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Abstract

In spite of the large and growing importance of the employer size-wage premium, previous attempts to
account for this phenomenon using observable worker or employer characteristics have met with
limited success.  The primary reason for this lack of success has been the lack of suitable data.  While
most theoretical explanations for the size-wage premium are based on the matching of employer and
employee characteristics, previous empirical work has relied on either worker surveys with little
information about a worker's employer, or establishment surveys with little information about workers. 
In contrast, this study uses the newly created Worker-Establishment Characteristic Database, which
contains linked employer-employee data for a large sample of manufacturing workers and
establishments, to examine the employer size-wage premium.  The main results are: 1) Examining the
cross-plant distribution of the skill of workers shows that managers with larger observable measures of
skill work in large plants and firms with production workers with larger observable measures of skill. 
2) Results from reduced form wage regressions show that including measures of the amount or type of
capital in a worker's plant eliminates the establishment size-wage premium.  3) These results are robust
to efforts at correcting for possible bias in the parameter estimates due to sample selection.  While these
findings are consistent with neoclassical explanations for the size-wage premium that hypothesize that
large employers employ more skilled workers, their primary importance is that they show that the
employer size-wage premium can be accounted for with employer-employee matched data.  As such,
these data lend support to models which emphasize the role of employer-employee matching in
accounting for both cross-sectional and dynamic aspects of the wage distribution.
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      The existence of the size-wage premium is a puzzle for labor economists because empirical evidence1

shows that jobs with small employers are of much shorter duration than jobs with large employers due to the
higher failure rate and greater turnover of employment of small employers (Brown, Hamilton, and Medoff
1990; Davis, Haltiwanger and Schuh 1993; Troske 1992).  Given this, the theory of equalizing differences says
that workers in small firms and establishments should receive higher wages to compensate them for the
increased risk of unemployment (Rosen 1986).

1

I. Introduction

The fact that large employers pay higher wages than small employers has long been recognized

as an important component of the variation in worker wages.  This phenomenon was first documented

by Moore (1911) and later confirmed by King (1923), Mellow (1982), Oi (1983), and Brown and

Medoff (1989) among others.  Brown, Medoff and Hamilton (1990) show that the employer size-wage

premium is approximately as large as the gender wage gap, and is larger than the wage differential

associated with race and union status.  Davis and Haltiwanger (1991) show that the real hourly wage

gap between production workers in plants with 20 to 49 employees and production workers in plants

with more than 5000 employees rose by $2.78 between 1963 and 1986, while the gap for nonproduction

workers rose by $1.53 over this same period.  Davis and Haltiwanger also show that this rise in the

size-wage premium accounts for over one-half of the overall increase in wage inequality among U.S.

manufacturing production workers between 1975 and 1986.

In spite of the large and growing importance of the size-wage premium, previous attempts to

account for this premium in terms of observable worker or employer characteristics have meet with

limited success.   For example, Brown and Medoff (1989), using Current Population Survey (CPS)1

data, find that there remains a large and significant size-wage premium even after controlling for

workers' age, sex, race, marital status, and union status.  Davis and Haltiwanger (1991), using data from

the Longitudinal Research Database (LRD), are unable to fully account for the size-wage premium

even after controlling for plant age, energy cost, product specialization, and four-digit industry.  The

reason for this lack of success seems to be the lack of suitable data.  While most theoretical

explanations for the size-wage premium stress the matching of employers and workers as the driving

force behind this phenomenon (e.g., Oi 1983, 1991; Hamermesh 1980, 1993; Dunne and Schmitz

1992), previous empirical work has relied on either worker surveys with little information about the

characteristics of a worker's employer, or establishment surveys with little information about the

characteristics of workers in the plant.  



      See Abowd, Kramarz, and Margolis (1993) for a discussion of a matched database for French employers2

and employees.
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In contrast this paper uses the newly created Worker-Establishment Characteristic Database

(WECD), which links data for manufacturing workers with data for their employers, to examine the

employer size-wage premium.  These linked employer-employee data allow me to examine a number

of issues related to this phenomenon that previously were impossible to address.  First, I can directly

examine cross-plant differences in the observable skill of workers.  Most neoclassical explanations for

the size-wage premium claim that large plants are large because they are run by more skilled managers

who in turn hire more skilled workers (Lucas 1979; Oi 1983, 1991; Hamermesh 1980, 1993; Dunne and

Schmitz 1992).  In this view employer size is related to a worker's wage because it is correlated with

the unobserved ability of the worker.  If these models are correct, then there should be a positive cross-

plant correlation between the skill of managers, the skill of workers, and the size of the plant.

Second, because the WECD contains much more information about a worker's employer than

has been previously available, I am able to examine whether alternative characteristics of a worker's

employer provide a better signal for the unobserved ability of a worker.  While neoclassical

explanations for the size-wage premium imply that large plants and firms employ more skilled workers,

they differ on the mechanism driving this decision.  For example, in the Oi model (1983, 1991), which

hypothesizes that large employers employ more skilled workers due to higher monitoring costs, it is the

number of workers in the plant that is positively correlated with the ability of workers in the plant.  In

the capital-skill complementarity model (Griliches 1969; Hamermesh 1980, 1993), which claims that

large employers employ more skilled workers because they have more capital, total capital in a

worker's plant provides the best measure of a worker's unobserved ability.  Finally, in the Dunne and

Schmitz (1992), which argues that large employers employ more skilled workers because they are more

likely to employ skill-biased advanced technology capital, the type of capital used in the plant provides

the best measure of the unobserved ability of workers.  Having additional information about a worker's

employer allows me to examine which of these three models is most consistent with the data.

The WECD is unique in its ability to address these issues because it is the largest employer-

employee matched database available for the U.S.   The WECD consists of approximately 200,0002

manufacturing workers who responded to the 1990 Decennial Census long form, linked to over 16,000

separate manufacturing establishments. Once linked to data for a worker's employer available in the

Longitudinal Research Database (LRD), these data provide not only worker characteristics such as age,
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sex, race, and education, but also information about a worker's employer such as total output, total

employment, labor costs, other input costs, capital stock, and investment.  While the WECD has many

attractive features, it is important to note that the WECD is not a random sample of either

manufacturing workers or establishments (Troske 1993).  As a result, this paper also explores the

effects of the nonrandom sampling and presents results from several attempts to correct for the

nonrandom sampling framework.  

