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M

anufacturing companies, particularly
those in the United States, are today facing
intensified competition. For many, it is a
case of simple survival. What makes this challenge
so difficult is that the “secret weapon” of their fiercest competitors is based not so much on better product design, marketing ingenuity, or financial strength
as on something much harder to duplicate: superior
overall manufacturing capability. For a long time,
however, many of these companies have systematically neglected their manufacturing organizations.
Now, as the cost of that neglect grows ever clearer,
they are not finding it easy to rebuild their lost
excellence in production.

In most of these companies, the bulk of their labor
force and assets are tied to the manufacturing function. The attitudes, expectations, and traditions that
have developed over time in and around that function
will be difficult to change. Companies cannot atone
for years of neglect simply by throwing large chunks
of investment dollars at the problem. Indeed, it normally takes several years of disciplined effort to
transform manufacturing weakness into strength. In
fact, it can take several years for a company to break
the habit of “working around” the limitations of a
manufacturing operation and to look on it as a source
of competitive advantage.
In practice, of course, the challenge for managers is
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managers still lack, however is a powerful descriptive framework for understanding how their manufacturing organizations are contributing overall strategic goals, as well as the other kinds of contribution those organizations could be asked
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EXHIBIT 1
Stages in Manufacturing’s Strategic Role
STAGE 1

Minimize Manufacturing’s Negative
Potential: “Internally Neutral”

Outside experts are called in to make
decisions about strategic manufacturing
issues
Internal, detailed management control
systems are the primary means for
monitoring manufacturing performance
Manufacturing is kept flexible and
reactive

STAGE 2

Achieve Parity with Competitors:
“Externally Neutral”

“Industry practice” is followed
The planning horizon for manufacturing
investment decisions is extended to
incorporate a single-business cycle
Capital investment is the primary means
for catching up with competition or
achieving a competitive edge

STAGE 3

Provide Credible Support to the
Business Strategy: “Internally
Supportive”

Manufacturing investments are screened
for consistency with the business strategy
A manufacturing strategy is formulated
and pursued
Longer-term manufacturing developments
and trends are addressed systematically

STAGE 4

Pursue a Manufacturing-Base
Competitive Advantage: “Externally
Supportive”

Efforts are made to anticipate the
potential of new manufacturing practices
and technologies
Manufacturing is involved “up front” in
major marketing and engineering
decisions (and vice versa)
Long-range programs are pursued in
order to acquire capabilities in advance
of needs.

far more complex than is suggested by the simple
dichotomy between “weakness” and “strength.”
There is no single end that every manufacturing
function must serve—and serve well. There are, instead, several generic kinds of roles that the function
can play in a company and—as Exhibit 1 suggests—these roles can be viewed as stages of development along a continuum. At one extreme, production
can offer little contribution to a company’s market
success; at the other, it provides a major source of
competitive advantage.
Understanding the possibilities along this continuum can help managers identify both their company’s current position and the transformations in
attitude and approach that will be necessary if it is to
advance to a higher stage of competitive effectiveness. Such understanding is also useful in judging
how quickly a company may reasonably be expected
to progress from stage to stage. It is useful, too, in
pointing out the changes that must be made in other
parts of the company in order to sustain each higher
level of manufacturing’s contribution.
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STAGES OF MANUFACTURING
EFFECTIVENESS
Before describing each of these generic roles (or
stages) in detail and outlining the problems that can
arise when trying to move from one to the next, we
must say a few things about the kind of framework
we are proposing. First, the stages are not mutually
exclusive. Every manufacturing operation embodies
a set of important choices about such factors as
capacity, vertical integration, human resource policies, and the like. (See Exhibit 2 for a listing of these.)
A given operation may be—and often is—composed
of factors that are themselves at different levels of
development. What determines the overall level of
the operation is where the balance among these factors falls—that is, where in the developmental
scheme the operation’s center of gravity rests.
Second, it is difficult, if not impossible, for a company to skip a stage. A new business can, of course,
attempt to begin operations at any level it chooses,
but a manufacturing function that is already up and
3

