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SUMMARY

Heroic Plants are Important to Overall Job Creation...

‘Heroic Plants’ are defined in this study as establishments in technology-intensive capital
goods industries (SICs 34-38) whose employment growth, after factoring out the
influence of well-known determinants of plant expansion such as age, size, industry, etc.,
ranks in the top quarter of growth rates from both the 1977-1982 and 1982-1987 periods.
These plants account for roughly 25% of total job creation by establishments operating
throughout this time. Heroic Plants’ contribution to overall employment growth is thus
roughly four times larger than their share of employment at any time within the sample.

...and Their Success Appears Due to Plant-Specific Rather than Sectoral Factors.

While Heroic Plants tend to participate in growing sectors of the economy (favoring, for
example, commercial over industrial product markets), they are nonetheless active in a
variety of product markets, manufacturing processes and price ranges.

Also, in spite of the difficulties in measuring performance characteristics using time-
series data, these plants display numerous characteristics of successful establishments.
For example, when their exceptional growth begins to be tracked in 1977, these plants are
more capital intensive and productive, and they pay higher wages, than do plants whose
growth will be less rapid and/or persistent during the next decade. They also distinguish
themselves by larger gross investment ratios (relative either to their current employment,
value added or capital stock).

In 1987 (the endpoint of establishment growth tracking), Heroic Plants display higher

labor productivity than do other plants, in spite of their labor-intensive operations. These
exceptional job creators also share with other persistent (although less rapid) growers an
above-average tendency to use advanced technologies in 1988. Finally, Heroic Plants pay
lower average wages to production workers than do other plants, raising questions about
the division of returns to, as well as the relative contributions of, owners, management

and workers in highly successful businesses.

The Existence and Significance of Such Exceptional Performers Could Have
Important Policy Implications....

Results from this study suggest that, beyond the amount of capital plants have, the way
capital is used makes an important contribution to labor productivity. This finding echoes
a conclusion from the McKinsey Institute’s recent international comparison of
productivity levels. Hence, an alternative policy to relying on cuts in capital gains to
stimulate growth might be to disseminate, to the extent possible, the ‘best-practice’ of
successful establishments. However, because the present study’s findings are only
suggestive, conclusions about those factors responsible for persistent establishment
performance differences await the outcome of future research.



Page 2 Heroic Plants: Persistently-Rapid Job Creators

...after Further Research Provides a More Complete Picture of Economic
‘Heroism’.

One immediate next step is to assess Heroic Plant performance relative to traditional
targets for government policy. For example, how much of a role do industry affiliation
and geographic location play in sustained plant growth? Indeed, are Heroic Plants found
in all industries, or is this phenomenon limited to the technology-intensive sectors
considered by this study? The answer to these questions would provide an indication of
the potential return from reorienting policy away from industry-wide or regional

programs towards more establishment-level ones.

Secondly, research must determine whether the plant or the firm is the appropriate object
for policy. That is, are there ‘Heroic Firms,” and if so, how do they compare, in terms of
both their contribution to employment growth as well as their distinguishing
characteristics, with the Heroic Plants discussed above?

Finally, what are the factors contributing to the exceptional performance identified by this
study, and which policy could foster? One way of addressing this issue would be to
initiate a survey for data on, say, product innovation, business strategy and management
techniques, as collected now by Statistics Canada. However, much can also be done with
data already available.

For example, it would be interesting to compare the present results with those from
analyzing a cohort of plants and/or firms, i.e., a sample of businesses that began operation
at the same time. This would allow business failure to be taken into account when
considering exceptional performance and the factors contributing to it.

Further, one might explore the sources of superior performance by asking whether multi-
unit firms grew by expanding within industries or across them, and whether plants
associated with these firms compared favorably to other plants in the relevant industries.
Such results would indicate the degree to which exceptional business growth was due to
particular production techniques (which would tend to be industry-specific), as opposed
to organizational attributes (which could be more applicable across industries).
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INTRODUCTION

Micro-level Persistence and Aggregate Economic Change: Are There
Heroic Plants?

This study of exceptional plant performance is part of a continuing effort by the Office of
Policy Development, Department of Commerce, to understand the factors that influence
economic growth and change. Broadly speaking, changes in the aggregate economy may
be traced to three sources: (i) changes in conditions common to all industries and firms
(e.g., economic institutions, resource endowments, key technologies, etc.); (i) changes in
the distribution of economic activity across sectors and industries; (iii) evolving
performance differences among plants and firms within a given industry.

Previous work with longitudinal Census datlustrates the importance of the last, micro-

level source of economic change. This research shows, firstly, that performance

differences between individual establishments persist over time, and account for an

important share of observed trends in aggregate economic behavior. Secondly, studies
using micro-level data find that establishment performance is largely unexplained by

observable characteristics such as age, size, industry, region, ownership status, etc.
Several notable examples from this literature are discussed next.

For example, a productivity analysis by Baily, Hulten and Campbell (1992) finds
persistent productivity differentials across manufacturing plants. These authors also show
that intra-industry shifts in output shares, from establishments of lower to higher
productivity, are an important determinant of overall industry productivity growth. Plant
entry and exit contributes little to overall trends. Baily, Hulten and Campbell interpret all
these results as being “consistent with the idea of well-managed plants that are able to
stay on top for long periods,” p. 189. Examining textile industries, Dwyer (1996)
estimates that persistent productivity differentials account for about half of the plant-level
variation in productivity.

Considering plant exporting, Bernard and Jensen (1997) find that successful exporters
account for a sizable share of emerging trends observed in manufacturing overall: the
shift from production to non-production workers, and the ‘wage-gap’ between skilled and
non-skilled workers.

! This database is mairtaid by the Center for Economic Studies, Bureau of the Census, Economics and Statistics Administration,
U.S. Department of Commerce. Alexand&®94) and Jensen and McGuckin (1995) provide interpretive overviews of research
with these data.
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Davis, Haltiwanger and Schuh (1996) paint a similar picture for employment. They find
large levels of within-industry job creation and destruction which, at the respective plants,
tend to persist for at least two years. Both these authors as well as Leonard (1987) show
that this activity is highly concentrated in plants with large percentage increases and
decreases in employment. Thus, industry employment tends to shift, at least during two-
year intervals, from less- to more-successful plants.

Additionally, the factors contributing to establishment success in each of the preceding
cases, remain largely unidentified.

For instance, both the study by Baily, Hulten and Campbell (1992) cited above as well as
a productivity analysis by Baily, Bartelsman and Haltiwvanger (1992) find that
establishment characteristics such as size, age, industry and region fail to explain most
inter-plant productivity differences. Both sets of authors conclude that superior
productivity performance must be due to unobservable or ‘idiosyncratic’ establishment
attributes such as management and/or workforce ability. Bernard and Jensen (1995)
demonstrate that, while exporters tend to be successful plants, exporting is a poor
indicator of future success. Thus, exporting alone is not an explanation for relative plant
performance. In an extension of the above-cited work on employment, Davis and
Haltiwanger (1992) find that many of the plant characteristics listed above explain little
of the employment shifting from declining to growing establishmerfmally, empirical
studies of the determinants of individual plant and firm employment growth (see the
relevant citations given later in this chapter) rarely explain more than 15% of its variance
across establishments.

The present research attempts to learn more about how persistent inter-plant performance
differences contribute to shaping aggregate economic outcomes. Specifically, this study
identifies a select group of exceptional job creators (‘Heroic Plants’), and investigates
both these plants’ importance to aggregate totals over time, as well as the characteristics
that distinguish such plants from other establishments. By extension, it hopes as well to
learn more about the nature of successful performance in the overall sample. Thus, this
study asks two basic questions:

1. Do Heroic Plants exist? That is, is there a select group of plants whose persistent
employment growth remains left unexplained by standard variables, and who also
account disproportionately for aggregate trends?

2. If such plants are found, what are their characteristics? How are Heroic Plants
different from those establishments whose exceptional growth is less rapid and/or
persistent?

2 Davis and Haltiwager group plantaccording to their age, sizedustry, region and ownership type. They then calculate net
employment movements into and out of groups, and find that more than half of overall employment shifting remains unexplained
by between-group flows (e.g., by employment flows from shrinking to expanding industries, or from older to younger plants).
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The next section discusses how answers to these two questions would contribute to the
existing literature on plant and firm employment growth.

Heroic Plant Research in the Context of Earlier Literature on Plant and
Firm Growth

Before comprehensive plant- and firm-level time-series data became available,
researchers looked to industry establishment-size distributions to infer the process of
plant and firm growtli. For instance, Simon and Bonini (1958) and ljiri and Simon
(1964, 1967) explain observed industry establishment-size distributions by invoking a
stochastic process of establishment growth known as Gibrat’'s Law. This states that plant
and firm growth rates should be independent ofsize.

Longitudinal data allow for a more penetrating examination of the factors influencing
establishment growth. Notable early examples of this literature, which focus on the
correlation of growth rates with both establishment age and size, are Evans (1987a,
1987b), Hall (1987), Leonard (1987) and Dunne, Roberts and Samuelson (1989a, 1989b).
Subsequent research has expanded this set of explanatory factors to include, along with
the other standard establishment characteristics cited above, advanced technalogy use,
exporting® ownership chandeand unionizatiof.

Another branch of the economics literature takes a broader approach to understanding
establishment growth. Such theory differs from the preceding literature in that it does not
attempt to link observed establishment-specific attributes to growth. Instead, it considers
how aggregate industry employment changes would look when those factors influencing
such changes were distributed in a certain way across establishments. For example,
Hamermesh (1993), Caballero and Engel (1993) and Caballero, Engel and Haltiwanger
(1997) model how plants decide to alter their employment when such changes bring with
them disproportionate costs of adjustment. In these models, employment changes take
place when a plant’s desired level of employment deviates, either by a sufficient amount
or for a long enough period of time, from its actual level. While plants are assumed to be
heterogeneous in their propensity to change their employment at any time, the sources of
this heterogeneity are not explicity modeled and the process which calls forth
employment changes is assumed to be exogenous to all plants. Such models have shown

% The literature on establishment growth discussed in this section measures establishment size in a variety of ways: employment,
sales, etc. Evans (1986) and Hall (1987) find that results from growth-rate regressions using, alternatively, establishment
employment, sales and assets, are consistent across measures.

4 While Gibrat’s Law may thus appear very restrictive fardeling business growth, Sutton (1997ywums that some of the
assumptions necessary to arrive at it may be quite realistic for modeling growth within broadly-defined industries. Also, at least
one very sophisticated theory of firm organization, which assumes managerial heterogeneity across firmgigadsspogtion

between managerial ditg and firm size, restaonetheless on this assumption of an independence between firm growth rates and
size (Lucas, 1978).

5 See Doms, Dunne and Robe(894), Beede and Yound.096) and Jensen and Musick (1996).
® See Bernard and Jens&895) and Jensen and Musick (1996).

” See McGuckin, Nguyen and ReznéRg5).

8 See Dunne and &tPherson (1994).
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themselves to be particularly useful in understanding how micro-level adjustments can
lead to the aggregate employment changes associated with cyclical trends in economic
activity (see Davis and Haltiwanger (1992) and Caballero and Engel (1993)).

The present research extends this literature on establishment employment growth in
several ways.

First, heroic plant research investigates the growth of individual establishments over a
much longer period (10 years) than do most earlier studies. By so doing, it sheds light on
the importance of fairly long-lived intra-industry shifts, in establishment employment,
from less- to more-successful plants.

Secondly, this study measures plant growth performance somewhat differently than does
previous research. A ten-year period encompasses two succédsnsus of
Manufactures (COM) panels. To identify Heroic Plants, this study does not measure the
simple rate of plant employment growth across the entire ten-year period, but instead
considers thepersistenceof a plant’s high growth rate in each of the two five-year
intervals. This shift of focus, from cumulative growth across some period to the
persistence of growth within that period, may exclude some exceptional job creators. For
instance, there may be some short-term growers whose spurts of rapid employment gains
leave them with a higher cumulative rate of job creation at the end of the ten-year period,
than is true for more persistent quinquennial growers. However, such plants should be
few. On the other hand, results from characteristics regressions later in the paper show
that a classification of plants by both the persistence and magnitude of their growth, can
provide insights into the sources of sustained job creation not identified by earlier studies.

