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ABSTRACT. The conventional wisdom is that the rising
productivity in the U.S. manufacturing sector in the 1980s has
been driven by the apparently pervasive downsizing over this
period. Aggregate evidence clearly shows falling employment
accompanying the rise in productivity. In this paper, we
examine the microeconomic evidence using the plant level
data from the Longitudinal Research Database (LRD). In
contrast to the conventional wisdom, we find that plants that
increased employment as well as productivity contribute
almost as much to overall productivity growth in the 1980s
as the plants that increased productivity at the expense of
employment. Further, there are striking differences by sector
(defined by industry, size, region, wages, and ownership type)
in the allocation of plants in terms of whether they upsize or
downsize and whether they increase or decrease productivity.
Nevertheless, in spite of the striking differences across
sectors defined in a variety of ways, most of the variance of
productivity and employment growth is accounted for by
idiosyncratic factors.

1. Introduction

Productivity growth in the manufacturing sector
of the U.S. economy has been rapid over the past
decade, and has been accompanied by a substan-
tial reduction in employment. This has engendered
the conventional belief that rising productivity in
manufacturing and decreasing employment are
inextricably linked through some micro-economic
mechanisms. Some hold the view that technolog-
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ical progress leads to layoffs because of mis-
matches between newly desired labor quality and
the skills of existing workers, or because of rigidi-
ties in wages and prices (for a recent review, see
Johnson (1994)). Others hold the alternative view
that productivity growth happens as a result of
downsizing, or re-engineering, with its concomi-
tant layoffs. Large scale employment reductions
by major companies are routinely reported in the
media as part of this downsizing trend, and
applauded by market analysts for improving pro-
ductivity and making the company “lean and
mean”. The expansion of international trade is
often seen as a source of the competitive pressure
that has lead to downsizing.

The conventional wisdom that productivity
growth and downsizing are connected has some
basis in fact. Figure la depicts annual output and
employment for the period 1959-89 for the total
manufacturing sector and Figure 1b depicts the
annual growth rate in labor productivity over this
time. During the 1960s and 1970s, output and
employment fluctuated cyclically around a
growing trend with modest growth in productivity.
In the 1980s, the pattern changed with output
recovering robustly from the recession in the early
1980s and employment never fully recovering.
Consequently, average labor productivity rose
sharply over much of this period. We focus on this
period of rising productivity and falling employ-
ment using plant level data for the Census of
Manufactures in 1977 and 1987. Over this
interval, total employment in manufacturing estab-
lishments fell by 4.5 percent over the period 1977
to 1987 even as productivity (measured by value
added per worker) rose by 33 percent.' Thus, it
would appear that our sample of plant level data
is consistent with the conventional wisdom.

It turns out, however, that it is quite misleading
to draw inferences from these aggregate data to
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Fig. 1a. Value added and employment, total manufacturing,
1959-89.
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Fig. 1b. Average labor productivity growth, total manufac-
turing, 1980-89.

characterize what has been happening at the micro
level to individual plants. Baily, Hulten, and
Campbell (1992) and Bartelsman and Dhrymes
(1992) describe the effects that composition
changes have on the translation of plant level
productivity to aggregate productivity behavior.
They find that growth in aggregate Total Factor
Productivity (TFP) is mostly the result of changes
in output shares between plants, rather than within
plant increases in TFP.

Another related example of the pitfalls of
relying on aggregate data can be found in Davis
and Haltiwanger (1990). As shown in Figure 2, the
mean establishment size (as measured by pub-
lished total manufacturing employment divided by
total number of establishments) fell from 58

workers in 1977 to less than 50 workers in 1987.
This fact, based on aggregate data, seemingly
provides evidence of significant downsizing over
this period. However, the size distribution of
plants is very skewed — while the typical plant is
small, the typical worker works for a large plant.
Davis and Haltiwanger define a summary statistic
denoted the coworker mean, which is the employ-
ment-weighted average size of an establishment
and thus represents the size of the plant for the
typical worker.” The coworker mean is more than
an order of magnitude larger than the mean plant
size; the typical manufacturing worker in 1987 is
employed at a plant with more than 1700
employees. More telling for our story is that the
coworker mean, shown on the right axis of Figure
2, fell in the late 1960s and early 70s, before the
full impact of international trade was felt. It
actually has increased slightly from 1977 to 1987.

The finding that the size of the establishment
for the typical worker has not declined in recent
years is striking in light of the conventional
wisdom on downsizing. This turns out to be just
the first glimpse of the noisy, complex process of
employment, output and productivity growth at the
plant level. Recent work using plant level data
(e.g., Davis and Haltiwanger, 1990, 1992; Dunne,
Roberts and Samuelson, 1989; Baily, Campbell
and Hulten, 1992; Bartelsman and Dhrymes, 1992;
Baldwin and Gorecki, 1990, 1991) present a
picture of a disperse distribution of output,
employment and productivity growth rates that
varies in both location and shape over time. We
have learned from this work that when the aggre-
gate economy grows, for example, this is
accounted for by some plants growing and others
contracting with the gross rates of change very
large relative to the net change. This paper con-
tinues in that tradition with a focus on the
connection between employment growth and
productivity growth at the plant level and the
associated implications for aggregate employment
and productivity growth.

As with prior studies, we find there is substan-
tial heterogeneity among plants and industries.
While layoffs often receive more publicity than
do employment increases, there are in fact many
manufacturing establishments where productivity
growth accompanies increases in employment.
Overall, plants that added workers contribute
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about the same to aggregate productivity as plants
that downsized. Similarly, while downsizing is
associated with increases in productivity, there are
in fact many establishments where a reduction in
employment accompanies productivity losses.
Further, there are striking differences by sector
(defined by industry, size, region and ownership
type) in the allocation of plants in terms of
whether they upsize or downsize and whether they
increase or decrease productivity. While the
detailed industry, region, size, ownership type and
wage characteristics of plants do provide statisti-
cally significant information on the probability
that a given plant is a downsizing productivity
gainer, we find that most of the cross-sectional
variance of productivity and employment growth
rates cannot be explained by observable plant
characteristics. Thus, the allocation of plants in
terms of whether they upsize or downsize, increase
or decrease productivity is largely driven by idio-
syncratic factors.

2. The data

Our primary dataset consists of all manufacturing
plants that were in operation in both 1977 and
1987 as reported to the Censuses of Manufacturers
(the “continuers”). There are about 140,000 such
plants. We will also present some information
about those plants that were in operation in 1977,
but that had shut down by 1987 (the “exiters™)
and also for the new plants that started between
1977 and 1987 (the “entrants™). Because of the
difficulty of matching plant identification numbers
there is some error in allocating plants to the
continuers, exiters and entrants, but we believe
that this error is small.’