EXHIBIT 2
Major Types of Manufacturing Choices
Capacity

Amount, timing, type

Facilities

Size, location, specialization

Equipment and Process
Technologies

Scale, flexibility,
interconnectedness

Vertical Integration

Direction, extent, balance

Vendors

Number, structure, relationship

New Products

Hand-off, start-up, modification

Human Resources

Selection and training,
compensation, security

Quality

Definition, role, responsibility

Systems

Organization, schedules,
control

running has far less freedom of choice. Attitudes and
established modes of doing things are well entrenched, and it take a tremendous effort just to move
things along from one level to the next. Hence, the
organizational strain imposed by an effort to leap-frog
a stage makes the probability of failure uncomfortably high. In addition, it is the mastery of activities
at one stage that usually provides the underpinnings
for a successful transition to the next.
It is possible, however, for a given operation to
contain factors of the sort already mentioned that are
well separated on the developmental continuum. But
here, too, the forces of organizational gravity are
remorselessly at work. Over time, the less advanced
part of the operation will tend to draw the more
advanced part back to its own level. The production
group responsible for Apple’s Macintosh computer
has, for example, tried to push its capability in materials handling and test processes well ahead of the rest
of its capabilities. The resulting strain has made it
hard for the group to maintain a stable organization.
By contrast, Hewlett-Packard’s personal computer
manufacturing group has tried to push ahead at a
slower and steadier pace—but along a very broad
front.
Third, although it is appealing in theory for companies to move as a single entity through these stages,
the real work of development occurs at the business
unit level. Certainly, it is nice to have backing from
a central corporate office so that several business
units can evolve together and help each other, but it
is at the business unit, not corporate, level that the
critical nuts-and-bolts coordination among factors
and across functions takes place.
With these three points in mind, we now turn to a
consideration of the stages themselves. We will give
4

special attention to the shift from Stage 3 to Stage 4
because this transition is the most difficult of all and
because reaching Stage 4 has the largest pay-off in
terms of competitive success. In fact, Stage 4 operations characterize all companies that have achieved
the status of world class manufacturers.

Stage 1
This lowest stage represents an “internally neutral”
orientation toward manufacturing: top managers regard the function as neutral—incapable of influencing competitive success. Consequently, they seek
only to minimize any negative impact it may have.
They do not expect manufacturing (indeed, they tend
to discourage it from trying) to make a positive contribution.
Stage 1 organizations typically view manufacturing capability as the direct result of a few structural
decisions about capacity, facilities, technology, and
vertical integration. Managers attach little or no strategic importance to such infrastructure issues as
work force policies, planning and measurement systems, and incremental process improvements. When
strategic issues involving manufacturing do arise,
management usually calls in outside experts in the
belief that their own production organization lacks
the necessary expertise (a self-fulfilling prophecy).
When they need to change facilities, location, or
process technology, their production managers run
into top-level insistence to remain flexible and reactive so as not to get locked into the wrong decisions.
Similarly, they are expected to source all manufacturing equipment from outside suppliers and to rely on
these suppliers for most of their information about
manufacturing technology and new technological developments.
HARVARD BUSINESS REVIEW
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On balance, Stage 1 organizations think of production as a low-tech operation that can be staffed with
low-skilled workers and managers. They employ detailed measurements and controls of operating performance, oriented to near-term performance, to ensure that manufacturing does not get too far off-track
before corrective action can be taken. The aim is not
to maximize the function’s competitive value but to
guard against competitively damaging problems.
Not surprisingly, the top managers of such companies try to minimize their involvement with, and
thus their perceived dependence on, manufacturing.
They concern themselves primarily with major investment decisions, as viewed through the prism of
their capital budgeting process. As a result, they tend
to regard their company’s production facilities and
processes as the embodiment of a series of once-andfor-all decisions. They are uneasy with the notion
that manufacturing is a learning process that can
create and expand its own capabilities—and may
therefore not be totally controllable. Hence, they will
agree to add capacity only when the need becomes
obvious and, when they do, prefer to build large
general-purpose facilities employing known—that is,
“safe”—technologies purchased from outside vendors. Eager to keep the manufacturing function as
simple as possible, they feel justified in thinking that
“anybody ought to be able to manage manufacturing,” an attitude reflected in their assignment of
people to that department.
This Stage 1 view occurs both in companies whose
managers see the manufacturing process as simple
and straightforward and in those whose managers do
not think it likely to have much impact on overall
competitive position. Many consumer products and
service companies fall into this category. So, too, do
a number of sophisticated high-technology companies, which regard product technology as the key to
competitive success and process technology as, at
best, neutral.
Experience shows, however, that the competitive
difficulties encountered by many U.S. consumer electronics and electrical equipment manufacturers have
their roots in the attitude that manufacturing’s role
is simply to assemble and test products built from
purchased components. Even in these high-tech companies, the manufacturing operation can appear
clumsy and unprepared when confronted with such
straightforward tasks as providing adequate production capacity, helping suppliers solve problems, and
keeping equipment and systems up-to-date. With a
self-limiting view of what manufacturing can do,
managers find it difficult to upgrade their labor-intensive, low-technology processes when products involving a new generation of technology appear. Nor
can their unfocused, general-purpose facilities comHARVARD BUSINESS REVIEW
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pete effectively with the highly focused, specialized
plants of world-class competitors.

Stage 2
The second stage in our progression also represents a
form of manufacturing “neutrality,” but Stage 2 companies seek a competitive or “external” neutrality
(parity with major competitors) on the manufacturing dimension rather than the internal (“don’t upset
the apple cart”) neutrality of Stage 1. Typified
by—but not restricted to—companies in traditional,
manufacturing-intensive industries like steel, autos,
and heavy equipment, Stage 2 organizations seek
competitive neutrality by:

.
.
.
.

