
CHAPTER TWO

A Quantitative Test of Efficiency Theory

THEEFFICIENCYTHEORYdiscussed iu Chapter 1 holds that the corporation
offered a more efficient organizational structure for increasingly large-scale,
capital-intensive manufacturing activity than did traditional entrepreneurial
firms. My criticisms focused on logical and conceptual issues-the unrealis-
tic assumptions about rational decision making, the functional logic that
confuses causes and consequences, the lack of historical logic, and the in-
attention to power. But social science seeks to assess well-developed theo-
ries with empirical tests. This chapter first examines how well efficiency
theory, especially Chandler's version, explains the temporal patterns char-
acterizing the formation of large, socially capitalized corporations from
1880 to 1913. The results challenge theories based on evolutionary adap-
tion to the development of technology or the growth of markets and the
underlying efficiency theories that cite them. Then in a more specific exami-
nation of efficiency theory, I test whether it can explain why large-scale
.publicly traded corporations---eorporations tied into the corporate institu-
tional structure-were founded in some industries rather than others. The
resulrs fail to support hypotheses derived from the theory. Finally, I test
Chandler's contention that the reasons for the initial formation of large cor-
porations were less important in determining the long-term distribution of
large corporations among industries than the selective process by which
large corporations survived where the technology and market conditions
were appropriate and withered where they were not. I conclude that
efficiency theory does not adequately explain the rise of large socially capi-
talized corporations at the turn of this century. Subsequent chapters provide
an alternative account to explain why the large socially capitalized corpora-
tion developed as it did.

WHATIs TO BEEXPLAINED

The focus of this book is the large, socially capitalized industrial corpora-
tion. Throughout, except when explicit reference is made to small corpora-
tions or all corporations, this is the topic. The social processes that explain
the rise of the small corporation and the large socially capitalized corpora-
tion are not the same. Incorporation spread to small, generally privately
held corporations through a process of diffusion. Individual owners were
able to consciously consider the advantages and disadvantages of filing
corporation papers to change the legal status of their firms within the con-
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text of a relatively institutionalized system. The act rarely had dramatic
effects on day-to-day operations. The large publicly traded industrial corpo-
ration, in contrast, arose abruptly through novel and contested economic
processes. Decision makers, including promoters, owners of existing firms,
and investors were facing a new institutional, economic, and political envi-
ronmenr, acutely aware that they were reshaping not only the way goods
and services were produced and distributed but the social landscape of the
nation. As described in Chapter 1 and depicted in Figure 1.1, there was
not a gradual trend toward large corporations, but a circumscribed period
during which large corporations took hold. The graph represents what
this book seeks to explain, the sudden development of the large socially
capitalized corporation at the turn of the cenrury and the long-term gen-
esis of the institutional structure which made it possible. Its dramatic
growth is clearly different from the diffusion of the corporate form inro
small business.
No single explanation applies equally to all types of corporations. Fea-

ture-based explanations that focus on the positive advanrages of corpora-
tions over entrepreneurs hips or partnerships apply more to small firms than
to large firms. Such models assume that someone, having reached the point
of conceiving an idea and mobilizing the capital, with everything set in place
except the choice of whether to incorporate or not, then makes a decision.
As in most conventional economic thinking, the implied decision maker is
homo economicus embarking on his entrepreneurial venture, rationally
weighing the pros and cons of incorporation. Such a model is appropriate
when an unproblematic innovation diffuses through a stable population or
after patterns of organizational operation have become institutionalized.
The virtual explosion of incorporation in the four or five years around the
turn of the century cannot be explained by diffusion theories. The events
were discontinuous rather than evolutionary, a revolution not a trend.
The shape of the temporal pattern by which events occur has important

theoretical implications. Social and economic theories not only suggest
which factors explain a phenomenon, but also implicitly assume patterns of
development over time (Abbott 1990; Aminzade 1992). Three conditions
could logically create the explosive activity represented by Figure 1.1, when
suddenly hundreds of very large corporations appeared within a few short
years. The first condition is that the acting units are independent from one
another, but some sudden common change affects many of them similarly-
something like a war, revolution, or sweeping legal change. Second, the act-
ing units could be independent from one another, but a coincidence of ex-
ogenous factors or some link among exogenous factors each affects one unit
at a time. For example, if technology changed quickly in many industries,
each industry with a technological change might see large corporations aris-
ing about the same time. Third, the units may not be independent from one
another, but the fact that one unit changes induces others to change, creat-
ing a contagion effect. None of these fits efficiency theory. Technological
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changes and the growth of large national markets are said to have created
new conditions to which manufacturing firms had to adapt. Adaption is the
dynamic causal force. Chandler explains the timing in one of his central
propositions: "[M]odern business enterprise appeared for the first time in
history when the volume of economic activities reached a level that made
administrative coordination more efficient and more profitable than market
coordination" (Chandler 1977, 8). He specifies the most important factors:
"Modern business enterprise was thus the institutional response to the
rapid pace of technological innovation and increasing consumer demand in
the United States during the second half of the nineteenth century" (1977,
12). This account does not conform to any of the conditions that might
stimulate rapid change among many organizations. It does not fit the first
condition of a single quick cause: the volume of economic activities that
might make administrative coordination more efficient and more profitable
than market coordination will be reached at different times for different
industries. This is not a single event. Nor does it fit the second condition of
a simultaneous but separate cause: the volume of economic activities grows
slowly and different industries grow at different rates. Technologies could
plausibly have affected one another so that many industries would face sim-
ilar technological innovation, just as computerization may be provoking
flexible specialization in many industries today, but Chandler does not
make any such case. His particular examples tell of technological changes at
many points in time, the sugar industry in the 1850s, Bessemer steel in the
1870s, the Bonsack cigarette machine in the 1880s, and the rise of the as-
sembly line after the turn of the century. Efficiency theory does not conform
to the third condition of non independent entities influencing one another
because it assumes that each unit is independent: change comes when man-
agers autonomously respond to exogenous conditions. Although managers
imitate particular adaptations-Chandler stresses the innovations devel-
oped by railroad managers-the adoption of new techniques or organiza-
tional forms by any particular firm is always explained in terms of the situ-
ation that particular firm faces. As Meyer and Rowan (1977) emphasize,
however, the pattern by which firms adapt to changing conditions-even
rapid changes-occurs through a gradual evolutionary process. While
Chandler acknowledges that the rise of large corporations was compacted
into a short period of time, he treats this as of mere descriptive importance,
with no implications for the underlying causal process. He sees nothing
anomalous about the precipitous growth of corporations aod his reliance
00 adaptive causal mechanisms.
A similar trajectory fits one variation of institutionalization theory-