This paper reports three main findings.  First, examining the cross-plant distribution of workers

reveals a positive cross-plant correlation between the skill of managers, the skill of workers, and the

size of the plant.  Second, results from reduced form worker wage regressions show that controlling for

both worker characteristics and the capital stock in a worker's plant eliminates the size-wage premium. 

In fact, including both measures of the amount and type of capital in a worker's plant along with total

employment in wage regressions, leads to a negative size-wage premium.  Finally, attempting to

correct for possible selection bias does effect the parameter estimates, but the overall story remains the

same -- including additional characteristics of a worker's employer in worker wage regressions

eliminates the estimated size-wage premium.

These results are consistent with the neoclassical explanations for the size-wage premium

which emphasize capital-skill complementarities and complementarities between worker skill and 

technological innovation.  However, the primary significance of these results is that they show the

employer size-wage premium can be accounted for with data linking worker and employer

characteristics.  As such, these results lend support to models which stress the important role of worker-

employer matching in affecting the distribution of earnings (Sattinger 1993; Kremer 1993; Kremer and

Maskin 1994).

The rest of the paper is as follows.  Section II briefly outlines three neoclassical explanations

for the size-wage premium.  Section III discusses the data and documents possible problems.  Section

IV presents the empirical results.  Section V summarizes and presents conclusions.

II. Theoretical Explanations for the Size-Wage Premium

Standard equilibrium theory suggests that a worker's wage should vary with worker

characteristics that affect productivity:  



      The reader should note that is work examining the size-wage premium using panel data on workers which3

allows researchers to correct for person-specific unobserved ability.  Even using panel data, there is still a
significant size-wage premium (Brown and Medoff 1989).  

4

(1)

(2)

(3)

where W  is the observed wage of worker i, X  is a vector of worker i's characteristics, and u  is an errori i i

term.  In general, X  consists of characteristics such as age or experience, education, sex, race, maritali

status, and other variables that may affect a worker's marginal product.  However, work has also

focused on how the characteristics of a worker's employer might also affect a worker's wage.  In these

models equation (1) becomes:

where Y  is a vector of characteristics for worker i's employer.  In general, the only employeri

characteristic available for workers has been total employment.  Now equation (2) becomes:

where LTE is the log of total employment in worker i's plant and LFTE is the log of total employment

in worker i's firm.  Work on the size-wage premium involves explaining why (  and (   should beLTE LFTE

positive.   3

All three of the neoclassical explanations for the size-wage premium that I consider are based

on the Lucas (1978) model of the size distribution of firms.  Therefore let me begin by briefly

reviewing this model.  In the Lucas model each worker in the economy is endowed with a talent or skill

for managing, which is parameterized by x.  Output from a firm managed by a type x manager is given

by: q=xg[f(L, K)], where q is total output, f(·) is a constant return to scale production function, L is

labor input, K is capital input, and g(·) is a strictly increasing, concave function which guarantees that

the best manager does not manage all inputs.  In this model there exists some number z such that

everyone with x$z is a manager and everyone with x<z is an employee.  Managers choose L and K to

maximize profits: B=pxg[f(K,L)]-wL-rK where p, w, and r are the per-unit prices of output, labor, and

capital, respectively.  In equilibrium the demand for K and L are an increasing function of x -- the best

managers manage the largest firms.  



      All three models assume that w(µ) is determined competitively in the market as in Rosen (1986), and that4

the plant can hire as many workers of a given skill level at w(µ).  

      This is because as firms choose more capital, the benefit of choosing workers with more skill increases. 5

However, the cost of hiring an additional unit of skill remains constant.  Therefore, for a large enough capital
stock, it pays to choose workers with more skill.

5

The first model of why large plants hire better workers is the Oi model (1983).  In this model

there are three inputs into the production function: q=f(K, L, T) where K is again capital, T is the

managers time, and L is labor input.  L is given by: L=µl, where l is the number of workers and µ

indexes the skill of the workers.  T is given by: T=x(H-hl), where x is again a measure of managerial

ability, H is the total number of hours a managers has, and h is the amount of time per worker that must

be devoted to monitoring to ensure that workers provide the optimal effort.  Managers choose K, l, and

µ to maximize: B=pf[µl, K, x(H-hl)]-rK-w(µ)l, where the price of labor, w(µ), is now an increasing

function of skill, wN(µ)>0.    In this model ( =pxhf  measures the per-worker monitoring cost and4
T

w(µ)+(  is the full cost of hiring an additional worker.  More skilled managers hire more skilled worker

because more skilled workers produce more output per unit of monitoring.  Like the Lucas model, this

model implies that better managers manage larger firms.  However, this model also implies that better

managers also hire more skilled workers.  

The second model of why large plants hire more skilled workers is the capital-skill

complementarity model (e.g., Griliches 1969; Hamermesh 1980, 1993).  In this model L is again given

by: L=µl.  This model assume that capital and skill are complements (in particular, the model assumes

that capital and skill are q-complements so that * f(K,L)/* K* µ>0).  Now managers choose K, l and µ2

to maximize profits: B=pxg[f(K,µl)]-w(µ)L-rK where w(µ) is again an increasing function of µ:

wN(µ)>0.  Notice that the demand for K and L is still increasing in x.  However, now the

complementarity between µ and K induces more skilled managers to substitute towards more skilled

workers.   Similar to the Oi model, this model implies that the most skilled managers will manage the5

most capital and will also employ the most skilled workers.  However, in the capital-skill

complementarity model it is total capital stock, and not total employment, that is positively related to

the skill of workers.

A final model of why large plants hire better workers is Dunne and Schmitz (1992).  In this

model managers and workers again differ in ability with total labor input given by L=µl and with per-

unit labor cost given by w(µ): wN(µ)>0.  However, Dunne and Schmitz also allow capital to vary in

ability.  They assume that there are two types of capital, advanced-technology capital and standard



      Unobservable to the econometrician but not to the employer.6

6

capital, that it is more costly to employ advanced-technology capital, and that advanced technology

capital is skill-biased.  Now the managers problem is to choose the type of capital, the amount of

capital, and the amount and skill of labor, conditional on her given skill x.  Dunne and Schmitz show

that the size of a firm is an increasing function of x, and that the probability of a plant adopting

advanced technology capital is an increasing function of firm size.  This in turn implies that the skill of

the firm's workforce is also an increasing function of firm size.  Similar to the previous models, this

model implies that the best managers manage the largest plants and hire the most skilled workers. 