In our investigation, we consider both gross
output and value added based measures of labor
productivity. Gross output for our plants is
measured as shipments adjusted for inventories,
deflated by the 4-digit deflator for the industry in
which the plant is classified. Labor input is the
total employment of the plant and labor produc-
tivity, using the gross output method, is the ratio
of the two. Value added is constructed for our
plants by subtracting the real cost of materials
from the gross output measure. The real cost of
materials is measured as the dollar cost of mate-
rials deflated by a 4-digit material deflator. The

value added measure of labor productivity is
accordingly the ratio of plant level value added
to plant level employment. In all cases, the results
are reported in terms of 1982 dollars. We specif-
ically chose the midpoint of our sample to
minimize the distortions associated with using a
fixed weight price index in this context.* Most of
our results are presented in terms of the value
added measure of labor productivity. We do this
for a number of reasons. First, this is the concep-
tually preferable measure of labor productivity.
Second, in spite of concerns about measurement
error in both the plant level materials data as well
as in the materials deflators, we find that the
results are very similar with the gross output based
measure.’

There are a number of relevant measurement
concerns given our data and methodology that
should be noted in interpreting our results. First,
even for our value added based measure, we do
not include the effect of purchased services. This
is a concern since there is some evidence that the
manufacturing sector has increased its out-
sourcing, particularly its purchases of services; our
value added measure will capture increased out-
sourcing if it is the form of intermediate physical
inputs but will not capture changes in the role of
purchased services. In addition, our labor measure
— establishment level employment — neglects
employees in auxiliary establishments such as
head-office and R&D facilities. Note that Siegel
and Griliches (1991) investigate the role of both
of these measurement issues and conclude that
they do not have much of an effect on the mea-
surement of manufacturing productivity for the
period 1977-82 (one half of our sample period).
This provides some reassurance that these
measurement concerns are not likely to have a
serious impact on our results.

We recognize as well that our focus on labor
productivity rather than total factor productivity
affects the interpretation of our results. The role
of capital deepening and biases in technical
change cannot be well understood by the behavior
of labor productivity alone; for example, invest-
ments in labor saving equipment which increase
labor productivity may not be successful from a
TFP point of view.

Table I gives summary statistics of productivity,
employment and output for all of manufacturing,
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TABLE 1
Summary statistics for census of manufacturers

1977 1987 Change*
Labor productivity
All 53 73 3.87
Continuers 56 i 3.39
Entrants 67
Exiters 44
Employment (000s)
All 17850.791 17051.302 -0.45
Continuers 12776.966 12679.236 -0.08
Entrants 4372.066
Exiters 5073.825
Value added (1982 §, millions)
All 938 1242 3.25
Continuers 716 952 3.29
Entrants 291
Exiters 222

* Average growth over 10 years, not at an annual rate.

for our primary sample of 140,000 continuing
plants, and for the exiters and entrants. The results
in Table I are based on the value added measure
and are restricted to plants with positive value
added and materials purchases in the relevant
years for the different types of plants (e.g., con-
tinuers must have positive value added in both
years). We see that productivity grew by 38.7
percent for the sector as a whole for the ten year
period, while the continuers had productivity
growth of 33.9 percent.® It follows that the plants
that entered between 1977 and 1987 had higher
average labor productivity than the plants that
exited. Plant turnover thus has a sizable net
positive effect on productivity. As seen, the labor
productivity of exiters was substantially lower
than that of the continuers, while it was not the
case that entrants came in at higher than average
productivity — consistent with the findings of
Bartelsman and Dhrymes (1992). Decomposing
the relative contribution of continuing plants and
net entry, the increased productivity of the net
entrants accounts for approximately 30 percent of
the overall increase in productivity from 1977-87.

As shown in Table I, manufacturing employ-
ment declined by 0.45 per year.® Our main sample
of continuers accounted for employment of 12.8
million in 1977 and (somewhat surprisingly
perhaps) had just a small loss of 98,000 employees

by 1987. As illustrated in Figure 3, job destruc-
tion among the continuers thus has been almost
fully offset by job creation by this same group (the
job loss is only 30,000 if the negative value added
plants are included). The net reduction in manu-
facturing employment has come about primarily
from layoffs at plants that were closed which were
not fully offset by hires at new plants.

The rate of output growth has been about the
same in the continuers as in the whole sector. As
a group, the continuers are consistent with the
conventional wisdom — rapid output growth, mild
employment contraction, and rapid productivity
growth.’

3. Productivity and employment quadrants

In the remainder of this paper we concentrate on
the continuing plants. We have divided these
continuing plants in our sample into four groups
or quadrants, as illustrated in Figure 4. Quadrant
1 consists of the “successful upsizers”, plants that
were able to increase both labor productivity and
employment. Quadrant 2 are the “successful
downsizers”, the plants that raised productivity but
did so by reducing employment. Quadrant 3 are
the “unsuccessful downsizers”, the plants that
faced reductions in both productivity and employ-
ment. Finally, the quadrant 4 plants are the
unsuccessful upsizers, the plants that raised
employment but at the expense of productivity.
Figure 5 shows the average annual percentage
change in labor productivity, employment, and

QUADRANT 2
Successful Downsizers
A Productivity > 0
A Employment < 0

QUADRANT 1
Successful Upsizers
A Productivity > 0
A Employment > 0

QUADRANT 3
Unsuccessiul Downsizers
A Productivity <0
A Employment < 0

QUADRANT 4
Unsuccessinl Upsizers
A Productivity < 0
A Employment > 0

Fig. 4. Employment and productivity changes, 1977-1987.
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output for total manufacturing, and for the average
plant in each quadrant. This figure illustrates
clearly that productivity growth can occur by
plants increasing or decreasing employment
(quadrants 1 and 2), and that layoffs do not nec-
essarily lead to successful increases in productivity
(quadrants 2 and 3).

Plants can find themselves in quadrant 1 for a
variety of reasons. First, the long run increase in
both labor productivity and employment is con-
sistent with increased demand for its products
combined with increasing returns technology.
Alternatively, these plants could have actually
moved their production frontier outward through
technological innovation, while facing elastic
product demand.

The conventional wisdom about U.S. manufac-
turing over this period is captured in the quadrant
2 plants. These were the ones that raised produc-
tivity, but did so at the expense of jobs. This
pattern is consistent with technological innovation

combined with either falling demand or very
inelastic demand (labor augmenting technical
change is suggested in either case). If there were
a simple way to characterize the whole manufac-
turing sector, then we should find that the bulk of
manufacturing output and employment would be
in plants in quadrant 2.