Following industry practice in matters regarding
the work force (industrywide bargaining agreements with national unions, for example),
equipment purchases, and the timing and scale
of capacity additions.
Avoiding, where possible, the introduction of
major, discontinuous changes in product or
process. In fact, such changes tend to come—if
at all—from competitors well outside the mainstream of an industry.
Treating capital investments in new equipment
and facilities as the most effective means for
gaining a temporary competitive advantage.
Viewing economies of scale related to the production rate as the most important source of
manufacturing efficiency.

As noted, this approach to manufacturing is quite
common in America’s smokestack industries, most
of which have an oligopolistic market structure and
a well-defined set of competitors who share a vested
interest in maintaining the status quo. It is also
common in many companies engaged in electronic
instrument assembly and pharmaceutical production, which consider manufacturing to be largely
standardized and unsophisticated and which assume
product development people can be entrusted with
designing process changes whenever they are needed.
Like those in Stage 1, Stage 2 companies—when they
make an improvement in their process technology—
rely on sources outside of manufacturing; unlike
companies in Stage 1, however, they often turn to
their own (largely product-oriented) R&D labs as well
as to outside suppliers.
Top managers of Stage 2 companies regard resource
allocation decisions as the most effective means of
addressing the major strategic issues in manufacturing. Offensive investments to gain competitive advantage are usually linked to new products; manufacturing investments (other than those for additional
capacity to match increases in the demand for existing products) are primarily defensive and cost-cutting
5

in nature. They are usually undertaken only when
manufacturing’s shortcomings have become obvious.

Stage 3
Stage 3 organizations expect manufacturing actively
to support and strengthen the company’s competitive
position. As noted in Exhibit 1, these organizations
view manufacturing as “internally supportive” in
that its contribution derives from and is dictated by
overall business strategy. That contribution includes:

.
.
.
.
.

Screening decisions to be sure that they are
consistent with the organization’s competitive
strategy.
Translating that strategy into terms meaningful
to manufacturing personnel.
Seeking consistency within manufacturing
through a carefully thoughtout sequence of investments and systems changes over time.
Being on the lookout for longer term developments and trends that may have a significant
effect on manufacturing’s ability to respond to
the needs of other parts of the organization.
Formulating a manufacturing strategy, complete with plant charters and mission statements, to guide manufacturing activities over an
extended period of time.

Companies often arrive at Stage 3 as a natural consequence of both their success in developing an effective business strategy, based on formal planning processes, and their wish to support that strategy in all
functional areas. They want manufacturing to be
creative and to take a long-term view in managing
itself. When push comes to shove, however, the majority of them act as if such creativity is best expressed by making one or two bold moves—the introduction of robots, just-in-time, or CAD/CAM, for
example—while they continue to run most of the
function as a Stage 2 activity. The beer industry is a
good case in point: after building a number of new,
large-scale facilities in the 1970s and rationalizing
their existing operations, they began to drift back into
a “business as usual” attitude toward the manufacturing function.
While Stage 2 companies at times also pursue advances in manufacturing practice, they tend to regard
these in strictly defensive terms: as a means of keeping up with their industry. Stage 3 companies, however, view technological progress as a natural response to changes in business strategy and
competitive position.
Another characteristic of Stage 3 organizations is
that their manufacturing managers take a broad view
of their role by seeking to understand their company’s
business strategy and the kind of competitive advantage it is pursuing. Some of these managers even
6

follow career paths that lead to general management.
Notwithstanding the potential for advancement or
the greater equality of titles and pay across all functions in Stage 3 companies, manufacturing managers
are expected only to support the company’s business
strategy, not to become actively involved in helping
to formulate it.

Stage 4
The fourth and most progressive stage of manufacturing development arises when competitive strategy
rests to a significant degree on a company’s manufacturing capability. By this we do not mean that manufacturing dictates strategy to the rest of the company
but only that strategy derives from a coordinated
effort among functional peers—manufacturing very
much among them.
As noted in Exhibit 1, the role of manufacturing in
Stage 4 companies is “externally supportive,” in that
it is expected to make an important contribution to
the competitive success of the organization. The
leading companies in process-intensive industries,
for example, usually give manufacturing a Stage 4
role, for here the evolution of product and process
technologies is so intertwined that a company virtually must be in Stage 4 to gain a sustainable product
advantage. What then is special about Stage 4 companies?

.
.
.
.

They anticipate the potential of new manufacturing practices and technologies and seek to
acquire expertise in them long before their implications are fully apparent.
They give sufficient credibility and influence to
manufacturing for it to extract the full potential
from production-based opportunities.
They place equal emphasis on structural (building and equipment) and infrastructural (management policies) activities as potential sources of
continual improvement and competitive advantage.
They develop long-range business plans in
which manufacturing capabilities are expected
to play a meaningful role in securing the company’s strategic objectives. By treating the
manufacturing function as a strategic resource—that is, as a source of strength by itself
as well as a means for enhancing the contribution of other functions— they encourage the
interactive development of business, manufacturing, and other functional strategies.

