The Progressive Division and Specialization
of Industries
By Edward Ames and Nathan Rosenberg*
I. INTRODUCTION

The title of this paper is an expression used by Allyn Young,!
who asserts that potential economies from investment ‘. . . are
segregated and achieved by the operations of specialized under-
takings which, taken together, constitute a new industry””. This
segregation process 1s one of the most notable aspects of industnali-

zation, but one about which rather little has been added 1 a syste-
matic way since Adam Smith; even he, despite the renown of his
remarks, devoted a total of four pages to the specialization of labor.
We hope, by using a little formal reasoning, to rescue specialization
from its current undeserved neglect. Since a major aspect of econ-
omic development 1s, 1n fact, embodied in changing patterns of
specialization, we hope also to suggest some promising lines for the
further study of the development process.

To 1llustrate the type of problem we are interested 1n, we offer a
simple set of historical facts, which have no simple theoretical
explanation. Until the 1820’s there was no machine tool industry
in either Great Britain or the United States. Machine tools were
certainly used, but they were made by the firms which intended to
use them. About this time, the machine shops of factories began to
separate from the parent plants and become independent firms.
Around 1860 there were many such firms, and they tended to produce
a wide variety of tools. During the last part of the century, however,
there was a strong tendency for these firms to reduce the variety of
their output, so that while the assortment of tools made 1n either
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country grew, the variety produced per firm declined.2 In the
twentieth century, by contrast, there has been an opposite tendency.
The number of firms has not increased with output, and may even
have declined, whereas the number of kinds of tool produced per
firm has increased. There is no theoretical economic explanation of
why either the nineteenth century changes or the opposite
twentieth century changes might have occurred.

In contrast to consumer goods industries where mass production
techniques prevail, the capital goods industries possess certain
unique features. The great bulk of their output consists of construc-
tion and machinery and equipment produced to conform to an
exacting set of specifications laid down by the buyer of the capital
good. As a result of this market constraint, the capital goods
industries are characterized by (1) a large number of firms, (2) small
average size of firms, (3) a highly heterogeneous output and (4) small
production batches. Economuies of scale are not very conspicuous
while problems of product-mix and process-mix are obviously very
important.3 We argue that these features amount to a situation with
which economic theory cannot now cope. These industries are very
important ones, so the gap in our theory is not to be overlooked.

It is natural to conjecture that in some sense the firm optimizes the
number of items in its catalogue, as well as 1ts level of output of each

item, The number of items, however, is discrete, being a2 whole
pumber,and does not yield to the charms of the calculus. Thus con-
ventional maximization theory does not help. It is useful to formu-
late the problem in terms of firms with joint production, if only
because such a formulation makes it clear how complicated the theory
of specialization is when viewed in this context.

II. THE ANALYTICAL FRAMEWORK

Consider a firm producing two outputs, and using for the purpose
a certain collection of inputs, which have given prices. Denote by
(x1, x3|N) a situation in which outputs are x;, x,, and inputs are
some given set of quantities, N. This situation is efficient, in the
sense that the firm cannot produce more of one output, given N,
without producing less of the other.

Let S(N) denote the set {(x}, x2|N)} of all combinations of output
which can be produced with the given set N of inputs. Let us assume
that there are pairs (X, x) and (x1, X,) having the property that for
any element of S(N), say (x;’, x2'|N), x;’ < X;, X3’ < X3; also that
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X1 2 0, x2 = 0. These pairs correspond to “specialization in output
1,” and “specialization in output 2,” respectively. (Such specializa-
tion may not imply that only one product is made; it means that as
much of that product as possible is made for any collection of inputs.)

Now consider sets of output which are “between’” these two. That
15, consider pairs of the form (2x; + (1 — )%y, (I — a)xy + aXy),
and denote these by (x(2), x2(«)). We inquire whether these are 1n
S(N). Under proper continuity conditions there will certainly be an
element of S(N) of the form (x (), x,’|N¥), and another of the form
(x1', x2(®)|N). However, the minimum cost of producing (x,(),
x(«)) may well be more or less than the cost associated with N, even
though the cost of the pairs (x;(0), x(0)) and (x(1), x5(1)) 15
exactly N, by assumption.

