a sinmple one. For
each of the seventeen technol ogies the questionaire asked whet her
t hat technol ogy was used in the plant or not. The survey, therefore,
provi des information about whether a technology is used or not, and
not information concerning the degree to which a technology is
enpl oyed. While this usage information is obviously crude, the SMI
is still valuable in that it provides direct neasure of technol ogy
use at a highly disaggregated |evel and for a very |arge nunber of
manuf acturing plants. Table 1 provides information on the usage of
each advanced-technol ogy in each of the five major industry groups.
A row of the table reports the percent of establishment in each 2-
digit industry that use that particular technol ogy. The nost heavily
utilized technol ogi es are Conputer Aided Design, Nunerically
Control |l ed Machi nes (NC/ CNC Machi nes), Programmble Controllers and
Conputers Used on the Factory Floor.

We use the SMI information on technol ogy usage at manufacturing
plants to construct neasures of "how intensively a plant uses
advanced-technology in its production process.” Qur basic assunption
is that if two plants, say plants A and B, each produce a single
product but plant A enploys nore technol ogies than plant B i
producing its product then the production process used in plant Ais

nore technol ogy intensive than the procee used in plant B.® Mbore

Note that for this definition it does not matter whether plant
A and B are producing different products or the same product. Al so,
in this paper products are defined at the 7-digit SIC (Standard



generally, if plant A and B both produce n products, but plant A
enpl oys nore technol ogies than plant B in producing these products
t hen the production process used in plant Ais nore technol ogy

i ntensive than the process used in plant B. Gven this basic
assunmption, we use the SMI information on nunmber of technol ogies
enpl oyed at the plant, together with information on the nunber of
categorize plants by the technology intensity of the plant.

The SMI' al so provides other usefel information - the industry
of the plant (4-digit detail), the age of the establishnment, the
nature of the manufacturing process at the plant (i.e. was the
process primarily fabrication/ machining, or assenbling, or
fabrication/ machi ning and assenbly, or neither fabrication/ mchining
nor assenmbly) and "the average market price for nost of the products
of the plant.” Each of these variables will be used the analysis
bel ow.

The second data set is the 1987 Censts of Munufactures (CM.
Anong ot her things, the CM provides information on the region of the
pl ant, plant enploynment (both production and non-production worker
enpl oynent ), average plant wages and whether the plant is owned by a
firmwith a single or many establishnents. It also provides the
nunber of 7-digit SIC products that are produced at the plant.

The data set used in the analysis below is obtained by

| ndustrial Classification) |evel.



"mat ching" the two data sets, the SMI and the 1987 CM O the 10, 526
plants in the original SMI sanpling frame, we are able to find data
for 9,996 establishnments in the 1987 CM 7’ |In each of the surveys,
there exists sone unit and iten non-response. The SMI has a
relatively high response rate of 93.3% Overall, there are 9,511
usabl e records fromthe SMI where both item and unit non-response
probl ens are not present. The CM on the other hand, has
consi derably higher non-response rates. Approximtely, 2,500 plants
are deleted fromthe CM (|l eaving 7,600 plants) because the plant-
| evel data contain largely inmputed values. These are typically the
very small est plants. Matching the plants that remain in the two
data sets yields 6910 usabl e records.

Tabl e 2 presents average production-worker hourly wages (in
dol l ars) for plants that produce one product, cross-tabul ated by
pl ant size (nmeasured by total enploynent) and nunmber of technol ogies
used at the plant. Since we are fixing the nunber of products, the
nunber of technol ogies, by our above assunption, is interpreted as a
measure of technol ogy intensiveness. The first nunber in each cel

is the average across plants of the average wage paid in the plants.

The CM i s the manufacturing universe, so the sanpling frame for
the SMI is the CM The reason we find less plants in the CM (9, 996)
than in the SMI "mail-out” (10,526) is because as the CMis
"processed” there are records which are deleted fromthe CM such as
when a record is found to be froman establishment which is not
primarily of manufacturing establishment. Also, sone records fail to
mat ch because of changes in individual plant identifiers during the
processi ng of the two surveys.



The second nunber (in parentheses) is the standard devi ati on of these
average plant wages, and the third nunber is the total nunber of
plants in each cell. For exanple, there 346 plants which use none of
t he technol ogi es and whose total enploynent is [ess than 100
enpl oyees. The average production worker wage in these plants is
$8.43, with a standard deviation of $4.20. The first point to note
is that anong small plants there is much nore variability in
technol ogy usage.® G ven this fact, the SMI technol ogy vari abl es may
do a better job in distinguishing anong snmall and medi um si zed pl ants
rather than the | argest ones. The second point to note is that |arge
pl ants rather tend to enploy nore technol ogies than small er ones.
This has found in other studies as well. For exanple, as described
in Reilly (1992), and analysis of Canada's General Social Survey of
1989 finds that of "individual working in small firms (1 to 19
enpl oyees), 22 percent use conputers on the job while for large firns
(500+ enpl oyees) this percentage rises to 48." Reilly also finds a
strong positive relationship between establishnent size and access to
a computer in his data set.

