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Infarmation theory, cybemetics and the theory of finite automata are used to model
learming-by-doing, bounded rationality, routing behavior, and the formation of leams
The non-neoclassical characterization of production developed in this book ignores
the usual quantitative relationships belween inputs and outputs and inslead views
production strictly as a problem of control and communication. The motivation for this
unconventional characterization of production comes from Schumpeler’s critique of
neoclassical economic theory, Schumpeter engendered by it, was the major obstacle
to acquiring an understanding of technological change. The non-neoclassical char-
acterization of production developed in this book is in keeping with how economic
historians describe specific technological changes and how they write technological
histories about particular machines, firms or industnes.
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Chapter 1

CONTROL

Introduction

There is a difference between how economists talk about specific
technological changes and how they use production functions to formally
model or represent those technological changes. Economists’ talk, or
storytelling, is usually “historical” in the broad sense of the term, and is
cast in terms of process, but their formal models are usually about the
properties of timeless, neoclassical equilibrium conditions. A major goal
of this book is 1o propose a characterization of production that is more in
line with the storytelling. Such a characterization of production will allow
the theoretical implications of the storytelling to be more systematically
explored.

Nelson and Winter (1982, 46) argue that storytelling, of the type
referred 1o above, ought to be recognized as a form of theorizing which
they call “appreciative theory.” “Appreciative theory is more tailored to the
particulars, less rigorous, than formal theory. Formal theory is more
general, more analytic, than appreciative theory.... Appreciative theory,
starting from a scan of the data, provides the somewhat vague, but
helievable, account of what is going on. This account in tum provides a
challenge for formal theorizing to come up with models that seem 1o
capture the essence of the verbal theorizing™ (Nelson 1986, 136).

This chapter is devoted to storytelling and appreciative theorizing.
The following chapters are given over to formal theorizing.
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2 Control, Information, and Technological Change

The Furnace and the Computer

Every production process requires the use of energy and the
exercise of control. Observed from the physical or material transformation
side, production involves physically or materially transforming inputs into
outputs. These transformations require energy. There is also a control
side 1o production. The control side anises from the fact that production is
a goal directed activity. The forces unleashed by energy must be guided.
organized, and directed—in short, controlled—in order to bring about the
desired goal, Observed from the control side, a production process is seen
in terms of receiving and sending messages. To realize the desired
physical outputs, that is, to reach the goal, a solution to the control
problem must be found. Solutions to control problems take the form of
symbol manipulations or computations that transform incoming messages
into outgoing messages.

Machines differ greatly in the degree to which they are primarily
engaged in material transformations or primarily engaged in symbol
manipulation and control. A fumace, for instance, is primarily an energy
or material transformer; a computer is primarily a control device. Although
material transformation and control occur jointly within a single “black
box,” they are conceptually distinct and, it will be argued later, obey
different laws.

Economists are usually completely silent, or at least deliberately
vague, about the engineering particulars of their conventional production
functions. Maost economists, however, when pressed into giving a
concrete example of a production function, will tell a story about a fumace
or a farm—a story about the material transformation side of production—
rather than a story about a computer or a lelephone. A conventional
production function simply does not capture the essence of what goes on
inside a computer. Bul even a furnace, which is primarily an energy
transformer, has a control side. To introduce the point of view developed
here, it is useful to think of the furnace in terms of its control problems.
The point is that if a fumace, which is primarily an energy converter, can
be thought about in terms of its control problems, then it will be easy
enough to accept the idea that machines in general can be thought about in
such terms.

Buming fuel in the open air, in order to keep warm, for example,
is wasteful because the heat is uncontrolled. One might guess that soon
after fire was discovered, it was brought into caves, or “caves” (e. g., huts
or tents) were built around the fire to hold in (i.e.. control}) more of the
warmth. Fireplaces, or other structured confinements, separated the
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Control 3

smoke and sparks from the heat and thus did an even better job of
controlling the heat as well as the pollution. Still, much heat went up the
chimney rather than where it was wanted. Heat exchange and distribution
systems (e.g.. cast iron stoves, heat retaining bricks, air ducts, fans, and
steam pipes) are devices designed to control heat so that it is emitted in
desired amounts, in the right places, and at the right times. A thermostat is
a control device designed to keep room temperatures within prescribed
limits, Of course, the auxiliary devices, structures, and measures
described above are not themselves “the fumace.” But they are parts of the
“fumace system" or the means by which a fumace is used to reach goals.
Thus, a fumace, although usually viewed as an energy transformation
device, also can be viewed as a collection of control devices. A
technological history of the furnace would be, for the most part, an
account of the appearance of various kinds of control devices.

In the choice of technique not only is the problem of control
always present, as suggested by the above example, but sometimes control
considerations dominate energy or matenial transformation considerations,
The choice between the Bessemer converier and the open-hearth fumace
for converting pig iron into steel in the nineteenth century is described by
Cyril Smith in the following way.

Although a charge of steel in a Bessemer converter could be
made in about fifteen minutes and needed no fuel beyond that
required to melt the cast wron. this very speed militated against
accurate contrel. Often the product was deficient in duculity,
especially at low temperatures, because of inclusions of oxides
and nitrides. ..originating in the air blast. . Steel-makers [with
the open-hearth] had to learn how to use the cheap,
controllable, high temperature heat available o them... The
open-hearth furnace, though initially of only about 4 tons’
capacity, could eventually be scaled up to handle baiches of
about 50 1w 100, and woday 500 tons is not uncommon, This
capacity was much larger than that of the Bessemer converter,
and the slowness of the open-hearth—about 10 hours per heat
(baich}—was actually an advantage in that it made possible
better control.... Primarily because of better quality
production. the open-hearth furnace, for all us slowness and
thermal inefficiency, increased output while the cheaper
Bessemer process declined in use. (Smith 1967, 356 — 5K;
italics added)
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4 Control, Information, and Technological Change

A Bessemer converter would on occasion produce a batch of high quality
steel but this result could not be repeated routinely because it could not be
precisely controlled. Control considerations were in this case decisive in
the choice of technigue.

It is also useful 10 remember that the “problem” solved by the
Wright brothers was not one of flight, in the sense of “lift” or getting the
plane off the ground, but rather one of controlled flight. Before the
Wright brothers, “airplanes™ could fly (devices could become airbome) but
they could not tum without losing control and crashing. The Wright
brothers solved the crucial control problem of how to maintain lift while
wming. Ina controlled wm, the amount of 1ift on the raised wing must be
reduced and the amount of lift on the lowered wing must be increased.
Once the control problem was solved, technical progress—viewed and
measured as productivity gains in terms of speed and distance—occurred
at an astonishing rate.

Some degree of control is clearly necessary to consistently achieve
any goal. However, these examples are intended to suggest that not only
are communication and control considerations pervasive and powerful
enough 1o play a major, if not decisive, role in determining the choice of
technique, but they also shape the nature of the task environment and
thereby give specific direction to the course of technological change. Also,
although many technological changes, such as thermostats, are
“obviously™ control devices, many others are essentially control devices in
disguise or are important only because of their contributions to solving
control problems. Economists have not been inclined to view production
as a process of control and communication. No doubt a major reason for
this can be attributed 1o the habits of thought acquired from depending too
much, indeed almost exclusively, on the conventional, neoclassical
production function. Neoclassical production functions, with their
emphasis on mapping rates of factor utilization into rates of output, put the
issues of control, communication, and organization into a “black box™ out
of sight and therefore off the research agenda.

Taking a strictly control-side perspective is, of course, an equally
narrow point of view. Showing that this particular form of ““tunnel vision™
suggests many useful lines of inquiry is a major task of this work.
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