However, this model predicts that it is the type of capital that is positively correlated with worker

ability.

Before moving on, let me relate these models back to equation (3) and why (  and (LTE LFTE

should be positive in estimates of this equation.  In all three models the characteristics of worker i's

employer provides a signal of worker i's unobservable ability.   In particular, all three models predict6

that larger plants will employ a more skilled workforce.  (  and (  have a positive sign in estimatesLTE LFTE

of equation (3) because they signal that the worker is of high quality.  However, the three models differ

as to what induces large employers to hire better workers.  The Oi model suggests that large employers

hire more skilled workers because of the rising monitoring costs with the number of employees.  Thus,

in the Oi model total employment in the plant provides the best signal of worker ability in the plant.  In

contrast, the capital-skill complementarity model implies that large employers hire more skilled

workers because they have a larger capital stock.  In this model cross-plant differences in the amount of

capital, and not in total employment, provides the best measure of the ability of workers in the plant. 

(  and (  are positive only because the amount of capital and labor used in a plant are positivelyLTE LFTE

correlated.  Including measures for both the amount of capital in a worker's plant and total employment

in a worker's plant, in estimates of equation (3) should result in a positive coefficient on capital and an

insignificant coefficient on employment.  Finally, in the Dunne and Schmitz model large employers

hire more skilled workers because they are more likely to employ advanced-technology capital.  In this

model differences in the type of capital used in the plant, and not total employment, provides the best

measure of the ability of workers in the plant.  In the Dunne and Schmitz model (  and (  have aLTE LFTE

positive coefficient in estimates of equation (3) only because total employment and the use of advanced

technology capital are positively correlated across plants.  Including a plant-level measure of the type

of capital used in the plant, along with total employment, in estimates of equation (3) should result in a



      This will be a brief discussion.  For a more complete discussion of these databases see Troske (1993) and7

McGuckin and Pascoe (1988).

      The SSEL is used by the Census Bureau for conducting its various economic surveys and censuses.  As8

such, it contains the street address for each establishment, along with geographic codes which identify an
establishment's location down to the block level.  However, other information for an establishment, such as the
amount of inputs purchased or the total output produced in a given year, is only available from establishment
responses' to censuses or surveys.  Thus, once a worker record has been matched to an establishment in the
SSEL, it still must be linked to the establishment's record in the LRD.

7

positive coefficient on the measure of the type of capital used in the plant and an insignificant

coefficient on total employment.  

III. The Data

The data used in this study come from the WECD and the LRD.  The WECD is a cross-

sectional database containing manufacturing workers' responses to the 1990 Decennial Census long

form, along with a link to establishment data in the LRD.  The LRD is a panel database consisting of

establishment responses to the Census of Manufactures (CM) and the Annual Survey of Manufactures

(ASM).  The construction of these two data sets, the information contained in each, and possible

problems with the matched data, will be discussed in turn.7

The WECD was constructed by matching manufacturing worker records from the 1990 Sample

Detail File (SDF) to establishment records in the 1990 Standard Statistical Establishment List (SSEL). 

The 1990 SDF consists of all household responses to the 1990 Decennial Census long form.  The SDF

contains the standard demographic information for workers collected in the Census, along with detailed

location information and a three-digit Census Industry code for each respondent's place of work.  The

SSEL is a complete list of all manufacturing establishments in the U.S. in a given year.  The SSEL

contains detailed location information and a four-digit SIC code for each establishment along with a

unique establishment identifier that is common to other Census Bureau economic surveys and censuses. 

Workers and establishments were matched using the detailed location and industry information

available in both data sets.  The first step in the matching process was to keep only establishments that

were unique in an industry-location cell.  Next, all workers indicating that they work in the same

industry-location cell as an establishment were linked to the establishment.  Then all matches based on

imputed data were dropped.  Finally, the establishment's unique identifier was appended to the workers'

records.  This identifier enables the worker data to be linked to employer data in the LRD.   8



      The CMs are a complete census of all manufacturing establishments in a given year.  The ASMs are a9

probability sample of establishments, surveyed over a five year period.  A new ASM sample is drawn two years
after a census, with the probability of an establishment being included in the ASM increasing with its total
employment in the previous CM.  Establishments with more than 250 employees in the previous CM are in the
ASM with certainty.  Thus, establishments that always have more than 250 employees will appear in every year
in the LRD, while smaller establishments will only appear in the LRD in census years and for a five year period
if they are in a given ASM.  

      The 1990 Decennial Census asks workers to report the address of the establishment where they worked in10

the previous week.  Keeping workers with these characteristics increases the probability that the worker was
employed in the same establishment in 1989.

      The SDF contains 2,720,522 manufacturing workers who are between 18 and 65 years old, who usually11

worked between 30 and 65 hours a week and who had wages between $2.50 and $100.00 an hour.  Thus,
approximately 5% of the workers in the original data set are contained in the sample data set.

      See Table A1 in the appendix for a complete list of all variables available in the data set.  In general, all12

plant variables are based on 1989 data with the exception of capital stock data which is based on 1987 data.  All
firm data are based on 1987 data.  See Table 3 for a definition of all variables used in the analysis.  In this
analysis the term firm refers to all establishments owned by the same entity that are covered in the Census
Bureaus various Economic Censuses.  Establishments in the Transportation and Public Utility and Finance,
Insurance, and Real Estate sectors are not included in Census Bureau economic censuses. 

8

The second data set used in the analysis is the LRD.  The LRD consists of every CM since 1963

(1963, 1967, 1972, 1977, 1982, 1987) as well as the 1973-90 ASMs.   To construct the data used in this9

analysis I link the WECD to the LRD using each establishment's identifier.  Since the hours worked,

weeks worked, and earnings data for workers in the WECD refers to 1989, I link the WECD records to

establishments in the LRD in 1989.  In addition, since capital stock data for plants are only available in

Census years, I require all establishments in the data set to be in the LRD in both 1987 and 1989. 