Thirdly, by focusing on a small group of successful establishments, heroic plant research
resembles that of Baldwiat. al. (1994). Indeed, the results presented below point to
similarities across the groups of exceptional performers identified by each study.
However, the present research links its results much more closely to existing theory on
establishment growth than do Baldvah al In addition, heroic plant research evaluates
superior performance not just in an absolute sense, as do these authors, but also with
respect to its importance to aggregate trends. Previous literature suggests that this
additional perspective is important. For example, Davis, Haltiwanger and Schuh (1996)
find that plants displaying above-average percentage increases in employment account for
disproportionate shares of job creation.

Finally, the research at hand does not attempt to unify micro and macro outcomes in such
a global and formal way as do the adjustment-cost models discussed above. Nonetheless,
by focusing on a select group of establishments, heroic plant research hopes to understand

9 By focusing on the characteristics of a select group of growing plants, this study departs from the customary emphasis on
determinants influencing average growth rates across the sample. Relatedly, while the present work establishes persistently-rapid
job growth as a criterion for heroic plant status, it does not investigate the time-series properties of employment changes for the
sample overall. Examples of such work are Mansfield (1962yhSind Vittington (1975), Hall (1987), éonard {987), Davis

and Haltiwager (1992) and Amirkhalkhali and Mukhopadhyay (1993).
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better the determinants of plant employment growth among a more comprehensive set of
establishments.
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|. DATA AND METHODOLOGY FOR IDENTIFYING
HEROIC PLANTS

Data Sources

The sample of plants used by this study is a subset of establishments included in the 1988
Survey of Manufacturing Technology (SMT) This study’s sample is comprised of the
4,776 SMT 1988 establishments that remained in operation between 1977 arl@ 1992.
Information on type of production process, price and market for plant products and
shipments to defense agencies comes from the SMT. Data on all other plant
characteristics are obtained from tensus of Manufactures (COM)"*

The SMT 1988 contains observations taken mostly from SIC's 34-3&e 1987 COM

reports that these 5 industries accounted for 43 percent of employment and 39 percent of
value of shipments in manufacturing in 1987. Employment trends in these industries
mirror those for manufacturing overéfl.

Percentage Changes in Employment (Over Previous Year), 1978 -
1991, for All Manufacturing and for SIC 34 - 38

10

0 T T T T T m

_5:| 78 79W 84 85986 87 88 89 91
-10

|+A|| Manufacturing —@— SICs 34 - 38|

10 gpecifically, plants must have positive employment and valdedathroughout th&977-1992 period. Also dropped from the
analysis were plants for whom all data were imputed (Census Bureau ‘Administrative Records’) at any point across 1977-1992, as
well as establishments whose inability to answer SMT 1988 questions about plant price, manufacturing process and market type,
suggested that information they provided elsewhere on the survey instrument would be unreliable. These criteria excluded
primarily smaller plants. The consequences of this selection rule for this study’s results are considered below.

> COM plant records are available only quinquennially. Thus, for reasons noted earlier, they may not provide as frequent a picture
of plant size changes as might be desired. Whilétmal Survey of Manufactures (ASM) reports plant information on a

yearly basis, long-term observations on plant growth from this dataset are basically limited to larger pla2&8 @wgloyees),

and thus do not allow consideration of persistent growth over the broadest range of establishments. Once heroic plants have been
selected from COM observations, this study compares relative annual employment trends from both heroic as well as other plants
also found in the ASM.

12 Specific industry categories are: SIC 34, Fabricated Metal Products; SIC 35, Industrial Machinery and Equipment; SIC 36,
Electronic and Electric Equipment; SIC 37, Transportation Equipment; SIC 38, Instruments and Related Products.

23 Industry employment data come from the NBER ProductivitpiRete (Bartelsman and Gray, 1994).
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While restricted to SMT establishments that stay in business from 1977 onwards, this
study’s sample does generate results similar to other studies using a more comprehensive
selection of 1988 SMT data (see Dunne and Schmitz (1991), Doms, Dunne and Roberts
(1994), McGuckin, Streitweiser and Doms (1995) and Jensen and Musick t1996).
Throughout the 1977-1992 period, this study's sample never accounts for less than about
two-thirds of employment of all plants in the 1988 SMT.

The present dataset is especially attractive in that it offers the chance to explore the links
between advanced technology use and persistently-rapid employment growth. However,
some features of these data require special attention when investigating plant growth. In
particular, the 1988 SMT placed no restrictions on the age or size of plants that could be
surveyed. Most empirical studies find that age and size are negatively correlated with
establishment growth ratés.

Consequently, unless this study restricts itself to a group of plants of the same age and
initial size (thereby also discarding most observations from the dataset), its selection of
establishments that display heroic percentage growth must control for both these
establishment characteristics. Not doing so would risk simply replicating earlier research,
and thereby make more difficult obtaining new insights into the plant attributes that
determine rates of growth.

Economic theory offers several models that explore why establishment age and size
should influence growth in ways consistent with the empirical literature cited above.
Thus, heroic plant research can invoke these models’ predictions both to accommodate
the peculiarities of the data available to it, as well as to assess its results with a view to
fleshing-out existing theory.

The following sections briefly present these models of establishment growth, arguing in
particular how other plant characteristics such as advanced technology use, may find a
place in them.

Models of Establishment Growth

i. The Need to Control for Age and Size

The models of Jovanovic (1982) and Pakes and Ericson (1989) offer explanations for the
association between establishment growth, age and size which rest on maximizing
behavior and industry equilibrium, and also incorporate establishment heterogeneity,
learning and the stochastic nature of investment and innovation préjects.

4 Because the present dataset does not contain any plants that began operat@#7aftemparisons with other work using the
entire SMT 1988 will, regarding the io#nce of establishment age on variables of interest, beapplpximate. The more
general inpact on estimation results of a sample of plants surviving from 1977 to 1992, is discussed below.

15 See the empiricditerature on establishment growth cited earlier in the text. Hart and Oulton (1996) finegttive size-
growth relationship to be true within smaller establishment size classes, but not within larger ones.

'8 1n contrast to the theory reviewed in this section, Nelson and Wir88) posit an evolutionaryadel of growth based on
routine-oriented (as opposed to optimizing) establishment behavior. Such models, whiily éxpticporate lounded rationay
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In the Jovanovic model, plants differ in the efficiency with which they produce a
homogeneous product. Efficiency in each period is determined by a plant-specific
endowment, assumed not to change over time, and a temporal disturbance which is
uncorrelated and on average equals zero. When plants begin production, they do not
know with certainty their true efficiency: they only have an estimate of its value, which
determines whether they begin production or not. In each period plants compare their
actual profits with what they would have earned had their current belief about their true
efficiency been correct. Because plant efficiency is subject to a random shock each
period, it takes time for plants to distinguish between their true and spurious efficiency
levels. As a consequence, over time plants continually update their estimate of their own
efficiency, and make subsequent output decisions accordingly.

As establishments thus adjust their production in response to market signals, one finds
that more efficient establishments increase their output (and hence grow), while less
efficient ones reduce their production and either decline or go out of business altogether.

Jovanovic’'s model also has implications for how establishment age and size should
influence relative growth rates. Jovanovic places upper and lower bounds on plant
efficiency. Thus, no plant can become infinitely large or small. This implies that, for a
group of similarly-sized plants, the larger are these plants then the smaller (on average)
should be their potential growth. Also, the older a plant is the better it knows its true
efficiency. Consequently, changes in establishment size should also become smaller as
plants age, with older survivor plants growing more slowly than younger*bnes.

Pakes and Ericson (1989) propose an alternative model of establishment. Note that, in
Jovanovic’'s model, establishments are basically passive, acting in response to market
signals. They do not, through either product or process innovation, try to create new
markets or influence the nature of existing ones. Pakes and Ericson (1989) investigate
how outcomes from a Jovanovic-style model of ‘passive learning’ would differ from
results generated by a model allowing for ‘active exploration’ of investment/innovation
opportunities. As Pakes and Ericson formulate the latter model, successful investment or
innovation leads to expansion; while unsuccessful efforts lead to decline. Although the
likelihood of a favorable return from such projects increases with the amount of resources
allocated to them, success is not guaranteed. Thus, establishment size can rise or fall as a
result of active exploration.

Pakes and Ericson specify two models, one for each set of assumptions discussed above,
and focus on fundamental differences between the growth process of passive and active
behavior. These authors find that both types of models generate results broadly consistent
with those of Jovanovic.

into establishment decision-making, may be especially appropriate for analyzing plant and firm respomhsesagi¢at change.

Because this model does not lend itself as readily to the present analysis as do those of JovaPakesard Ericsson (in
particular, it offers no predictions for the relationship between establishment age and growth), it is not reviewed here. Where
relevant subsequently in the paper, however, the evolutioradglimg approach will be discussed.

7 Because the learning process is most pronounced early in a plant's life, employment shifts, from declining to growing
establishments, should be greatest among groups of young plants. Davidtimmohgtar 1992) find exactly this to be the case.
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For example, and similarly to Jovanovic, in both the passive and active scenarios Pakes
and Ericson impose bounds on potential plant size. Thus, current size and growth rates
should be negatively related for both passive learners and active explotdosvever,

Pakes and Ericson demonstrate that the empirically-found negative relationship between
age and establishment growth is inherent in neither passive learning nor active
exploration processes (at least in their ‘bare-bones’ formulation of them), but instead
depends on additional assumptions made to flesh out these rfodels.

The models of Jovanvic, and Pakes and Ericson, are arguments for persistent
establishment growth: good plants, through either passive learning or active exploration,
prosper over time. The growth process posited by these models is seen in employment
data for this study’'s sample of ‘good’ plants, i.e., plants that remain in business from
1977 to 1992. Table 1 shows that, over this period, there is in general a steady migration
of establishments from the smaller to larger size classes. This occurs in spite of the fact
that, from 1977 to 1992, yearly aggregate employment growth rates for these industries
(including start-ups and failures in addition to survivor plants) were regularly at or below
zero (see earlier graph}.

®However, the importance of initial period size is not the same for passive learners as it is for active explorers. Since true plant
efficiency in the passive learning model is fixed throughout time, thiiralways be a relationship beten current and iiial

plant size. On the other hand, because returns to active explorers’ investmaovation efforts are stochastic and distributed
independently of all but the most recent outcome, the dependence beftigdeamih current size fades over time. In this respect,
Pakes and Ericson’sadel imposes less persistence in the growth and decline of plants than does Jovanovic’s, allowing instead for
the possibility that previously less-successful plants can “reinvent themselves.” Additionally irotfedirevery plant i go out

of business at some time.

Rather than imposing a maximum potential size on all establishments to generate a relationship between current size and growth,
Nelson and Winter offer a theoretically-based reason. In their model, establishment grouttallys gositively related to
establishment size (as measured by capital stock) before flattening out. This is because establishments’ likelihood of carrying out
new investment, and the additional capacity they achieeeighrthese efforts, increases with the amount of establishments’
capital. Because continual increases in capacity and thus market share will indbissventually reduce profits, larger plants

are apt to cut back onnovative efforts. Consequently, their growth rates fall off. Singh antivgton (1975) find that while

growth rates are positively associated wittoagh proxy forcapital (value of net assets), this relationship disappdaea past

growth is included in the regression.

% Dunne, Roberts and Samuels@8§9a) also note that Jovanovic's prediction foegative association between plant age and
growth depends on the functional form he assumes for plant cost functions: they must be strictly increasing in output.

20 Net employment changes from this study’s sample of survivor plants do reflect the aggregate trend, i.e., they are negative across
1977-1982 and 1987-1992, and positive during 1982-1987. Larger size classes in the sample post net employment losses in each
period, while smaller size classes register increases. Periods of downturn or upswing are thus characterized by the range of size
classes spanned by net upsizing or downsizing groups, respectively.



Page 12 Heroic Plants: Persistently-Rapid Job Creators

Table 1
Distribution of Sample Plants Across Employment Size Classes, 1977 - 1992
Number of Employees Share of Plants in Size Class Each Year
1977 1982 1987 1992 A 77-92

1-99 43.9 41.2 37.1 39.7 -10%

100-249 22.0 23.4 26.7 26.2 19%

250-499 13.9 14.4 14.8 159 14%

500-999 10.2 11.2 12.5 11.1 9%

1000-2499 6.5 6.7 5.9 50 -23%

2500+ 3.5 3.1 2.9 2.2 -37%

Total 100.0 100.0 100.0 100.0

Finally noteworthy in these models is the possibility that persistently-superior
establishment performance (relative to other establishments of the same age and size) is
merely the product of chance. For instance, because of the temporal disturbance in the
Jovanovic model, an establishment of a given age and size can grow faster than its true
efficiency would warrant, merely because it fortuitously received a series of
exceptionally-favorable, but inaccurate, production shocks. Ericson and Pakes’ model
also allows a spurious component to plant growth. Thus, there is the possibility that

persistent plant growth over some period is not related to true plant quality, but due rather
to a sequence of random events.