when an innovator sparks a quickly spreading mimetic process in an orga-
nizational field. The difference between the adaptive process of diffusion
and the mimetic process of diffusion is that in the adaptive model, rational
actors monitor the environment and choose to adopt the innovation when
the conditions ripen; in the mimetic process, there is no assumption that the
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innovation is rational, only that it becomes defined within a particular or-
ganizational field in which it is institutionally appropriate (Stinchcombe
1965; DiMaggio and Powell 1983; Meyer and Rowan 1977). The adaptive
process mirrors, perhaps with some lag, change in the environment. In the
mimetic process, environmental conditions, especially at the institutional
level, pose necessary but far from sufficient conditions. As elaborated later
in the book, the development of large publicly traded corporations is more
consistent with the mimetic than with the adaptive mechanism of change.
While the foregoing addressed the timing of the corporate revolution, ex-

planations must also address the locus of incorporation. Not only was the
growth of large publicly traded corporations discontinuous over time, but
its distribution across industries was extremely skewed. At onc extreme, in-
dustries became virtually dominated by one giant monopoly. By 1905, cor-
porations in petroleum, steel, and tobacco controlled over 90 percent of
their industries. At the other extreme, and more typically, industries contin-
ued to be characterized by proprietorships, partnersbips, and privately held
corporations. As late as 1905, 63 percent of rhe census-defined industries
listed no firms on the stock exchange. Thus a majority of industries did not
participate in the first wave of the corporate revolution. Theories that ex-
plain the rise of the modern industrial corporation should be able to distin-
guish those industries with major manufacturing corporations from those
without them.
Instead of the tired debate about whether business leaders were "robber

barons" or "industrial statesmen," Chandler reoriented academic and pop-
ular attention to the more intellectually challenging question of why some
industries but not others adopted the new organizational, managerial, and
legal forms. Moreover, he distinguished between the processes of forming
corporations and the factors that explain their persistence. Especially dur-
ing the height of the corporate revolution, when hundreds of very large cor-
porations were being cobbled together by promoters as well as by industri-
alists, many corporations were founded for nonefficicncy reasons. But
Chandler maintains that they persisted and succeeded only in those indus-
tries with fertile economic and technological conditions and only where the
managers adopted the strategies and structures of modern business enter-
prise. This chapter will thus test whether his propositions about the rise and
durability of large corporations stand up to systematic scrutiny.

UNEVENNESS OF INCORPORATION

Half of all manufacturing capital listed in the 1905 Manual of Statistics
was accounted for by six industries: iron and steel, with the billion-dollar
U.S. Steel, alone accounted for a third of all common stock, followed by
tobacco, railroad cars, leather, chemicals, and foundry and machine shop
products. The fifteen industries with at least one hundred million dollars in



A TEST OF EFFICIENCY THEORY 25

authorized capital accounted for two-thirds of all corporate capital. Thus
there was not only the well-known concentration within industries, but also
a remarkable concentration of corporate capital among industries.
The fact that corporations were clustered in so few industries was a fun-

damental, not just an incidental, facet of the corporate revolution. First,
incorporation required several scarce commodities, which were unevenly
distributed across the economy. Finance capital increasingly turned to
manufacturing as investors abandoned their earlier faith in railroad securi-
ties and their distrust of industrial securities (Navin and Sears 1955), but
they favored some industries over others. Industrialists themselves could
merge and create securities, some from their assets and some from "promo-
tional securities." In this instance, the newly created securities were con-
trolled by owners of constituent companies and promoters. Both financially
promoted incorporations and mergers among industrialists depended on a
finite supply of institutional facilities like brokers, investment banks, and
promoters.
The second and perhaps more important reason why the unevenness of

incorporation was important is that large-scale incorporation altered the
relationships among industries, bifurcating the economy between "big busi-
ness" and "small business." The restriction of large-scale incorporation to
so few industries is a major feature of the division. Increasingly, large cor-
porations have defined one another as their major organizational field,
using one another rather than small firms in their own industry as the ap-
propriate organizational model (Fligstein 1990).
The use of industry as rhe unit of analysis conforms more closely to

