The Economics of Modern Manufacturing:
Technology, Strategy, and Organization

By PAuL MILGROM AND JOHN ROBERTS*

Manufacturing is undergoing a revolution. The mass production model is being
replaced by a vision of a flexible multiproduct firm that emphasizes quality and
speedy response to market conditions while utilizing technologically advanced
equipment and new forms of organization. Our optimizing model of the firm
generates many of the observed patterns that mark modern manufacturing.
Central to our results is a method of handling optimization and comparative
statics problems that requires neither differentiability nor convexity. (JEL 022)

In the early twentieth century, Henry Ford
revolutionized manufacturing with the intro-
duction of his “transfer line” technology for
mass production, in which basic inputs are
processed in a fixed sequence of steps using
equipment specifically designed to produce a
single standardized product in extremely
large quantities for extended periods of time.
Although the specialization of Ford’s facto-
ries was extreme—the plants had to be shut
down and redesigned when production of
the Model T was ended—the transfer line
approach influenced generations of industri-
alists and changed the face of manufacturing
(see David A. Hounshell, 1984).

In the late twentieth century, the face of
manufacturing is changing again.! First, the
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IProbably no single firm is involved in all the changes
we will describe. Nevertheless, there is a definite, dis-
cernable pattern of change in technology, manufac-
turing, marketing, and organizational strategy that char-
acterizes successful “modern manufacturing.” For a
description of the technologies involved, see U.S.
Congress Office of Technology Assessment, 1984,
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specialized, single-purpose equipment for
mass production which had characterized
Ford’s factories is being replaced by flex-
ible machine tools and programmable, multi-
task production equipment. Because these
new machines can be quickly and cheaply
switched from one task to another, their use
permits the firm to produce a variety of
outputs efficiently in very small batches,?
especially in comparison to the usual image
of mass production (Nicholas Valery, 1987).
Kenneth Wright and David Bourne (1988)
report that in a recent survey of aerospace
and other high precision industries 8.2 per-
cent of all batches were of size one and 38
percent were sixteen or less. An Allen-Brad-
ley Company plant making electric controls
is reported to be able to switch production
among its 725 products and variations with
an average changeover time for resetting
equipment of six seconds, enabling it to
schedule batches of size one with relative
efficiency (Tracy O’Rourke, 1988). Even in
the automobile industry, flexible equipment
has become much more common. Recently,

2Optimal batch size can be determined via a stan-
dard Economic Order Quantity model, in which the
setup costs of switching from making one product to
making another are traded off against the costs of
holding the larger average inventories of finished goods
that go with longer runs and less frequent changeovers.
Optimal batch size is a decreasing function of setup
costs and so batch sizes optimally decrease as more
flexible machines are introduced.
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General Motors’ engineers were able, for the
first time in company history, to use a regu-
lar, producing facility to make pilots of the
next year’s model cars. The engineers set the
equipment to make 1989 models after work-
ers left the factory on Friday afternoon, ran
the equipment to manufacture the new mod-
els over the weekend, and then reset the
equipment to produce 1988 model cars so
that regular production could be resumed on
Monday morning (Thomas Moore, 1988). In
contrast, with the older, less flexible tech-
nologies that have been the norm in the
industry, changing over to produce the new
year’s models typically involved shutting
down production for weeks.

Flexible equipment and small batch sizes
have been accompanied by other changes.
Smaller batch sizes are directly associated
with a shortening of production cycles and
with reductions in work-in-process and fin-
ished goods inventories. Shorter product cy-
cles in turn support speedier responses to
demand fluctuations and lead to lower back
orders. Indeed, a general strategic emphasis
on speeding up all aspects of the firm’s oper-
ations is becoming common (Brian Du-
maine, 1989). This is manifested in shorter
product-development times, quicker order-
processing, and speedier delivery, as well as
in producing products faster. Examples
abound. General Electric has reduced the
design and production time it takes to fill an
order for a circuit-breaker box from three
weeks to three days, in the process reducing
back orders from sixty days to two (Du-
maine). The Allen-Bradley plant mentioned
above fills orders the day after they are
received, then ships them that same day by
air express (O’Rourke). Building on early
development by Toyota, many manufactur-
ers now plan production jointly with their
suppliers and maintain constant communica-
tion with them. This allows the downstream
firms to replace inventories of components
and supplies with “just-in-time” deliveries of
needed inputs (James Abegglen and George
Stalk, Jr., 1985; Nicholas Valery, 1987).
Combining flexible production and low fin-
ished goods inventories with reliance on
electronic data communications, Benetton
maintains inventories of undyed clothing
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(shirts, scarves, pullovers) and uses nightly
sales data gathered at its automated distribu-
tion center from terminals in individual
stores to determine the colors it should make
and where to ship its output (Tom Peters,
1987). Strategies like this one require not
only flexible equipment to produce the right
products, but short production cycles so that
products are available at the right time. The
extreme of this line of development is pro-
duction of previously mass-produced items
on a make-to-order basis: Moore reports a
widespread rumor that the GM Saturn pro-
ject will involve cars being custom-built
within days of receipt of customers’ com-
puter-transmitted individual orders.