Finally, to minimize the effect of outliers and reporting problems, I only select workers who are

between 18 and 65 years old, who usually work between 30 and 65 hours a week, and who report

earning between $2.50 and $100.00 an hour.   The resulting data set contains 142,414 workers matched10

to 5407 establishments.   From the WECD comes worker information such as age, education, sex,11

race, three-digit occupation, as well as usual hours worked last year, weeks worked last year, and

annual earnings last year, all for 1989.  These later three variables are used to construct an hourly wage

rate for the worker.  From the LRD comes employer information such as the total employment in both

the plant and the firm, total capital stock and investment in the plant, the ownership structure, and the

costs of other inputs used in the plant.12

One problem with the WECD in general, and the data used here in particular, is that they are

not a random sample of either workers or establishments.  Workers who work in large establishments
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are over represented in these data.  This nonrandomness arises for two reasons.  First, the matching

process is more likely to match workers to large establishments and establishments located in urban

areas (Troske 1993).  This is because large establishments are more likely to be unique in an industry-

location cell, are more likely to contain workers who received a long form in the Decennial Census, and

because more detailed location data are available for establishments located in urban areas.  Second,

large establishments are over represented in the ASM, and therefore are more likely to appear in the

data.  

Tables 1 and 2 and Figures 1-4 document some of the effects of the selection.  Table 1 presents

demographic characteristics for all manufacturing workers in the original SDF file that meet the

selection criteria (column 2), and for all workers in the sample data set (column 3).  To control for the

fact that large plants are over represented in the ASM, the data for the sample workers are weighted

using ASM sample weights.  In general, there appears to be very little difference in the characteristics

of workers in the two data sets.  The matched file contains a slightly larger percentage of white,

married, male workers.  In addition, sample workers are slightly older and average about $1300.00 in

higher earnings in a year.  The one major difference between workers in the two files is location. 

Sample workers are much more likely to be located in New England and the Midwest.  

Figures 1 and 2 present the entire distribution for two of the more important demographic

characteristics, wages (Figure 1) and education (Figure 2),  These figures again reveal slight differences

between workers in the two files.  In general, the sample data set contains fewer workers at the low end

of both the wage and educational distribution.  45% of workers in the SDF earn less than $10.01 an

hour, while only 35% of workers in the sample data set earn this little.  20% of the workers in the SDF

have less than a high school diploma, while 18% of the workers in the sample data set report never

finishing high school.

Table 2 presents summary statistics for all plants in the LRD in both 1989 and 1987 (column 2),

and for all plants which contain workers in the sample data set (column 3).  To again control for large

plants being over represented in the ASM the plant data are weighted using the ASM sample weights. 

The numbers in Table 2 show quite clearly that large plants and plants located in urban areas are over

represented in the sample data.  The average employment for plants in the sample data is 187.3 while

the average employment for LRD plants is 87.0.  87.3% of the sample plants are located in a

Metropolitan Statistical Area (MSA) compared with 78.8% of the LRD plants.  Sample plants also

have a much higher average investment and capital stock and are much more likely to be a part of a



      Unfortunately, the CPS provides a poor comparison to the sample data because 15% of workers in the13

CPS either do not know or do not report the size of their establishment.  The distribution shown in Figure 2
does not include any of these workers.  If it is the case that the probability of not knowing or not reporting
establishment size is positively correlated with the size of a worker's establishment, as seems likely, the CPS
will understate the "true" establishment size distribution for workers.
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multi-establishment firm.  Finally, similar to the distribution of sample workers, sample plants are more

likely to be located in the New England and Midwest sections of the county.  

To further explore possible nonrandomness in the sample data, Figure 3 presents the

establishment size distribution for sample plants and for all plants in the LRD, while Figure 4 presents

the establishment size distribution for matched workers and for all manufacturing workers in the May

1988 CPS.   Figure 3 shows that the sample data contain more large establishments than the LRD. 13

Almost 40% of establishments in the matched data have more than 100 employees, while only 18% of

the plants in the LRD have more than 100 employees.  Figure 4 tells a similar story for workers.  60%

of all workers in the sample data work in establishments with 250 or more employees, while less that

50% of workers in the CPS report working in establishments with 250 or more employees.

The evidence in Tables 1 and 2 and Figures 1-4 regarding the nonrandomness of these data is

mixed.  In term of most demographic characteristics there appears to be little difference between

workers in the SDF and workers in the final sample.  However, it does appear that the sample data

contains fewer workers at the low end of the wage and establishment size distribution.  Therefore,

whenever appropriate, I will compare the results from analysis on these data with previously

established results based on alternative data sources.  In addition, in the empirical section I assess the

effect of the selection, and control for possible bias introduced because the data are not a random

sample of the population.  However, these tests are in no way conclusive and the reader should keep in

mind possible problems with the data when assessing the results that follow.  

IV. Empirical Investigation of the Size-Wage Premium

A. Relationship Between the Skill of Managers, the Skill of Workers, and the Size of the

Workplace.

One implication of all three theoretical explanations for the employer size-wage premium is

that more skilled managers work in larger plants with more skilled workers.  To examine this

hypothesis Table 4 presents the results from regressing plant-level measures of the skill of one group of



      Production workers are workers with a three-digit occupation code greater than 500, managers are14

workers with a three-digit occupation code less than 200 (U.S. Census Bureau 1992).

      The plant-level measures of the education of production workers and managers are constructed this way15

because education is a class variable in the Decennial Census.  See Table 3.

      See Table 3 for a description of how K is measured.16

      I use the average investment in the plant over a two year period to overcome the lumpy nature of plant-level17

investment (Doms and Dunne 1993).