efficiency theory's orientation to technology and markets than to my orien-
tation to power and social relations. Industries are fundamentally techno-
logical and market categories. What the firms of an industry have in
common is that they make the same product, purchase from the same sup-
pliers, and sell to the same customers. Insofar as technology and markets
explain the rise of large corporations, industry is an appropriate unit of
analysis. Creating a large publicly financed corporation required relation-
ships with a variety of organizations, only some of which were homogene-
ous within industries. The personal and economic relarionships forged by
leaders of particular firms strongly influenced whether corporations were
founded independently of the other firms in the industry. For example,
J. P. Morgan, who presided over the creation of more major industrial
corporations than any other individual, emphasized the importance of per-
sonal relations when he testified at a congressional hearing that "character"
was a more important criterion for extending credit than assets (Allen
1965). Economic relationships-especially with finance-were also impor-
tant. Unless there was a perfect capital market-a dubious proposition-it
can be assumed that the nature of past ties with finance explains why major
corporations were founded in some industries rather than others. Rail-
road rebates and kickbacks facilitated the growth of particular firms in in-
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dustries like petroleum, sugar refining, and whiskey, often at the expense of
independent firms. Interaction with railroad companies influenced major
suppliers such as the steel, leather, lumber, and locomotive manufacturers
to reorganize as part of the corporate institution. All these factors are
ignored in perspectives that focus on industries rather than firms. None-
theless efficiency theory's emphasis on technology and markets makes
the industry an appropriate unit with which to rest the theory, to which we
now turn.'

EFFICIENCY THEORY

Efficiency theory holds rhat corporations offer certain technological and
functional advantages over other organizational forms. The advantages
usually cited include limited liability, continuity of existence beyond the life
of founders, easy transfer of ownership shares, ability to raise capital, and
sometimes legal privileges such as franchise, monopoly and even rights of
eminent domain (for example, see Seager and Gulick 1929; Porter 1973;
Ransom 1981). The key concepts in this theory are technological develop-
ment and rational, functional adaptation.
Chandler makes two major points about the structural properties ex-

plaining variation among industries: (1) The economic structure underlying
large firms arose between 1880 and 1920 and has been stable since then.
The distribution of the leading two hundred firms among industries in 1917
was virtually identical to that of 1973. This implies that the inherent char-
acteristics of industries underlie the development of giant firms. (2) Nearly
all industries tried to create giant firms, but only some succeeded, so differ-
ences were a matter not of motivation, but of structure. McCraw describes
it: "Try as they might, businessmen in peripheral industries simply could
not make their combinations work, precisely because of the nature of those
industries" (1981, 22). He cites failures such as United States Leather,
American Cattle, Standard Rope and Twine, and National Cordage. The
failed trusts tended to have a high ratio of variable to fixed costs, were labor
intensive, lacked any important scale economics in either production or
marketing, and were thus easily overtaken by new entrants. Chandler sum-
marized his argument: "Therefore modern business enterprise first ap-
peared, grew, and continued to flourish in those sectors and industries char-
acterized by new and advancing technology and expanding markets"
(Chandler 1977, 8; see also his chap. 8). He reasoned that when technolog-
ical innovation increased the velocity of throughput, firms could reduce the
cost of production per unit and increase the output per worker, producing
economies of scale that rendered administrative coordination more efficient
than market coordination-the "visible hand" of hierarchy replacing the
"invisible hand" of the market. The crucial issue is whether this line of rea-
soning holds up to empirical test.
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DEPENDENT VARIABLE

The dependent variable is the extent to which industries incorporated in
major corporations regardless of whether they were formed by merger or
other means, in 1901-1904, the peak years of the corporate revolution.'
Two aspects are distinguished. One is whether any firms in an industry took
the form of a major corporation. The other is the extent to which those
industries with any major corporations were organized by corporate capi-
tal. As detailed in Appendix 2.1, this concept has several facets. The data
were taken from the Manual of Statistics, an annual compilation of infor-
mation on all firms listed on the major stock exchanges, a precursor to the
more well known volumes like Standard and Poor's or Moody's Manual.
The first dependent variable is a dummy variable (a binary yeslno variable)
indicating whether the industry had any major corporations, that is, any
corporations with at least $1,000,000 total capital, listed in the Manual of
Statistics in the years 1901-1904.' Of the 278 industries, only 104 had
major companies listed on the stock exchanges, while 174 did not.'
The facet of the dependent variable is the extent to which industries with

any major corporations were organized by corporate capital, which is oper-
ationalized as the average aggregated value of authorized stocks and bonds
fur the years 1901 to 1904 (logged to reduce skewness in its distribution).
In order to minimize the effect of different industry boundaries, the number
of establishments (logged) is used as a control variable.'

INDEPENDENT VARIABLES

These data were taken from the Census of Manufacturing, which recorded
the number of establishments, average number of wage earners, primary
horsepower, capital, wages, cost of materials, value of products, and value
added by manufacture (value of products minus cost of materials). All the
independent variables were measured prior to the dependent variable. Thus
reciprocal causation from cross-sectional analysis is not a problem." Opera-
tionalizations of these independent variables are given in Appendix 2.1.
1. GROWTH. Chandler treats modern enterprise as a response to changes

in the economic structure. The industries that were growing most quickly
would have the greatest need for the administrative management of a large
corporation. Stagnant or declining industries would have no need for new
organizational forms. Industries where technology increased output would
be especially prone to create large corporations. Thus growth would be hy-
pothesized to explain variation in the formation of large corporations.
2. WORKER PRODUCTIVITY. This is one of the central factors in efficiency