In light of what is already known about establishment growth, the goal of heroic plant
research is thus two-fold: firstly, to identify establishments whose employment growth is
persistently larger than what one would expect from the growth dynamics conditioned by
plant age and size; and secondly, to try to infer, from observable establishment features,
plausible plant-specific sources of persistently-rapid growth. The following paragraphs
argue why advanced technology use might be counted among such characteristics.

il. Advanced Technology Use and Growth Persistence

In the context of the theory described above, there are several ways in which advanced
technology use could contribute to persistently-superior establishment performance. For
instance, good plants can use advanced technologies to become more productive.
Alternatively, applying new technologies can allow good plants to become more
innovative. Thus, good plants using advanced technologies might increase their share of
existing markets, and/or expand into new ones. As a consequence, advanced technology
users may over time attain larger employment levels and, by extension, display higher
rates of growth, than competitors currently of a comparable age antt sixe.noted

above, previous studies have found a positive association between advanced technology
use and establishment growth (see Doms, Dunne and Roberts (1994), Beede and Young

2 Qualifying this hypothesis is the possibility that the advancethtdmgies in question ilvbe more labor-saving than output-
expanding.
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(1996) and Jensen and Musick (1996)). This study will view plant growth from a
somewhat different perspective than earlier research, and by thus distinguishing between
short- and longer-term growth, explore the degree to which advanced technology use and
exporting are correlated, after controlling for age and size, pétsistently-rapid
establishment growth.

One consideration in interpreting such results (from either this or earlier studies) is the
possibility that advanced technology use may, beyond contributing directly to plant
performance, be proxying for other, unmeasured establishment characteristics which also
contribute to plant growth. For instance, because advanced technology use is a
demanding activity, and is thus undertaken most often by large and/or well-operating
plants (see Davies (1979)), a correlation between this variable and plant performance may
also reflect the presence of normally unobservable plant attributes such as management
and workforce quality (for results in this vein see Doms, Dunne and Troske (1996), who
exploit an unusually rich dataset on worker characteristics). Also, advanced technology
use may be a sign not just of plant technological sophistication, but of innovative efforts
in general. For instance, Dunne (1994) shows that use of some advanced technologies by
plants belonging to multi-plant firms, is correlated with firm R&D spending. Hall (1987)
finds that per-employee R&D spending is positively correlated with firm growth, while
Mansfield (1962) similarly finds that firms which introduce a product innovation
subsequently grow faster than those who do not.

Regardless of the various interpretations attaching to it, plant advanced technology use is
an important additional source of information for inferring the determinants of inter-plant
growth differences.

Method of Analysis

Given the above considerations, this study proceeds as follows:

1. Percentage changes in plant employment, from 1977-1982 and 1982-1987, are
estimated by an OLS regression controlling for a plant’s age and size class, 4-digit
industry classification, geographic region, share of plant production in 1988 going
to defense industries, and plant ownership status (i.e., whether a plant is owned by
a multi-plant firm)??

2 5|C’s 34 - 38 sendzible amunts of their production to defense customers. During the period for which this study ranks plant
employment (1977-1987), national defenseeexiitures increased dramatically. All other things held constant, plants supplying
such products would have enjoyed higher demand and, in turn, would have increased their workforces by a greater amount than
their competitors. While some plants may have performed heroically in anticipating andsodirggpo increased orders from

defense customers, the boost that the average defense-oriented plant received from this policy shift should, to the extent possible,
be controlled for in comparisons of plant employment change. For similar reasons, this study also controls for plant industry and
geographic region when evaluating employment performance. However, this study does not control for another exogenous event
potentially influencing establishment growth: the surge in oil pricéd®#8. For almost 90 percent of plants in the sample,
expenditures for fuel as a share of total costs is less than 1% in 1977. Finally, because previous work shows that plant ownership
status is relevant to establishment growth, heroic plant research controls for this characteristic, too. According to Dunne and
Roberts (1993), “virtually all studies using the U.S. Census data band that it is important to distinguish plants owned by
multi-plant firms from those omed by single-plant firms...the employment level in single-unit plailtsgenerally include
managerial or central office staff that may be located in a separate facility for multi-unit plants.”
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2. Residuals from each type of employment-growth regression are ranked in each
period. A plant is defined as ‘heroic’ if its residual in each interval (or
equivalently, the difference between the amount of growth predicted by the
control variables listed in (1) and the plant's actual employment growth) lies in
the top quarter of all plants.

3. To determine those plant-specific characteristics contributing to heroic
employment performance, numerous plant attributes are regressed against the
same control variables as in the growth equations, as well as indicator variables
for the magnitude and persistence of establishment growth.

A few aspects of each step above merit further discussion here.

Step 1
Measuring Growth Rates

In regressions to factor out the influence of standard explanatory variables on plant
employment growth, this study expresses establishment growth rates as the change in
plant employment divided by the plant's average employment during the interval in
guestion. (In contrast, all statistical tables in this study report growth rates in which the
denominator is plant employment at the beginning of the period). Using this measure, the
parameters of growth regressions are quite stable with respect to the addition or omission
of outliers, i.e., observations displaying unusually high or low growth. Thus, after
inspection for plausibility, this study can consider the entire spectrum of establishment
growth rates without qualms about robustness of the estimation results used to rank
residual plant growth. Also, this growth measure is a monotonic transformation of the
more standard growth rate (change over initial value), and so for ranking purposes
preserves initial inter-plant differences in gro¥thFinally, employment rates measured
from the interval mean are symmetrically distributed rather than sharply skewed and
truncated at -1, as is the case for standard growth rates. Thus, for establishing the
statistical significance of estimated coefficients of explanatory variables, interval-mean
growth rates may correspond more closely to assumptions made in applying the linear
regression model (see Dunne, Roberts and Samuelson (1989a, pp. 685-86)).

% Denoting growth from the initial-period valuerasind growth from the interval meang®ne can show that 2g/(2-g).
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Step 2
The Time Horizon for Judging Growth Persistence

Adopting a ten-year horizon (or two 5-year intervals: 1977-1982 and 1982-1987) turns
out to be the most feasible approach. Given the current sample size, ranking plants over a
longer time span (say, 1972-1987) would leave an uncomfortably small number of plants
in each heroic group. While two periods is the minimum number for judging persistence,
to assess the robustness of the resulting selection of Heroic Plants this study also
considers plant employment share in the ‘out of sample’ period 1987-1992. In this regard
it should be noted that the 1992 Census data used here are at a preliminary stage of
processing?

Step 3

Using a Sample of Survivor Plants

Finally worthy of note is the impact of using a sample of survivor plants (i.e., plants that
stay in operation across 1977-1992) on results for the characteristics of Heroic Plants.
Because of this, the regression analyses to determine the impact of these characteristics
may understate the impact of potential explanatory variables on relative plant
performance. This can occur when the explanatory (or independent) variables of interest
are also correlated with the mechanism selecting establishments into the sample, i.e., in
this case, with survival (for an example of advanced technology use’s correlation with
plant survival see Doms, Dunne and Roberts (1995) and Jensen and Musick (1996)).
However, for such a downward bias to occur the cumulative impact of other unidentified
factors in the analysis must also operate on plant survival and performance in the same
way. Heroic plant research has not yet investigated this issue, and it would be useful to
extend the current work to datasets of surviving and failing plants.

24 Upon the availability of larger datasets, possible extensions of the current research asmlédeixuploring the different results

that might be obtained from varying the observation period for selecting heroic plants. A similar line of regguigado the

cut-off for identifying heroic plant growth. Finally, one might want to contrast heroic establishments selected on the basis of their
residual growth, with those ranked according to a growtdfeffect estimated for each establishment (see DA986§). Here

again, data availability reconamds this study’approach.
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Il. RESULTS

Results from Growth Regressions

Table 2 reports coefficient estimates from employment growth regressions for 1977-1982
and 1982-1987. Corresponding to findings from the earlier studies cited above, age and
size are generally negatively correlated with plant employment growth.

Note that age differences are more important for plant growth in 1977-1982 than 1982-
1987. This is likely due to the sample being restricted to plants that start up by 1977.
Because of this restriction, inter-plant age differences diminish (in percentage terms) as
one moves from the first to the second 5-year intérval.

In each 5-year interval of the 1977-1987 period, at least one group of plants sending
shipments directly to defense agencies in 1988 registers considerably higher growth rates
than do those plants reporting no direct shipments at all. Assuming that establishment
defense activity in 1988 reflects these plants’ customer orientation earlier in the decade,
these results are generally consistent with other estimates of the employment effects of
increased defense spendffig.

Interestingly, apparent employment boosts from defense spending are not consistent
across intervals. For 1977-1982, the job growth premia associated with plants’ direct
shipments to defense agencies rise steadily as these shipments account for larger shares of
total establishment production. However, across 1982-1987 it is only the most intensive
defense suppliers (76 to 100 percent of plant shipments going directly to defense
agencies) which enjoy a defense-related premium for employment growth. Because
defense expenditures grew throughout the decade, this may reflect a larger relative
importance of defense spending in recessionary (1977-1982) as opposed to expansionary
(1982-1987) periods, or a changing composition of defense spending between the two
intervals (towards, say, items such as ships, missiles, etc., produced by highly-specialized
plants).

Again, because plant shipments going directly to defense agencies are reported only in
1988, inferences about the role of defense spending on plant growth during the 1977-
1987 period are uncertain. That is, it is unclear whether 1988-reported plant direct

% For example, in 1980 (the mid-point of the first growth interval), a representative plant incthe-geengest age category,
born in 1970, would be twice as old as a representative plant iouhgest age category (bornli75). In 1985 (mid-point of

the second growth interval) the corresponding age ratio between the two plants is 1 1/2.

% saunders1©93) estimates that, across 1977-1987, “(private-sector) employment related to defemieues® rose by nearly
2.1 million jobs.”
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defense shipments reflect plant activity in this area throughout the period, or whether
growing plants tend eventually to become direct defense suppliers (by reaching a large-
enough size).

Table 3 provides shares, both in the sample overall as well as in each type of heroic
group, of plants distributed across several of the control variables in the growth
regressions: plant age, industry, share of plant shipments going directly to defense
agencies, and establishment ownership by a multi-plant firm (plant size is considered in
the next section). This table is reported because, even after the average impact of these
variables on growth rates has been factored out of inter-plant comparisons, there could
still remain some residual contribution by them that distinguished Heroic Plants from
their competitors.

For example, despite the controls for establishment age in employment-growth
regressions, Heroic Plants are more likely to be new establishments (i.e., start-ups
between 1973 and 1977) than are sampled plants o¥er@imilarly, Haltiwanger (1997)

finds that younger (i.e., less than 10 years old) establishments in almost all size classes,
while experiencing larger rates of both job creation and destruction, display positive net
rates of employment growth. Net rates of job creation are generally negative for older
plants.

This study’s finding that Heroic Plants are more likely to be younger establishments is
intriguing, because a contrary result, in which persistently-rapid growers were
disproportionately older plants, would not have been implausible. One could in this case
imagine plant age to reflect, say, managerial experience. For example, Jovanovic
hypothesizes that initial plant learning will have a positive impact on growth. Considering
those plants whose residual growth, after controlling for this general age effect, suggested
that they had enjoyed unusually-promising market conditions, one might expect older
plants with a relatively experienced management to have been more successful in
converting favorable opportunities into exceptionally-rapid, long-term expansion.

There are also industry differences between the sample and groups of Heroic Plants:
Heroic Plants are disproportionately active in SIC 36-38. The implications of this are
unclear. While these three 2-digit SICs do have higher mean rates of annual net job
growth across 1973-1988 (see Davis, Haltiwanger and Schuh, 1996), a general industry
effect should have been controlled for in growth regressions. Rates of simultaneous job
creation and destruction, which would increase as industry employment shifted from
declining to expanding plants, are also roughly the same across the 2-digit industries in
the sample. The contribution of industry to persistent job growth will be explored further
in subsequent research.