      In general older plants contain older workers (Brown and Medoff 1993).18
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workers (i.e., production workers) on plant-level measures of the skill of the other group of workers

(i.e., managers) along with various measures of size.   For production workers the plant-level measure14

of skill is the percentage of production workers in the plant with at least some college (EducP).  For

managers the plant-level measure of skill is the percent of managers in the plant with at least a

Bachelor's Degree (EducM)15

While all three models imply that more skilled managers and workers work in larger plants,

they disagree on the best measure of size.  In the Oi (1983) model employment is the appropriate size

measure.  Therefore, Columns (1) in Table 4 report results where the log of total employment in the

plant (LTE) and the firm (LFTE) are used as the size measure.  In the capital-skill complementarity

model capital is the appropriate measure of size.  Therefore, Columns (2) in Table 4 report results using

the log of the capital stock in the plant (K) as the size measure.   Finally, in the Dunne and Schmitz16

(1992) model the type of capital used in the plant is the appropriate measure of size.  Unfortunately, the

WECD does not contain any information on the type of capital used in the plant.  However, empirical

evidence shows that investment at the plant is positively correlated with the presence of advanced-

technology capital (Dunne 1991).  Therefore, Columns (3) in Table 4 report results where the log of the

average investment in the plant in 1987 and 1989 is used as the size measure.   The EducP regression17

are where the skill of production workers is regressed on the skill of managers and the various size

measures, while the EducM regressions are where the skill of managers are regressed on the skill of

production workers and the various size measures.

If there has been an increasing trend in overall education among workers then it may appear

that more educated managers work with more educated workers simply because younger workers are

more likely to work together.  To control for this the age of the plant (PltAge) is included in all of the

regressions in table 4.   Controls for whether the plant is part of a multi-plant firm (MU), the plant's18



      I repeat the entire analysis using a number of alternative plant-level measures of skill such as the percent19

of both types of workers with at least a high school diploma, the percent of both types of workers with at least
some college, and the percent of both types of workers with at least a Bachelor's Degree.  The results remain
the same. 
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(4)

two-digit industry, region, and a dummy variable indicating whether the plant is located in an MSA, are

also included in all of these regressions.  Table 3 provides a description of all of the variables appearing

in Table 4.

The positive coefficients on EducM in the EducP regressions, and on EducP in the EducM

regressions indicate that across plants the skill of managers is positively correlated with the skill of

workers.  In addition, the positive coefficients on LTE and LFTE in Columns (1), K in Columns (2) and

Linvest in Columns (3) show that larger plants and firms do contain more skilled workers, regardless of

the measure of size.   Overall, the results in Table 4 support the hypothesis that more skilled managers19

work with more skilled workers in larger plants.

B. Relationship Between Worker Wages and Employer Characteristics.

i. Estimation Strategy

To start with let me outline the empirical strategy followed in this section.  The basic

estimating equation is:

where W  is the wage of worker i, X  is a vector of worker i's characteristics, Y  is a vector ofi i i

characteristics of worker i's employer, and u  is a worker specific error term.  i 

The first step in the analysis is to estimate equation (4) including a complete set of worker

characteristics in X  and setting ( =0.  This is done for two reasons.  First, given the possible problemsi

with the data mentioned above, there is some question about whether these data are appropriate for

estimating reduced form worker wage regressions.  Estimating equation (4) setting ( =0 allows a

comparison between cross-sectional parameter estimates from these data with previously reported

parameter estimates from similar cross-sectional wage regressions based on CPS type data.

Second, the results from this regression can be used to further test the hypothesis that more

skilled managers manage more skilled workers in larger establishments and firms.  If this hypothesis is
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true then the return to observable measures of skill, such as education, should fall when characteristics

of worker i's employer are included in equation (4).  Along these lines, the next two steps in the

analysis are to estimate equation (4) setting $ =0 and including LTE, LFTE in Y  and then to estimatei

equation (4) including the complete set of worker characteristics in X  along with LTE and LFTE in Y . i i

Again, if it is the case that more skilled workers work in larger establishments and firms, then the

coefficients on LTE and LFTE should fall when equation (4) includes controls for both worker ability

and plant characteristics.  In addition, comparing the estimated size-wage premium from this regression

with previously established estimates of the size-wage premium based on alternative data sources

provides another check on the data.  Finally, results from the regression including both worker and

plant characteristics will serve as a benchmark for regressions where alternative characteristics of

worker i's employer are included in equation (4).  

The next step in the analysis is to sequentially include additional characteristics of a worker's

employer in equation (4).  As mentioned above, the capital-skill complementarity model implies that it

is plant-level differences in capital, not employment, that provides the best measure of worker ability in

the plant.  To test this hypothesis, I estimate equation (4) including the log of plant and firm

employment (LTE and LFTE ) along with the log of the capital stock in the plant (K) in Y .  If thei

capital-skill complementarity hypothesis is true including K in Y  when estimating equation (4) shouldi

lead to smaller coefficients on LTE and LFTE.   

The second hypothesis is that it is the type of capital used in the plant that is the best proxy for

the unobserved ability of workers in the plant and firm.  To test this hypothesis I include the log of the

average investment at the plant in 1987 and 1989 (LInvest) in Y  to control for the type of capital in thei

plant.  Here the hypothesis is that including LInvest in Y  should reduce the coefficient on LTE andi

LFTE in estimates of equation (4).  

The final step in the estimation procedure is to correct for possible biases in the parameter

estimates resulting from the nonrandomness of the data.  If we let:

then the basic problem is that parameter estimates from equation (4) may be biased because 

E(u  | I =1)…0.  i i

I employ two methods to correct for this possible bias.  The first assumes that the probability of

a worker being in the sample is simply a function of the size of a worker's establishment -- I =f(Planti



      See footnote 13 for a discussion of why the establishment size distribution for workers in the CPS may be20

a biased estimate of the "true" establishment size distribution of workers.  

      For example, since 0.2% of all workers in the matched data work in establishments with fewer than 1021

workers, while 8.1% of workers in the CPS report working in similar size establishments, I give all matched
workers who work in establishments with less than ten employees a weight of 40.50.

      Research at the Census Bureau (Bates, Fay and Moore 1991) suggests that I is a function of a worker's22
i

age, income, education, race, and whether or not a worker is living with relatives.  
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(5)

(6)

Employment).  If this is the case then weighting the data so that the establishment size distribution of

matched workers resembles the "true" establishment size distribution will produce unbiased estimates

of the parameters.  One source of information about the "true" worker establishment size distribution is

the observed worker establishment size distribution in the May 1988 CPS.   Therefore, I weight the20

establishment size distribution for matched workers so that it resembles the establishment size

distribution for manufacturing workers in the CPS.   I then reestimate all of the regressions using these21

weights.