The employment and productivity behavior of
plants in the third quadrant are consistent with one
of the following (i) falling demand and increasing
returns to scale or (ii) negative productivity shock
and elastic demand or (iii) falling demand and
incomplete adjustment of employment. Based on
this last interpretation, which we find the most
plausible, we label these plants unsuccessful
downsizers.

The final group of plants are those where
falling productivity and rising employment place
them in quadrant 4. The pattern here is consistent
with a negative productivity shock and inelastic
demand, or rising demand and diminishing returns.
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Alternatively, these plants could have shifted to
lower quality employees, which could be observed
by falling wages. We examine this hypothesis
below.

Within-plant productivity growth and mix effects

In Table II we show how the plants in our main
group of 140,000 continuers break down into the
four quadrants using the value added measure of
labor productivity. There are between one quarter
and one-third of the plants in each of quadrants
1, 2, and 4. There are 14 percent of the plants in
quadrant 3.

Counting the number of plants may not be the
most revealing way to see the relative importance
of each quadrant, however, and Table II also
shows the employment and output shares. We see
that the quadrant 1 and 2 plants make up the bulk
of the sector in both employment and output. They
account for two thirds or more of the sector both
in 1977 and 1987. The large number of somewhat
anomalous quadrant 4 plants are smaller than
average.

The middle rows of the table give a decom-
position for all the plants and for each quadrant
separately that indicates how much of the
productivity growth reflects increases within
individual plants (the row labelled “productivity”)

and how much comes from mix effects (the rows
labelled “employment shares™ and “cross terms”).
Equation 1 shows the decomposition underlying
these three rows in the table:

AH, = E@J—I.uﬁnr.i
Hr-l n:-l

r EiA¢t. r'(nr— | N H,_ l) (l)
H:-—I

, Zidp, AL,
H, -1 ;

where ¢; = L/Y.L."°

The first mix term (labeled “empl. share™)
arises because of shifts in employment shares
between plants. This term is positive or negative
depending upon whether the plants that are above
average in productivity are increasing or
decreasing their shares of employment.'' The table
shows that for all plants together the term is
positive, but very small. Within quadrants, this
cross term is negative for the plants in quadrant
1, but positive for those in quadrants 2 and 3. It
is essentially zero for the plants in quadrant 4.

The second mix effect (the row labeled “cross
term”) is positive or negative depending upon
whether plants that have positive productivity
growth have increasing or decreasing employment
shares, respectively, or vice-versa. This term is

TABLE 11
Summary statistics, by quadrant, 1977-1987
All plants Quad 1 Quad 2 Quad 3 Quad 4
All>0 All>0 All <0 All<0
AL >0 AL<0 AL <0 AL>0
Estab. 140501 44597.0 36238.0 19289.0 40377.0
pet. 1.00 31.74 25.79 13.73 28.74
Empl. pet. 77 1.00 23.91 44,79 18.80 12.49
Empl. pct. 87 1.00 38.50 28.21 11.91 21.38
Empl. growth -0.08 5.98 -3.75 -3.71 6.98
VA pet. 77 1.00 20.22 40.50 23.38 15.90
VA pet. 87 1.00 42.26 37.01 7.66 13.07
VA growth 3.29 17711 2.14 -5.65 0.92
Labor prod. growth 3.39 7.38 9.43 -3.08 -3.57
Productivity 4.30 7.51 10.08 -3.37 -3.22
Empl. share 0.01 -0.36 0.30 0.23 0.03
Cross term -0.92 0.23 -0.94 0.06 -0.38
Contribution to labor prod. growth by quadrant 3.39 2.18 2.56 -0.62 -0.73
Productivity 1.49 3.82 -0.72 -0.57
Empl. share -0.23 0.16 -0.17 0.24
Cross term 0.91 -1.41 0.26 ~0.40
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negative overall, indicating that plants that have
positive productivity growth do on average have
decreasing employment. It alternates in sign
among the quadrants (as it must given their defi-
nitions) — the quadrant 2 plants are dominating the
cross term.

Although there are non trivial mix effects
shown in these data, it seems that a fair general
characterization of the results is that most of the
overall increase in productivity and most of the
increase within each quadrant is accounted for by
within plant changes. The changes in productivity
over the ten year period are not the result of mix
effects. This finding is consistent with that of
Griliches and Regev (1992), who look at the
decomposition of labor productivity in Israeli
manufacturing plants. Interestingly, it contrasts
with the finding of Bartelsman and Dhrymes
(1992) that TFP growth is mostly a result of mix
shifts in the long run.

Contributions to overall growth by quadrant

The bottom four rows of Table II treat each
quadrant as a group and ask how much each group
contributes to overall productivity growth.
Quadrant 1 contributes almost two-thirds of the
overall growth. Quadrant 2 accounts for about
three-quarters of the overall growth. Thus, these
two quadrants together account for more than the
total increase in productivity as their contributions
are offset by quadrants 3 and 4.

It is important to emphasize that each quadrant
contributes not only through its own change in
productivity, but also because its share of employ-
ment is changing. Equation 2 shows how this
happens:

AH;. - zq¢r— 1, qAnr q
HJ -1 nl -1

+ Zqu’r q(nl— l,g — nr— 1)

t=1

4 ZQA ¢r. qAnl-‘?

t-1

(2

k]

where ¢, = L /2 L,, the share of manufacturing
labor in quadrant g, IT, = Q /L , and Q, = ¥, . .0,
Lq = 21' € qu"

Given equation 2, we see that quadrant 1 plants

contribute both by the rise in productivity at each
of these plants but also through the increased
employment share (the positive cross term). The
contribution of quadrant 2 coming from rising
productivity (holding employment shares fixed) is
higher than that of quadrant 1, even though the
plants in these quadrants have about these same
productivity growth rates, on average. This is the
result of the negative impact of the falling employ-
ment shares (shown by the negative cross term)
in quadrant 2.

Quadrants 3 and 4 both contribute negatively to
overall productivity. For quadrant 3, much of this
is due to decreases in productivity holding the
employment share fixed. While this is an impor-
tant component for quadrant 4 as well, the increase
in employment share combined with the decrease
in employment is also an important contributing
factor."?

Quadrant decomposition using gross output
measure

The analogous results using the gross output
measure are reported in Table III. The results are
strikingly similar to those obtained using the value
added measure. The shares of plants, employment
and output across quadrants are very similar across
both measures. Of particular interest is the fact
that the share of plants in quadrant 4 is about the
same with both measures of labor productivity.
Thus, it does not appear as if changes in the extent
or nature of outsourcing is an important factor in
accounting for the somewhat anomalous plants in
quadrant 4.

