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Breakthrough and Continuous Improvement
in Research and Development—An Essay
David C. Walden
Some of the greatest resistance to TQM’s emphasis on the practices of continuous improvement
comes from those who worry that continuous improvement is incompatible with the breakthrough needs of our companies, particularly in
the area of research and development. I believe
continuous improvement in research and development is compatible with breakthrough and is
in many cases essential to it.
Although the rest of this essay will primarily
consider continuous improvement and breakthrough in the context of research and development, the arguments are probably equally valid
for the company at large.

Continuous Improvement Does Not
Necessarily Mean Small Improvement
The first objection we hear to breakthrough and
continuous improvement in research and development usually comes from people who equate
breakthrough to innovation and creativity—creating new things—and who equate continuous
improvement to small changes to existing processes. In my view, these are false equations.
Continuous improvement does not mean
only repeated small improvements. Continuous
improvement means repeated improvements of
any size. In our companies we need repeated, or
continuous, breakthrough improvements for our
critical systems or products, and we need small,
incremental improvements to existing processes.
Some Japanese companies that practice TQM explicitly show the two kinds of improvement as
part of their continuous improvement system, as
shown in figure 1.
The SDCA (Standard-Do-Check-Act) loop in
the center of the figure shows the company’s standard processes. If the Check and Act steps reveal a
problem, the company determines whether the
problem is “routine,” i.e., requiring incremental
improvement of an existing process, or is “critical,” i.e., requiring a breakthrough improvement.
Problems requiring incremental improvement are
handled by the company’s incremental improvement methods, such as 7-Steps Quality Improvement Teams, indicated by the PDCA (Plan Do
Check Act) cycle at the bottom of the figure. Problems requiring breakthrough are handled by the
company’s breakthrough improvement methods,
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Figure 1

such as Hoshin Management, indicated by the
PDCA cycle at the top of the figure.
The words “continuous improvement” do not
in and of themselves preclude innovation, creativity, and breakthrough. We need continuous or repeated innovation, creativity, and breakthrough as
well as continuous incremental improvement.

Breakthrough and Incremental
Improvement Are Not Incompatible
Having sorted out that breakthrough and incremental improvement are two parts of continuous
improvement, the second objection we frequently
hear is to the idea that breakthrough and incremental improvement can coexist. This objection runs
along the lines that if we do incremental improvement in research and development, we can’t or
won’t be effective at breakthrough improvement.
This argument strikes me as spurious—a debating
trick—pitting breakthrough and incremental improvement against each other as if they are mutually exclusive. They are not. Hayakawa calls this
“two-value thinking”—“the assumption, frequently unexamined, that every question has two
sides—and only two sides.”1
1
S. I. Hayakawa and Alan R. Hayakawa, Language in Thought and
Action, 5th edition, Harcourt Brace Jovanovich, 1990, chapter 11.
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An easy way to demonstrate that incremental
improvement is not incompatible with breakthrough is to remember that little things, the kind
that incremental improvement might eliminate, can
prevent breakthrough. All of us in research and development have experienced such little things: accounting systems that make use of test equipment
so expensive that we are motivated to minimize
testing, incompatibility between computer-aideddesign systems in engineering and manufacturing,
old or weak computer-based simulation and debugging tools, one component in a system whose design is no good, lack of colocation of the project
team, ambiguous or changing product specifications, or leaving no slack in the development
schedule for unplanned eventualities. Any little incremental thing seems capable of delaying or preventing the breakthrough we are seeking.
Frequently examples of small things that can
prevent breakthrough, such as those just given, are
examples of weak process preventing breakthrough
in the application area, as in development of a new
product. This suggests another way of looking at
the compatibility of incremental improvement and
breakthrough: incremental improvements in the
process are compatible with breakthroughs in the
application area. Kaoru Ishikawa drew the diagram shown in figure 2, which is useful for illustrating this idea.2

provide the competitive advantage.
By treating incremental improvement as incompatible with breakthrough, we lose to those
who are using both incremental improvement and
breakthrough in synergistic ways.3

Incremental Improvement Is Frequently
the Means of Breakthrough
Incremental improvement and breakthrough are far
from incompatible. In fact, incremental improvement is frequently the means of breakthrough. One
example of this comes from the Japanese approach
illustrated in Ishikawa’s figure shown in the left
column. The Japanese are using the profits resulting from the competitive advantage they get from
incremental improvement to do research on how to
innovate systematically.4
As noted earlier, incremental process improvements frequently provide better and sharper tools,
which then become the means of breakthrough in
the application area. When people in research and
development hear about process, however, they all
too often immediately extrapolate to the kind of
complete rigidity that would stifle innovation and
creativity. This is another example of fallacious
two-valued thinking, as figure 3 shows.
The trade-off between too little and too much process
effectiveness
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Figure 2