The second method to correct for possible bias assumes a more complicated selection

mechanism.  There are two conditions that a worker must meet to appear in the matched data.  First, a

worker must have nonimputed data, and second a worker must work in an establishment that is unique

in an industry-location cell (Troske 1993).  If the joint probability of these two events occurring is

related to the characteristics of the worker, then I  is some function of these characteristics:  i

where X  is again a vector of worker i's characteristics.   Heckman (1976) shows that, assuming thei
22

error terms are normally distributed, the correct way to adjust for the selection is to first estimate a

probit model based on equation (5), and then to include the estimated inverse Mill's ratio from this

regression as an independent variable in equation (4).  Equation (4) then becomes:

with mN/mM being the estimated inverse Mill's ratio.  Thus, the second method is to estimate mN/mM from a

probit model based on equation (5), and to then estimate equation (6).



      Since it is unclear whether industry and location is an employer or a worker characteristic, I have included23

these variables in all regressions.  However, occupation seems clearly identified with a worker, so I have only
included occupation when worker characteristics are included in the regression.

      One exception is that the coefficients on race, in particular blacks, appear to be quite low (Cain 1986;24

Carrington, McCue and Pierce 1993). There are a number of potential reasons why these estimates are so low. 
First, these regressions include both male and female workers so the race coefficient will be an average of the
racial difference in wages for both men and women.  In general, the wage differential for black women is much
smaller than the wage differential for black men, so this may lower the estimated wage differential.  Second, I
include much more detailed industry and occupation controls in these regressions than is common.  If a large
part of the black-white wage differential is due to industry and occupation then this would also serve to
compress the estimated wage differentials.  
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ii. Estimation Results

a. Replicating Previous Results

Column (1) in Table 5 presents the results from estimating equation (4) including the full set of

worker characteristics in X  and setting ( =0.  Column (2) presents the results from estimating equationi

(4) setting $ =0 and including LTE, LFTE, and a control for the ownership structure of the

establishment (MU) in Y .  Column (3) presents the results from estimating equation (4) including thei

full set of worker characteristics in X  and the three employer characteristics in Y .  Table 3 provides ai i

complete list and description of all the variables used in the analysis.  In addition to the variables listed

in the table, all regressions in this analysis include controls for four-digit industry, Census region, and

an interaction between an MSA dummy variable and region.  The regressions in columns (1) and (3)

also include controls for a worker's three-digit occupation.23

The parameter estimates reported in Column (1) in Table 5 closely resemble estimates from

previous cross-sectional wage regressions.  The coefficient estimates on the experience and education

terms are very similar to those reported by Mincer (1974) among others.  In addition, the coefficient

estimates on the sex and marriage interactions are similar to the coefficients found by previous

researchers examining gender differences in wages and the wage premium received by married male

workers (Carrington and Troske 1993; Hellerstein and Neumark 1993; Daniel 1993).   24

The results in column (2) show that estimating equation (4) setting $ =0 produces a large

estimated size-wage premium.  The coefficient of 0.065 on LTE in column (2) shows that workers in

plants with log employment one standard deviation above mean log employment receive 19.1% higher

wages than workers in plants with log employment one standard deviation below mean log



      The establishment size-wage premium is calculated as the log difference in the wage of a worker in a25

plant with log employment one standard deviation above then mean and the wage of a worker in a plant with log
employment one standard deviation below then mean.  The wage of a worker in a plant with log employment
one standard deviation above the mean is the product of the coefficient on LTE and the log employment of a
plant one standard deviation above the mean.  The mean and standard deviation of plant and firm log employment
are given in Table A2.  The firm size-wage premium is computed in a like fashion.

      One thing to note. Almost all previous estimates of the size-wage premium included a control for union26

status, either directly by knowing the union status of the worker, or indirectly by including the percent of
workers in a three-digit industry covered by a union contract.  I do neither for two reasons.  First, the WECD
contains no direct information on a worker's union status.  Second, once I include four-digit controls in these
regressions the effect of the percent of workers covered by a union contract in a worker's three-digit industry
becomes insignificant. 
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employment.   The coefficient of 0.026 on LFTE shows that workers in firms with log employment25

one standard deviation above the mean receive 11.5% higher wages that workers in firms with log

employment one standard deviation below the mean.

The coefficient estimates on LTE and LFTE in Column (3) in Table 5 are both encouraging and

revealing.  The estimates are encouraging because they are similar in magnitude to the establishment

and firm size-wage premia found in earlier work.  The 0.050 coefficient on LTE shows that workers in

plants with log employment one standard deviation above the mean receive 14.7% higher wages than

workers in plants with log employment one standard deviation below the mean.   The 0.020 coefficient

on LFTE in the same regression shows that workers in firms with log employment one standard

deviation above the mean earn 8.8% higher wages than workers in firms with log employment one

standard deviation below the mean.  Brown and Medoff (1989) review the results from a number of

previous studies of the size-wage premium and report estimated establishment size-wage premium of

6-15%.   The estimate of 14.7% from these data is certainly within this range.  Brown and Medoff also26

report that previous estimates of the firm size-wage premium are generally smaller than estimates of

the establishment size-wage premium.   Again this is exactly what is found in these data.   

These results are revealing because they provide further support for the hypothesis that more

skilled workers work in large establishments.   Comparing the coefficients on LTE and LFTE in

columns (2) and (3) shows that both the establishment and firm size-wage premia fall by 23% once I

control for the observable skill of the worker.  In addition, comparing the coefficients on the education

variables in columns (1) and (3) shows that the estimated return to education falls once I control for the

size of a worker's establishment and firm.  

Table 6 presents results from the same regressions reported in Table 5 estimated separately for

Managers and Production Workers.  The results in Table 6 mirror the results in Table 5.  Comparing



      Another explanation for this difference may lie in the way these data are collected.  The ASM and CM27

are establishment based surveys and only include actual production units.  If a plant is part of a multi-plant
firm, and the headquarter of the firm is not part of a production unit, then the headquarter will not be included
in the data.  Thus, managers in these data are a select group, they are managers who work in production units. 
In contrast, all production workers will work in a production unit so all production workers have an equally
likely chance to appear in the data.
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the coefficients on the education dummy variables in columns (1) and (3) shows that the estimated

returns to education for managers and production workers fall once I control for the size of a worker's

establishment and firm (although the fall for managers is extremely small and concentrated among

highly educated managers).  Comparing the coefficients on LTE and LFTE in columns (2) and (3)

shows that for both managers and workers the estimated size-wage premia decline once I control for

the observed ability of workers.  Again this supports the earlier finding that both more skilled managers

and more skilled production workers work in larger plants and firms.