Broadly, the respective contributions of each of
the quadrants to productivity growth and the
associated decompositions of these effects are also
very similar with the gross output based measure.
The importance of quadrant 1 in accounting for
the increase in productivity is slightly lower (about
61%) using the gross output measure, while the
contribution of quadrant 2 is somewhat larger
(about 82%). Thus, corrections for changes in
materials usage does lower the contribution of
successful downsizers somewhat which is consis-
tent with a modest role for outsourcing in
accounting for the differences in results between
Tables II and II1."
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TABLE I1I
Summary statistics, by quadrant, 1977-1987, gross output
All plants Quad 1 Quad 2 Quad 3 Quad 4
All>0 All>0 All<0 All <0
AL>0 AL<0 AL <0 AL>0
Estab. 146525 43881.0 37521.0 20541.0 44582.0
pet. 1.00 29.95 25.61 14.02 30.43
Empl. pet. 77 1.00 24.22 45.40 17.78 12.61
Empl. pct. 87 1.00 38.83 28.30 11.24 21.63
Empl. growth -0.03 5.99 -3.78 -3.69 7.11
Q pet. 77 1.00 19.59 43.33 21.01 16.07
Q pet. 87 1.00 39.03 36.45 8.96 15.57
Q Growth 2.18 14.27 0.24 -4.81 1.79
Labor prod. growth 221 8517 6.47 -1.76 -3.11
Productivity 311 5.51 6.81 -2.48 =2.51
Empl. share =0.11 -0.55 0.44 0.61 -0.24
Cross term -0.79 0.21 -0.78 0.10 -0.36
Contribution to labor prod. growth by quadrant 2.21 1.35 1.83 -0.35 -0.61
Productivity 1.01 2.81 -0.37 -0.50
Empl. share -0.28 0.08 -0.12 0.25
Cross term 0.61 -1.06 0.14 -0.36

4. Allocation of plants into quadrants, by
sector

Industry and productivity

Table IV presents the allocation of employment
into quadrants (and the overall contribution to
growth) by industry. In Table IV we show the
division by 2-digit industry and in the appendix
describe results from the 3-digit break down. The
first column of the table shows the contribution of
each industry to the overall productivity increase
of 3.4 percent a year. By far the largest contribu-
tion to overall productivity comes from industry
35 (non-electrical machinery) and within this
industry, it is 357 (office and computing equip-
ment) that accounts for most of this. After industry
35, the next largest and roughly equal contribu-
tions come from industry 36 (electrical and
electronic equipment) and industry 20 (food).
Within this former industry it is 366 (communi-
cation equipment) and 367 (electronic compo-
nents) that provide most of the positive impact.
The growth of the three industries 357, 366 and
367 reflects the electronics revolution. If these
three were excluded from the continuers, they
would reduce the overall rate of productivity
growth from 3.4 percent a year to 2.6 percent a

year. The contributions from industry 20 (food)
are scattered among the different three digit
elements within this industry.

The remaining columns depict the allocation of
employment by quadrant for each industry,
deviated from the total manufacturing shares. At
the 2-Digit level industries 28 (chemicals), 29
(petroleum refining), 31 (leather goods) and
particularly 33 (basic metals) are the ones that
have less than the average share in quadrant 1 and
more than the average in quadrant 2 or 3."* Thus,
the well-known downsizing in the steel industry
with the shift towards mini-mills is reflected in
these results. Overall, these industries have many
plants in mature products and have reduced
employment to increase productivity. However,
generalizations by two-digit industry are difficult
to make since, as shown in the appendix, there is
a wide variance of experience within the same
two-digit industry.

Region and productivity

Table V presents results for Census region in the
same format as those presented in Table IV. New
England, West North Central, South Atlantic,
Mountain and Pacific regions had above average
shares of their employment in quadrant 1 (suc-
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TABLE IV

Summary statistics, by industry

Industry Al Quad 1 Quad 2 Quad 3 Quad 4°
All plants 3.3895 31.18 36.53 15.37 16.92
Deviations from above distribution
20 0.4056 2:13 -3.99 -3.35 5.21
21 0.0087 1.47 -6.34 8.30 -13.43
22 0.1213 2.05 9.61 -5.07 —6.59
23 0.1278 0.96 3.65 -2.01 -2.60
24 0.0616 2.45 -1.55 -1.91 1.02
25 0.0169 5.26 -8.19 -1.63 4.56
26 0.1508 0.36 2.04 -2.10 -0.29
27 0.0397 3.05 -14.05 -5.99 16.99
28 0.3749 -5.55 7.97 -2.27 -0.16
29 0.2581 -7.13 20.12 -7.24 -5.76
30 0.1294 7.76 0.08 -4.54 -3.30
3 0.0157 -9.63 7.20 5.63 -3.21
32 0.0515 -5.24 1.40 3.03 0.82
33 0.1232 -15.51 21.65 3.16 -9.30
34 0.1529 -2.99 292 1.66 -1.58
35 0.5685 -6.91 1.41 7.68 =2.17
36 0.4019 12.10 -5.23 -2.32 -4.54
37 0.2182 1.60 -9.95 5.17 3.18
38 0.1359 -2.17 7.42 -2.52 -2.73
39 0.0270 -2.58 0.08 -0.29 2.79
1:AITI>0,AL>0; 2: ATl >0,AL < 0; 3: All <0, AL < 0; 4: ATl <0, AL > 0.
' Contributions to labor productivity growth.
? Percent of total employment in each quadrant.
TABLE V
Summary statistics, by region
Industry AIT' Quad 1 Quad 2 Quad 3 Quad 4*
All Plants 3.3895 31.18 36.53 15.37 16.92
Deviations from above distribution
New England 0.3227 5.96 -1.70 -2.62 -1.64
Mid Atlantic 0.4414 -2.82 2.16 0.36 0.30
E.N. Central 0.5642 -1.97 5.04 5.44 -2.51
W.N. Central 0.2648 1.87 -3.13 -1.87 313
S. Atlantic 0.5104 5.07 -0.83 -3.57 -0.67
E.S. Central 0.2798 -0.13 3.74 -0.56 -3.05
W.S. Central 0.4076 -1.32 -0.89 1.11 1.10
Mountain 0.1259 7.44 —6.44 -3.35 2.35
Pacific 0.4728 8.78 -10.27 -4.31 5.81

1:AITI>0,AL>0; 2: ATI > 0,AL < 0; 3: ATl <0, AL <0; 4: ATl <0, AL > 0.

' Contributions to labor productivity growth.
? Percent of total employment in each quadrant.
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cessful upsizers), particularly the Pacific region.
These same regions had less than average fractions
of employment in quadrant 2. The sunbelt regions
thus obviously were an important part of this
upsizing, increasing productivity phenomenon.
However, it is striking that the New England
region is disproportionately represented in this
group as well."”