Stage 4 organizations are generally of two types.
The first includes companies like Emerson Electric,
Texas Instruments, Mars (candy), and Blue Bell,
whose business strategies place primary emphasis on
a manufacturing-based competitive advantage such
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EXHIBIT 3
Alternative Views of Work Force Management
STAGES 1, 2, AND 3: TRADITIONAL,
STATIC

STAGE 4: BROAD POTENTIAL,
DYNAMIC

Command and control

Learning

Management of effort

Management of attention

Coordinating information

Problem-solving information

Direct (supervisory) control

Indirect (systems and values) control

Process stability/worker independence

Process evolution/worker dependence

Note: Courtesy of Professor Earl Sasser, Harvard Business School

as low cost. In fact, these companies sometimes
regard their manufacturing functions as so important
a source of competitive advantage that they relegate
other functions to a secondary or derivative role—an
action which can be just as dysfunctional as relegating manufacturing to a reactive role. The other type
of Stage 4 company seeks a balance of excellence in
all its functions and pursues “externally supportive”
Stage 4 roles for each of its integrated functions. We
describe in detail two such organizations in a later
section of this article.
In both types of organization, manufacturing complements its traditional involvement in the capital
budgeting process with a considerable amount of
qualitative analysis to compensate for the blind
spots and biases inherent in financial data. In addition, there are extensive formal and informal horizontal interactions between manufacturing and
other functions that greatly facilitate such activities
as product design, field service, and sales training.
Manufacturing’s direct participation in formulating
overall business strategy further enhances this functional interaction. Finally, equally with the
other functions, manufacturing is a valued source of
general management talent for the entire organization.

MANAGING THE TRANSITION
Because the four stages just outlined fall along a
continuum, they suggest the path that a company
might follow as it seeks to enhance the contribution
of its manufacturing function. They suggest, too,
the speed with which a company might follow
that path. The inertia of most large organizations—their entrenched attitudes and practices—favors a gradual, systematic, and cumulative movement from one developmental stage to the next, not
an effort to skip a stage by throwing more resources
at problems. Getting from here to there is not simply
a question of applying endless resources. Indeed,
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managing the transition between stages represents a
significant and often dramatic challenge for most
organizations.
At the least, successfully negotiating such a
transition requires leadership from within the manufacturing function. Managing change in an established operation is always difficult, but here that
difficulty is compounded by the need to bring all
manufacturing personnel to a new view of things long
familiar. Consider, for example, the kinds of production choices mentioned in Exhibit 2.
As a company or business unit moves along
the continuum, dealing with vendors or making
facilities choices requires many changes: costminimization goals give way to a concern for enlis ing vendors’ critical capabilities, and planning
for general-purpose facilities gives way to an appreciation of focused factories. Said another way, managing these transitions requires a special kind of
leadership because the task at hand is to change how
people think, not merely how they can be instructed
to act.
Nowhere is this deep shift in viewpoint more important than in attitudes toward a company’s human
resources. As Exhibit 3 suggests, Stages 1, 2, and 3
adhere fairly closely to the traditional “command and
control” style of human resource management. Now,
to be sure, moving from Stage 1 to Stage 2 and then
on to Stage 3 requires an ever more polished execution of that style, with enhanced management development efforts and more thoughtful analysis of underlying commands. But there is no radical shift
within these stages in the way managers think of the
work force’s contribution to overall competitive
performance. In Stage 4, however, the dominant approach to the work force must be in terms of teamwork and problem solving, not command-and-control. In the earlier stages the key leadership task is
the management of controlled effort, but getting to
Stage 4—and prospering there—demands instead the
management of creative experimentation and organizational learning.
7