Denote by N(x) the mimmum cost of producing each particular
combination (xj(a), x»(«)). From the foregoing construction,
N@©) = N(1) = N, but if @ # 0, 1, N(x) is presumably not N. A
tendency to specialize will exist if N(«) < N for values of « 1n some
neighbourhood of 0 or 1 and N(a) > N for intermediate values of «;
a tendency to diversify will exist if the inequalities are reversed.

This result was obtained by starting from a given set of quantities
of a given collection of inputs with given prices. If a different set of
quantities had been used, a different pair of bounds (X,’, x,’) and
(%1, %3') would have been obtained; and 1f mput prices had been
different, N(z) would have had different values. Meaningful state-
ments about specialization and diversification can be made in this
context only if the properties of N(«) in the preceding paragraph
turn out to depend only on «, and not on the actual amounts of
inputs used, or the prices of inputs, at least for sigmficant ranges of
variation for both these collections of variables.

Assertions about specialization, in this context, are assertions that
firms will select extreme values « = 0 or @ = 1 in preference to non-
extremal values; or that firms will shun these extremal values. The
most general production function 1s one in which quantities of all
the goods made in the economy appear as outputs of each firm, and
the firm selects some convex combination (X «,x,) of these. It is a
familhiar fact, of course, that for most firms almost all the «, will
equal zero, since most firms produce none at all of most of the kinds
of goods used in the economy. It is also a famuliar fact that there is
a considerable amount of invariance 1n the list of goods (and even
the proportions) produced by individual firms over moderately long

periods of time. It therefore seems natural to investigate the question
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of specialization more directly, rather than as a limiting case of the
difficult problem in joint output just formulated.

A theory of specialization, moreover, would have uses beyond
those outlined. In the foregoing analysis, the set ((x;, x5|N)) may be
renamed, so that x; and x, represent quantities of inputs 1 and 2,
and N represents a given bill of output. It 1s then possible to formu-
late another problem relating to the specialized use of mputs as
compared to the combined use of both, given a particular output N.
Manifestly individual firms use a relatively small proportion of the
total number of inputs used 1n the economy.

Rather than consider specialization as a series of limiting cases in
the theory of joint production functions, it is natural to aporoach
the problem directly, and to try to see what can be said about the
number of outputs or inputs used by firms. Such statements can be
directly venfied by reference to historical data. Indeed a vanety of
relevant generalizations have been proposed by economic historians.
Some of these may even be relevant outside the context in which they
were advanced: although originally formulated about countries
which have succeeded in industrializing, they may be useful in
outlining feasible courses for countries which are only beginning to
industrialize,

We have found it possible to make some headway in the theory of
specialization using the definitions given by Leibenstein.?. He, in
turn, 1s obviously influenced by Stigler.5

1. A commodity 1s the entity that 1s the object of the production
process, and has a specific set of attributes or specifications.

2. A factor is an entity, units of which can be purchased on the
market, that has the capacity to carry out one or more
activities.

3. An activity is our primitive concept. It refers to those neces-
sary acts carried out by a factor, or functions of a factor,
necessary in the productive process. We define a set of related
activities as an operation.

4. A process is a specific set of operations necessary to produce
the commodity in question. There may be a number of poss-
1ble alternative processes.

5.By a firm, we refer to the entity that purchases factors,
creates commodities, and sells commodities.”8

An activity we associate with a command, “If X do Y.” On an
assembly line, the activity may reduce to “If a gizmo appears, fasten
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a grommet to it.” The associated operation may be sequential:
“Drill a hole, insert a rod, fasten the grommet”. Or the operation
may be branching: “If the hole is less than two inches deep, return
the gizmo; if it is two inches deep, pass the gizmo; if 1t is more than
two inches deep, discard the gizmo.” The activity, we say, is what is
done by a particular agent, in the course of a process. The agent
may be a man, or an entire firm The process yields a commodity.

Since men and machines are not stationed 1n a 1-1 proportion 1n
an industrial process, the “length” of the process depends upon
whether 1t 1s defined 1n terms of men or of machines. This fact turns
out to be crucial when we consider specialization.