The manufacturing firms that adopt these
new technologies and methods appear to
differ from traditional firms in their product
strategies as well. Many firms are broaden-
ing product lines, and there is a widespread
increased emphasis on quality, both through
frequent product improvements and new
product introductions, and through reduc-
tions in defects in manufacturing. Caterpillar
Corporation’s $1.2 billion “Plant with a Fu-
ture” modernization program has been ac-
companied by a doubling of the size of its
product line (Ronald Henkoff, 1988). Rub-
bermaid insists that 30 percent of its sales
should come from the products introduced
in the preceding five years, and 3M Com-
pany has a similar 25 percent rule for each
of its 42 divisions, with 32 percent of its
$10.6 billion in 1988 sales actually coming
from products less than five years old (Rus-
sell Mitchell, 1989). Meanwhile, reports of
order-of-magnitude reductions in percentage
defects are becoming commonplace.

New organizational strategies and work-
force management policies are also part of
this complex of changes. Ford has adopted a
parallel, team (rather than sequential) ap-
proach to design and manufacturing engi-
neering that, in conjunction with CAD/
CAM (Computer Aided Design /Computer
Aided Manufacturing) techniques, has cut
development time on new models by one
third (Alex Taylor, III, 1988). AT&T suc-
cessfully used a similar, multidepartmental
team approach in developing its new 4200
cordless phone (Dumaine), as did NCR with
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its recently introduced 2760 electronic cash
register (Otis Port, 1989b). Lockheed Corp.’s
Aeronautical Systems Group has managed
to reduce the time for designing and manu-
facturing sheet-metal parts by 96 percent,
from 52 days to 2; the project manager
credits organizational changes (including the
arrangement of workstations, redefinition of
worker responsibilities, and adoption of team
approaches) with 80 percent of the produc-
tivity gain (Port, 1989a, p. 143; Warren
Hausman, 1988). Motorola’s adoption of a
pay scheme based on the skills employees
acquire (rather than on their job assign-
ments), its elimination of segmented pay cat-
egories among production workers, and its
giving workers multiple responsibilities (in-
cluding having production workers do qual-
ity inspections) is credited with major im-
provements in quality (Norm Alster, 1989).
A further auto industry example comes from
GM’s massive investments in new technol-
ogy, which have gone hand-in-hand with new
supplier relations and more flexible work
arrangements, as well as a broadened prod-
uct line (General Motors Corporation, 1988).

More generally, Michael J. Piore (1986)
provides survey evidence from firms around
Route 128 in Boston of wider product lines,
shorter product life cycles, greater emphasis
on product quality, increased reliance on
independent suppliers and subcontractors,
and a more flexible organization of work
that is supported by new compensation poli-
cies. Banri Asanuma, (1988a), has found
similar trends among Japanese firms, Valery
provides more anecdotal evidence drawn
from a wide variety of industries internation-
ally, and earlier Piore and Charles F. Sabel
(1984) described related developments among
small businesses in Italy and Austria.

A striking feature of the discussions of
flexible manufacturing found in the business
press is the frequency with which it is as-
serted that successful moves toward “the
factory of the future” are not a matter of
small adjustments made independently at
each of several margins, but rather have in-
volved substantial and closely coordinated
changes in a whole range of the firm’s activi-
ties. Even though these changes are imple-
mented over time, perhaps beginning with
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“islands of automation,” the full benefits are
achieved only by an ultimately radical re-
structuring. Henkoff (p. 74) noted that one
of the lessons of Caterpillar’s program was:
“Don’t just change selected parts of your
factory, as many manufacturers have done.
To truly boost efficiency...it’s necessary
to change the layout of the entire plant.”
The first lesson that Dumaine drew from
studying successful adoption of speed-based
strategies was to “start from scratch.” In
discussing the adoption of “computer inte-
grated manufacturing” (CIM), Valery (p. 15)
stated that “nothing short of a total over-
haul of the company’s strategy has first to be
undertaken.” And in a parallel fashion, Wal-
ter Kiechel III (1988, p. 42) noted: “To get
these benefits (of more timely operations),
you probably have to totally redesign the
way you do business, changing everything
from procurement to quality control.”

This paper seeks to provide a coherent
framework within which to understand the
changes that are occurring in modern manu-
facturing. We ask, Why are these changes
taking place? Is it mere coincidence that
these various changes appear to be grouped
together, or is there instead some necessary
interconnection between them and common
driving force behind them? What are the
implications of the changes in manufactur-
ing technology for inventory policy, product
market strategy, and supplier and customer
relations? What are the implications for the
“make or buy” and vertical integration deci-
sions and for the structure of business orga-
nization more generally?

Our approach to these questions is a
price-theoretic, supply-side one involv-
ing three elements: exogenous input price
changes, complementarities among the ele-
ments of the firm’s strategy, and non-convex-
ities. The first element is the effect of techno-
logical change in reducing a set of costs. The
particular ones on which we focus include:
the costs of collecting, organizing, and com-
municating data, which have been reduced
over time by the development of computer
networks and electronic data transmission
systems; the cost of product design and de-
velopment, which have fallen with the emer-
gence of computer-aided design; and the