Why Move at All?
Most young companies assign either Stage 1 or Stage
2 roles to manufacturing, to some extent because
these roles require little attention and specific knowledge on the part of senior managers. In the United
States, companies tend to start out with a unique
product or with the identification of an unexploited
niche in a market. As a result, they place primary
emphasis on marketing, product design, or other nonmanufacturing functions. Top management does not
see the need to become smart about—or give close
attention to—the work of production.
Companies are likely to remain at their initial
stage until external pressures force a move. As long
as no direct competitor successfully develops Stage 3
or Stage 4 manufacturing capabilities, they will find
Stages 1 and 2 comfortable, secure, and apparently
effective. The post-World War II experience of many
U.S. industries convinced a generation of managers
that a policy of stability can remain satisfactory for
decades, a view reinforced by the stable economic
growth associated with the 1960s. What they first saw
as common practice they came to see as good practice.
In general, the transition from Stage 1 to Stage 2
comes when problems arise in the manufacturing
function that can be solved by the “safe” application
of an already proven practice. It can also occur if
managers decide that the leading companies in their
industry owe at least part of their success to their
manufacturing process. The transition to Stage 3,
however, usually begins when managers come to
doubt the effectiveness of their traditional approaches or to wonder about the implications of new
manufacturing technologies. A direct threat from a
major competitor that has moved to a higher stage or
a recognition of the competitive advantages of moving to Stage 3 (or the potential perils of not doing so)
may also trigger action.
During the early 1980s all these factors came together to encourage literally hundreds of companies
to shift toward Stage 3. In many industries, long
dominated by a few large companies following stable
competitive ground rules, the sudden appearance of
foreign competition and globalized markets jolted
laggards into action. With no end to such competitive
pressures in sight, many more companies are likely
to attempt transitions to Stage 3 over the next several
years.
Unfortunately many, if not most, of these companies are unlikely to achieve a full, lasting move to
Stage 3 before they revert to Stage 2. The reasons for
such a retreat are subtle, yet powerful. Moving from
Stage 2 to Stage 3 often occurs in a crisis atmosphere
when—as with U.S. producers of steel, autos, and
machine tools—managers and workers alike see their
8

real objective as regaining competitive parity with
their attackers. The changes that are required to
adapt fully to Stage 3 require such sustained effort
and broad-based support, however, that these companies may not be able to cement them in place before
improved business conditions relieve some of the
competitive pressure. The natural tendency, of
course, is to return to a “business as usual” Stage 2
mentality as soon as the crisis appears to have passed.
The great irony here is that too quick success often
spells doom for permanent change. If, as often happens, the managers responsible for building manufacturing to Stage 3 levels are quickly promoted into
other responsibilities and other, lesser managers are
left to be the caretakers of recent changes, the necessary follow-up activities may not occur.

The Big Jump to Stage 4
However difficult it is to get from Stage 2 to Stage 3,
experience suggests that the shift from Stage 3 to
Stage 4 demands an effort substantially greater both
in kind and in degree. Earlier transitions, which take
place largely within the manufacturing function, are
a form of “manufacturing fixing itself.” Moving to
Stage 4, however, involves changing the way the rest
of the organization thinks about manufacturing and
interacts with it. Because coordination among functions is crucial, manufacturing must first have its
own house in order. Entering Stage 4 is not something
an organization simply chooses to do. It must first
pay its dues by having done all the appropriate
groundwork.
The differences between Stages 3 and 4 should not
be underestimated. In Stage 3, manufacturing considerations feed into business strategy, but the function
itself is still seen as reactive (in that its role is a
derived one), not as a source of potential competitive
advantage. Stage 4 implies a deep shift in manufacturing’s role, in its self-image, and in the view of it
held by managers in other functions. It is, at last,
regarded as an equal partner and is therefore expected
to play a major role in strengthening a company’s
market position. Equally important, it helps the rest
of the organization see the world in a new way. Stage
3 companies will, for example, treat automation as
essentially a cost-cutting and labor-saving activity. A
Stage 4 manufacturing operation will bring automation into focus as a means of boosting process precision and product quality.
There is an expectation in Stage 4 that all levels of
management will possess a high degree of technical
competence and will be aware of how their actions
may affect manufacturing activities. Further, they
are expected to have a general understanding of the
way products, markets, and processes interact and to
manage actively these interactions across functions.
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Traditional approaches to improving performance—providing flexibility through excess capacity,
for example, or raising delivery dependability
through holding finished-goods inventory, or reducing costs through improvements in labor productivity—no longer are considered as the only way to
proceed. Tighter integration of product design and
process capabilities can also lead to increased flexibility, as well as to faster deliveries (through shorter
production cycle times) and to lower costs (through
improved product quality and reliability).
Most American top managers, in our experience,
regard the transition from Stage 1 to Stage 2, and then
on to Stage 3, as a desirable course to pursue. Yet few
view achieving Stage 4 capabilities as an obvious goal
or strengthen their companies’ manufacturing functions with the clear intent of moving there.
In fact, most companies that reach Stage 3 do not
perceive a move to Stage 4 as either essential or
natural. Their managers, believing that Stage 3 provides 90% of the benefits attainable, resist spending
the extra effort to advance further. Many prefer to
play it safe by remaining in Stage 3 for a sustained
period before deciding how and whether to move on.
A sizable number doubt the value of Stage 4—some
because they think it extremely risky in organizational terms; others because they feel threatened by
the kind of initiatives manufacturing might take
when unleashed. One company, in fact, ruled out a
move to Stage 4 as being potentially destabilizing to
its R&D group, which historically had played the key
role in establishing the company’s competitive advantage.
Although the benefits of operating in Stage 4 will
vary from company to company and will often be
invisible to managers until they are just on the edge
of Stage 4 operations, four variables can serve as a sort
of litmus test for a company’s real attitude toward the
competitive role its manufacturing organization
can—and should—play and thus indicate its placement in Stage 3 or Stage 4.
The Amount of Ongoing In-House Innovation
Stage 4 organizations continually invest in process
improvements, not only because they benefit existing products but also because they will benefit future
products. This is not to say these companies are
uninterested in big-step improvements, but that they
place great importance on the cumulative value of
continual enhancements in process technology.
The Extent to Which a Company Develops Its Own
Manufacturing Equipment The typical Stage 3 operation continues to rely on outside suppliers for equipment development. A Stage 4 company wants to
know more than its suppliers about everything that
is critical to its business. It may continue to buy
much of its equipment, but it will also produce
HARVARD BUSINESS REVIEW
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enough internally to ensure that it is close to the
state-of-the-art in equipment technology.
Our experience with Stage 4 German and Japanese
manufacturers is that they follow this practice much
more than most of their American counterparts. Yet
even in Germany, where leading companies develop
their own equipment, suppliers such as those making
machine tools remain strong and innovative. Reducing their market does not cripple their competitive
viability. Instead, the increased competition and the
greater technical sophistication among equipment
users have made the interactions between manufacturers and suppliers more innovative for both.
The Attention Paid to Manufacturing Infrastructure Stage 4 managers take care to integrate measurement systems, manufacturing planning and control
procedures, and work force policies in their structural
decisions on capacity, vertical integration, and the
like. They do not necessarily give infrastructure and
structural elements equal weight, but they look on
both as important and complementary, sources of
competitive strength.
The Link Between Product Design and Manufacturing Process Design Stage 3 companies focus on
improving the hand-offs from product design to
manufacturing; in Stage 4 the emphasis is on the
parallel and interactive development of both products and processes.
If managers choose not to attempt the transition to
Stage 4, that choice should be made intentionally, not
by default or through a failure to understand the kinds
of benefits that new stage could offer. Rather, it
should reflect a reasoned judgment that the risks
were too great or the rewards insufficient.