The specification of activities 1s not unique. From this fact stems
a major operational difficulty. If I go to a craftsman and tell him
“Make me a watch”, I have apparently given a single order. If 1
must prepare the job specification for an assembly line producing
watches (or if I make a time-and-motion study of the craftsman) I
define a more complex sequence of commands. Indeed, a large part
of the process of substituting machinery for labor is based on the
precise specification of the sequence of commands. But one aspect of
this process is the substitution of the command (to labor) “Tend
this machine” for the commands “do xy, x», . . . x,”’. For machines,
the commands (specifications) grow longer. The ““simple machine”
executes the command “Do x”. The more complicated machines
execute the command “Do xq, x3, . . . X,

It i5 convenient to define specialization at this point. It is clear
that “complete specialization” by X means that X' does one activity,
and in general the more things X does, the less X specializes. It 15
also clear that the more things X does, the more skillful X is (the
more skills he has).? Here X is an individual (man, machine, firm).
When X, however, is a group, specialization 1s an average. We shall
define the skill of a group as the average number of activities its
members perform; and we shall take the reciprocal of this number
as an index of specialization.?

Specialization is a ratio; it has a number of units of doers in its
numerator, and a number of activities performed 1n 1ts denominator.
In this general form, we shall distinguish several types.

The term *‘vertical” is used here to mean “with reference to a
particular process”.? A process may involve several firms, as in the
case of making finished metal goods from ores. It may be associated
with the sequence of activities conducted by a single firm. Vertical
specialization by a firm will refer to a tendency for a firm to carry
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on a single activity in a process involving many firms. Vertical
specialization by a factor will refer to a tendency for that factor to
carry out a single activity within the productive process of a firm.

Horizontal specialization will refer to a collection of markets,
which may be considered as a unit. Here a collection of sellers sell a
variety of kinds of commodities (services) to a variety of kinds of
buyers. The amount of horizontal specialization will be the average
number of kinds of buyers to whom the average sellers sells.

We start our discussion with vertical specialization, that is, with a
single assembly-line type of operation. Suppose that production
may be described 1n terms of successive appearances of the object
on an assembly line. The object, say, passes through n different
states in the course of the process. That 1s, the production process
involves the sequence State 1—Activity 1—State 2—Activity 2 . .
Activity (n—~1)—State n. We view two sets of inputs, called capital
and labor, and consider specialization in terms of this sequence.

In the Wealth of Nations, the extreme of specialization contem-
plates associating with the :’th activity one worker and one machine.
In the total absence of division of labor, there will be n activities per
worker; and no machines are used. This definition 1s not very satis-
factory. An increased specialization of labor increases average pro-
ductivity of labor and also total output, whence follows the theorem
“The division of labor 1s limited by the extent of the market.” Since
an 1ncrease in specialization is equivalent to a shift in supply (mar-
ginal cost) schedules, the cost of a marginal increase in specialization
should equal the marginal revenue from the additional output.
Suppose (marginal) divisions of labor classified on the basis of
decreasing marginal product, that is increasing marginal cost, and
there will be an optimal division of labor. Increased division of labor,
in Smith, 1s associated with the increased possibility of introducing
machines. A machine does rapidly what a pair of hands does slowly.
Furthermore, the probability of invention increases, the more
specialized the pair of hands. Therefore, the more specialized is
labor, the greater the expected future rate of technological change
This change alters the market equilibrium associated with an
optimal division of labor.

This statement, more sophisticated technically than Smith’s,
seems to summarize the literature on vertical specialization. It fails,0
however, to consider the fact that labor and machines have different
degrees of specialization with respect to any one process, such that
the more specialized the one, the less specialized the other.
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Imagine a portion of the production process representable in the
following scheme. In this section

Actvity i Activity | + 1 Activity i + 2
State i State 7/ + 1 State i + 2 Statei + 3

of the process, the object on the assembly line starts in state 7, and
after three activities ends in state i + 3. Imagine a skilled worker
who performs all three activities. Each activity involves the use of
one machine. For simplicity, we suppose that each machine has two
lights. When the green light 1s on, the worker pulls a green lever,
admitting one object into the machine. When the object is processed,
a red light flashes on and the worker pulls a red lever, which drops
the processed article into the hopper of the next machine.1* This we
will call Technology 4. Next suppose this worker replaced by three
workers, each of whom performs one operation using one machine.
This we call Technology B. It corresponds to “division of labor™ as
Smith spoke of it (in the classic pin factory example). Finally, we
suppose a third situation, Technology C. Here the three machines
have been combined into one, tended by a single worker. As before,
he has two lights to watch and two levers to pull.