Ishikawa’s figure shows our western approach
as alternating breakthrough and status quo, consistent with the idea that if we have breakthrough, we
can’t have incremental improvement. His figure
shows the Japanese approach as alternating breakthrough and incremental improvement, which the
Japanese believe are compatible. The figure shows
that since both approaches include breakthrough,
incremental improvement, not breakthrough, is the
competitive advantage of the Japanese approach. In
other words, incremental process or product improvements between big product breakthroughs
26
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The vertical axes in the figure indicate effectiveness of our research and development efforts.
At the left end of the horizontal axis is the point of
no process. Most people would agree that having
no process is not particularly effective. With no
process we never do things the same way twice, we
have no vocabulary with which to talk to each
2

Kaoru Ishikawa, Introduction to Quality Control, 3A Corporation,
1990, p. 70. Please note: I have changed the labels on Ishikawa’s
figure to match the notation used in this essay.
3
See also Richard Florida and Martin Kenney, The Breakthrough
Illusion, Basic Books, 1990.
4
Sheridan M. Tatsuno, Created in Japan, Harper Business Books,
1990; James P. Womack, et al., The Machine That Changed the
World, Harper Business Books, 1990.

other, and we have nothing to try to improve. Most
people would also agree that there is a point at the
right end of the horizontal axis, which I have labeled “blind adherence to rigid process,” where we
have too much process to be effective. Thus, there
is a region somewhere between the left and right
ends of the process spectrum where we have the
amount of process that is most effective—enough
to make improvements and maintain them but not
so much that things ossify. Processes taught as part
of TQM fall in this middle ground. For instance,
the 7-Steps and Quality Function Deployment processes provide guidelines for improve- ment that
have been proven through experience to be efficient but that every team or person applies as appropriate to the problem they are working on. In
other words, these tools require or bring out creativity on the part of those who use them.
Finally, from my experience of over 25 years
of participation in and observation of high-technology research and development and my reading
about other fields, I have concluded that “breakthrough” is almost always a feeling of climax or
appearance of great change that has resulted from
extended incremental efforts. We have all read stories in the popular press about the “overnight” success of entertainers, performing artists,
craftspeople, or athletes who in fact have worked
hard and struggled for years before their popular
“breakthrough.”
Imagine a person boring through a thick concrete wall with a hammer and chisel (figure 4).

to Daguerre in about 1840 but, as Szarkowski
shows, was really the result of the efforts of many
people before and after Daguerre. As Szarkowski
says:
Inventions—the name by which we call
devices that seem fundamentally new—are
almost always born out of a process that is
more like farming than magic. From a complex ecology of ideas and circumstances that
includes the condition of the intellectual soil,
the political climate, the state of technical
competence, and the sophistication of the
seed, the suggestion of new possibilities
arises.
Radical disruptions have long prior histories. After many incremental successes and
nominal failures a new idea (which is generally not so new an idea) gains a measure of
success that lifts it over the threshold into visibility, at which point it is given a name and
begins its official history.
In 1929 Abbott Payson Usher pointed out
that it was futile to try to identify the inventor
of mechanical printing, or the steam engine,
or the airplane, since cultural achievement is
a social accomplishment based on the accumulation of many small acts of insight by individuals.6 Mr. Usher surely did not mean to
suggest that each of these acts is of equal importance, but rather that the most imaginative
and thrilling of them stood on the shoulders of
a thousand earlier contributions.

Breakthrough is when the result of the work becomes apparent
Breakthrough!!

Figure 4

Even though the person may have been boring
through for a very long time, removing lots of little
incremental chips from the wall, the moment of
breakthrough is when the person finally begins to
emerge through the wall. The same pattern holds in
technology development or research and development. The breakthrough is usually the point where
the results of extended effort (often by many
people and groups) become apparent.
In his 1989 book Photography Until Now,5
John Szarkowski describes the long and complicated prehistory of photography. The invention of
photography is sometimes simplistically credited

I could give many similar examples of how
contemporary companies, including my own, are
often credited and take credit for a breakthrough
that in fact had a long prior history of incremental
developments.
It is possible for breakthroughs to happen in a
single act of brilliant insight with no incremental
buildup. However, such occurrences are so rare
and undependable as to be nearly irrelevant to
our business needs.
5

The Museum of Modern Art, 1989.
Abbott Payson Usher, A History of Mechanical Inventions,
Harvard University Press, 1929, pp. 65-68.
6
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Patterns leading to breakthrough
Patterns leading to breakthrough
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Figure 5

More likely patterns leading to breakthrough
are shown in figure 5.
In research and development, incremental improvement is most often the means of breakthrough, and breakthrough is the culmination of
incremental improvement. Incremental improvement is far from being incompatible with breakthrough in research and development; scientists
and engineers are unusual in their ability to keep
slogging month after month and year after year until the “breakthrough” finally results. Many other
kinds of people would have given up long before.