GETTING THERE FROM HERE
Two examples of organizations that, in the early
1980s, chose to attempt the transition to Stage 4 are
General Electric’s dishwasher operation (at the business unit level) and IBM (at the corporate level).
Taking a closer look at these two experiences may
help bring into focus the benefits of, and the obstacles
to, a successfully managed transition.

General Electric Dishwasher
Dishwashers are one of several major consumer appliances that GE has produced for decades. In the late
1970s GE’s dishwasher strategic business unit (SBU)
did a careful self-analysis and concluded that it had
dated and aging resources: a 20-year-old product design, a 10- to 20-year-old manufacturing process, and
an aging work force (average seniority of 15 to 16
years) represented by a strong, traditional union. Its
manufacturing operations were primarily located, to9

gether with five other major appliance plants, at GE’s
Appliance Park in Louisville, Kentucky. A single
labor relations group dealt with all of the site’s 14,000
hourly workers, whose relations with management
were neutral at best.
Nevertheless, it was a very successful business,
holding the leading position in the U.S. dishwasher
market and turning out about one-third of the units
sold. In late 1977, as part of its normal planning for
product redesign, the SBU proposed to corporate
management that it invest $18 million in the incremental improvement of the product and its manufacturing process. With dishwasher manufacturing more
or less at Stage 2 (it was essentially following “GE
Appliance Park manufacturing practice”), those involved saw the request as a proposed foray into Stage
3, and expected the unit to return to Stage 2 once the
improvements in products and processes began to age.
GE’s senior managers normally would have approved such an investment and allowed the SBU to
carry on with its traditional approach. In this case,
however, they asked a number of tough questions
about the long-term prospects for the business and
encouraged SBU managers to think about pursuing a
more innovative and aggressive course. The idea of
making a fundamental change in the SBU’s strategy
gained rapid support from some key middle managers, who saw major opportunities if GE could break
out of its traditional thinking. They began laying the
groundwork for a solid move to Stage 3.
Over the next several months, as this reformulated
proposal to upgrade product design and manufacturing processes began to take shape, the nature of the
dishwasher business suggested possible benefits from
moving on through Stage 3 to Stage 4:

.
.
.

GE product designers had developed a top-ofthe-line product with a plastic tub and plastic
door liner. Although currently more expensive
than the standard steel model, it offered significantly improved operating performance and
used proprietary GE materials.
More disciplined product design could increase
component standardization because little of the
product was visible after installation.
Since only 55% of U.S. households owned dishwashers, there was considerable growth potential in the primary market as well as a sizable
replacement market.