In Technologies 4 and B each machine performs one activity.
In Technologies B and C, each worker performs one activity. In Tech-
nology A4, however, one worker performs three activities, and in
Technology C one machine performs three activities. Thus the
following tabulation of specialization may be made:

Labor Machine
Technology Specialization Specialization
A 1/3 1
B 1 1
C 1 1/3

Manifestly these three situations are different; vertical specialization
1s a phenomenon in all cases, but the specialization of labor and of
machinery vary in different ways from one case to the next.

One aspect of technological change has indeed been that described
by Adam Smith. It is this aspect which Marx and Engels gloomily
remark make the workmen “an appendage of the machine, and it is
only the most simple, most monotonous, and most easily acquired
knack, that is required of him.” In contemporary jargon, man
becomes “the cheapest non-linear servomechanism.” It corresponds
to the change from 4 to B, above.12
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Even if specialization had increased as much as Smith and Marx
suggest, it would not necessarily involve making people into “appen-
dages of the machine”. If increased specialization is accompanied
by increased training, then the more specialized societies may also
be the most educated. Certainly the U.S. experience!3 suggests that
the importance of training rises as industrialization advances. In
particular, as we will suggest below, “maintenance” workers (who
are typically highly trained) increase in importance relative to “pro-
duction” workers. Moreover, professional and technical personnel
grow rapidly in their relative importance, as do clerical and kindred
personnel. Thus higher training may more than offset the deleterious
effects, if any, of more specialization.14

The history of technology deals extensively with what we would
call the skill and the training of machines. One aspect of techno-
logical change 1s exemplified by the change from B to C in our
scheme. Here the individual machine becomes more skilled (less
specialized) by taking on more activities in the assembly line. This
is not the same thing, of course, as the increased ‘‘training of
machines”. The history of servomechanisms discusses the way in
which machines have gradually become able to make more decisions.
And just as an increase 1n the “‘education” of labor can result in
increased productivity, given a set of machines, so also an increase
in the “education” of machines increases their powers of discrimi-
nating, resulting in lower cost, for a given set of workers.15 If more
highly trained machines require more highly trained workers, Marx 1s
wrong in saying that increased specialization of labor means reduced
training for workers, and consequently their gradual economic and
moral deterioration. In fact, greater specialization of labor 1s offset
by greater training.

In the process of technological change, however, the sequence of
activities may become irrelevant to the structure of jobs associated
with labor and machines. Thus the automatic telephone exchange
performs the same functions as the operator ofa manual switchboard.
However, division of labor has not meant the division of jobs into
types corresponding to the individual steps performed by the
operator; responding to an outgoing call, recording the address of
the call, ascertaining whether the line is busy, etc. These steps are
all performed within the machine. A variety of workers’ jobs 1s
associated with the machine, but these are not organized in terms of
this sequence of steps. The assembly-line metaphor is inadequate,
since a single job involves tending the machine with respect to some-
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thing which influences all stages of the completion of telephone
calls.16

These two changes in specialization described, respectively, by the
classical economists and the technological historians, appear to
become non-operational concepts where machines become so skilled
that the job functions of workers no longer are arranged according
to the sequence of activities in the process. This situation with respect
to labor is an analog of the situation with respect to tools which
existed before the Industrial Revolution. Then, labor tended to be
highly skilled, so that a single worker was associated with an entire
process. Tools, however, consisted of hammers, forges, files, saws,
etc.; their function was specialized, but it could not be identified
with any single position along an assembly-line process, any more
than a worker tending an automatic switchboard 1s associated solely
with busy-signals. In effect then, twentieth century technology
contrasts with earlier technology in this respect; formerly the
sequence of activities was associated with a single skilled worker,
and tools were specialized, though not ordered with the activities
of the worker; today the sequence of activities is associated with a
single machine, and workers are specialized, though not ordered
with the activities of the machine.l? Adam Smith’s case of division
of labor is a special one: workers and machines can be put into a
sequence of pairs of which the production line ts an example.

The hypothesis advanced above is a sort of statistical generalization
about changes in the vertical specialization of inputs within a firm:
technological change, on the average, increases the (vertical) speciali-
zation of labor and decreases the (vertical) specialization of machi-
nery.