theory; large corporations with managerial hierarchies succeeded because
they increased the output per worker. Because they were more efficient, they
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captured the market from smaller, less productive firms. Chandler states in
one of his major propositions: "[M]odern multiunit business enterprise re-
placed small traditional enterprise when administrative coordination per-
mitted greater productivity, lower costs, and higher profits than coordina-
tion by market mechanisms" (1977, 6). Productivity has also been used as
an indirect measure of technological development (Robinson and Briggs
1990). The reasoning is that if workers arc producing more, it is due to
either enhanced technology or enhanced management. In either case,
greater productivity would stimulate the creation of large corporations.
3. CAPITALINTENSITY.Chandler has argued that "[tjhe changing ratio

of capital to labor and of managers to labor thus helped to create pressures
to integrate within a single industrial enterprise the processes of mass distri-
bution with those of mass production. By 1900 in many main production
industries the factory, works, or plant had become part of much larger en-
terprise" (1977, 282). Although he emphasizes that most manufacturing
growth relied on internal profits, when firms needed external financing, the
corporate form facilitated raising capital. So capital intensity created an in-
centive for incorporation. Thus both the relationship of capital intensity to
technology and the need for outside capital underlie the hypothesis that
high capital-intense industries would be more likely to incorporate than low
capital-intense industries.
4. SIZEOF FIRM.According to Weber, bureaucracies are more efficient

than other forms of administration. The need for monitoring, coordinating,
recording, and planning is best served in bureaucratic organizations. More-
over, managerialism (Berle and Means 1932) holds that rational bureau-
cratic organization is more likely to be found where ownership and man-
agement are separated, where expert managers can develop administrative
structures of control and coordination, that is, in a corporation. However,
Chandler (1977) argues that size of firm per se was less important than the
benefits of increased scale of production and administrative coordination. It
was not scale that led to large corporations, but the economics that scale
made possible. This reasoning would hypothesize that any zero-order rela-
tionship would disappear when other factors are held constant.

RESULTS

The results show that efficiency theory has little empirical support. Of the
variables tested, only size and capital intensity consistently explain varia-
tion in the extent to which major corporations arose in different industries.
Surprisingly, growth, productivity, and change in productivity-variables
widely cited as major factors stimulating the rise of corporations-ex-
plained virtually no variation. The results challenge the conventional wis-
dom in general and the logic of efficiency theory in particular that major
corporations arose in industries that were unusually efficient, technologi-
cally advanced, or had the greatest functional need for high technology.
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TABLE 2.1
Comparison of Industries with Major Corporations and Those without

Mean t
(\Vlo corp.] Standard {Equal

Variable (With corp.) Error Variances)" p

Growth 0.14 0.02 -1.68 .09
0.20 0.03

Productivity (logged) 6.98 0.04 -1.71 .09
7.08 0.04

Change in Productivity 0.99 0.02 2.21 .03
(logged) 1.06 0.03

Capital Intensity 1.53 0.04 -5.70 .07
(logged) 1.89 0.06

Average Size of Firm 3.10 0.08 -4.50 .0001
(logged) 3.70 O.ll

Establishments (logged) 4.60 O.ll -3.36 .0009
5.26 0.18

• On some variables, the variances were significantly different, but the results of the r-resrs
were the same whether the variables were assumed to be equal or unequal.
N = 104 Industries with major corporations, 174 without.

As the quotations cited in the hypotheses indicate, Chandler did not ex-
plicitly state any ceteris paribus caveats, but only that industries that were
more productive, had higher capital, and were growing more quickly would
be more likely to give rise to large corporations. Thus a simple difference of
means test is used to see if industries with large corporations differed from
those without any on those variables. I then use multivariate logistic regres-
sion to see which factors explain the difference between industries with and
without large corporations, holding other factors constant. Finally, for
those industries that had any large corporations I report which factors ex-
plain why some were more highly incorporated than others.

Distinguishing between Industries with and
without Major Corporations

Comparing the industries with and without major corporations by using a
difference of means test (r-resr) in Table 2.1 indicates that all the indepen-
dent variables had a significant or nearly significant effect. Size had an espe-
cially strong effect. The geometric mean of the size (the anti-log of the mean
in Table 2.1) was 1,259 workers per establishment in those industries with-
out major corporations compared with 5,011 workers per establishment in
industries with major corporations. Compared with industries that had no
major corporations, industries with corporations grew slightly more; they
were more capital intensive; they tended to be slightly more productive; and
their firms tended to be larger. On the face of it, efficiency theory is mod-
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estly supported. Further analysis, however, reveals that this conclusion is
not unambiguous.
Although the differences between industties with major corporations and

those without were generally statistically significant, they were surptisingly
substantively modest. Case-by-case examination of industries reveals why.
The industries that have the highest scores on these independent variables
are quite different from what might be expected. For example, the most
capital-intensive industries included malt, linseed oil, varnishes, and bone,
carbon, and lamp black. These are not the heavy industries typically associ-
ated with capital intensity. The industries commonly thought of as heavy
capital-intensive industries were distributed throughout the ranking of the
278 industries: petroleum, 15th; chemicals, 81st; iron and steel, steelworks
and rolling mills, 121st; locomotives, 163rd; and glass, 248th. But Chan-
dler is correct on one score: most of the capital-intensive industries were
processing industries, in which products were manufactured by continuous
output rather than by assembling materials (like bicycles), or by batch pro-
cessing (like Bessemer steel). Chandler is also correct that many of the early
large corporations were found in highly capital-intensive processing indus-
tries. But if one examines all processing industries, it becomes clear that the
technological mode of production (processing) is far from a sufficient cause
of incorporation. Indeed, Chandler's greatest methodological weakness
may be his reasoning backward from examining the common characteris-
tics of what he considers successful companies rather than systematically
comparing successful companies or industries with a control group. In
other words, even though his theory addresses the momentous issue of var-
iation among industries-why major corporations were found in some in-
dustries rather than others-his case-study-oriented method does not.
Close examination of the growth patterns is also revealing. Those indus-