In combination with GE’s strong competitive position, these factors led management to conclude that
if the “right” product were introduced at the “right”
price and with the “right” quality, GE could greatly
expand both industry demand and its own market
share, particularly in the private label business.
Accordingly, SBU managers decided not just to fix
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current problems but to do it right. They jettisoned
their modest proposal for incremental product and
process improvement and developed much bolder
proposals requiring an investment of more than $38
million.
This revised plan rested on a major commitment
to improve the factory’s working environment through
better communication with the work force as well as
to encourage its involvement in redesigning the
manufacturing process. Laying the groundwork for
this new relationship took almost two years, but the
time was well spent. Once established, this relationship markedly enhanced the contribution manufacturing could make to the overall business of the SBU.
The new plan also called for a complete redesign of
the product around a central core consisting of a
single-piece plastic tub and a single-piece plastic
door. To ensure that the product would meet quality
standards, management established stringent specifications for GE and for its vendors and demanded that
both internal and external suppliers reduce their incidence of defects to one-twentieth of the levels formerly allowed. To meet the new specifications and
the new cost targets, managers now had to carry out
process and product development in tandem, not
separate them as they had done in the past.
The revised proposal addressed, as well, the design
of the production process. Automation was essential—not just to reduce costs but also to improve
quality. Thus, modifications in product design had to
reflect the capabilities and constraints of the new
process. In addition, that process had to accommodate more worker control and shorter manufacturing
cycle times, along with other nontraditional approaches to improve flexibility, quality, delivery dependability, and the integration of product testing
with manufacturing.
By late 1980, there was general agreement on the
major building blocks of this new strategy. Each of
the functions—product design, marketing, and
manufacturing—was to move aggressively toward
defining its contribution in Stage 4 terms. To manufacturing management also fell the task of helping to
develop performance measures that, if tracked over
subsequent years, would indicate how well the function was carrying out its responsibilities.
As Exhibit 4 shows, by the end of 1983 there was
pronounced improvement in such important areas as
service call rates, unit costs, materials handling, inventory turns, reject rates, and productivity—with a
promise of still further improvements in 1984. Nor
was this all. Other benefits included a 70% reduction
in the number of parts, the elimination of 20 pounds
of weight in the finished product (and thus reduced
freight costs), and much more positive worker attitudes. Perhaps most important of all was the large
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EXHIBIT 4
General Electric Dishwasher SBU Redesign
PERFORMANCE MEASURE
Service call rate (index)*
Unit cost (index)
Number of times tub or door is handled
Inventory turns
Reject rates (mechanical/electrical test)
Output per employee (index)

1980–1981
100
100
27+27
13
10%
100

1983
70
90
1+3
25
3%
133

1984
GOAL
55
88
1+3
28
2.5%
142

* Lower is better.

jump in market share that GE won in the 12 months
following the new product’s introduction. Indeed,
during the summer of 1983, Consumer Reports rated
it as offering the best value among U.S. dishwashers.
Although these results were impressive, SBU managers also gained a much better understanding of the
effort needed to secure fully a Stage 4 position for
manufacturing. Their experience underlined the need
to treat product and process design in a more iterative
and interactive fashion and the importance of involving the work force in solving problems.
Of late, a rebounding economy with increased consumer demand has turned up pressure on the SBU to
revert to its traditional view that output is paramount,
no matter the compromises. Hence, even though the
SBU’s manufacturing function is now in Stage 4, it
must doggedly fight to stay there and to help the rest
of the organization complete the transition rather
than allow itself to drift back toward Stage 3.