Plant size and productivity

In Table VI we show the break down of the main
sample by plant size, where this is measured by
average employment in 1977 and 1987.'® We find
that the smallest plants did not contribute much
to overall growth. But after that, the contributions
come from plants of a range of sizes with the
highest contribution coming from plants with
500-999 employees.

Small plants are disproportionately in quadrant
4 (unsuccessful upsizers). The quadrant 2 plants
(successful downsizers) are disproportionately in
the 500 to 4,999 size range. These are the plants
that have set the stereotype for what has happened
to manufacturing over the period. Strikingly, the
very largest plants (over 5,000) have a larger than
average fraction in quadrant 1 (successful
upsizers) and only a small fraction in quadrant 4
(unsuccessful upsizers). Thus, not only do the

upsizing, productivity gainers account for a large
fraction of the aggregate productivity growth but
they are disproportionately represented by the
largest plants.

These findings are striking in light of the con-
ventional wisdom on the importance of small
businesses in the growth of the economy.'” These
results indicate that small businesses that did add
employment disproportionately were likely to
decrease productivity. In contrast, very large
businesses that increased employment dispropor-
tionately were likely to increase productivity.'®

Wages and productivity

Table VII presents the allocation of employment
into quadrants (and the overall contribution to
growth) by quintiles of the level of plant real
wages per worker in 1977 (in thousands of 1982
dollars per year). Downsizing plants (quadrants 2
and 3) had the highest initial real wages.
Unsuccessful, upsizing plants (quadrant 4) had
slightly lower initial real wages than did the
quadrant 2 plants while the successful, upsizing
plants had the lowest average initial real wages.
Table VIII presents the same results by quin-
tiles of the growth in plant real wages from 1977
to 1987. The plants that increased productivity
(successful upsizers and downsizers) had the

TABLE VI
Summary statistics, by size
Size' AIT? Quad 1 Quad 2 Quad 3 Quad 4°
All Plants 3.3895 31.18 36.53 15.37 16.92
Deviations from above distribution
1-19 0.0307 0.05 -12.85 -1.40 14.20
20-49 0.1168 4.03 -9.45 -1.88 7.30
50-99 0.2196 4.37 -7.55 -2.37 5.55
100-249 0.4728 1.73 -3.36 -1.05 2.69
250-499 0.5121 0.16 -0.58 0.69 -0.27
500-999 0.6752 -1.52 3.82 0.88 -3.17
1000-2499 0.6024 -5.43 9.12 2.11 -5.80
2500-4999 0.4031 -5.82 12.62 0.86 -1.67
5000 + 0.3569 3.30 0.42 0.51 -4.23

1:AII>0,AL>0; 2: All>0,AL <0; 3: All <0, AL < 0; 4 All <0, AL > 0.

' Average of 1977 and 1987 employment, in thousands.
? Contributions to labor productivity growth.
* Percent of total employment in each quadrant.
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TABLE VII
Summary statistics, by initial wage
Initial Wage AIT' Quad 1 Quad 2 Quad 3 Quad 4*
All Plants 3.3895 31.18 36.53 15.37 16.92

Deviations from above distribution

Ist quintile 0.3721 0.49
2nd quintile 0.6762 1.44
3rd quintile 0.7961 -0.25
4th quintile 0.9273 -1.34
Top quintile 0.6179 =217
Initial wage level 24.44

-2.81 -2.39 4.71
-2.61 -0.96 2.14
2.30 1.66 -3.72
AT 0.56 -2.99
3.28 5.86 -6.97
25.49 26.90 25.11

I:AMI>0,AL>0; 2: AlI>0,AL<0; 3: All <0, AL < 0; 4: All <0, AL > 0.

' Contributions to labor productivity growth.
* Percent of total employment in each quadrant.

TABLE VIII
Summary statistics, by wage change
Wage change AIT' Quad 1 Quad 2 Quad 3 Quad 4*
All Plants 3.3895 31.18 36.53 1537 16.92
Deviations from above distribution
Ist quintile -0.0216 -8.06 -12.20 5.18 15.08
2nd quintile 0.5302 -0.78 -2.36 21 0.43
3rd quintile 0.7802 4.54 -0.57 -0.73 -3.24
4th quintile 0.7491 0.30 512 -1.19 -4.23
Top quintile 1.3517 4.03 10.05 -5.99 -8.09
Mean wage change 0.69 1.86 -0.27 -0.80

1: All>0,AL>0; 2: ATl >0,AL < 0; 3: All < 0, AL < 0; 4: AIl <0, AL > 0.

' Contributions to labor productivity growth.
* Percent of total employment in each quadrant.

highest real wage growth, with the larger increases
coming from the ones that increased employment.
The plants that experienced declines in produc-
tivity had reductions in real wages, with the larger
decline actually occurring in the plants that raised
employment.

These results raise interesting questions about
the relation among wages, employment and pro-
ductivity. The first possibility is that some of the
wage changes observed may be associated with
changes in labor quality. Under this interpretation,
successful upsizers may be adding more skilled
workers, successful downsizers retaining their
higher skilled workers, unsuccessful downsizers
retaining their less skilled workers, and unsuc-

cessful upsizers adding less skilled workers. A
second interpretation is that increases in the wages
for certain types of workers may have led to
capital/labor substitution, and vice versa for the
plants with wage declines. A third possibility is
rent sharing. Those plants that increased produc-
tivity gave (or were forced to give) a fraction of
that increase to their workers. This would also lead
to a positive relationship between the change in
wages and the change in productivity. We are
not able in this paper to sort out these alternative
possibilities. We note, however, some suggestive
points. First, the magnitudes of the wage changes
are much smaller than the productivity changes. If
the average skill levels or the average capital labor
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ratios are changing these are only a part of the
reason for the productivity changes. Similarly, if
rents are being shared, then only a small part of
the productivity increases are being passed on to
labor (as we know from aggregate manufacturing
wage data). A second finding that seems clear,
also, is that average wage increases are apparently
not driven by the decision to expand employment.
The largest wage increases came from the plants
with the largest rate of employment decline. One
explanation of our findings that is consistent with
other trends observed in manufacturing is that
skill-biased technical change has occurred in many
(but not all) plants. Where it has occurred, pro-
ductivity has increased and at the same time there
has been a relative shift in employment to higher
skilled workers (raising average wages). We hope
to explore these results in future research both for
understanding the evolution of the distribution of
productivity and the distribution of wages."