tries with corporations grew slightly more rapidly than those without. As
with capital intensity, the fast-growing industries differed from those con-
ventionally considered ripe for large corporations. Even the most rapidly
growing industries that did have major corporations (enameling, motor-
cycles, bicycles and parts,' and ground and refined graphite) did not foster
corporate giants. Some fast-growing industries did spawn major corpora-
tions. The electrical machinery industry, which grew nearly as rapidly as
those just mentioned, included General Electric. But others did not. Electri-
cal machinery did not grow as rapidly as five industries that had no major
corporations: lapidary works, wood preserving, drug grinding, grindstones,
and hammocks. Like capital intensiry, the most rapidly growing industries
tended to be processing industries, though somewhat less so. The most rap-
idly growing industries also included electrical machinery and bicycles that
were assembled rather than produced in continuous processing.
Looking at the industries highest on these independent variables thus

helps explain why the differences between industries with and without
major corporarions are so modesr. It highlights the importance of compara-
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tive analysis of all cases both with and without whatever feature is being
studied, in contrast to searching for commonalities among cases that share
a value on the dependent variable. Case studies are a valuable tool for devel-
oping theories and for the elaboration of solidly validated theories, but
any conclusions from them should be subjected to systematic analysis
across variation in the dependent variables if they are to be considered as
established truth.
Further analysis addressed the separate effects of each independent vari-

able, holding the others constant. Table 2.2 shows the results of logistic
regression analysis distinguishing between industries with major corpora-
tions and those without. Instead of merely examining each variable in isola-
tion, this analysis allows entire models to be tested.
Efficiency theory poorly distinguishes industries with any major corpora-

tions from those with none, as seen in Model 1 of Table 2.2. Only one
hypothesized variable, capital intensity, had a significant regression coeffi-
cient in the predicted direction. Net of other variables, high capital-intensive
industries were more likely to have at least one major corporation than
low capital-intensive industries. The positive effect of productivity disap-
peared and in fact changed its sign. Net of other variables, highly produc-
tive industries were significantly less inclined to spawn major corporations.
At the same time, Chandler's contention that not size per se, but the econo-
mies of scale, gave rise to large corporations, is not sustained. As shown in
Model 2 of Table 2.2, when average size of establishment (measured in
number of workers) is added to the logistic regression model, it and capital
intensity become the only substantive variables to have a significant effect
on whether or not an industry had a large corporation. Given that produc-
tivity was negatively associated with incorporation, we can surmise that
scale, not economies of scale, accounted for the creation of corporations.
Any economies of scale, at least as indicated by productivity, had little
influence. Separate analysis fails to support any positive relationship be-
tween average establishment size and productivity: the simple correlation
between size and productivity is -.45, but this is at least partially artifac-
tual: the denominator of the productivity variable is the numerator of the
size variable. Nonetheless, the results clearly indicate that not productivity
but size per se was a critical precondition (and no doubt, later a conse-
quence) of incorporation.

Explaining Variation in the Extent of Incorporation among
Industries with Any Major Corporations

For those industries with large corporations, the results explaining the
amount of corporate capital were similar to those explaining the mere exis-
tence of large corporations. Reasoning that the independent variables
should explain variation in the dependent variable net of the effect of num-
ber of establishments, I first computed the amount of variation explained by
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TABLE 2.2
Estimated Logistic Regression on Whether an Industry Had Major Corporations:
Analysis of Maximum Likelihood Estimates

Modell: Variables Predicted by EfficiencyModel

Variable Wald X'
Parameter
Estimate

Standard
Error

Intercept
Establishments
Growth
Productivity
Capital Intensity

N
Concordant
Discordant
Somers'D

y.
-2 log L.R.: Intercept and Covariates
t for Covariates
p of t with 3 d.f.

0.38
0.38
0.70
-0.92
2.09

2.37
0.09
0.53
0.39
0.38

278
73%
26%
.48
312
56

.0001

0.03
18.53
1.77
5.59
29.60

.87

.0001

.18

.02

.0001

Model 2: Variables Predicted by Efficiency Model plus Average Size
of Establishment

Parameter Standard
Variable Estimate Error Wald X' Pr> Xl

Intercept 14.56 3.70 15.48 .0001
Establishments 0.63 O.ll 33.59 .0001
Growth 0.31 0.S8 0.28 .60
Productivity 0.59 0.49 1.49 .22
Capital Intensity 1.72 0.41 17.50 .0001
Size 1.10 0.20 31.10 .0001
N 278
Concordant 82%
Discordant 18%
Somers'D .65

y.
-2 log L.R.: Intercept and Covariates 274
i for Covariates 94
p of t with 3 d.f. .0001

the number of establishments to correct for differences in how finely or
broadly industry boundaries were drawn. Compared with the amount of
variance that the number of establishments explained, the variables in the
efficiency theory collectively increased explained variance a substantial 18
percent. However, as seen in Table 2.3, like the model predicting whether
or not an industry had any large corporations, only capital intensity had a
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TABLE2.3
Estimated Regression Coefficients on Aggregate Corporate Capital in Industries
with any Major Corporations, 1900-1904