The citation which gives a title to this paper refers to another, and
equally interesting proposition. Young observes that “Notable as
has been the increase 1n the complexity of the apparatus of living,
as shown by the increase 1n the vanety of goods offered in the con-
sumers’ markets, the increase in the diversification of intermediate
products and of industries manufacturing special products or groups
of products has gone even further.”18 That is, technological change
leads to decreases in the number of activities performed by the
average firm located along an industrial process. It therefore may
increase the number of firms. The firm specializes (vertically) and
the number of interfirm transactions required to produce a unit of
goods for final consumption increases.!?

Propositions relating to vertical specialization of this sort are
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frequently related to propositions about the specialization of input
factors. In a pre-industrial society of unspecialized labor and specia-
lized machines, the boundary between firms in a process was apt to
be the boundary between kinds of labor. Stigler cites Allen20 to the
effect that in the 18th century the locks, stocks, and barrels (to name
only a few parts) of guns were all made by individual craftsmen, and
“gunsmiths” merely ordered the fiushed parts and had them
assembled by special sub-assembly “firms”.

Conversely, in contemporary industry, labor is specialized and
machines unspecialized, so that the boundaries between firms in a
process are apt to be at the boundaries between the activities of
different machines. This principle does not explain why steel mills
own their own iron mines, but it may explain why pig iron, steel
conversion and rolling all take place within a single firm.2! As 1t
became possible to handle hot metal in large quantities, steel con-
version and rolling became the function of a single ‘“machine.”22

But production processes are not simply linear. They branch. In
any linear production process, different inputs converge (as on an
assembly line) to make an output. But it is also true that if this pro-
cess is viewed at any particular stage, it may diverge. Thus some coal
goes to steel mills, other coal to other users. Some iron is converted
into steel, some is not. Some steel is rolled, some is cast; some rolled
steel is used for automobiles, other rolled steel is not, and so on.

It is sometimes argued?3 that technological change means de-
creased vertical specialization of equipment (technological inter-
relatedness); a firm cannot sell intermediate products because these
have only a momentary existence within a multi-activity machine
If the final product of the firm cannot profitably be sold because of
a price change, the firm cannot retain a share in a market for the
intermediate product. A firm with more specialized equipment
would be able to sell such intermediate output. Hence, if industriahi-
zation (and technological change) means increased skill (less
specialization) of machines, it makes the “more advanced” firms
less able to react to price changes, since they cannot salvage a part
of their equipment for use in selling intermediate products.

For example, Italy and Flanders, Hicks has suggested,24 regressed
from an industrial to a pre-industrial condition in the 16th and 17th
centuries, because their textile indusfries were displaced by foreign
competition, and they could use their manufacturing facilities for no
other purpose. In contrast, American metal-working plants shifted
from guns to sewing-machines to bicycles to motor-cycles and
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finally to automobiles in the half-century before the first world war.25
This contrast results from the difference in “flexibility’’ 1n the use of
machines. Italian and Flemish industry could make only textiles
(or semi-finished textiles). American industry could use its plant to
make a successton of quite different commodities.

Perhaps an even more pertinent case concerns the American pro-
ducers of textile machinery who demonstrated great versatility in
adapting their output to changing demand requirements throughout
the 19th century. The resourcefulness and ingenuity of the textile
machinery producers in fact played a major role not only in the
mechamzation of textiles but in the application of techniques of
“machinofacture” to other industries, including machine tools,
locomotives, firearms and agricultural machinery.26 The contrast
between the fate of the handloom weavers and the producers of the
machinery which eventually displaced them 1s, we think, highly
instructive.

Ceter1s paribus, the closer firms are to the final product stage, the
greater their vulnerability to shifts in consumer demand for specific
commodities.2? Resources at “higher order’ stages of production,

by contrast, are engaged in producing intermediate products which
are eventually employed as inputs 1n a very large number of final
products. A striking feature of nmineteenth century industry is the
extent to which resources and facilities devoted to machine produc-
tion and metal processing more generally became skilled in the pro-
duction of intermediate products which could be used throughout
the economy. They came to possess a pool of skill and knowledge,
moreover, which (in spite of the typically limited range of outputs
produced at anymoment in time) enabled them to shift from the pro-
duction of one sort of machine to another with comparatively minor
modifications. Indeed, we find here one of the most important cases
of a single learning process lying at the heart of economic develop-
ment. What was learned was the capacity to produce and employ
machinery over a wide range of productive activity.28

By simple extension this analysis may help to explain the greater
resiliency of industrial economies to secular changes in demand by
comparison with the often-cited less favorable experiences of under-
developed countries.2? Industrial economies have a much higher
proportion of their resources engaged 1n the production of inter-
mediate goods. However, all intermediate goods are not equally
important. One particular class, machines (including, of course,
the machine-producing machines) is of the greatest strategic import-
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ance. The facilities, skills and techniques acquired with this particular
range of intermediate products constitute a major determinant of an
economy’s capacity to adapt to external changes and to undertake
technological innovations on 1ts own initiative. An 1mportant
dimension of the development process can thus be isolated by
examining the disproportionate growth of specific intermediate
products.