IBM Corporation
In the early 1980s, IBM viewed its worldwide activities as comprising 13 major businesses including, for
example, typewriters and large computer systems.
Like its competitors in each of these product markets, IBM faced rapidly changing environments and
so had to be especially careful in designing and coordinating strategies. Hence, in each, the manufacturing organization was expected to play a role equal to
that of the other major functions in developing and
executing overall business strategy. Unlike its competitors, most of whom still assigned Stage 2 or Stage
3 roles to manufacturing, IBM recognized that production—responsible for 49% of IBM’s assets,
110,000 of its employees, and 40% of its final product
costs—had much to contribute to the competitive
advantage of each business
IBM’s worldwide strategy for moving the manufacturing operations of each business into Stage 4 required those businesses to address seven areas of
concern in a manner consistent with a Stage 4 approach to production. These areas were:
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Low Cost IBM firmly believed that to be successful
it must be the low-cost producer in each of its businesses, success being defined as having the best product quality, growing as fast or faster than the market,
and being profitable. Reaching this low-cost position
required stabilizing the manufacturing environment
(reducing uncertainty wherever possible) and linking
manufacturing more effectively to marketing and
distribution. To this end, marketing had “ownership”
of finished-goods inventory, and factory production
rates were to be smoothed out by the adoption of a
90-day shipping horizon. In addition, IBM decided to
design products around certain standard modules
and, although it produced different configurations of
these standard modules to customer order, it would
not manufacture customized modules.
Inventories IBM’s goal was to reduce inventories
significantly, first by measuring stock carefully and
frequently and then by reducing “order churn” (the
fluctuation in mix and volume that occurs before an
order actually gets into the final production schedule). Lower in-process inventories, derived in part
from the adoption of a just-in-time philosophy and
from the standardization of components, helped IBM
cut its inventory costs by hundreds of millions of
dollars within 18 months while supporting ever-increasing sales.
Quality IBM estimated that 30% of its products’
manufacturing cost—the total cost of quality prevention, detection, and appraisal—arose directly from
not doing it right the first time. Significant improvements in the quality and manufacturability of design,
the pursuit of zero defects, and the systematic stress
testing of products during design and manufacturing
all contributed to the lowering of these costs.
Automation Automation in a Stage 4 orientation
is of value in that it leads to higher product quality,
encourages interaction between product design and
process design, and cuts overhead. This, in turn,
means managing the evolution of the manufacturing
process according to a long-term plan, just as with
product evolution.
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Organization To provide the product design and
marketing functions with a better linkage with
manufacturing, IBM defined an additional level of
line manufacturing management, a “production
management center,” which was responsible for all
plants manufacturing a product line. For example,
the three large system plants (located in France, Japan, and the United States) were all under a single
production management center that served as the
primary linkage with marketing for that product line,
as well as with R&D’s efforts to design new products.
Such centers were intended not only to create effective functional interfaces but also to be responsible
for planning manufacturing processes, defining plant
charters, measuring plant performance, and ensuring
that the processes and systems employed by different
facilities were uniformly excellent.
Manufacturing Systems The purpose here was to
develop integrated systems that provided information, linked directly to strategic business variables,
for both general and functional managers. Such systems had to be compatible with each other yet flexible enough for each business to be able to select the
modules it needed. As part of this systems effort, IBM
rethought its entire manufacturing measurement
system with the intent of reducing its historical focus
on direct labor and giving more emphasis to materials, overhead, energy, and indirect labor. IBM believed
that its manufacturing systems, like its product lines,
should be made up of standard modules based on a
common architecture. Each business could then assemble its own customized configuration yet still
communicate effectively with other IBM businesses.
Affordability By making external competitiveness,
not internal rules of thumb, the basis for evaluating
manufacturing performance, IBM no longer evaluated manufacturing against its own history but rather
against its competitors. As part of this concern with
affordability, IBM also sought to reduce its overhead,
which exceeded 25% of total manufacturing costs.
Out of these seven areas of concern emerged a set
of three management principles fully in harmony
with the move to a Stage 4 appreciation of the competitive contribution that manufacturing can make.
The first—emphasizing activities that facilitate, encourage, and reward effective interaction between
manufacturing and both marketing and engineering—requires people able to regard each other as
equals and to make significant contributions to areas
other than their own. Information, influence, and
support should—and must—flow in both directions.
The second principle recognizes that product and
process technologies must interact. Process evolution (including automation) and product evolution
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must proceed in tandem. Indeed, IBM uses the terms
“process windows” and “product windows” to describe these parallel paths and the opportunities they
offer to exploit state-of-the-art processes in meeting
customer needs and competitive realities.
The third principle is a focus of attention and
resources on only those factors—manufacturing,
quality, and overhead reduction, for example—that
are essential to the long-term success of the business.

GETTING THINGS MOVING IN YOUR
COMPANY
Our experience suggests that building manufacturing
excellence requires that managers do more than simply understand the nature of the current role that
manufacturing plays in their organizations and develop a plan for enhancing its competitive contribution. They must also communicate their vision to
their organizations and prepare the ground for the
changes that have to be made.
In virtually all the Stage 4 companies we have seen,
at least one senior manager has been a key catalyst
for the transition. Such leaders spring from all functional backgrounds and are concerned not to elevate
manufacturing at the expense of other functions but
to see their companies “firing on all cylinders.” Seeking ways to integrate all functions into an effective
whole, they must be strong enough, persuasive enough,
and tough enough to push beyond conventional management thinking and to force their organizations to
grapple with the deeper challenges prevailing in the
increasingly competitive world of industry.
Today, there is considerable pessimism in some
quarters about the long-term prospects for U.S. manufacturing. We are neither pessimistic nor optimistic;
the answer “lies not in our stars but in ourselves.”
We have seen many organizations focus their efforts
on achieving Stage 4 and make incredible improvements in short periods of time. Unfortunately, we
have also seen many of them subsequently lose that
commitment. After making tremendous strides, they
begin to get comfortable and fall behind again.
Manufacturing can contribute significantly to the
competitive success of any business. But it takes
managers with determination, vision, and the ability
to sustain focused effort over a long period of time
and often in the face of stiff organizational resistance.
The industrial race is no longer decided (if it ever was)
by a fast and furious last-minute cavalry charge. It is
a long, patient, persistent process of working together
to clear the land, cultivate the fields, and continually
extend the frontiers of an organization’s capabilities.
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