%" Because the average date of plant birth in the oldest and, share-wise, most important age category (plant stak86p)ligfore
indeterminate, aaccurate test of the difference in the mean agedegtall-sample and heroic establishments is not possible.
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Table 2
Results from Employment Growth Regressions, 1977-1982 and 1982-1987

Estimated Growth Differential

1977-1982 1982-1987
Plant Size (Number of Employees)
1-99 37 .35%**
100-249 A7 24%**
250-499 127 N W
500-999 .08*** 13
1000-2499 -.01 .01
Date of Plant Birth
1973-1977 .28*** L12%*
1968-1972 10%** .09***
1964-1967 Q7*** .04**
Owned by a Multi-Plant Firm 04* .03+
Share of Plant Shipments Sent
Directly to Defense Agencies, 1988
1-25 .Q7** -.02
26-75 N -.01
76-100 .18*** 4%
R® 17 .09

'Relative to the reference group of plants within each category, respectively: 2500+
employees; plant birth by 1963; not owned by a multi-plant firm; no shipments going
directly to defense agencies. Also omitted from the table is the estimated intercept.
Because establishment growth is expressed relative to mean size across each interval,
coefficients cannot be interpreted as typical growth rate differentials. Reported
significance levels incorporate a general correction for heteroscedasticity (see White
(1980)).

*  Statistically significant at the 10% level.

Statistically significant at the 5% level.

**x Statistically significant at the 1% level.

*%
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Table 3
Distribution of Heroic and Sample Plants Across Select Control Variables
in Growth Equations, 1987: Date of Plant Birth;
Standard Industrial Classification; Share of Plant Shipments Sent
Directly to Defense Agencies; and Ownership by a Multi-Plant Firm

Sample Heroic Plants
Date of Plant Birth
1973-1977 16.2 23.9
1968-1972 18.0 194
1964-1967 12.0 10.3
-1963 53.7 46.5
2-Digit Industry Affiliation
Fabricated Metal Products (SIC 34) 25.9 20.6
Industrial Machinery and Equipment (SIC 35) 27.9 23.2
Electronic and Electric Equipment (SIC 36) 19.6 21.9
Transportation Equipment (SIC 37) 13.3 18.4
Instruments and Related Products (SIC 38) 13.3 15.8
Share of Plant Shipments Sent
Directly to Defense Agencies
0 58.8 56.5
1-25 335 34.8
26-75 4.6 4.8
76-100 3.1 3.9

Ownership by a Multi-Plant Firm 64.4 59.0
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Heroic Plant Employment Trends
Table 4 provides employment trends for the overall sample and for Heroic Plants.

Table 4 indicates that, between 1977 and 1987, Heroic Plants display exceptional rates of
employment growth. These plants account for roughly 1 of every 4 jobs created by all
plants that survive across this period; their share of job creation is between 3 and 5 times
larger than the group’s beginning-period sample share. Shares of job losses by any group
of Heroic Plants are non-existent in the quinquennial 1977-1987 data. Thus, this study’s
Heroic Plants create jobs in each interval, be it during an upturn or downturn of the
business cyclé&®

It is possible that exceptional establishment growth measured by quinquennial
observations is not entirely representative of a plant’s performance within each 5-year
period. The bar chart which follows Table 4 investigates the yearly performance of a
subset of the Heroic Plants identified in the quinquennial COM data. Both this smaller
group of heroic establishments, as well as the other plants represented by the bar chart,
are found in the two ASM panels 1979-1983 and 1984-198Bhe bar chart shows that

job creation by this subset of Heroic Plants (implied by these plants’ increasing sample
share of employment) persists from year to year.

The above-average rates of growth and disproportionate levels of job creation displayed
by Heroic Plants are consistent with results from Davis, Haltiwanger and Schuh (1994)
and Leonard (1987), who find job creation to be concentrated among rapidly-growing
plants. The existence of a group of plants creating jobs at any phase in the business cycle,
is also consistent with these studies’ findings. The present research shows that these facts
also apply over a fairly long (ten-year) time horizon.

The median initial-period size of Heroic Plants lies far below the sample median.

However, the subsequent exceptional job gains by Heroic Plants do not imply that smaller
establishments’ overall employment performance is superior to that of larger plants.

Indeed, using a more comprehensive sample of plants (i.e., of survivors and non-
survivors), both Davis, Haltiwanger and Schuh (1996) and Dunne, Roberts and

Samuelson (1989a, 1989b) show that, while some small plants do grow faster than larger
ones, these job gains are offset by job losses at other small establishments which fail.

Although there is a disproportionate number of Heroic Plants in the smallest size class in
1977, the employment distribution of Heroic Plants is otherwise very similar to that for

% Employment trends incorporating each plant's sampling weight iri988 Survey of Manufacturing Technology give
basically the same results.

Note also that heroic plants’ median growth rate (both absolutely and relative to that in the overall sample), and heroic plants’ ratio
of job creation to employment share, are larger in the 1977-1982 period (downturn) than in the 1982-1987 period (upturn).
However, this may have more to do with age effects than with cyclical factors. Not controlling for age and size, ljiri and Simon
(1974) also find that the effects of plant-specific shocks on growth decline over time.

29 Approximately 50% of plants in each heroic and non-heroic group identified from the COM data, are also included in both these
ASM panels.
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the sample overall. For instance, Table 5 shows that when plants are grouped according
to whether their employment qualifies them in 1977 as a Small or Medium-Sized
Enterprise (i.e., whether they have fewer than 500 employees), roughly 85% of Heroic
Plants fall into the SME category. From Table 1 above, one finds that a similar number
(about 80%) of plants in the sample overall qualify as SMEs at this time. By 1987,
however, the share of Heroic Plants with at least 500 employees more than doubles, while
the portion of large plants in the total sample rises only slightly (from Table 1,
employment shares in 1977 and 1987 for all plants with at least 500 employees are 20.2
and 21.3 percent, respectively). Thus, what the heroic plant employment data illustrate is
a process whereby SMEs disproportionately become large plants, and select large plants
do exceptionally well in increasing their importance among large plants.

Table 4
Employment Trends for the Sample and for Heroic Plants, 1977-1992
Sample Heroic Plants
Number (Share) of Plants in 1977 4776 (100%) 310 (6.5%)
Median Plant Employment
1977 129 77
1982 139 169
1987 155 307
1992 144 261
Median Employment Change (%)
1977-1982 5 84
1982-1987 7 66
1987-1992 -8 -8
Plant Employment Share (%)
1977 100 5
1982 100 9
1987 100 13
1992 100 12
A 1977-1992 (%) 0 160%
Job Creation (Destruction) Share (%)
1977-1982 100 (100) 23.3(00.2)
1982-1987 100 (100) 27.1 (00.3)
1987-1992 100 (100) 11.8 (14.5)
Job Creation (Destruction) Share/
Start of Period Employment Share
1977-1982 1(1) 4.7 (0.04)
1982-1987 1(1) 3.0 (0.03)

1987-1992 1(1) 0.8 (1.12)
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Yearly Heroic Plant Employment Shares Relative to All Other Plants in
Both ASM Panels 1979-1983 & 1984-1988

EEmployment Share

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

In contrast to their growth across 1977-1987, heroic plant performance drops off in the
‘out-of-sample’ period 1987-1992. The median growth rate of Heroic Plants just equals
the sample mediall. Also, while some Heroic Plants do continue to grow during this
period, others register sizable employment declines. Heroic Plant job destruction across
1987-1992 actually exceeds these plants’ employment share in 1987. This may be
evidence of ‘regression-to-the-mean’ in the employment of some Heroic Blants.

The employment trends reported in Table 4 also show that persistently-rapid two-period
growth is not a predictor of exceptional plant performance in the following p&riod.

Indeed, the number of Heroic Plants identified through residual growth in each 5-year
period (310) is not much higher than the number one would expect from a series of

30 Note also the greater percentage drop in the median size of heroic plants from 1987 to 1992 (-15%), relative to these plants’
median growth rate over the same period (-8%). Across previous intervals (1977-1982 and 1982-1987), perogetmgetbba

median heroic plant size exceed median growth rates. These two percentage changes should be the same if the median-sized plant
also registers the median growth rate. This is not the case here, however: inspection shows that some larger heroic plants post, in
the respective periods, exceptionally-large positiveegative employment growth.

31 Davis, Haltiwager and Schuh1096) describe how regression-to-the-mean can arise from the transitory nature of plant
employment. They note that, because of measurement error and/or temporal, random shocks to establishment size, employment
growth observed in a given period may reverse itself in the next (or “regress to its long-run level”). In particular, because larger
plants are more likely to have recently experienced a boost to their employment and smaller plants are more likely to have just
experienced a fall-off, as the temporary size-changes reverse themselves larger plants tend subsequently to register growth
declines, and smaller plants tend to register growth increases. These authors find some evidence to support this.

While a scenario in which plant growth fluctuates around a stable long-run level may seem to run counter to the negative
association found between plant age and growth in the earlier estimations, regression-to-the-mean is not necessarily inconsistent
with the models of establishment growth reviewed above. For example, theory suggests that mature plants may not experience any
age-based effects on growth. This is to some extent also confirmed by this study’s growth regression results below. As well,
regression-to-the-mean would actually reinforce these models’ hypothesized negstiteoinestablishment size on growth.

Because regression-to-the-mean may also appear todsgmeee in results from characteristic regressionsillibe retuned to
later in the paper.

%2 In fact, initial empirical work showed that heroic performance across 1977-1987 was not a guarantee of plant survival to 1992
(although the heroic plants identified had a much lower failure rate). While the analysis could have been continued without
identifying the eventual failures as heroic, this would have made plant comparisons less straight-forward. That is, instead of the
present comparison of survivor plants that grow persistently rapidly to other survivor plants, one would have compared
persistently-rapid growers that survive to 1992 (i.e., heroic establishments) to persistently-rapid growers that fail by this time plus
all other plants, regardless of survivor status. Thus, the characteristics that distinguished heroic plants would reflect contributions
both to persistently-rapid plant growth as well as to plant survival. Because it is the first type of contribution that this study is
interested in, only survivor plants are considered.
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independent, random shocks, as allowed for in the Jovanovic and Ericson and Pakes
models discussed earli&r.

Nonetheless, Heroic Plants roughly maintain, through 1992, the employment share that
they had attained by 1987. The following numbers help illustrate how much these
establishments increased their importance among survivor plants. Whereas 1 out of every
20 workers in the group of plants that survive across the 1977-1992 period was employed
by a heroic job creator in 1977, these plants employed roughly 1 of every 8 such workers
in both 1987 and 199%.

The magnitude of these employment shifts hardly lends itself to a thesis that heroic plant
performance is entirely due to chance. Instead, rather than being simply the result of
fortune smiling on a small group of plants (whose numbers successively dwindle with
each roll of the dice), the results in Table 4 may be evidence of a select group of high-
quality plants exploiting economic opportunities available to a much larger number of
establishments. In other words, by simply inspecting the number of Heroic Plants
identified, it is not possible to distinguish between a model of random shocks impinging
on homogenous plants (after age and size have been controlled for), and a model where a
distribution of other plant-specific attributes interacts with industry-wide opportunities
(see, for example, hazard or duration models). To get at this requires investigating the
establishment characteristics associated with rapidly-persistent growth. It is to this task
that the current report now turns.

Table 5
Distribution of Heroic Plants Across the Small Business Administration’s

Small and Large Size Classes, 1977 - 1992

Heroic Plants

Number of Employees Share of Plants in Size Class Each Year
1977 1982 1987 1992 A77-92
1-499 848 745 64.5 67.7 -20
500+ 152 255 35.5 32.3 113

34776 x 0.25x 0.25 = 299. Investigations of a potential persistencecentto establishment performance would, barring any

other information on plant characteristics, require that significantly more than 299 plants of the present sample remain in the top
guarter of the growth distribution after the second period (see Bartelsman and DH§8igsafd Roberts and Supina (1994)).

In such a scenario, for initially hagenous establishments, doing well the first period makes it more likely that pladtswell

in the second period. Using the standard normal distribution @gpaoximation to the binomial (see Hoel (1971), the difference

in the actual minus the expected number of Heroic Plants found by this study, is not statistically different from zero. However, as

the text argues below, calculating the likelihood of observed deviations from a random growth process is only one model for

identifying persistence - it is also important to investigate whether establishment characteristics support alternative explanations
for consistently-superior performance.