The Relationship between Breakthrough
and Incremental Improvement Varies with
the Maturity of the Industry
The relationship between breakthrough and incremental improvement may vary with the maturity of
a technology or industry. The curves in figure 6
(next page) illustrate how this works.7
The curve starting at the top left of the figure
shows a decline in the importance of breakthrough
or size of discontinuities as industries or technolo28
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gies mature. For instance, in the semiconductor industry, quantum mechanics, the band theory of
semiconductors, and the silicon transistor represented giant intellectual changes. The integrated
circuit and later the DRAM, EPROM, and microprocessor were great changes, but not so fundamental as quantum mechanics, the band theory, or
the silicon transistor. In the 1980s and 1990s there
have been many very significant improvements,
but in many ways they are variations on what has
gone before, such as denser packaging, RISC processors, and the multibus.
The curve starting at the bottom left of figure 6
shows how the importance of incremental improvement can increase as the size of breakthroughs decreases. There are two reasons for this
increase in importance of incremental improvement. First, as technology becomes more broadly
applied, improvements of the production process
become a necessity and an important source of
competitive advantage.
7

The ideas in this final section were pointed out to me by Dr.
Dennis Buss of Analog Devices, Inc.
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Second, as the technology becomes more mature, each improvement tends to be harder and
more complex to achieve and thus takes more
process. For instance, it probably took only a

few people to develop the first DRAM. Now development of a 16-megabit DRAM takes hundreds of people to do all the work and deal with
all the little problems and complexities. No one
person can understand it all. In this situation lots
of process and lots of improvement of the process is necessary for success.
Other industries, such as the automobile industry, may be even more mature than the semiconductor industry, while genetic engineering,
by contrast, may be operating at a point where
breakthroughs are relatively more important and
incremental improvements are relatively less of
a competitive advantage than in the maturer industries.
It is important for each of us to consider the
relative importance of breakthrough and incremental improvements in our own industries to
determine how much we must focus on incremental improvement to remain competitive.

Acknowledgments
I thank Dennis Buss of Analog Devices, Inc., Tom Lee of the CQM, Mike LaVigna of Bolt Beranek
and Newman Inc., and the editors who reviewed drafts of this essay and made suggestions for clarification and improvement.

Spring 1993

29

Journal On-Line

CENTER FOR QUALITY OF MANAGEMENT JOURNAL
The Center for Quality of Management Journal is a forum for disseminating the
experience of organizations learning to implement modern management practices. It
seeks to capture experiences and ideas that may be useful to others working to create
customer-driven, continuously improving organizations.
The CQM Journal is refereed. However, it is not an academic publication. Experiences
and ideas will be published if they seem likely to be useful to others seeking to improve
their organizations.
Send to:

Editorial Board
David Walden, Chairman
Center for Quality of Management

Stephen Graves
Professor & LFM Co-Director
Massachusetts Institute of Technology

The Center for Quality of Management Journal
Editorial Department
One Alewife Center, Suite 450
Cambridge, MA 02140
Tel. 617-873-8950 Fax 617-873-8980
E-mail: publications@cqm.org

Ted Walls
Boston College

Robert Chapman Wood

If you have thoughts for a paper and you would like to discuss it with us, please write,
call or submit an outline. We welcome your ideas.

Writer

Alan Graham
Consultant
Pugh-Roberts Associates

Shoji Shiba
Tokiwa University

Production Team

Final Manuscript Requirements:
Entire manuscript should be double-spaced, including footnotes, references, etc. Text
should include all the elements listed below. Generally, The CQM Journal follows the
editorial principles of The Chicago Manual of Style. We strongly prefer submissions in
eletronic format for all text and as many of the figures as possible. IBM-based software
(particularly Microsoft Word for Windows) is preferable to Macintosh-based software if
you have a choice, but is by no means a requirement.

Eric Bergemann
Please include:

Publisher

Kevin M. Young
Design & Production

Jay Howland
Copy Editing

1. Title page, stating the type of article (e.g., 7-Step case study, research paper, short
communication, letter to the editor, etc.), main title, subtitle, and authors’ full name(s),
affiliation(s), and the address/phone/fax of the submitting author;
2. All needed figures, tables, and photographs (see below);

CQM Officers
Ray Stata
Chairman

Gary Burchill
President

Thomas H. Lee
Treasurer and President Emeritus

William Wise
Clerk

3. Footnotes (if appropriate), numbered consecutively from the beginning to the end of
the article;
4. Reference list, if appropriate.
Figures, Tables and Photographs:
If you can, insert each figure or table into the text where you would like it to fall. Figures
should be composed to conform to one of two widths: 3 1/8 or 6 1/2 inches. The
maximum height for any figure is 9 3/8 inches. Text within figures should not be
smaller than 5 points and lines not less than 1/4 point at the figure’s final size. Figures
should labeled with the figure number underneath and title on top. Be sure that the text
mentions each figure or table.
Please retain separate PICT or TIFF files of figures generated in drawing programs and a
file with the text only for final submission.