Contribution of sectoral characteristics to
overall variance of employment and productivity

Tables IV-VIII show that there are striking dif-
ferences across plants defined by industry, region,
size, and wage in the allocation of plants into the
quadrants of productivity and employment growth.
In Table IX we show the extent to which the
characteristics of industry in 1977, region, size
class, ownership type (plants associated with
single-unit vs. multi-unit companies) and initial
wage class can explain the variance of produc-
tivity change and employment change in the
continuing plants.”® This exercise should not be
interpreted as yielding causal inferences but rather

a sense of the connection between observable plant
characteristics and the distribution of employment
and productivity growth. The table shows the R
statistics for regressions of the column variable on
the dummy variables specified in the rows. For
example, the first entry in the first column shows
that only 3.1 percent of the variance of produc-
tivity growth is explained by two-digit industry
dummy variables. The fractions of the variance
that can be explained by these variables is quite
small. Even when industry, region, size class, own-
ership type and initial wage class are simultane-
ously taken into account, less than 15 percent of
the overall variance in output and productivity is
explained by the observable characteristics.

The last four columns of the table show the
extent to which these plant-level observables can
predict the allocation of plant employment into
quadrants. While the explanatory power is rela-
tively greater here, it is still small. At most, less
than 30 percent of the allocation into productivity
and employment growth quadrants is accounted
for by observable plant characteristics.

These results provide an important caution.
They tell us that the variance of employment and
productivity at the plant level are dominated by
idiosyncratic effects. One interpretation of these
findings is that attempts to explain differences in
productivity and employment performance should
concentrate on such plant-specific factors as man-
agement or worker skills. A striking message is
that it is possible to raise productivity and employ-
ment even within an industry that on average is
lowering productivity and employment.

It may be that there other observable charac-
teristics that can account for the allocation of

TABLE IX
Percent of variance explained by plant categories
Dummy ATl AL Q1 Q2 Q3 Q4
2-digit ind. 3.1 1.8 1.9 29 1.4 2.4
3-digit ind. 9.4 3.1 8.6 8.0 5.7 5.9
4-digit ind. 13.0 4.3 12.5 11.4 9.8 10.0
Size 1.6 0.7 0.5 20 0.1 2.0
Region 0.1 0.3 1.6 1.0 1.0 0.5
Ownership 0.8 2.1 0.8 1.9 0.3 1.6
Initial wage 21 0.9 0.1 0.4 0.3 1.1
Interaction* 14.8 11.8 26.9 28.4 22.6 24.5

* Includes 2-dig industry, region, size, type and wage dummies.



212 Martin Neil Baily et al.

plants into employment and productivity quad-
rants. However, related studies also find a
dominant role for the idiosyncratic component in
accounting for plant level behavior. Davis and
Haltiwanger (1992) find that only 39 percent of
the allocation of employment growth into
expanding and contracting plants can be accounted
for by simultaneously controlling for two-digit
industry region, size, age of plant and ownership
type. This amounts to controlling for over 14,000
different sectors and even within such sectors there
is substantial heterogeneity in the distribution of
employment growth rates.

5. Concluding remarks

In contrast to the conventional wisdom, plants that
raised employment as well as productivity con-
tribute almost as much to overall productivity
growth in the 1980s as the plants that raised
productivity at the expense of employment.
Together these two groups of plants that increased
productivity account for more than the total
increase in productivity growth. This is because
there is an offsetting group of plants that decreased
productivity over this time. Amongst the latter
group, most of them are unsuccessful upsizers.
That is, they increased employment but not
productivity.

There are striking differences in the allocation
of plants into these groups by sectoral classifica-
tion. Plants in mature industries (e.g., steel) were
more likely to follow the conventional wisdom.
That is, they disproportionately fell into the down-
sizing, increasing productivity group. Plants in the
sunbelt regions are disproportionately represented
in the upsizing, productivity increasing group.
However, plants in New England are also dispro-
portionately represented in this group. The smallest
plants are disproportionately represented in the
group of plants that increased employment and
decreased productivity. Strikingly, the largest
plants are disproportionately represented in the
group of plants that increased employment and
productivity.

In spite of the striking differences across sectors
defined in a variety of ways, most of the variance
of productivity and employment growth is
accounted for by idiosyncratic factors. It is diffi-
cult to account for the allocation of plants into

productivity and employment growth quadrants on
the basis of observable characteristics. Thus, not
only is the conventional wisdom that downsizing
is the source of productivity growth incorrect but
identifying who did and did not downsize and
whether they were successful cannot be done with
any precision on the basis of the characteristics
of the plants that are reported in the Census data.
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Appendix 1

Three digit industry results

High fractions of employment in quadrant 1 (successful
upsizers): 201 (meat products), 202 (dairy products), 225
(knitting mills), 227 (floor covering mills), 252 (office furni-
tre), 273, 275, 277, 278 and 279 (from printing and
publishing), 348 (ordnance), 357 (office and computing), 366
(communications), 367 (electronics), 376 (guided missiles),
and 383 (optical instruments and lenses).

High fractions of employment in quadrant 2 (successful
downsizers): 204 (grain mill products), 207 (fats and oils), 212
(cigars), 221, 222, 224, 226, 228 and 229 (textile mills), 231
(men's apparel), 261,262, 263, and 266 (paper mills), 282 and
286 (plastics and industrial inorganic chemicals), 291 (petro-
leum refining), 302 and 303 (rubber), 316 (luggage), 321 (flat
glass), 324 (cement), 331 and 333 (blast furnaces and primary
non-ferrous metals), 346 (metal forgings), 363 and 365
(household appliances and radio-TV), 369 (misc. electrical),
385 and 386 (ophthalmic and photographic).

High fractions of employment in quadrant 3 (unsuccessful
downsizers): 211 and 213 (cigarettes and chewing tobacco),
237 (furs), 245 (wood buildings and mobile homes), 266
(paper board), (304 (rubber and plastic hoses and belts), 311,
313, 314, 315 and 319 (parts of leather and footwear), 326
(pottery), 332 and 333 (iron and steel foundries and primary
nonferrous metals), 341 (metal cans), 351, 352, 353, 354
and 356 (engines and turbines, farm and garden equipment,
construction machinery, metalworking machinery and general
industrial machinery), 371 (motor vehicles and equipment),
374 (railroad equipment), 387 (watches and clocks), and 391
(jewelry).

High fractions of employment in quadrant 4 (unsuccessful
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upsizers): 205 (bakery products), 237 (furs), 253 and 254
(furniture for public buildings and partitions), 271, 272 and
274 (segments of publishing), 284 (pharmaceuticals, most
likely a deflator problem), 299 (misc. petroleum products),
319 (misc. leather goods), 327 and 328 (concrete and cut

stone), 372 (aircraft and parts), and (391 (jewelry).