34 Because this sample’s group of plants operating throughoL®#1e1992 period makes up about two-thirds of the employment
from all plants included in th#988 SMT, Heroic Plants would account for roughly 1 in 12 workers fatinpotentially surveyed
plants in SICs 34-38 in 1987. However, the magiatof the employment shifting to heroic plants act®&7-1987 sould
remain unchanged when considering both survivors, J#&t-entrants and failing plants during this time.
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Heroic Plant Characteristics

i. Heroic Plant Manufacturing Process, Product Markets Served, and Product Price

The SMT 1988 provides additional information on surveyed plants beyond their
application of advanced technologies. Regular Census questionnaires do not ask for this
information, which includes the type of manufacturing process used at the plant, the
market for plant production, and the average price of plant products. Because heroic
plant research relies primarily on longitudinal Census data to characterize persistently-
rapid employment growers, it is instructive to consider first whether Heroic Plants are
disproportionately concentrated with respect to one or more of the characteristics not
found in theCensus of Manufactures This would give an idea of how many of the
relevant characteristics, for selecting and describing Heroic Plants, the longitudinal
Census data might miss. In other words, it is useful to know if Heroic Plants are found
applying all types of manufacturing processes and serving all types of markets at different
prices.

Table 6 compares the distribution of both heroic and all sampled plants across the three
categories listed above. Heroic Plants are more likely than other establishments in the
sample to be assembly operations, to produce for commercial product markets, and to
offer products at an average price over $10,000. It is also interesting to note where
Heroic Plants tend not to be found. This leaps out from Table 6: Heroic Plants are
considerably less likely than other establishments to produce for industrial markets.
These observations may be indicative of the declining importance of traditional
manufacturing processes and product markets, and a trend towards more newer
commercial or service-oriented activity. Recall from the preceding section that Heroic
Plants tended also to be relatively young plants.

Similarly to many of the results for the distribution of Heroic Plants across control
variables in growth regressions, however, the differences found for Heroic Plants in their
concentration among manufacturing processes, product markets and output prices are not
overwhelming. Indeed, a notable feature of this table is that Heroic Plants identify
themselves across the entire spectrum of activity within each category. Thus, results from
longitudinal Census data should, with respect to these three types of activities at least,
provide a fairly robust selection and characterization of Heroic Plants.
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Table 6

Distribution of Sample and Heroic Plants Across Various Establishment

Characteristics: Type of Manufacturing Process, Market for Plant

Production, and Average Price of Plant Products

Sample Heroic Plants
Type of Plant Manufacturing Process
Assembly 13.3 19.0
Fabrication/Machining 13.3 12.3
Fabrication/Machining/Assembly 68.4 64.8
Neither Fabrication/Machining/Assembly 5.0 3.9
Market For Plant Products
Government 9.5 11.6
Transportation 11.5 12.9

Consumer (personal use by household) 16.0 16.8
Commercial (offices, hospitals, services, etc.) 14.3 19.4

Industrial (mfg., mining, construct. &ilities) 41.7 32.9

Other / Unknown 7.0 6.5

Average Price of Plant Products

<$5 15.2 15.2

$5 to $100 25.9 21.9

$101 to $1000 20.9 23.2

$1001 to $2000 5.8 5.8

$2001 to $10,000 11.9 10.3

Over $10,000 20.4 23.5

Page 25



Page 26 Heroic Plants: Persistently-Rapid Job Creators

ii. Heroic Plant Characteristics from the LRD

This section considers how heroic plant characteristics such as labor productivity, worker
wages, etc., differ from those of other plants in the sample. To make this analysis most
instructive, results are reported for plants distinguished by the persistence and/or
magnitude of their unexplained employment growth across 1977-1987. That is, desirable
are estimates of how Heroic Plants are different, not just from all other plants, but from
plants that also grow during this time but in a less impressive fashion. Such an approach
allows for a sharper characterization of ‘heroism’ in job creation. It may also provide
insights into how other groups of growing plants, for instance, short- and longer-term
growers who post less rapid employment increases than do Heroic Plants, differ from one
another as well as from the persistently-rapid growers who are the focus of this study.

Longitudinal Census of Manufacturesdata allow comparisons of numerous plant
characteristics to be made at different points in time. This study compares the
characteristics of plants, classified by residual growth status, at the beginning (1977) and
end (1987) of the period across which this residual plant growth is ranked. Thus, this
study explores whether there are observable characteristics that suggest how heroic plant
behavior in 1977 might have laid the foundations for the persistently-rapid growth these
plants will subsequently display. Alternatively, it examines how Heroic Plants
distinguish themselves from other types of plants in 1987, and whether these differences
point to heroic plant behavior across 1977-1987 which might have contributed to their
growth. Ideally, such snap-shot pictures from such point-in-time regressions would
provide insights into what is likely a very dynamic and fluid process of plant growth.

A standard linear regression model, in which the logarithm of each plant characteristic
enters as dependent variable, is used to investigate differences in plant characteristics.
All regressions control for the same set of variables that were used in the plant growth
regressions earlier. For example, the 1977 characteristics of plants identified by their
growth status across 1977-1987 are examined, holding constant plant age, size, etc., in
1977. Again, a primary task for heroic plant research is to explore those attributes which
contribute to rates of plant growth beyond those conditioned by age, size, etc.
Characteristic regressions in 1987 control for plants’ age, size, etc., in 1987. Recall that,
in the Jovanovic model, size is an indicator of plant efficiency. Thus, this study compares
heroic plant characteristics with those of establishments who (in the context of this
model) have reached the same level of efficiency in 1987, but without having displayed
heroic performance across 1977-1987.

Table 7 displays how this study categorizes different types of plant growth during the
1977-1987 period. Note that this classification scheme is structured around the year in
which comparisons of plant characteristics are made. In particular, identification of
exceptional plant growth begins in the period adjacent to the time-point of plant
comparisons. For characteristic regressions in 1977, this allows the present study’s
findings to be compared with those from previous research, which usually focuses on the
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relationship between current plant features and subsequent growth. For 1987
characteristic regressions, the order of the classification scheme is reversed.

In the characteristic regressions, an indicator variable is specified for each type of residual
growth. If a plant can be placed into a growth category, the corresponding indicator
variable takes a value of one. Otherwise, this variable takes a value of zero. Thus, the
estimated coefficient for an indicator variable represents the mean value of a given
characteristic for that group of plants, relative to the group of plants which do not fall into
that category. And because plant characteristics are expressed in logarithms, estimated
coefficients represent approximate mean percentage differences relative to othér plants.

Table 7
Classifying the Duration and Rapidity of Plant Growth, 1977-1987

Type of Growth Criteria for Growth Classification, By Date of Characteristic Regression
1977 1987

a) One-Period Exceptional Growth a) Ranked in Top 50% of Residual a) Ranked in Top 50% of Residual
Growth, 77-82 Growth, 82-87

b) Two-Period Exceptional Growth b) Ranked in Top 50% of Residual b) Ranked in Top 50% of Residual
Growth, 77-82 & 82-87 Growth, 82-87 & 77-82

¢) Two-Period Exceptional Growth, c) Ranked in Top 25% of Residual c) Ranked in Top 25% of Residual

Highly Rapid Growth One Period Growth, 77-82; Top 50%, 82-87 Growth, 82-87; Top 50%, 77-82

d) Highly Rapid Exceptional Growth d) Ranked in Top 25% of Residual d) Ranked in Top 25% of Residual
in Both PeriodgHeroic) Growth, 77-82 & 82-8THeroic) Growth, 82-87 & 77-8ZHeroic)

Note that it is possible for a plant to be placed in more than one growth category. For
instance, Heroic Plants receive a value of one for each of the four indicator variables
generated by the growth classification in Table 7. This is because, if a plant ranks in the
top quarter of the residual growth distribution in each period, it necessarily lies in the top
half of the same distributions. Thus, to obtain an estimate of the average percentage
difference in a characteristic’s value for Heroic Plants relative to the reference group of
plants in the regression (i.e., from Table 7, those plants which are not placed in category
‘a’), one adds together all four coefficients. If the characteristic in question does not
distinguish heroic plant performance from other types of less persistent and/or rapid
growth, then the estimated coefficient for heroic growth should not, with statistical
significance, be different from zero. In this case, however, Heroic Plants would still share
with other less persistently and/or rapidly growing plants, characteristics which
distinguished these growers from plants that did not display exceptional growth in the
reference periotf

% To obtain an exact percentage difference, a reported coefficient esfjnamest to be transformed through the equaiian=

-1

% The presence of an overlap in the different types of growth rationalizes estimating regressions for each characteristic
individually, as opposed to, say, applying multinomial or ordered lagieta which estimate simultaneously the association of all
characteristics across the various categories of growth. Although estimatitiivariaite nmodel would be preferable to a series

of independent linear regressions, the way that growth categories overlap in this analysis means that the assumptions needed to
apply these logit wdels are not met.
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The growth categories in Table 7 allow distinctions to be made on the basis of both the
magnitude and persistence of plant growth. For instance, the coefficients reported for the
types of growth in rows ‘a’ and ‘c’ represent a characteristic’'s associationraytt

growth, measured at two different levels. For category ‘a’, this is the top half of the
residual growth distribution relative to the bottom half. For category ‘c’ it is the top
guarter of residual growth relative to the top half, in each case for plants that grow in both
periods. The coefficients for growth categories ‘b’ and ‘d’ correspondingly represent a
characteristic’s association wiglersistent growth

Table 8 reports the results from select plant characteristic regressions fof 19/tile

Heroic Plants do not distinguish themselves from other plants on the basis of these 1977
characteristics, they share, with other growing establishments across 1977-1987, features
that are generally associated with superior plant performance. For example, together with
other growing plants, Heroic Plants display in 1977 higher ratios of non-production to
production workers, and greater capital intensity (i.e., larger capital to labor ratios) and
average labor productivity. Almost all estimated coefficients for these variables in
categories ‘a’ and ‘c’ are statistically-significant at the 5% level or lower, indicating that
these characteristics are positively associated with the rapidity of plant growth across
1977-1982°

Capital-intensive production with a skilled workforce, implies that workers will be more
productive and thus better paid. However, although the coefficient estimates in Table 8
offer a plausible characterization of plants poised for expansion, they may also be subject
to some qualification. This is because some of the establishment attributes are expressed
relative to establishment employment in 1977. Recalling the earlier discussion of
regression-to-the-mean, transient changes to plant size can, in addition to generating
inaccurate measures of plant growth trends, also bias results for the distinguishing
characteristics of growing plants. For instance, if a plant attribute is expressed relative to
initial size, and subsequent establishment growth represents merely a correction to a
temporarily low plant size in this period, then some growing plants will, simply due to
transient employment changes, display larger initial values of the attribute relative to non-
growing plants. The same argument applies to plants whose employment declines
represent a temporary drop-off in their size. As will be seen from 1987 characteristic
regressions, the same bias might also be present when plant attributes are expressed
relative to establishment size at the end of the growth period.

For expediency, this study judges statistical significance by coefficient t- tests, as opposed to, say, successively adding a growth-
category coefficient to the regression and conducting a more rigorous F- test ofltimg nesconstrained model.

37 Complete results from both levels and change regressions in any year are fourabjpetitéx. Because changes in plant
characteristics over 1977-1987 will often be exmdiby, rather than being an explanation for, plant growth, interpreting these
results is less straightforward. Hence, they will be cited only to complement inferences based on levels regressions.

% Doms, Dunne and Roberts (1995) also find a positive relationship between a plant’s initial capital intensity and average
labor productivity, and its subsequent employment growth between 1987 and 1991. Bernard and Jensen (1995) show that
exporters, whom they describe as ‘better,” or more competitive, plants, also have higher shares of non-production workers.
Finally, exceptionally-growing plants pay higher wages to their production workers (regression results in the Appendix
show that the coefficients for non-production workers in such plants are also generally positive, but statistically
insignificant).
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There is some suggestion of this in the data. Note that the ratio of non-production to
production workers, plant capital intensity and average labor productivity, are positively
associated only with thenagnitudeof plant growth across 1977-1982 (i.e., rows ‘a’ and

‘c’). Plants distinguished by thaersistenceof their growth across the entire 1977-1987
interval (rows ‘b’ and ‘d’) do not, relative to other plants, display above-average levels of
these attributes in 1977. Indeed, there is generally a negative association between these
three characteristics and plant growth persistence, which for non-production to production
worker ratios is statistically significant at the 10% level.

Transient plant employment changes could play a role in coefficient patterns across
growth categories, if the other components of the plant attributes in question were less
variable than labor. For non-production to production worker ratios and capital intensity
(the other variables being skilled workers and capital stocks, respectively), one can
imagine this to be the case.