Modell: Variables Predicredby EfficiencyModel

Parameter Standard t for Ho
Variable Estimate Error Parameter = 0 Pr> ITI

Intercept 19.11 2.15 8.88 .0001
Establishments 0.31 0.07 4.60 .0001
Growth 0.44 0.44 1.01 .32
Productivity -0.94 0.34 -2.77 .01
Capital Intensity 1.30 0.27 4.85 .0001
N 104
R' .29
AdjustedR' .26
F 10.1
Pr> F .0001

Model 2: Variables Predicted by Efficiency Model plus Average Size
of Establishment

Parameter Standard t for Ho
Variable Estimate Error Parameter = 0 Pr> ITI
Intercept 9.51 2.58 3.69 .0004
Establishments 0.50 0.07 7.31 .0001
Growth 0.28 0.39 0.73 .47
Productivity -0.07 0.34 -0.20 .84
Capital Intensity 1.22 0.24 5.15 .0001
Size 0.71 0.13 5.48 .0001
N 104
R' .45
AdjustedR2 .42
F 16.45
Pr> F .0001

significant regression coefficient in the predicted direction. Growth had vir-
tually no effect. Productivity had negative effect. The more productive in-
dustries had less corporate capital. Surprisingly, among indnstries with any
corporations, industries that were rapidly growing, and that were highly
productive, garnered no advantage in mobilizing corporate capital. Only
capital-intensive industries were able to do so. Within the efficiency theory,
at least, the same factor---eapital intensity-that accounted for whether an
industry had a major corporation explained the most about how much cor-
porate capital the industry had. Productivity again had an effect the oppo-
site of that predicted by efficiency theory. The results show that productive
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industries were less likely to foster extensive incorporation. The size vari-
able had similar effects, as in the analysis of whether industries had any
large corporations at all. Size and capital intensity alone among substantive
variables significantly predicted the amount of capital in industries with
large corporations.

DISCUSSION

The major result on how incorporating industries differed from nonincor-
porating industries is in one sense pedestrian and in another startling. The
firms in incorporating industries were larger and more capital intensive
than those in nonincorporating industries. This is pedestrian in the sense
that it would be quite surprising to find otherwise. Indeed if all the variables
operated as hypothesized, the findings would not have been at all remark-
able. On the basis of the conventional wisdom, one would expect to find
that industries with corporations and extensive corporate capital grew more
quickly and were more productive. Such results would have validated the
image in the efficiency theory in general and Chandler in particular that
American industry in the last quarter of the nineteenth century headed into
the second industrial revolution by increasing productivity and efficiency,
thereby creating new economies of scale and stimulating the need for mod-
ern organization, which unproblematically induced the flow of capital
where needed. The surprise is that size and capital intensity were the only
hypothesized variables to matter, results which challenge the conventional
wisdom. Although American industry was becoming more efficient, such
progress was just as likely in industries that did not incorporate as those
that did.
In order to advance beyond the negative results on the factors that did

not explain the extent of incorporation, we must interpret the finding that
size and capital intensity were such important factors in explaining the pres-
ence of corporations in an industry. Size of firm is interpreted by most ana-
lysts to represent a proxy for some other more "basic" variable. Chandler
is quite explicit about this:

It was not the size of a manufacturing establishment in terms of number of work-
ers and the amount and value of productive equipment but the velocity of
throughput and the resulting increase in the volume that permitted economies
that lowered costs and increased output per worker and per machine .... In in-
dustries where the processes of production had the potential for such technologi-
cal innovation-and this was not the case in many industries-a manufacturing
establishment that exploited such a potential was able to produce a greater output
at lower cost than could a larger plant or works that had not adopted similar
improvements. In such mass production industries, organizational and technolog-
ical innovators acquired a powerful competitive advantage. (1977,244)
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In his most recent book (1990), which includes the word "scale" in its
title, Chandler explains that the critical factor is not assets, market value of
shares, or size of work force, but the number of units, and he proposes
using a measure of assets as a proxy. Thus he is more accurately theorizing
about complexity than about size. But the results here show that when size
is held constant, growth and productiviry do not determine whether an in-
dustry incorporated.
Although size can be interpreted in many ways, S the concept has an affin-

ity equally as close to the logic of power as to the logic of efficiency (Duboff
and Herman 1980; Perrow 1981). While large firms were not necessarily
more efficient, they were more powerful. Competition, overproduction, and
falling profits without the presence of large firms in an industry would only
create hard times, not institutional change. The difference between an effi-
ciency logic and a power logic would lie in the reasons why large establish-
ments fostered large corporations. Chandler's argument distinguishing be-
tween size per se and the economies of scale that he assumes come with size
lucidly illustrates the logic of efficiency. It is efficiency that gives large firms
their advantage and creates the objective need for managerial coordination
and integration of different productive processes under an integrated orga-
nizational umbrella. But if what size gives you is the power to control mar-
kets and dominate others, a logic of power may be more appropriate than
a logic of efficiency.
Just as size has often been used as a proxy for other variables, so has

capital intensity. It is sometimes used to indicate increasing technology and
greater efficiency, for which this study has more direct measures, none of
which accounts for incorporation. Because incorporation was not ex-
plained by such related factors, it is difficult to say that these industries had
an objective need for more capital. We can only know that they had a
greater appetite, not whether that appetite was technologically determined
or socially created. Plausibly, normative and institutional processes could
have made some industries more inclined to invest heavily than others or
could have inclined investors to seek out some industries rather than others.