Tables excluding industry 357

213

TABLE A.l
Summary statistics for census of manufacturers
1977 1987 Change*
Labor productivity
All o3 69 299
Continuers 56 73 2.89
Entrants 57
Exiters 44
Employment (000s)
All 17661.155 16767.332 -0.51
Continuers 12649.97 12532.558 -0.09
Entrants 4234.774
Exiters 5011.185
Value added (1982 $, millions)
All 934 1151 243
Continuers 714 911 7
Entrants 240
Exiters 220

* Average growth over 10 years, not at an annual rate.

TABLE A.2
Summary statistics, by quadrant, 1977-1987, excl. computers

All plants Quad 1 Quad 2 Quad 3 Quad 4

All >0 ATl > 0 All <0 All <0

AL >0 AL <0 AL <0 AL >0
Estab. 139985 44321.0 36049.0 19277.0 40338.0
pet 1.00 31.66 25.75 13.77 28.82
Empl. pet. 77 1.00 23.85 44.57 18.97 12.61
Empl. pct. 87 1.00 38.18 28.16 12.04 21.61
Empl. growth -0.09 5.86 -3.74 -3.71 6.98
VA pet. 77 1.00 20.19 40.42 23.44 15.95
VA pct. 87 1.00 41.39 36.98 7.99 13.64
YA growth 2.77 16.18 1.69 ~5.64 0.92
Labor prod. growth 2.89 6.51 8.67 -3.08 -3.57
Productivity 3.82 6.92 9.21 -3.36 -3.22
Empl. share 0.02 -0.30 0.28 0.23 0.03
Cross term -0.95 -0.11 -0.83 0.06 -0.38
Contribution to labor prod. growth by quadrant 2.89 1.88 2.37 -0.62 -0.74
Productivity 1.31 3.50 -0.72 -0.57
Empl. share -0.22 0.15 -0.16 0.24
Cross term 0.79 -1.29 0.26 -0.41
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TABLE A.3
Summary statistics, by industry, excl. computers
Industry AIl' Quad 1 Quad 2 Quad 3 Quad 4?
All plants 2.8927 30.98 36.40 15.52 17.09

Deviations from above distribution

20 0.4076 2.33 -3.86 -3.50 5.04
21 0.0089 1.66 -6.21 18.15 -13.60
22 0.1217 2.24 9.74 -5.22 -6.76
23 0.1280 1.15 3.78 -2.16 =2.77
24 0.0617 2.64 ~1.42 -2.06 0.85
25 0.0166 5.45 -8.06 -1.78 4.39
26 0.1516 0.55 23 -2.25 -0.46
27 0.0388 3.24 -13.92 -6.14 16.82
28 0.3781 -5.35 8.10 -2.42 -0.33
29 0.2600 -6.93 20.25 -7.39 -5.93
30 0.1297 7.95 0.21 -4.69 -3.47
31 0.0158 -9.43 7.33 5.48 -3.38
32 0.0519 -5.05 1.52 2.88 0.65
33 0.1252 -15.32 21.78 3.01 -9.47
34 0.1538 -2.80 3.05 1.5 -1.75
35 0.0577 -9.54 0.35 9.99 -0.79
36 0.4029 12.29 -5.11 -2.47 -4.71
37 0.2191 179 -9.82 5.02 3.01
38 0.1366 -1.98 1.55 -2.67 -2.90
39 0.0271 -2.39 0.21 -0.44 2.62

1: ATI>0,AL>0; 2: ATl >0,AL <0; 3: ATl <0, AL < 0; 4: ATl < 0, AL > 0.
! Contributions to labor productivity growth.
? Percent of total employment in each quadrant.

TABLE A.4
Summary statistics, by region, excl. computers
Industry All' Quad 1 Quad 2 Quad 3 Quad 4°
All Plants 2.8927 30.98 36.40 15.52 17.09

Deviations from above distribution

New England 0.1810 5.64 -1.66 -2.50 -1.48
Mid Atlantic 0.4194 =2.75 2.23 0.28 0.24
E.N. Central 0.5550 -71.73 5.01 5.34 -2.62
W.N. Central 0.2030, 1.54 -3.14 -1.75 338
S. Atlantic 0.4841 5.24 -0.78 -3.67 -0.79
E.S. Central 0.2269 -0.03 3.67 -0.55 -3.09
W.S. Central 0.3896 -0.89 -1.31 L.11 1.09
Mountain 0.0903 6.59 —-6.34 -3.09 2.84
Pacific 0.3432 8.47 -10.41 -4.20 6.14

1: All>0,AL>0; 2. Al1>0,AL <0; 3: All <0, AL<0; 4: ATI <0, AL > 0.
' Contributions to labor productivity growth.
? Percent of total employment in each quadrant.
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TABLE A.5
Summary statistics, by size, excl. computers
Size' AT Quad 1 Quad 2 Quad 3 Quad 4°
All Plants 2.8927 30.98 36.40 15.52 17.09
Deviations from above distribution
1-19 0.0276 0.19 -12.73 -1.53 14.07
20-49 0.1091 4.14 -9.33 -1.99 7.18
50-99 0.2054 4.44 -7.45 -2.46 5.47
100-249 0.4461 1.86 -3.33 -1.13 2.60
250-499 0.4779 0.27 -0.52 0.60 -0.35
500-999 0.5748 -1.96 4.15 0.93 -3.13
1000-2499 0.4571 -5.31 8.62 2.39 -5.70
2500-4999 0.3175 -6.33 12.88 1.08 -7.63
5000 + 0.2772 332 0.42 0.53 -4.27
1: All>0,AL>0; 2: ATl >0, AL < 0; 3: ATl < 0, AL < 0; 4: All <0, AL > 0.
' Average of 1977 and 1987 employment, in thousands.
? Contributions to labor productivity growth.
* Percent of total employment in each quadrant.
TABLE A.6
Summary statistics, by initial wage, excl. computers
Initial Wage AlT' Quad 1 Quad 2 Quad 3 Quad 4
All Plants 2.8927 30.98 36.40 15.52 17.09
Deviations from above distribution
1st quintile 0.3513 0.68 -2.80 -2.52 4.64
2nd quintile 0.5490 1.48 -2.73 -0.89 2.14
3rd quintile 0.6347 -0.32 2.24 1.69 -3.60
4th quintile 0.7960 -1.74 4.04 0.63 -2.93
Top quintile 0.5617 -1.86 3.09 5.85 -7.08
Initial wage level 24.42 25.47 26.89 2511