However, this is less clear for average labor productivity. Explanations for the pro-
cyclical nature of plant productivity (when aggregate output falls, aggregate productivity
tends to fall as well, and vice versa) emphasize that employment is less variable than
value added. Admittedly, this study focuses on plants whose employment is by definition
highly variable (upwards). But because plants in row ‘a’ account for half the sample, they
should not be completely immune to the relative rigidity of labor adjustments observed
for plants overall.

Hence, while transient plant employment changes may be influencing reported
characteristics of growing plants, they are unlikely to be the sole cause of these
establishments’ distinguishing characteristics. Indeed, an influence of transient
employment changes is only one possible explanation for the results in Table 8. Another
explanation is that the reported characteristics do not distinguish Heroic Plants in
particular, and short- from long-term growth in general.
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Table 8
1977 Characteristics of Heroic and Other Plants
Displaying Exceptional Employment Growth Across 1977-1987

Plant Characteristic

Non-Prod. / Production Capital Average Net Return
Prod. Worker Worker to Labor Labor to
Ratio Wages Ratio Productivity Capital
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual
Growth, 77-82 0.16%* 0.03%* 0.14% 0.07%= 0.03
b) Ranked in Top 50% of Residual
Growth, 77-82 & 82-87 - 0.06* -0.01 -0.03 0.04 0.03
¢) Ranked in Top 25% of Residual
Growth, 77-82; Top 50%, 82-87 0.15* 0.01 0.16%** 0.07* -0.09
d) Ranked in Top 25% of Residual
Growth, 77-82 & 82-87Heroic) -0.11* -0.01 -0.05 -0.05 0.02
Heroic Plant Total (a + b + ¢ + d) 0.31 0.03 0.30 0.07 0.00

*, **and ** denote statistical significance at the 10, 5 and 1% level, respectively.

In contrast, Table 9 shows that Heroic Plants do distinguish themselves by their 1977
rates of gross investment, measured as changes in the book value of capitdf sthiks.

is true when gross investment is expressed relative not just to plant employment, but to
two additional size measures that should make results less sensitive to transient
employment changes: plant value added and capital stock at the beginning of ffle year.
Relative to all three size measures, the gross investment specific to Heroic Plants in 1977
is in almost all cases larger than that found for any other category of employment growth
over the period.

Only larger, ASM establishments provide data on types of investment (i.e., buildings and
structures versus equipment). While the number of observations is consequently limited,
and inferences based on them less reliable, regression results (not reported) from the
subset of heroic and other sample plants surveyed by the ASM in 1977 show that Heroic
Plants distinguish themselves by their higher rates of investment in equipment, rather
than buildings and structures (which is the type of fixed, up-front investment one might
expect most from subsequently growing plants).

Gross investment rates are not consistently associated with the magnitude of employment
growth. While the coefficients for row ‘a’ are uniformly positive and statistically
significant from zero, those in row ‘c’ are sizable but statistically significant for only the

39 Doms (1996?) and Dwyer (1997) find that book values of capital are highly correlated with depreciated capital stock series and
various measures of plant productivity, respectively.

0 Note that, while only plants in the Annual Survey of Manufactures report beginning ofaital stocks, this can be
constructed for all plants by subtracting gross investment during the year from the end-of-period boolcapitas. of
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gross investment per employee measure. Also, plants that grow persistently but less
rapidly (row ‘b’) do not display higher gross investment rates in 1977 than do plants that
grow at roughly the same rate for 1977-1982 alone (row ‘a’). Thus, there appears to be an
up-front investment associated with persistently-rapid employment growth by surviving
plants, which is not found for persistent growth of a lower magnitude.

Table 9
1977 Gross Investment Ratios of Heroic and Other Plants
Displaying Exceptional Employment Growth Across 1977-1987

Gross Investment Measure

Investment / Investment / Investment /
Worker Value Added Capital Stock
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual
Growth, 77-82 0.22%** 0.14%** 0.09#***
b) Ranked in Top 50% of Residual
Growth, 77-82 & 82-87 0.02 -0.03 0.03
¢) Ranked in Top 25% of Residual
Growth, 77-82; Top 50%, 82-87 0.16** 0.12 0.07
d) Ranked in Top 25% of Residual
Growth, 77-82 & 82-81Heroic) 0.20** 0.23** 0.26***
Heroic Plant Total (a + b + c + d) 0.58 0.37 0.35

! Measured as changes in the book valueagital stocks.
* ** and ** denote statistical significance at the 10, 5 and 1% level, respectively.

Because Heroic Plants appear to be investing early in future growth, explaining their
performance through a series of random shocks is less plausible than one might have
assumed on the basis of earlier results for expected and actual numbers of Heroic Plants
identified across two periods. However, it is unclear why higher early investment should
not also be associated with persistent but less rapid growers (rott ‘Io)any event, the

higher rate of 1977 gross investment for this sample’s group of growing plants overall
(recall that the positive coefficients in row ‘a’ of Table 9 apply to rows b-d as well)
makes the absence of a statistically-significant, positive association between returns to
capital in 1977 and subsequent employment growth, seen earlier in Table 8, more
respectable.

By identifying large amounts of investment by growing plants, and establishing a link
between this investment and subsequent establishment behavior, this study’s results are

“1 1t is possible that estimated coefficients for the select group of rapid and persistent growers would be more sensitive to
the presence of outliers, or extreme values, than would coefficients reported for groups of more numerous plants.
However, such outliers should also increase the estimate’s variance. Thus, extreme values should have less effect on
statistical tests of the difference of estimated heroic plants coefficients from those of other groups of plants.
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quite consistent with previous findingfs. While too much should not be inferred from
results based on one year of plant investment data (especially given the possibility of
measurement error in capital-stock variables), these results do support Doms, Dunne and
Robert’s (1995) call for “models of industry evolution that recognize the inter-temporal
effects of plant investment decisions...(and thus)...the role of capital as a determinant of
an industry’s pattern of evolution.”

Table 10 reports results from characteristic regressions in 1987. By assessing heroic plant
attributes relative to plants of the same efficiency at this time but also of less impressive
growth across 1977-1987, this analysis offers another perspective on establishments that
enjoy persistently-rapid growth.

Heroic Plants distinguish themselves in 1987 by their higher average labor productivity.
This is true in spite of the fact that these plants have recently accommodated more rapid
and sustained inflows of new workers than any other group of plants, and share the
statistically-significant, negative capital intensity coefficients of other growing plants.
Higher productivity in 1987 is also found for plants that grow persistently but at lower
rates (row ‘b’). However, this premium is reversed for plants that grow persistently, but
very rapidly only in 1982-1987 (row ‘c’). Note that this latter group of plants’ capital to
labor ratio also falls. Thus, this result may, for reasons discussed earlier, be diluted by a
transient employment-growth component.

However, a negative association between labor productivity andmémgmnitude of
employment growth (in addition to results in row ‘c,” note also the negative but
statistically insignificant labor productivity estimate for one-period growers in row ‘a’)
may also suggest the presence of adjustment costs in translating exceptionally-rapid
employment gains into corresponding output gains (recall the discussion above
concerning the relative variability of labor). That is, as riregnitudeof employment
growth increases, adjustment costs rise and with them the obstacles to realizing
proportionate output increases. In this context, plants whose growth had begun earlier
(i.e., establishments in rows ‘b’ and ‘d’), might, through learning or some other attribute
associated with long-term growth, be better positioned for this.

2 The link between investment and plant performance has previously received attention from research with longitudinal
data. For example, Hall (1987) finds that initial per-employee investment is positively associated with firm growth over a
subsequent six-year period. Bernard and Jensen (1995) also find that, after controlling for variables such as plant size, etc.,
investment-to-employee ratios are larger for highly-competitive, exporting plants. Baloain(1994) find that growing

Small and Medium-Sized Enterprises regularly cite ‘access to capital’ as a constraint on their growth.

Focusing specifically on investment, Doms and Dunne (1994) find that on average about 258&Gbf plant’s total
investment across the 1973-1988 period takes place in a single year, and over 50% in three years. wiHitevphzet,
employment increases when such spikes occurappgrent employment effects disappear after two yedteh investment

‘spikes’ are typical of the employment and investment behavior posited by the adjustment-cost models discussed above, in
which changes in plant employment and investment are not smooth, but take place irregularly and only after a sufficiently
large gap between desired and actual stocks has openetiragke (1992) finds that eventually-failing manufacturing

plants sustain longer periods of below average growth than do similar plants in services industries, and attributes this in
part to the greater fixity of capital in manufacturing than in service industries.



Heroic Plants: Persistently-Rapid Job Creators Page 33

Baily, Bartelsman and Haltiwanger (1995) similarly find that “plants that increased
employment as well as productivity contributed almost as much to overall productivity
growth as did plants that increased productivity at the expense of employment.”
Similarly, this study’s results show that capital intensity is not a prerequisite for plant
productivity. Rather, the way capital is used appears to be more important for plants that
persistently create jobs. A similar conclusion about the importance of efficient use of
capital emerges from an inter-country productivity comparison by the McKinsey Global
Institute (1996}

Table 10 shows that, while all exceptionally-growing plants by 1987 pay lower

production worker wages, Heroic Plants offer lower wages still. This is in contrast to
results from Table 8, in which plants at the onset of their observed growth provide above-
average remuneration to their production workers. An explanation for this may be that
new hires, which by 1987 would constitute such a large share of the workforces of
recently-expanded plants (and of Heroic Plants in particular), receive lower wages simply
on the basis of seniority. Indeed, estimation results (reported in the Appendix) which
compare the change in production worker wages across 1977-1987, indicate that growing
plants’ lower average production worker wages is the result of a decline during the
period, rather than a lower wage paid by these plants at the onset of their growth. For this
reason, inferences about the level of worker skills (implied through inter-plant wage
comparisons) within Heroic Plants, are difficult. In spite of paying lower wages,

however, through their exceptional growth across 1977-1987 Heroic Plants do offer
greater employment opportunities during this period than do other plants.

In light of Heroic Plants’ superior labor productivity, lower production worker wages
within these plants raise questions about the division of returns, between management
and workers, from superior business performance. Similarly, Baily, Bartelsman and
Haltiwanger (1995) find that, while plants that increase employment along with
productivity also raise the wages they pay, this increase is hot commensurate with the
increase in plant productivity.

Heroic Plants also share with other growing plants a lower non-production to production
worker ratio. The negative and statistically significant coefficients in rows ‘a’ and ‘c’

indicate that this characteristic is negatively associated with the magnitude of plant
employment growth across 1982-1987. Note that the non-production to production

43 Analyses based on undepreciated book valuesmital may introduce two opposing types of error into present inter-plant
comparisons of capital stocks. First, they can understate the relative newnedgyoofacapital ound in recently-expanded
plants. However, due to inflation, afilohs to nominal capital stocks in the late 1970s may overstate thenaof investment by
these plants relative to investment which (especially in older plants) had occurred previously.

Note also that, while heroic plants have higher average labor productiti®8i they do not display a statistically-significant
premium on returns to capital. While the parameter estimate for this last variable is fairly large, its variance is as well. In contrast,
one might expect both productivity and returnsapital for heroic plants to have the same sign and significance. The numerator
for labor productivity and returns tapital is value added (minus salaries and wages for retucapital). The denominator is

total employment and capital stock, respectively. Since inter-plant comparisons control for size (in terms of employment), and
heroic plants pay lower wages to production workers while sharing with other growing plants remaining workforce characteristics,
a difference in the numerators should not produce this result. Rather, a statistically insignificant Heroic Plant coefficient on net
returns to capital may reflect the fact that these plants have a higher variancecapitedistocks, relative to other categories of
growers, than is the case for plant employment.
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worker ratio is approximately 23 percentage points lower for plants of exceptional growth
across 1982-1987, but only 5 percentage points lower for plants of comparable growth in
both periods. As with some earlier results, transient employment changes may be playing
a role here.

Table 10
1987 Characteristics of Heroic and Other Plants
Displaying Exceptional Employment Growth Across 1977-1987

Plant Characteristic

Non-Prod. / Production Capital Average Net Return
Prod. Worker Worker to Labor Labor to
Ratio Wages Ratio Productivity Capital

Exceptional Grower Ranking
a) Ranked in Top 50% of Residual

Growth, 82-87 - 0.23%* - 0.06** - 0.17%* -0.02 0.13%=
b) Ranked in Top 50% of Residual
Growth, 82-87 & 77-82 0.18%* 0.01 0.06* 0.07%* 0.02
¢) Ranked in Top 25% of Residual
Growth, 82-87; Top 50%, 77-82 - 0.10* -0.02 -0.11* - 0.11% 0.00
d) Ranked in Top 25% of Residual
Growth, 82-87 & 77-8ZHeroic) 0.01 - 0.07%* 0.02 0.10* 0.07
Heroic Plant Total (a + b + ¢ + d) - 0.05 -0.13 -0.28 0.06 0.13

* **and ** denote statistical significance at the 10%, 5% and 1% level, respectively.