CORPORATE SURVIVAL

Since Chandler acknowledges that corporations could have been estab-
lished for many reasons, including capricious ones, but that they persisted
only in those industries with the appropriate objective conditions, it is nec-
essary to follow the fate of the first generation of corporations to see which
survived and which failed. He examines 156 mergers formed between 1888
and 1906 for which Livermore coded the degree of success or failure, based
on earning power on capitalization. Chandler specifies two kinds of factors
that influenced the chances of success. Internal factors included whether or
not corporations consolidated production, centralized management, and



36 CHAPTER TWO

TABLE 2.4
Estimation of Tobit Model for Average Authorized Capital, 1912: Analysis of
Maximum Likelihood Estimates

Model 1: Variables Predicted by EfficiencyModel

Variable

Intercept
Average Capital, 1904
Growth, 1905-1909
Productivity, 1905
Capital Intensity
Scale

Parameter
Estimate

-13.83
4.42
5.19
2.92
-0.52
4.62

Standard
Error

5.84
0.36
2.66
2.08
1.16
0.36

Noncensored Values
Left Censored Values
Log Likelihood for Normal Scale Parameter

5.60
20.73
3.84
1.97
0.20

90
8

-278.50

.08

.0001

.05

.16

.65

Model 2: Variables Predicted by Efficiency Model plus Average Size of Establishment

Variable
Parameter
Estimate

Standard
Error

Intercept
Average Capital, 1904
Growth, 1905-1909
Productivity,1905
Capital Intensity
Size of Establishment
Scale

-14.67
1.59
5.49
3.25
-0.52
0.22
4.61

6.06
0.36
2.72
2.17
1.16
0.43
0.36

Noncensored Values
Left Censored Values
Log Likelihood for Normal Scale Parameter

5.87
19.88
4.08
2.23
0.21
0.27

90
8

-278.37

.02

.0001

.04

.04

.65

.61

built their own marketing and purchasing organizations (1977, 336), con-
ditions that I cannot test here. He also cited external factors related to the
industry of the merger. "[Successful mergers] operated in industries where
technology and markets permitted such integration to increase the speed
and lower the cost of materials through the processes of production and
distribution. For these reasons the long-lived mergers came to cluster in the
same industries in which the large integrated enterprise appeared in the
1880s" (1977, 336). Thus another test of efficiency theory is the systematic
examination of the success or failure of the first generation of large indus-
trial corporations by looking to see how they fared in 1912, a decade after
most of them were formed. Rather than using return on capital, I use the
amount of authorized capital as given in the Manual of Statistics and
Moody's Manual of Railroad and Corporation Securities' to ascertain
whether the industry was unable to support any large corporations (zero
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capital), sustain itself at constant levels, or attract mote capital. The logic is
to ascertain what factors of industries in 1904 explained the aggregate
amount of capital in 1912, net of capital in 1904.10
As seen in Table 2.4, the main determinant of authorized book capital for

industries in 1912 is their level of capital in 1904. Thus Chandler's hypoth-
esis that the original cause for the creation of large corporations is less im-
portant than the factors that explain their persistence is not supported. I
interpret the effect of capital in 1904 as an indication of the power and
resources that large corporations attained at their formation. The capital
concentrated in large corporations gave them an advantage that could help
them persist.
Of the factors that efficiency theory would hypothesize as having positive

effects on capital in 1912, only growth has a significant effect. Net of capital
in 1904, quickly growing industries are more likely to have high capital
in 1912 than slowly growing industries. Thus major corporations were
generally able to prosper from growth in output. This is not completely tau-
tological. One could imagine that the capital invested to 1904 paid off in
output between 1904 and 1912, but that there was not necessarily greater
investment during that period or that increased output was achieved by
firms other rhan major corporations. This result is a change from 1904, as
reported above, when growth had virtually no effect on the first generation
of large corporations. Yet capital intensity, which had such a strong effect
in 1904, had virtually no effect in 1912. This is especially troubling for effi-
ciency theory's hypothesis that continuity in the distribution of modern
business enterprise is a function of stable technological and market forces.
However, the reduced effect of capital intensity is consistent with institu-
tionalization theory, which suggests that structural factors have a stronger
effect on the adoption of organizational forms when they are first intro-
duced than after they become institutionalized, when new organizations
adopt the innovation regardless of structural conditions (Tolbert and
Zucker 1983). Similarly the effect of average size of establishment, which
was hypothesized by power theory rather than efficiency theory, shows no
significant effect. This can also be seen as the result of institutionalization,
in which persistence results from contextual factors more than specific char-
acteristics that create the initial adoption of the innovative organizational
feature. Altogether, the analysis of capital in 1912 shows that only the level
of capital in 1904 and the rate of growth are significant factors. Contrary to
efficiency theory, the initial causes of variation in the creation of large cor-
porations are highly consequential and seem to become increasingly so since
new large firms have tended to become organized as large-scale socially cap-
italized corporations as a matter of routine. The results are consistent with
the argument that firms with initial advantages use those advantages to re-
produce their prominence. To understand why large firms are organized in
large corporations today, a historical perspective that explains why the cor-
porate revolution happened at all is necessary,
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CONCLUSION