Comparing the size-wage premium for managers with the premium for production workers

shows that production workers receive a much larger size-wage premium than managers.  The

coefficient of 0.037 on LTE in column (3) of the Managers regression shows that managers receive a

10.9% establishment size-wage premium, while the coefficient of 0.005 on LFTE in the same

regression shows that managers receive a 2.2% firm size-wage premium.  The coefficient of 0.057 on

LTE in column (3) in the Production Worker regression shows that production workers receive a 16.8%

size-wage premium, while the coefficient of 0.025 on LFTE in the same regression shows that these

workers receive a 11.1% firm size-wage premium.  One possible explanation for this difference is that

managers in large establishments or firms receive a larger percentage of their total compensation in

benefits, such as stock options, nicer offices, or the use of a company car.  Since these benefits would

not appear in reported earning for managers this would cause a downward bias in the estimated size-

wage premium.   Unfortunately, there is no way to check this hypothesis in the data.  27

To summarize, there are three main findings drawn from Tables 5 and 6.  First, the results from

these tables show that these data are capable of replicating previous documented relationships between

worker characteristics and wages.  This suggests that these data can be used to investigate the size-

wage premium.  However, this is in no way conclusive and I will examine the robustness of the

findings in a later section.  Second, these results provide further support for the hypothesis that more

skilled workers and more skilled managers work together in larger establishments and firms.  Finally,

the results in Tables 5 and 6 show that production workers exhibit a larger size-wage premium than



      The worker characteristics included in the regressions reported in Table 7 are identical to the characteristics28

included in the regressions in Table 5.  However, to conserve space, I do not report the coefficients on many of
these characteristics because they are almost identical their value reported in Table 5.

      In addition, an interaction between plant age and LInvest (LInvest*PltAge) is included in Y  in Table 7 to29
i

control for age related differences in plant investment.
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managers.  I now turn to exploring whether alternative characteristics of a worker's employer provide a

better signal for the unobserved skill of the worker.  

b. Including Additional Employer Characteristics

Table 7 presents the results from estimating equation (4) including the full set of worker

characteristics in X  and including additional characteristics for a worker's employer in Y .   Columni i
28

(1) in Table 7 presents the results from estimating equation (4) including the log of the capital stock in

the plant (K) along with LTE and LFTE in Y .  Column (2) presents the results from estimatingi

equation (4) including the log of the average investment in the plant in 1987 and 1989 (LInvest) along

with LTE and LFTE in Y .   Finally, column (3) presents the results from estimating equation (4)i
29

including LTE, LFTE, K, and LInvest in Y .  In addition to the variables listed in the table, alli

regressions include controls for the four-digit industry, three-digit occupation, Census region, and an

interaction between region and MSA.

Comparing the estimated size-wage premium in column (1) with column (3) in Table 5 shows

that including K in Y  substantially reduces the estimated size-wage premium.  The coefficient of 0.004i

on LTE in column (1) translates into only a 1.2% establishment size-wage premium which is 92%

smaller than the establishment size-wage premium in Table 5.  The coefficient of 0.014 on LFTE

translates into a 6.2% firm size-wage premium which is 30% smaller than the firm size-wage premium

in Table 5.  This is exactly the prediction of the capital-skill complementarity model.  It appears from

these results that plant-level differences in capital stock, and not plant-level differences in employment,

provide the best measure of worker ability.  

The results in column (2) in Table 7 are similar.  Including LInvest in Y  when estimatingi

equation (4) leads to a slightly smaller estimated firm size-wage premium, and a much smaller

estimated establishment size-wage premium.  The coefficient of 0.012 on LTE in column (2) translates

into a 3.5% establishment size-wage premium, which is 76% smaller than the estimate in Table 5.  The

coefficient of 0.019 on LFTE in column (2) translates into a 8.4% firm size-wage premium, which is



      One explanation for these results could be that LTE , K and LInvest are perfectly collinear.  To check30

this possibility Table A3 in the appendix presents the correlation coefficients for the correlation between LTE,
K, and LInvest, and the cross-industry mean of separate correlations of these variables by four-digit industry. 
These results show that while these variables are strongly linearly related, they are not perfectly linearly related. 
Given the large sample size it should be possible to distinguish between the effects of LTE, K and LInvest on
log wages in these regressions.

      The estimated establishment size-wage premium in columns (1) in Table 7 is insignificant for managers31

and is 2.1% for production workers while the estimated firm size-wage premium is 0.6% for managers and is
7.9% for production workers.  In columns (2) the estimated establishment size-wage premium is 3.5% for
managers and 4.7% for production workers while the estimated firm size-wage premium is 0.6% for managers
and 10.2% for production workers.
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5% smaller than the firm size-wage estimate in Table 5.  Again, this is exactly the prediction of the

Dunne and Schmitz model.  It appears from these results that plant-level differences in the type of

capital used in the plant, and not total employment, is the best measure of worker ability in the plant.

The results in column (3) show that including both K and LInvest in Y  leads to a negativei

establishment size-wage premium.  The coefficient of -0.007 on LTE in column (3) shows that workers

in plants with log employment one standard deviation above the mean receive 2.1% lower wages than

workers in plants with log employment one standard deviation below the mean.  However, the

coefficient of 0.019 on LFTE shows that even after controlling for the additional employer

characteristics, workers still receive a 6.7% firm size-wage premium.30

One possible reason for these low estimates of the establishment and firm-size wage premia

could be the problem mentioned earlier -- if a larger percentage of the total compensation of managers

in large firms and establishments comes in the form of larger benefits then this could produce a

downward bias in the estimated size-wage premium.  To see whether this is the case Table 8 presents

the results from identical regressions estimated separately for Managers and Production Workers.  