The discussion so far has assumed more or less explicitly that it
was possible to arrange all production processes into ‘‘assembly
lines”, within a firm, or else in some sequence of firms. But it is by
no means clear that such orderings are meaningful in a modern
economy. Thus fuel oil may be a final consumer good (if 1t heats a
house), an item of fixed cost (if 1t heats a factory), or an item of
marginal cost (if it powers a truck). A board may be used as a con-
sumer good, if 1t is used as a shelf in a house; as a capital good, if it
is used to make a factory partition; as an intermediate good, if 1t is
used for crating a product; as a raw material, if 1t is used for furni-
ture, and so on. The attempt to sort production processes into a set
of assembly lines seems to create extreme difficulties.

On the other hand, the concept of ““raw material”’ or “‘intermediate
product” or “finished goods™ may be economically meaningful, used

in the context of a particular industry. Thus coal is a collection of
different solid fuels, some of which are used by households, some by
businesses, and so on. Coal is one of the inputs of power plants, and
as such competes with fuel oil, natural gas, and so forth. It is not
economic nonsense to consider the market for fuels used by power
plants; nor is it nonsense to observe that some plants may be
designed to use a single type of coal (are completely specialized)
while others may use many types of coal, or may even sometimes
use solid fuel, and sometimes liquid fuel or even gas, depending on
price. Such plants, with respect to their inputs, are less specialized
than power plants which use only one type of coal.

It is in connection with situations of this sort that the concept of
“horizontal specialization” becomes useful. A situation involving
horizontal specialization exists whenever commodities may be
grouped, either because they are all sold by a definable group of
sellers, or bought by a definable group of buyers. The concept of
“a definable group” frequently overlaps or coincides with some
technological considerations. In fact, such groupings are unavoid-
able if economists are to talk about entities such as ‘“‘the coal
industry”, “the steel industry”, the “chemicals industry”, which sell
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literally thousands of different commodities differing only “slightly”
one from the other. In discussing ‘“horizontal specialization”, we
are really talking about specialization in cases where firms produce
a range of products, or buy a range of products which are very much
alike with respect to some observable (economic or non-economic)
criterion.30

To return to the problem raised at the outset of the paper, it would
seem that firms which are less specialized honizontally are more
complex; one aspect of complexity, then, relates precisely to the
extent of horizontal specialization, so that except as an alternative
to the rather barbarous “horizontal skill”, it 1s redundant.

Consider the set of markets for different types of steel. Sellers are
steel producers, and buyers steel users. With regard to this set of
markets, a group of sellers (say sellers of one country) is specialized
if the average number of types of steel sold per firm 1s small. A set
of buyers (say buyers of one country) 1s specialized, if, on the average,
its members buy, on the average a small number of kinds of steel.
Speaking of this market, Kindleberger asserts that “great speciali-
zation can be achieved only at the cost of flexibility”. By this he
means that British firms, in particular, bought only Bessemer steel

and not Stemens-Martin acid steel. Hence, when the price of the latter
dropped, the less specialized (German) firms could substitute
cheaper grades, while the more specialized (British) firms could
not.31

ITII. IMPLICATIONS FOR THE DEVELOPMENT PROCESS

The foregoing argument has been mainly taxonomic, but the pur-
pose has not been taxonomic. We shall therefore suggest several
conjectures about problems of major importance to economic
history and economic development, to 1illustrate the kinds of prob-
lems to which our theory of specialization applies. Limitations of
space and time preclude an extended discussion. We shall discuss
only one group of problems in this paper, but we suggest that the
others, too, might more readily be solved with the theoretical appar-
atus presented here than with the more traditional Marshallian
techniques. In listing the following assertions, we are not passing
judgement upon their vahdity, but only calling attention to their
economic interest.