This chapter has posed a major challenge to the conventional wisdom about
the rise of modern economic forms in general and the large corporation in
particular. Efficiency theory has advanced OUt understanding of economic
processes by addressing the issue of why a major institutional change like
the large corporation was distributed so unevenly across the industrial land-
scape. Its answer is that large corporations were more rational in some in-
dustries than others. During the critical period known as the corporate rev-
olution, when large-scale industrial corporations came to dominate the
American economy, corporations should have arisen in industries with high
capital intensity, high productivity, and rapid growth. This chapter's most
important finding is that these widely cited factors did not stimulate incor-
poration. Only the average size of the firm and capital intensity accounted
for the rate of incorporation.
In a systematic test, efficiency theory thus fails to explain why major cor-

porations arose in the industries they did. This "negative finding" is a point
of departure for the rest of this book. The results of this empirical statistical
analysis set the stage for a more historical and institutional analysis that is
less amenable to model quantitatively.
Subsequent chapters will develop an alternative account of the rise of the

American industrial corporation. I explore the historical process that ex-
plains why the corporate institutional structure was there to adopt at the
end of the century, why it remained distinct from manufacturing, and how
the corporate institution and manufacturing finally fused. Unlike the effi-
ciency model, with its emphasis on markets and technology, I focus on the
tole of the state, especially law, and the dynamics of institutional power.

ApPENDIX 2.1: DETAILS OF VARIABLES

The data for the dependent variables were taken from the Manual of Statis-
tics, an annual compilation of information on all firms listed on the major
stock exchanges. Each annual issue was read by a coder, who recorded data
on every manufacturing corporation. Data included the name, founding in-
formation, and the authorized amount of common stock, preferred stock,
and bonds. The amount of authorized common stock and bonds does not
indicate true monetary value of the firm or its assets. The period is notori-
ous for nearly worthless "watered" stock. Rather, the variable indicates the
firm's stature within the corporate sector. Highly capitalized firms could
successfully market their securities. The extent to which capital listed on
stock exchanges represented the money value of their capital assets varied
substantially. Thus I will distinguish an industry's corporate "capital" rep-
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resenred by srocks and bonds from manufacturing "capital" reported to the
census representing the value of physical assets.
As noted, the first dependent variable is a dummy variable indicating

whether the industry had any major corporations, that is any corporations
that totaled at least $1,000,000 capital, listed in the Manual of Statistics in
the years 1901-1904. The effects of the independent variables could have
been estimated in one operation rather than two using Tobit analysis.l1

Tobit is not used here because I do not assume that the same factors that
determine whether or not an industry had any corporate capital also deter-
mine how much capital an industry had if there were corporations."
The second dependent variable is the extent to which industries with any

major corporations were organized by corporate capital. Several options
exist for operationalizing this: (1) One could measure the number of corpo-
rations. But concentrated industries had few corporations. (2) One could
assess the amount of capital in corporations, either the total corporate ac-
tivity or the amount of new corporate activity. If one measures all corporate
capital, one cannot establish the causal direction between independent
and dependent variables, because much of that capital might have been in-
corporated before the time point when the independent variables were
measured. If one measures only new incorporation, industries that had been
previously fully incorporated would be erroneously measured as unincor-
porated. (3) Finally, one could use the size of the largest corporation in an
industry. Insofar as the degree of incorporation is explained in terms of such
factors as economies of scale that treat the corporation as an indication
of scale, the largest corporation in the industry is appropriate. Moreover,
it has the computational advantage that it is not relative to the way that
the boundaries of the industry are drawn. The size of the largest firm, how-
ever, indicates more about the degree of concentration than the total level
of incorporation.
These four varia bles are highly correlated, with all intercorrelations in

the .8 and .9 range. Thus the results using any of these four dependent vari-
ables approximates the results with the other three. It is pointless to present
the results using all four dependent variables, even though there are concep-
tual nuances in what is being measured. All four indicate the extent of in-
corporation for the industry.
Total capital rather than new capital is used for two reasons. New capital

might be used to eliminate reciprocal effects between dependent and inde-
pendent variables by requiring that the measurement of the dependent vari-
able temporally follow that of the independent variable. However, virtually
all corporations listed on the stock exchanges were created between 1898
and 1904. It is unlikely that characteristics of industries measured in the
1900 census, which is based on data collected in 1899, would be materially
affected by corporations formed in the previous year. The results using total
capital as the dependent variable are stronger than using new capital. Since
the substantive conclusions emphasize the weakness of some results, it is
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methodologically conservative to choose the methods that tend to yield the
strongest results. Thus I use the average aggregated value of authorized
stocks and bonds averaged for the years 1901 to 1904 (logged to reduce
skewness in its distribution). In order to minimize the effect of different
industry boundaries, the number of establishments (logged) is used as a
control variable.

Independent Variables

These data were taken from the Census of Manufacturing. All the inde-
pendent variables were measured prior to the dependent variable. Thus re-
ciprocal causation from cross-sectional analysis is not a problem.

A. GROWTH:(aggregate value of production in 1900 - value of production in
1890)/(value of production 1890 + value of production in 1900).
B. WORKER PRODUCTIVITY: (value added in manufacturing)/(number of

workers).
C. CAPITAL INTENSITY: (capital costs)/(labor costs).
D. SIZE OF FIRM: (number of workers)/(number of establishments).

The following variables were logged to reduce skewness: PRODUCTIVITY,
CAPITAL INTENSITY, and SIZE.