As seen in the sanmple nean colum of Table 2, average wages are
increasing in the size of establishments. They are also increasing

in the nunber of technol ogi es enployed at the plant, as seen in the

8Davi s and Hal ti wanger (1992) have argued that sone of the
differences in growh rates and ot her vari abl es between | arge and
smal | establishments may be understood in the context of nodels where
smal | plants have greater technol ogi cal heterogeneity.



sanpl e nean row. However, looking with the first three colums,
there is a tendency for wages to fall with plant size, at |east
initially. Such patterns at |east suggest that the SMI technol ogy
information may provide val uabl e informati on concerni ng pl ant wage
structure.
4, Cross- Sectional Wage and Enpl oynent Share Regressions

In this section we describe and report results froma sinmepl
enpi rical nodel of plant wages and enpl oynent structure that includes
controls for technol ogy, size and other plant attributes. W first
exam ne production-worker wages, the non-production worker wages and
finally we focus on the share of production-workers in total
enpl oynment .
Producti on- Wor ker Wages

The dependent variable in the producti on-worker regressions is
the logarithm of plant average annual hourly earnings of production
wor kers.® The regressions include dunmy variables for 149 four-digit
i ndustries and nine Census regions. The regressions also include
pl ant attributes. Each of these attributes are also indicator

vari ables. The attributes are defined, and summary statistics

The cross-sectional regressions reported in Table 3 are
unwei ghted, that is, each plant is treated "equally" in the
regression. This is the procedure used in Brown and Medoff. In
their study of plant wages, Davis and Hal ti wanger wei ghted plants by
their size. In previous versions of this paper we presented
wei ght ed regressions as well, the weighted regressions providing
qualitatively simlar concl usions.



provided, in Table 3. There are indicator variables for plant size
(i.e., total enploynent) (Size2-Size6), advanced technol ogy usage
(Techl, Tech3, Tech6), the nunber of seven-digit SIC products
produced at the plant (Np2-Np3), the average price of nobst products
produced in the plant (Price2-Price6), plant age (Age2-Aged), whether
the plant is owned by a multiplant firmor a single plant firm (M)
and the type of production process enployed at the plant (M2-M3).
Before discussing results, we comment on the reasons for
including in the regression variables that are not typically found in
the literature. It is likely that the four-digit industry controls
fail to fully account for market heterogeneity. The average market
price terns are included to control for differences in types of
products produced within a four-digit industry, so that they
hopefully help characterize submarkets within 4-digit industries.
One possible interpretation is that they reflect differences in the
conplexity of the goods produced by plants in the sane industry, the
assunption being nore conpl ex goods are, on average, nore expensive
(e.g., mainframe conmputers vs. personal conputers). Under this view,
pl ants that produce expensive goods (i.e., conplex goods) nust hire

skill ed workers, and thus, pay high wages.!® The vari abl es

%Anot her interpretation is that they average market price
vari able is proxying the market power of the firm G ven the
br oadness of the price categories (see Table 3), we do not believe
that these variables proxy differences in the pricing behavior of
firms producing sim/lar products.



i ndicating the type of manufacturing process at the plant are
included for reasons mrroring the average price variable. The plant
age variables control for how | ong a plant has been produci ng and
reflect, in part, the average tenure of the workforce.

Table 4 reports regression results, the first colum contai ning
a regression that includes all the industry and plant attributes
avai l able. The results indicate that |larger plants, plants that
i ntensively use technol ogy, plants producing higher priced goods,
ol der plants, and nulti-unit plants, all pay higher wages.! The
prem umfor a worker in a plant with 2500 or nore enpl oyees is 28
percent as conpared to plants with | ess than 100 workers. The
rel ati onshi p between technol ogy use and wages i s nonotonic. Those
pl ants employing 1 or 2 of the technol ogi es pay on average 8 percent
hi gher wages than those enpl oying no technol ogi es; those enploying 3
to 5 technol ogi es pay 11 percent, and those enploying 6 or nore pay

16 percent, higher wages. *?

UReferring back to the nodel variables, size is neasured as
U*+S* in the regressions, not y*. If U*+S* is increasing in x, then
all the discussion above applies to this neasure of size as well.
Since in equilibrium bU=S, U*+S*=S*b(e*)-'+S*. S* increases in x ut
b increases in x as well, so other restrictions are needed to insure
this quantity in increasing in X.