(A) In early stages of a country’s industrialization, firms tend to
specialize; in later stages they diversify.
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(B) The more industrialized a country is, the less its dependence
upon particular sources of materials (the less its specialization with
respect to inputs).

(C) The more industrialized a country is, the more skilled (the
less specialized) 1ts machines become (backward countries use rela-
tively simple machinery).

(D) The more industrialized a country is, the more specialized
labor becomes within the production process, and the less the hori-
zontal specialization of labor 1s (on any job, the worker carries out
fewer activities, but the larger the number of industries 1n which
this job exists).

(E) The more industrialized a country is, the more diversified will
be the composition of its exports.32

(F) Specialized firms are more vulnerable to changes in demand,
ceteris paribus, the closer their output is to the final product stage in
a production process.

We shall introduce our discussion with a classical problem in the
theory of probability: the problem of gambler’s ruin. In brief,
it is shown that if two gamblers have equal probabilities of winning
a game, the gambler with the smaller initial capital will, on the
average, be ruined before the gambler with the larger initial capital.33

Suppose conditions of pure competition in world markets, in
which there is a large number of commodities, the prices of which
move up or down at random from one date to the next. If inflation
or deflation does not exist, the probability of increases and of
decreases in 1ndividual prices are equal. Suppose exporters face
steady domestic costs, and product prices are fixed in world markets.
Then at any moment for each good there is a certain price drop
which would force an exporter to stop producing. If an exporter
produces several commodities, then he will go out of business when
all prices reach these shut-down levels. From this point of view, the
total amount by which prices must decrease in order to drive the
exporter out of business is comparable to the gambler’s initial
capital. One firm will have a longer expected “duration of game to
ruin” than another if it starts with a larger initial capital. This may
happen because initially its costs are relatively low. Alternatively,
it may have a larger initial capital because (even though its costs are
no lower) it has a greater number of exportable commodities for
sale. In this case, the reasoning of the gambler’s ruin problem will
apply with one proviso: that the probabilities of increases or de-
creases in the individual commodities are independent.
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This reasoning, so far, merely suggests that under somewhat
restrictive assumptions, skilled (horizontally diversified) firms are
more apt to survive a given length of time than specialized firms.
It may, however, be turned into a proposition about economic
development. Suppose that as a country industrializes, the average
skill (diversification) of firms increases. Then at any particular
moment, the firms of less industrialized countries stand a greater
probability of ruin than those of more industrialized countries.
In other words, the earlier a country has started to industrialize,
relative to another, the more likely 1t 1s to remain at a competitive
advantage in the future.34

Suppose, moreover, that the probabilities of price changes for
different commodities are related 1n the following way: the more
industrialized the country, the less likely that a price change for one
commodity will be associated with a similar change for another.3%
Then the less industrialized a country 1s, the more it resembles a one-
commodity economy even if it actually produces many commodities;
the more industrialized 1t 1s, the closer it approaches the conditions
of the “gambler’s ruimn problem”. This possibility is known in
economic development literature as the “dependence of under-
developed countries on a few specialized raw matenals”.

A second problem relates to the decline of the handloom weavers
and the Luddite movement. Suppose that as industrialization pro-
ceeds, individual job-descriptions in plants become more specialized,
but individual specialized jobs spread through a wider variety of
industries. (Vertical specialization of labor increases while hori-
zontal specialization declines.) Then at an early stage of industriali-
zation, workers belonging to a particular trade are highly skilled,
but lack alternative employment, at a later stage they are less skilled,
but have alternative employment. Hence, on the gambler’s run
principle, labor, due to 1ts job immobulity, actually has more to lose
from technological change n a backward than m an industrial
economy. Luddites, then, are a phenomenon primarily of early
periods of industrialization.3®

We have suggested above that labor has become more specialized
and machinery more skilled. If the skilled workers of early indus-
trialization become “Luddites” when confronted with new tech-
nology, we might expect the owners of skilled machinery to become
“Luddites” under modern conditions. There is no obvious way 1n
which they have shown increased “political”” objections to techno-
logical change. If they have not, we suggest that 1t would be inter-
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esting to know why not. One conjecture would be that for firms, the
increased skill is two-dimensional; increased vertical skill makes an
industry vuinerable, while increased horizontal skill does not. If the
‘‘assembly line”” view of an economy 1s discarded, most firms will be
viewed as producing mixtures of intermediate and finished goods.
Then a technological change will not cause an entire industry to
perish (as the Italian and Flemish textile industries did), but will only
affect some part of 1ts markets or processes. Industrialization, then,
appears to increase “flexibiity” (for otherwise machine owners
would be Luddites). This word, in deliberate quotation marks, is
generally meaningless. We suggest that “flexible’” may mean “having
little horizontal specialization™. If 5o, here is another real problem
to be dealt with in terms of specialization.