Heroic Plants: Persistently-Rapid Job Creators Page 35

Heroic Plant Advanced Technology Use

To determine whether Heroic Plants differ from less persistent and/or rapid growers in
their use of advanced technologies, this study estimates several Poisson regressions on the
total number of technologies used by a plant in Y48&ach estimation includes the

same variables found in 1987 characteristics regressions. Results obtained after
controlling for this basic set of variables are then compared to estimates from regressions
that include additional establishment characteristics potentially influencing advanced
technology use, such as plant manufacturing process, product market and price, and
capital intensity.

Table 10 reports results from the Poisson regressions. As expected, the number of
technologies used at a plant is positively associated with establishment size. Also similar
to Dunne’s (1994) results on plant use of select individual technologies, plant age does
not consistently influence advanced technology use, while ownership by a multi-plant
firm and plant status as a direct supplier to defense agencies in general display positive
correlations.

Table 10 also shows that, relative to establishments that display exceptional growth only
briefly or not at all during this time, both Heroic Plants as well as other plants that grow
across the entire 1977-1987 interval use a slightly higher number of advanced
technologies in 1988. Interestingly, when capital intensity is not controlled for, plants
that display exceptional growth across the previous five years (1982-1987) register
below-average rates of advanced technology use. This negative coefficient in row ‘a’ is
outweighed in these cases by the above-average advanced technology use displayed by
persistent growers (row ‘b’). Controlling for capital intensity eliminates the negative
coefficient of one-period growers, while leaving unchanged the coefficient on technology
usage by persistent growdps.

Some of the surprising, negative result for exceptional growers across only 1982-1987
may be due to the nature of the control (or reference) group. The coefficient in row ‘a’
expresses 1988 levels of plant technology use by plants who grow exceptionally across
1982-1987 alone, relative to all plants that are not found in the top half of this
distribution. Thus, plants that display exceptional growth (either positive or negative) of
any magnitude across 1977-1982 but not 1982-1987, are in the reference group. If rapid,
but unsustained, growth in 1977-1982 led to relatively early technology use, and such
plants were dominant in the omitted group, then the coefficient for later growers might be

“4 This particular type of regression takes into account the special distribution of ‘count’ data. Overall, the evidence suggests that
technology countaccurately reflect the importance of advancetrtelogy to plant production. For example, Doms, Dunne and
Roberts (1995) compare tewlogy counts with reported intensity of use (available from later SMTs) and find that “the number of
technologies serves as a relatively good proxy for overall technology intensity.” However, McGuckin, Streitweiser and Doms
(1996) show that, evenhgn technology counts are included in the same regression, technology intensity can have a separate,
statistically-significant impact on plantqafuctivity.

4 A few individual technologies were found to be ipsly correlated with persistent employment growth: Computers for
Factory Floor Control, and several types of Computer Aided Design.



Page 36 Heroic Plants: Persistently-Rapid Job Creators

negative. This presumes of course that the early advantage was not negated by
subsequent below-average growth in 1982-1987.

However, because the initial date of technology use cannot be determined with these data,
it impossible to say when Heroic Plants and other persistent growers began to apply
advanced technologies. One might expect that, holding all else constant, the earlier an
establishment began use of any technology the larger the number of technologies it would
use at any later date. For instance, in his Bayesian model of intra-firm diffusion,
Stoneman (1981) emphasizes the uncertainty surrounding a new technology. Because of
this uncertainty, firms incrementally increase their stock of the (assumed profitable)
innovation as they learn more about it. Apart from learning considerations and
considering specific technologies, Ewers, Becker and Fritsch (1990) find that plants often
begin by adopting one technology (Computer Numerically-Controlled Machine Tools, or
CNC) and only thereafter, once enough production has been automated, implement
complementary technologies such as Computer Automated Design (CAD).

If this were the case, then the results for a positive association between persistent plant
growth across 1977-1987 and numbers of technologies used in 1988, are striking. In such
a scenario, persistently-growing plants would have overcome an initial size disadvantage
for advanced technology use in the mid-1970s (when many of these technologies first
became widely available), and would as well have accommodated a steady and rapid
inflow of workers across the decade, to attain an eventual level of advanced technology
use in 1988 somewhat greater than other comparably-sized plants. Such a performance
would become even more impressive as one increased the magnitude of persistent growth
(i.e., as one moved from row ‘b’ to row ‘d’). That is, while Heroic Plants by definition
were in 1977 considerably smaller than other persistent (but less rapid) growers, they
nonetheless share with these latter plants above-average levels of technology use.

Whether this study’'s findings reflect a fundamental contribution of advanced
technologies to these plants’ growth, or simply the ability of such successful plants to
manage innovation, cannot be determined from these data. As emphasized earlier,
advanced technology use may be proxying for other unobserved attributes contributing to
plant growth, such as management and workforce quality, etc. In any event, the results
do speak to the potential usefulness of advanced technologies to superior plant
performance: otherwise, such successful plants would not be more likely than other
plants to use theifS.

Indeed, ten years into a period of rapid technological change, advanced technology use
helps to distinguish plants whose employment grew exceptionally throughout the period,
from establishments of either more brief or non-existent exceptional growth during this

6 Note that employment growth is only one measure of establishment success. The fact that heroic and other exceptional job
creators across 1977-1987 are labor intensive in 198gests that the selection process did identify plants that would expand
through job creation rather than, sagpital accumulation. On the other the hand, given the fact that some of the advanced
technologies in question can be viewed as labor saving, thg@essociation beteen advanced technology use and persistent

job creation is all the more striking.
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time. In this vein, Baldwiret. al. (1994) find that growing Small- and Medium-Sized
Enterprises cite innovative ability as the most important contributor to their success.
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Table 11
Employment Growth Status and Advanced Technology Use in 1988
1) ) 3)
Growth RegressionControls in (1) Plus Controls in (2)
Controls in 1987 Other Plant Plus Capital
Characteristics Intensity
Intercept 2.24%x 1.81% 0.73%
(0.11) (0.12) (0.12)
Plant Size (Number of Employees)
1-99 -1.69%* -1.68%* -1.43%
(0.11) (0.10) (0.08)
100-249 -1.11% -1.11% -0.88*+*
(0.10) (0.10) (0.08)
250-499 -0.83%* -0.82%* -0.62%%
(0.10) (0.10) (0.08)
500-999 -0.54%* -0.53%* -0.37%
(0.11) (0.10) (0.08)
1000-2499 -0.28* -0.26% -0.16*
(0.12) (0.12) (0.09)
Date of Plant Birth
1973-1977 0.05 0.07* 0.06**
(0.03) (0.03) (0.03)
1968-1972 0.03 0.04 0.04
(0.03) (0.03) (0.03)
1964-1967 0.06* 0.06* 0.06**
(0.03) (0.03) (0.03)
Plant Capital Intensity N/A N/A 0.26%**
(0.01)
Owned by a Multi-Plant Firm 0.19% 0.19% 0.12%+*
(0.03) (0.03) (0.03)
Share of Plant Shipments Sent
Directly to Defense Agencies, 1988
1-25 0.10%* 0.06*+* 0.08**
(0.02) (0.02) (0.02)
26-75 0.20%* 0.07 0.11*
(0.05) (0.06) (0.05)
76-100 0.05 -0.08 0.05
(0.07) (0.08) (0.07)
Plant Employment Growth Status
a) Ranked in Top 50% of Residual -0.05* -0.05** -0.01
Growth, 82-87 (0.03) (0.03) (0.02)
b) Ranked in Top 50% of Residual 0.08** 0.08** 0.07*
Growth, 82-87 & 77-82 (0.04) (0.04) (0.03)
c¢) Ranked in Top 25% of Residual 0.00 0.00 0.03
Growth, 82-87; Top 50%, 77-82 (0.05) (0.05) (0.05)
d) Ranked in Top 25% of Residual -0.02 -0.02 -0.03
Growth, 82-87 & 77-8%Heroic) (0.06) (0.06) (0.05)
Heroic Plant Total (a + b + ¢ +d) 0.03 0.03 0.07

'Results from Poisson regressions of number of advanced technologies used. Excluded are coefficients for establishment
2-digit industry and region, and for an over-dispersion parameter relaxing the usual Poisson assumption that the variance
of the dependent variable equals its mean.

Additional plant characteristics are type of manufacturing process, product market and average product price.

3Capital intensity is expressed as the ratio of the book value of plant machinery assets to total employment.

* ** % denote statistical significance at the 10%, 5% and 1% level, respectively; standard errors are in parentheses.
Rounding may produce a seeming discrepancy between reported significance legpisaaadt t-values.
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CONCLUSIONS

Heroic Plant research shows that persistently-rapid job creation by a select group of plants
can be an important source of overall employment growth in manufacturing. While these
Heroic Plants tend especially to participate in growing sectors of the economy (favoring,
for example, commercial over industrial markets), they are nonetheless active across a
variety of product markets, production processes and price ranges. Thus, sustained job
growth does emerge as simply a sectoral phenomenon within particular industries.

Neither does these plants’ exceptional job creation appear to be the result of random
shocks to establishment growth. Rather, in spite of the difficulties in measuring
performance characteristics using time-series data, Heroic Plants display numerous
characteristics of successful plants.

For example, when their exceptional growth begins to be tracked in 1977, these plants are
more capital intensive and productive, and they pay higher wages, than do plants whose
growth will be less rapid and/or persistent during the next decade. They also distinguish
themselves by larger gross investment ratios (relative either to their current employment,
value added or capital stock).

In 1987, Heroic Plants display higher labor productivity than do other plants, in spite of
their labor-intensive operations. These plants also share with other persistent (although
less rapid) growers an above-average tendency to use advanced technologies in 1988.
Finally, Heroic Plants pay lower wages to production workers than do other plants. In
light of the labor productivity premium just cited, lower production worker wages within
Heroic Plants raise questions about the division of returns to, and contributions of,
owners, management and workers in successful businesses.

The existence and significance of such exceptional performers could have significant
policy implications. For example, results from this study suggest that, beyond the amount
of capital plants have, the way capital is used makes an important contribution to labor
productivity. This finding echoes a conclusion from the McKinsey Institute’s recent
international comparison of productivity levels. Hence, an alternative policy to relying on
cuts in capital gains to stimulate growth might be to disseminate, to the extent possible,
the ‘best-practice’ of successful establishments. However, because the present study’s
findings are only suggestive, conclusions about those factors responsible for persistent
establishment performance differences await the outcome of future research.

One immediate next step in this direction is to assess Heroic Plant performance relative to
traditional targets for government policy. For example, how much of a role do industry
affiliation and geographic location play in sustained plant growth? Indeed, are Heroic
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Plants found in all industries, or is this phenomenon limited to the technology-intensive
sectors considered by this study? The answer to these questions would provide an
indication of the potential return from reorienting policy away from industry-wide or
regional programs towards more establishment-level ones.

Secondly, research must determine whether the plant or the firm is the appropriate object
for policy. That is, are there ‘Heroic Firms,” and if so, how do they compare, in terms of
both their contribution to employment growth as well as their distinguishing
characteristics, with the Heroic Plants discussed above?

Finally, what are the factors contributing to the exceptional performance identified by this
study, and which policy could foster? One way of addressing this issue would be to
initiate a survey for data on, say, product innovation, business strategy and management
techniques, as collected now by Statistics Canada. However, much can also be done with
data already available.

For example, it would be interesting to compare the present results with those from
analyzing a cohort of plants and/or firms, i.e., a sample of businesses that began operation
at the same time. This would allow business failure to be taken into account when
considering performance.