2Not e that the discussion in section 3 concerning the
definition of technology intensiveness sugges that we interact the
nunber of technol ogies with the nunber of products produced at the
plant. That is, we would like to conpare, anong plants that produce
t he same number of products, plants that enploy different numbers of
technologies. In the specification in Table 4, we include the
i ndi cator variables for the nunmber of technol ogies enpl oyed and those



A surprising set of variables in colum 1 are the indicator
vari ables for averageprice of a plant's products. Plants that
produce high priced goods pay significantly higher wages than plants
t hat produce | ow price products. There is also nontonicity in the
estimated coefficients. |In fact, the size of the coefficient on the
hi ghest price group dumry ($10,000 or nore) is larger than the
coefficient on the biggest size group dummy. Again, this may be an
i ndi cation of the skill requirements of a workforce that produces
sophi sticated goods and the fact that 4-digit industry indicators do
not control sufficientyly for industry heterogeneity. The production
wor ker share regressions bel ow provode supporting evidence for this

interpretation.

Enmpl oyer Size-Wage Prem a and Technol ogy

There are a nunber of points to make regarding the relationship
bet ween technol ogy usage and the enployer size-wage prem a. First,
the premum for working in the nost technol ogy intensive plants, 16
percent, is greater than the size prem um earned by workers at al
but the very largest plants. As conpared to workers in the snmall est
pl ants (enploynment |ess than 100), those in class Size2 (enploynment

100- 249, Size3 (enpl oynent 250-499), Sized4 (enploynent 500-999),

for the nunmber of products produced separately, that is, we do not
interact the varibles. W have exam ned the interaction
specification (in regressions not reported) and the results are
simlar to those presented in Table 4.



Si ze5 (enmpl oynent 1000-2499) and Si ze6 (enpl oynment over 2500) earn no
premium a 3 percent premum an 8 percent premum a 17 percent
premi um and a 28 percent prem um respectively.1

Second, it is interesting to exam ne the size-wage premuns in
the first regression, which included the technol ogy controls, to the
prem unms in the second regression, which is identical to the first
except that technology controls are deleted. The size prem um for
each size Size3, Size4, Size5 and Size6 the premumfalls 59 percent,
41 percent, 30 percent and 24 percent respectively. The size prem um
falls the greatest amount for the smaller size categories. Renenber
that for smaller plants there is nore variability in the nunber of
t echnol ogi es enpl oyed at the plant, hence nore of a chance that these
controls will differentiate anong plants. Note that while adding the
technol ogy controls significantly reduces the size-wage premi um the
do not greatly inmprove the "fit" of the regression. One
interpretation of this small inprovenment is that size has been
proxying for worker quality in establishnent |evel wage regressions.
The advanced-technol ogy controls fromthe SMI "pick up" part of
variation in quality that size has been proxying, but that given the

crude nature of the technology controls, there is still substanti al

3Not e that when we cal cul ated the conditional nean of average
wages in the nodel, conditioned on size and technol ogy, that the
resulting quantity was not a function of size. 1In the regression of
wages on size and technol ogy, size is still significant. This can be
interpreted in the context of the nodel by recognizing that we do not
observe & but some "noisy" signal of it.



variation in quality within the technol ogy groups.

Third, in assessing the influence of the technol ogy controls on
the size premumit is also instructive to ask how the other
variables in the regression reduce the size premuns. The inpact of
the price controls on the size-wage prem um can be determ ned by
conparing size premuns in the first regression, which included the
price controls, to the premiuns in the third regression, which is
identical to the first except that the price controls are del eted.
As can be seen, the price controls do not have much of an inpact.

For example, the premumfalls little for the first three size
groups. In a manner simlar to the second and the third col ums,
colums 4-7 present regressiolns in which a single variable is
dropped fromthe set of establishment controls, the nulti-unit

i ndi cator, the dummy vari ables for nunber of products, the dummy

vari ables for type of manufacturing process and controls for the age
of the plant, respectively. As can be seen, none of the other

vari abl es have as significant an influence on the size premuns as do
the technology controls. In fact, the coefficients on the size class
variables in the "All Except Tech" colums are |arger than those
coefficients in any columm to the right, that is, the reduction in
the size premumis greater for each size class for the technol ogy
controls as conpared to any control, and typically by a w de margin.
Non- Producti on Worker Wages

Cross-sectional non-production worker wage regressions are



presented in Table 5. The structure of Table 5 mrrors that of Table
4. The dependent variable is the |ogarithm of non-production worker
annual wages.!* The results for non-production workers are simlar
to those of production workers. Non-production worker wages increase
with plant size, the technology intensity of the plant, the average
mar ket price of products and plant age. Their wages are |ower
however in multi-unit plants. The size prem a for non-production
workers is roughly half that of production workers. The technol ogy
prema is also not as |arege as that of production workers. For
exanpl e, those plants enploying 6 or nore of the technol ogi es pay on
average 8 percent higher wages than those enpl oying none of the
technol ogies, in contrast to the 16 percent prem um earned by
producti on workers in such plants. But again the technol ogy prem um
is of the same order of magnitude as the size premiumin all but the
| argest pl ants.