1:AII>0,AL>0;2: ATI>0,AL<0; 3: All <0,AL < 0; 4: ATI <0, AL > 0.
! Contributions to labor productivity growth.
? Percent of total employment in each quadrant.
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TABLE A.7
Summary statistics, by wage change, excl. computers
Wage change Al Quad 1 Quad 2 Quad 3 Quad 4°
All Plants 2.8927 30.98 36.40 1552 17.09
Deviations from above distribution
1st quintile -0.0763 -8.07 -12.21 5.10 15.18
2nd quintile 0.4343 -0.91 -2.26 2.80 0.37
3rd quintile 0.7189 4717 -0.69 -0.82 -3.26
4th quintile 0.7001 0.45 5.05 -1.24 -4.26
Top quintile 1.1157 an 10.17 -5.85 -8.09
Mean wage change 0.68 1.87 -0.27 -0.80
1: ATl >0,AL>0; 2: ATl >0,AL < 0; 3: All <0, AL < 0; 4: ATI < 0, AL > 0.
! Contributions to labor productivity growth.
* Percent of total employment in each quadrant.
TABLE A.8
Percent of variance explained by plant, categories, excl. computers
Dummy ATl AL Q1 Q2 Q3 Q4
2-digit ind. 3.4 1.8 2.0 29 1.6 2.4
3-digit ind. 8.5 3.1 8.6 8.1 5.6 58
4-digit ind. 11.8 4.3 12.6 11.5 9.6 29
Size 1.5 0.8 0.5 1.9 0.2 20
Region 0.1 0.3 1.5 1.0 0.9 0.6
Ownership 0.8 | 0.7 1.8 0.3 1.6
Initial Wage 2.0 0.9 0.1 0.4 03 1.1
Interaction* 14.7 11.7 26.6 28.3 22.8 245

* Includes 2-dig industry, region, size, type and wage dummies.

Notes
' Manufacturing employment as we describe it here is based
upon the Censuses and Surveys of Manufacturing Estab-
lishments. Household surveys show that manufacturing
employment has been pretty much flat over the last twenty
years, barring cyclical downturns. The difference in the
conclusions arises because R&D and head office employees
based on so-called “auxiliary establishments” are not included
in the establishment data.

* Hart (1975) presents a variety of alternative summary
statistics that could be used to characterize the skewed nature
of the size distribution. In the terminology of Hart, the
coworker mean is the ratio of the second moment to the first
moment about zero of the employment size distribution of
plants.

* Davis and Haltiwanger and Schuh (1994) describe the
methodology for using the coverage code information in the
plant level data to clean up residual matching problems in the
LRD. In this work we match solely on the basis of Census
permanent plant number (ppn).

* In an earlier version of this paper, we used 1977 as a base

year. This yields a higher growth rate of output and produc-
tivity since doing so overstates the contribution to real output
of industries with declining relative prices, especially for
computers.

* We report some of the key results using both methods to
verify this claim.

¢ The figures reported in the table are the average growth
over 10 years (cumulative growth divided by 10) rather than
the annualized growth rate. We use this average growth
measure in all of our tables so that our decompositions add
up properly. The implied annual growth rate for productivity
is 2.85 percent.

" Interestingly, the contribution of net entry falls to 20% if
industry 357 (computing equipment) is excluded from the
calculation.

® Note that for the entire sample, including those with
negative value added, employment declined by 0.42 per year.
® Shown in Table A.l in the appendix are the summary
statistics for the manufacturing sector excluding industry 357,
computer equipment. This industry has shown extraordinary
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productivity growth captured by the rapidly falling deflator
for computer equipment. With this industry removed from the
total, productivity increase drops to 2.99 percent a year for the
whole sector and to 2.89 percent for the continuers. Comparing
these results to the results for total manufacturing shows that
357 by itself has obviously accounted for a non-trivial share
of the sector’s productivity increase. Note that the relative
contribution of industry 357 is affected by the choice of the
base year. The relative contribution increases if 1977 is chosen
as the base year and decreases if 1987 is chosen as the base
year.

"% To ensure that these terms add up properly, the percentage
change between 1977 and 1987 is divided by 10 to get the
average growth. Unless otherwise stated, growth rates are not
calculated at an average annual rate.

""" Note that the inclusion of the average productivity term,
I,_,, is possible because £ Ad, ; = 0.

"2 In the appendix Table A.2 we show the same calculation,
but with the computer equipment industry removed from the
sample. The main impact is on the quadrant 1 plants. This
group now contributes 1.88 percent rather than 2.18 percent
to overall productivity growth,

¥ Given the striking similarity in results in Tables II and III,
results in subsequent sections are reported only for the value
added measure. As with Tables Il and III, the subsequent
results are very similar using either measure.

" Excluding computers (SIC 357), the remainder of industry
35 also falls squarely into this group.

5 The equivalent table excluding industry 357 shows that
this surprising result on New England is not driven by the
computer equipment industry. That is, even excluding
computer equipment, New England is still disproportionately
in quadrant L

'® " The use of average size to allocate plants into size classes
is motivated by the findings in Davis, Haltiwanger and Schuh
(1994). They show that regression to the mean fallacy
problems arise in using a point in time measure of size to
allocate plants into size classes given the large transitory
changes in employment that are present in the plant level data.
" Davis, Haltiwanger and Schuh (1993) document the
reasons why the claim that small businesses are the dominant
sources of job growth is inaccurate.

' There may be a host of factors underlying this results
which deserve further investigation. For example, small plants
may be making unique products whose prices are not well
captured by the 4-digit deflator. See also the discussion of
wages below.

¥ Baily, Hulten and Campbell (1992) also explore the
relation between wages and productivity (TFP). Their findings
are consistent with these results. The McKinsey (1993) study
of manufacturing productivity shows case study evidence of
procoess and prdouct design innovations in manufacturing
(often but not always initiated in Japan) that reduced the need
for unskilled workers per unit of output produced. Recent work
by Hellerstein and Neumark (1993) and Hellerstein, Neumark
and Troske finds a close association among between plant
differences in productivity, wages, and the skill mix of the
workers at individual plants.

% We do not consider the role of plant real wage growth in
this context given the obvious endogeneity problems. We

are treating the other observables as capturing exogenous
characteristics or at least initial/predetermined conditions.
Concerns about endogeneity are nevertheless relevant for the
size class measure given that it represents the average size in
1977 and 1987. As discussed in footnote 16, the use of the
average size rather than initial size is motivated by the results
of Davis, Haltiwanger and Schuh (1994). For this purpose, a
preferable method might be the average size in 1972 and 1977
since this would mitigate the transitory component problem.
However, a large fraction of plants present in 1977 are not
present in 1972 and thus this would reduce our sample in a
systematic way - i.e., small plants are more likely to fail than
large plants.
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