Further, one might explore the sources of superior performance by asking whether multi-
unit firms grew by expanding within industries or across them, and whether plants
associated with these firms compared favorably to other plants in the relevant industries.
Such results would indicate the degree to which exceptional business growth was due to
particular production techniques (which would tend to be industry-specific), as opposed
to organizational attributes (which could be more applicable across industries).
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APPENDIX: COMPLETE PLANT
CHARACTERISTICS REGRESSIONS

There are two sets of tables for estimated plant characteristic differentials, one set for
regressions in 1977 (i.e., characteristic levels and control variables in 1977), and one set
for 1987. Also reported in both sets of tables are estimated differentials for percentage
characteristics changes from 1977 to 1987. For characteristic regressions in 1977, the
corresponding difference, in 1987, for any group of growing plants relative to the 1977
control group, can be obtained by adding the coefficient for the percentage change across
1977-1987 to the 1977 estimated level. For 1987 characteristic regressions, the
corresponding 1977 level is obtained by subtracting from that year's estimated
characteristic differential the coefficient estimated for the change across 1977-1987.

Note that rounding, to the second digit, of coefficient estimates and standard errors, may
produce a seeming discrepancy between reported significance levels and apparent t-
values.
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1) Plant Workforce Characteristics in 1977

A. Non-Production / Production Worker Ratio

1977 A, 77-87

Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.16%* -0.03
Growth, 77-82 (0.03) (0.03)
b) Ranked in Top 50% of Residual - 0.06* - 0.06
Growth, 77-82 & 82-87 (0.04) (0.04)
¢) Ranked in Top 25% of Residual 0.15% -0.02
Growth, 77-82; Top 50%, 82-87 (0.05) (0.05)
d) Ranked in Top 25% of Residual -0.11* -0.05
Growth, 77-82 & 82-8THeroic) (0.06) (0.06)
Heroic Plant Total (a + b + ¢ + d) 0.31 0.00

B. Average Wage, Non-Production Workers

1977 AT7-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.02 0.00
Growth, 77-82 (0.01) (0.02)
b) Ranked in Top 50% of Residual 0.03 -0.02
Growth, 77-82 & 82-87 (0.02) (0.02)
c) Ranked in Top 25% of Residual -0.02 0.03
Growth, 77-82; Top 50%, 82-87 (0.03) (0.03)
d) Ranked in Top 25% of Residual 0.02 -0.04
Growth, 77-82 & 82-8Heroic) (0.03) (0.04)
Heroic Plant Total (a + b + ¢ + d) 0.00 0.00

C. Average Wage, Production Workers

1977 A T7-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.03** 0.01
Growth, 77-82 (0.01) (0.01)
b) Ranked in Top 50% of Residual -0.01 0.00
Growth, 77-82 & 82-87 (0.01) (0.02)
c) Ranked in Top 25% of Residual 0.01 -0.02
Growth, 77-82; Top 50%, 82-87 (0.02) (0.02)
d) Ranked in Top 25% of Residual -0.01 -0.05
Growth, 77-82 & 82-8Heroic) (0.02) (0.03)

Heroic Plant Total (a + b + ¢ + d) 0.03 0.00
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2) Plant Capital to Labor Ratio, Labor Productivity and Net
Return to Capital in 1977

A. Capital / Labor Ratio

1977 A77-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.14%** - 0.06**
Growth, 77-82 (0.02) (0.03)
b) Ranked in Top 50% of Residual -0.03 - 0.06
Growth, 77-82 & 82-87 (0.03) (0.04)
¢) Ranked in Top 25% of Residual 0.16%* -0.10*
Growth, 77-82; Top 50%, 82-87 (0.05) (0.06)
d) Ranked in Top 25% of Residual -0.05 -0.02
Growth, 77-82 & 82-8THeroic) (0.05) (0.07)
Heroic Plant Total (a + b + ¢ + d) 0.30 -0.06

B. Average Labor Productivity (Value Added Per Employee)

1977 A77-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.07*+* -0.02
Growth, 77-82 (0.02) (0.02)
b) Ranked in Top 50% of Residual 0.04 -0.03
Growth, 77-82 & 82-87 (0.03) (0.03)
¢) Ranked in Top 25% of Residual 0.07* -0.02
Growth, 77-82; Top 50%, 82-87 (0.03) (0.04)
d) Ranked in Top 25% of Residual -0.05 0.06
Growth, 77-82 & 82-8{Heroic) (0.04) (0.05)
Heroic Plant Total (a + b + ¢ + d) 0.07 0.00

C. Net Return to Capital

1977 A77-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.03 - 0.06
Growth, 77-82 (0.03) (0.04)
b) Ranked in Top 50% of Residual 0.03 0.04
Growth, 77-82 & 82-87 (0.05) (0.06)
¢) Ranked in Top 25% of Residual -0.09 0.12
Growth, 77-82; Top 50%, 82-87 (0.06) (0.08)
d) Ranked in Top 25% of Residual 0.02 0.03
Growth, 77-82 & 82-8Heroic) (0.07) (0.10)

Heroic Plant Total (a + b + ¢ + d) 0.00 0.00
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3) Plant Investment in 1977

A. Investment in Structures & Equipment Per Employee

1977 A T7-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.22%* - 0.14%*
Growth, 77-82 (0.04) (0.06)

b) Ranked in Top 50% of Residual 0.02 0.17*
Growth, 77-82 & 82-87 (0.06) (0.08)

c) Ranked in Top 25% of Residual 0.16** -0.21%
Growth, 77-82; Top 50%, 82-87 (0.08) (0.11)
d) Ranked in Top 25% of Residual 0.20* -0.13
Growth, 77-82 & 82-87Heroic) (0.10) (0.12)
Heroic Plant Total (a + b + ¢ + d) 0.58 -0.18

B. Investment in Structures & Equipment / Value Added

1977 AT7-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.14%* -0.11%
Growth, 77-82 (0.04) (0.06)

b) Ranked in Top 50% of Residual -0.03 0.23%*
Growth, 77-82 & 82-87 (0.06) (0.08)
¢) Ranked in Top 25% of Residual 0.12 - 0.20*
Growth, 77-82; Top 50%, 82-87 (0.08) (0.11)
d) Ranked in Top 25% of Residual 0.23* -0.17
Growth, 77-82 & 82-8THeroic) (0.10) (0.13)
Heroic Plant Total (a + b + ¢ + d) 0.37 0.12

B. Investment in Structures & Equipment / Capital Stock

1977 A T7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.09* -0.10
Growth, 77-82 (0.05) (0.06)
b) Ranked in Top 50% of Residual 0.03 0.31%*
Growth, 77-82 & 82-87 (0.06) (0.09)
¢) Ranked in Top 25% of Residual 0.07 -0.15
Growth, 77-82; Top 50%, 82-87 (0.09) (0.12)
d) Ranked in Top 25% of Residual 0.26%* -0.15
Growth, 77-82 & 82-87Heroic) (0.10) (0.14)

Heroic Plant Total (a + b + ¢ + d) 0.35 0.31
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1) Plant Workforce Characteristics in 1987

A. Non-Production / Production Worker Ratio

1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual - 0.23%* - 0.12%*
Growth, 82-87 (0.03) (0.03)
b) Ranked in Top 50% of Residual 0.18%+* 0.03
Growth, 82-87 & 77-82 (0.04) (0.04)
c) Ranked in Top 25% of Residual - 0.10* - 0.06
Growth, 82-87; Top 50%, 77-82 (0.06) (0.05)
d) Ranked in Top 25% of Residual 0.01 -0.02
Growth, 82-87 & 77-82Heroic) (0.06) (0.06)
Heroic Plant Total (a + b + ¢ + d) - 0.05 -0.12
B. Average Wage, Non-Production Workers
1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual - 0.02* -0.01
Growth, 82-87 (0.01) (0.02)
b) Ranked in Top 50% of Residual 0.01 -0.02
Growth, 82-87 & 77-82 (0.02) (0.02)
¢) Ranked in Top 25% of Residual 0.01 0.02
Growth, 82-87; Top 50%, 77-82 (0.03) (0.03)
d) Ranked in Top 25% of Residual -0.02 -0.04
Growth, 82-87 & 77-82Heroic) (0.03) (0.04)
Heroic Plant Total (a + b + ¢ + d) 0.00 0.00
C. Average Wage, Production Workers
1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual - 0.06%** - 0.04%*
Growth, 82-87 (0.01) (0.01)
b) Ranked in Top 50% of Residual 0.01 0.02
Growth, 82-87 & 77-82 (0.01) (0.02)
¢) Ranked in Top 25% of Residual -0.02 -0.01
Growth, 82-87; Top 50%, 77-82 (0.02) (0.02)
d) Ranked in Top 25% of Residual - 0.07%* - 0.07%*
Growth, 82-87 & 77-8%Heroic) (0.02) (0.03)

Heroic Plant Total (a + b + ¢ + d) -0.13 -0.11
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2) Plant Capital to Labor Ratio, Labor Productivity and Net
Return to Capital in 1987

A. Capital / Labor Ratio

1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual - 0.17%* - 0.12%*
Growth, 82-87 (0.03) (0.03)
b) Ranked in Top 50% of Residual 0.06* - 0.06
Growth, 82-87 & 77-82 (0.04) (0.04)
c) Ranked in Top 25% of Residual -0.11= -0.01
Growth, 82-87; Top 50%, 77-82 (0.05) (0.06)
d) Ranked in Top 25% of Residual 0.02 -0.11*
Growth, 82-87 & 77-82Heroic) (0.06) (0.07)
Heroic Plant Total (a + b + ¢ + d) -0.28 -0.12

B. Average Labor Productivity (Value Added Per Employee)

1987 A 77-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual -0.02 -0.01
Growth, 82-87 (0.02) (0.02)

b) Ranked in Top 50% of Residual 0.07** -0.02
Growth, 82-87 & 77-82 (0.03) (0.03)

c) Ranked in Top 25% of Residual - 0.11% -0.03
Growth, 82-87; Top 50%, 77-82 (0.04) (0.04)

d) Ranked in Top 25% of Residual 0.10* 0.06
Growth, 82-87 & 77-8%Heroic) (0.05) (0.05)
Heroic Plant Total (a + b + ¢ + d) 0.06 0.00

C. Net Return to Capital

1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.13%+* 0.12%+*
Growth, 82-87 (0.03) (0.04)
b) Ranked in Top 50% of Residual 0.02 -0.01
Growth, 82-87 & 77-82 (0.05) (0.06)
c) Ranked in Top 25% of Residual 0.00 0.05
Growth, 82-87; Top 50%, 77-82 (0.07) (0.09)
d) Ranked in Top 25% of Residual 0.07 0.10
Growth, 82-87 & 77-82Heroic) (0.08) (0.10)

Heroic Plant Total (a + b + ¢ + d) 0.13 0.12
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3) Plant Investment in 1987

A. Investment in Structures and Equipment Per Employee

1987 %A, 77-87
Exceptional Grower Ranking

a) Ranked in Top 50% of Residual 0.08* 0.08

Growth, 82-87 (0.04) (0.06)

b) Ranked in Top 50% of Residual 0.08 -0.09

Growth, 82-87 & 77-82 (0.06) (0.08)

¢) Ranked in Top 25% of Residual 0.00 0.15

Growth, 82-87; Top 50%, 77-82 (0.08) (0.11)
d) Ranked in Top 25% of Residual 0.00 - 0.337*

Growth, 82-87 & 77-82Heroic) (0.10) (0.13)

Heroic Plant Total (a+ b + ¢ + d) 0.00 -0.33

B. Investment in Structures & Equipment / Value Added

1987 AT7-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.11* 0.09
Growth, 82-87 (0.04) (0.06)
b) Ranked in Top 50% of Residual 0.01 -0.04
Growth, 82-87 & 77-82 (0.06) (0.08)
¢) Ranked in Top 25% of Residual 0.11 0.19*
Growth, 82-87; Top 50%, 77-82 (0.09) (0.11)
d) Ranked in Top 25% of Residual -0.11 - 0.40%*
Growth, 82-87 & 77-82Heroic) (0.10) (0.13)
Heroic Plant Total (a + b + ¢ + d) 0.11 - 0.40

C. Investment in Structures & Equipment / Capital Stock

1987 A77-87
Exceptional Grower Ranking
a) Ranked in Top 50% of Residual 0.27%* 0.24%*
Growth, 82-87 (0.04) (0.06)
b) Ranked in Top 50% of Residual 0.06 -0.01
Growth, 82-87 & 77-82 (0.06) (0.09)
¢) Ranked in Top 25% of Residual 0.10 0.17
Growth, 82-87; Top 50%, 77-82 (0.08) (0.12)
d) Ranked in Top 25% of Residual - 0.05 -0.31%
Growth, 82-87 & 77-82Heroic) (0.10) (0.14)

Heroic Plant Total (a + b + ¢ + d) 0.27 - 0.07
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