As done above, it is interesting to exam ne the size-wage
premuns in the first regression, which included the technol ogy

controls, to the premunms in the second regression, which is

1“Not e that the dependent variable in Table 5 differs fromthat
in Table 4. On the CMthere is information on the wages and numnber
of non-production workers at a plant, but not on the hours worked by
non- producti on workers. Also, the regressions in Table 5 are
unwei ght ed, each plant being treated "equally." 1In previous versions
we have presented wei ghted regressions that have given the
qualitatively same conclusion. Finally, note that since there are a
smal | er nunmber of observations in Table 5, as conpared to Table 4,
since sone plants report zero non-production worker enploynment.



identical to the first excetp that technology controls are del eted.
The size premumfor each size class falls significantly when the
technol ogy controls are included. For the classes Size2 and Size3
the premumfalls from2 percent and 3 percent to zero, respectively.
For the classes Size4, Size5 and Size6 the premumfalls 63 percent,
37 percent and 32 percent respectively. Again, the size prem um
falls the greatest anount for the smaller size categories. Note
again that while adding the technology controls significantly reduces
the sze-wage prem um they do not greatly inprove the "fit" of the
regression.

As with the production worker regressions, it is also
instructive to ask how the other variables in the regression reduce
the size premiuns. As can be sees, none of the other variabl es have
as signficant an influence on the size premuns as do the technol ogy
controls. In fact, the coefficients on the size class varables in
the "All Except Tech"” colum are |l arger than those coefficients in
any columm to the right, that is, the redution in the size premumis
greater for eac size class for the technol ogy controls as conpare to
any control, and typically by a w de margin.

Production Worker Share in Enpl oynent

The enpl oynent structure of plants, as nmeasured by the fraction
of production workers at the plant, is studied in Table 6. For
sinplicity, and for conparability with the previous analysis, we

exam ne the production share of workers in a regression context. In



the first regression, which contains all the controls, there is
essentially no relationship with size. The nost technol ogy intensive
pl ants employ a snmaller fraction of production workers than the |east
technol ogy intensive, though the difference is small (the difference
of .025 amount to about 4 percent of the average value of .679 for
t he production worker share).

The coefficients on the average market price variables are
| arge. They indicate that plants that produce nore expensive goods
have a much | ower production worker share. For plants producing
goods averagi ng $2000- $10000 (Priceb5) the production workers share is
. 118 |l ess than plants maki ng godds priced |ess than 5 dollars and for
pl ants produci ng goods greater than $10000 it is .167 less. The
strong price effect is consistent with the view that nore conpl ex
products (i.e. expensive goods) require nore skilled workers. Thus,
pl ants that make high priced goods require proportionately nore non-
producti on workers than plants produci ng i nexpensive goods. The
remai ni ng varibles in the nodel, plant age and multi-unit status are
not significant.

Exam ning the regression in colums 2 and 3 we see that there
is a relationship between plant size and the fraction of production
workers at a plant, in particular, the very largest plants enpl oy
fewer production workers. |Including the technology (colum 2) or
price indicator variables (colum 3) renoves the relationship with

size. Hence, as with the size prem a, the technology and price



vari abl es pick up differences between small and large plants with
respect to the share of production workers enployed at the plants.
Note that, in contrast to the results on the size prem a, the
reduction in the share is larger when the price variables are
i ncluded than when the technol ogy vari abl es are added.
5. Concl usi on

A nunber of paers in the literature have argued that changes in
t echnol ogy have been responsible for significant wage novenents.
These papers have typically been required to use rather indirect
measures of technol ogy in developing their argunments. We have
studi ed a survey of manufacturing technol ogy used at U. S.
manuf acturing plants that provides sonme direct information on
t echnol ogy usage. |If changes in technol ogy usage have a significant
i npact on the structure of wages, as argued in this literature, then
one expects that large difference in technol ogy usage across
manuf act uri ng establishnments should al so nmean large differences in
cross-sectional wages. We found that differences in technol ogy usage
across plants is related to significant wage differences, wth
technol ogy prem a of the sane order of magnitude as size prem a.
| ncl udi ng i nformati on about technol ogy usage at plants in standard
wage regressions also signficantly reduced the sze-wage prem a earned

at pl ants.
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