The results in Table 8 mirror the results seen in Table 7.  Controlling first for K in columns (1),

and then for LInvest in columns (2) produces much smaller estimates of the establishment and firm

size-wage premia than seen in Table 6.  In addition, the results in columns (3) show that including both

K and LInvest in Y  produces a negative establishment size-wage premium (although the estimate fori

managers is insignificant).   31

These findings are very similar to previous findings of Entorf and Kramarz (1993) and Dunne

and Schmitz (1994).  Entorf and Kramarz, using linked employer-employee data for French workers

and firms, finds that controlling for capital stock in regressions similar to equation (4) leads to

substantially lower estimates of the establishment and firm size-wage premia.  Dunne and Schmitz,



      Footnote 13 discusses why the size distribution of workers in the CPS may itself be biased.32
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using plant-level manufacturing data, find that controlling for the type of capital used in the plant also

leads to lower estimated establishment and firm size-wage premia.  

To summarize, the results from Tables 7 and 8 show that including alternative characteristics of

a worker's employer in reduced form wage regressions substantially reduces, and even reverses, the

estimated size-wage premium.  These results are consistent with the capital-skill complementarity

model which suggests that the amount of capital in a plant will be the best measure of the ability of

workers in the plant and the model of Dunne and Schmitz which suggests that the type of capital in the

plant will be the best measure of the ability of workers in the plant.  

c. Controlling for the Effects of Selection

To examine the robustness of the previous results, Table 9 presents the results from estimating

equation (4) weighting the data so that the establishment size distribution for workers in the data

matches the establishment size distribution for workers in the May 1988 CPS.   Table A4 in the32

appendix gives the weights used.  Table 10 reports the results from estimating equation (4) including

the estimated inverse Mill's ratio from a probit estimation of the conditional probability that a worker

appears in the matched data.  The parameter estimates from the probit regression are given in Table A5

in the appendix.  The results in columns (1) of Tables 9 and 10 are for regressions where LTE and

LFTE are included in Y , columns (2) report the results including K in Y , columns (3) reports thei i

results including LInvest in Y  and columns (4) reports the results when LTE, LFTE, K and LInvest arei

included in Y .  Included in all of these regressions are controls for four-digit industry, three-digiti

occupation, region and a region-MSA interaction.  

The results from Table 9 show that while weighting the data does change the point estimates,

the general findings from Tables 5-8 do not change.  In column (1) the estimated establishment and

firm size-wage premia are 13.5% and 8.4%, respectively.  These estimates are smaller than the

estimates in column (3) in Table 5, but are well within the range reported by Brown and Medoff

(1989).  Column (2) shows that including K in Y  results in an estimated establishment and firm size-i 

wage premia of 3.8% and 2.0%, respectively, which is a drop of 72% in the establishment size-wage

premium and 76% in the firm size-wage premium.  Column (3) shows that including LInvest in Yi

results in an estimated establishment and firm size premia of 6.1% and 7.5%, respectively, which is a
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drop of 55% in the establishment size-wage premium and 11% in the firm size-wage premium.  Finally,

column (4) shows that including both K and LInvest in Y  along with LTE and LFTE leads to ani

insignificant establishment size-wage premium, and a 5.3% firm size-wage premium.

Table 10 shows that controlling for possible selection bias by including the inverse Mill's ratio

in equation (4) leads to similar conclusions --  the individual point estimates of the size-wage premium

change, but the general findings from Tables 5-8 remain.  Column (1) shows that including just LTE

and LFTE in Y  leads to an estimated establishment size-wage premium of 10.6% and 7.5%.  Thesei

estimates are even smaller still, but are still well within the range reported by Brown and Medoff

(1989).  Column (2) shows that adding K to Y  leads to an insignificant estimate of the establishmenti

size-wage premium, and a 5.3% firm size-wage premium.  Column (3) shows that adding LInvest to Yi

leads to an estimated establishment and firm size-wage premia of 1.8% and 7.0%, respectively.  Finally

the results in column (3) shows that including both K and LInvest in Y  leads to an estimatedi

establishment and firm size-wage premia of -3.2% and 5.8%, respectively.

The general conclusion from Tables 9 and 10 is that the results in Tables 5-8 are robust to

corrections for sample selection bias.

IV. Conclusion

This paper uses employer-employee matched data to examine whether the size-wage premium

is the result of large employers hiring more skilled workers.  The main findings are: 1) Examining the

cross-plant distribution of the skill of workers shows that managers with larger observable measures of

skill work in large plants and firms with production workers with larger observable measures of skill. 

2) Results from reduced form wage regressions show that including measures of the amount or type of

capital in a worker's plant significantly reduces the estimated size-wage premium.  3) These results are

robust to efforts at correcting for possible bias in the parameter estimates due to sample selection.

The overall conclusion of this paper is that the evidence is consistent with neoclassical

explanations for the size-wage premium -- the size-wage premium is the result of large employers

employing more skilled workers.  In particular, the evidence is consistent with models that posit that

large employers hire more skilled workers due to capital and skill being complements in production, or

large employers being more likely to employ skill-biased advanced technology capital.  However, these

results are significant primarily because they show that the employer size-wage premium can be

accounted for with data that links employer and employee characteristics.  This is in contrast to

previous efforts to account for this phenomenon using data with just worker or just employer



      The Barron, Black and Loewenstein (1987) results indicate that both are true.  Large employers hire33

better workers and also provide them with more training.
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characteristics (Mellow 1982; Brown and Medoff 1989; Davis and Haltiwanger 1991; Dunne and

Schmitz 1994).  This suggests that there are important interactions between the characteristics of

workers and the characteristics of employers that are not being captured with data containing just

worker or just employer characteristics.  As such, these results lend support to models which emphasize

the role of employer-employee matching in explaining both cross-sectional and dynamic aspects of the

wage distribution (Sattinger 1993; Kremer 1993; Kremer and Maskin 1994).

As a caveat, I should mention that there are other possible ways in which the behavior of

employers and employees could vary by size that are consistent with these findings.  For example,

recent research on training finds that large employers are much more likely to offer training, and that

employees of large employers are much more likely to invest in firm specific training (Barron, Black

and Lowenstein 1987; Holtman and Idson 1991; Flynn 1993; and Idson 1993).  If this is the case then

large employers may not be hiring better workers, but they may be providing them with more firm

specific training (presumably making them "better" workers after the training).    If this raises a33

worker's marginal product, and the worker is able to capture some of this increase, then the size-wage

premium may be the result of a greater incidence of training among large employers.
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