The foregoing two paragraphs will, we hope, prove annoying to
economic theorists and historians alike. To the former we shall
answer: There is no adequate explanation of either the equilibrium
or the optimal number of commodities3? used by a firm or an
economy, and the theory of specialization has hardly changed since
Adam Smith. If these propositions are wrong in theory, we hope
theorists will become annoyed enough to correct us

To the latter we shall say: a variety of assertions is made 1n the
literature about the appearance and disappearance of industries,
labor skills, and machine processes. These changes may occur as a
result of non-economic phenomena. (For instance, the Middle East
stopped being a farm area when its irnigation was destroyed by war
and salinization. Pennsylvania stopped mining iron because Minne-
sota suddenly turned out to have very large deposits.) But in part
they have occurred for economic reasons. It would be helpful to
know, as a matter of fact, when the appearance and disappearance
of industries was due to economuic factors; and how much can actu-
ally be known about the extent of specialization at various periods
of history. The assertions cited in this paper may not be true, but
they are interesting. If they are true they have important conse-
quences.

Conclusions

The conclusions to be drawn from this analysis are in part of a
theoretical nature: it is possible to apply a consistent set of terms to
problems involving the number of products produced by firms; the
number of inputs used by firms; and the amount of vertical integra-
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tion achieved by firms. This terminology reveals a number of inter-
esting problems which are ordinanly glossed over by theories which
assume, in the main, single-product firms producing homogeneous,
divisible products for final consumers. On purely theoretical grounds,
these problems are interesting enough to warrant further exploration
of the concepts advanced here.

In addition, however, the analysis raises certain practical consid-
erations concerning the establishment of new firms in underdeveloped
countries. A developing country necessarily recapitulates some of the
history of countries which have developed before 1t. For example,
indices of per capita income, percent of population in manufac-
turing, etc., will necessarily follow, in some sense, the path of earlier
countries. It is natural to consider whether 1ts indices of speciali-
zation and skill must repeat the history of predecessors.

Consider the suggestion advanced about labor and machines. It
has seemed that the first effect of industrialization in the west was to
decrease the skill (increase the specialization) of labor; and only later
to increase the traming required of labor. In the case of machinery
(apart from the use of machines to do heavy work), the tendency has
been to increase first the skill and later the “training” of machines.
If industrialization follows this pattern generally, it might well be
the case that developing countries could postpone the creation
of an educated labor force until relatively late in their program. If,
on the other hand, it is possible for the developing country to bypass
certain stages of the history of predecessors, the date for an intensive
educational effort should be advanced. Moreover, “technological
policy” might well militate in favor of the adoption of relatively
simple industrial processes 1n the first case, and in favor of “truly
modern” plants only in the second.

A second group of problems would bear upon protectionism in
developing countrnies. If, indeed, diversification of output increases
with industrialization, and if diversification decreases the risk of
failure of firms 1n a world market, then firms 1n a developing country
face relatively high probabilities of failure in any competition with
firms of developed countries, and can succeed only if they are pro-
tected—even if comparative advantage may work 1n their favor in
some sense. But we cannot argue that this view 1s correct. It may be
merely another in the long literature of plausible but indefensible
claims about development processes.

Finally, we have laid considerable stress upon the importance of
firms which make some mixture of intermediate and final goods.
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The problems of such firms tend to disappear in the literature which
deals with national accounts, i.e., final demand. But it may well be
that a key to industrialization lies in the development of firms which
use a common technology to make both intermediate and final
goods: such firms are efficient means of diffusing new techniques
through an economy. If it is possible for a developing country to
assist 1n the growth of such firms, it may have a powerful instrument
for economic growth. We do not suggest that such assistance can 1n
fact be offered. We do suggest that the kinds and degrees of speciahi-
zation suitable to an economy may depend upon the level of develop-
ment of that economy; and that attempts to establish unsuitable
specialization patterns may lead to unviable economic organizations.
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