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Closing the Gap

Statistical engineering links statistical thinking, methods, tools

THE PHILOSOPHER Thomas Kuhn
showed that a way of thinking (a para-
digm) lasts until the problems no longer
adequately addressed by the paradigm
are so important that a new paradigm is
needed to deal with that list of unsolved
problems.!

Some urgent problems not being ad-
equately addressed by existing statistically
based approaches to quality improvement
include:
¢ Ensuring statistical projects have high

impact. Too often, we experience the

phenomenon that “the operation was a

success, but the patient died.” In other

words, our application of statistics is
technically impeccable, but it doesn’t
actually drive tangible improvement.

e Integrating concepts of statistical think-
ing with the application of statistical
methods and tools. A gap or discon-
nect exists between the two, resulting
in poor application of the important
principles of statistical thinking and

lost opportunities to apply statistical

A holistic view of
statistics / ricure 1

Statistical

thinking

I

Statistical
engineering

W

Tactical

Operational

Statistical methods and tools

methods effectively. There’s a missing

link that will drive proper application

of statistical methods based on a solid
understanding of statistical thinking
principles.

¢ Providing statisticians an opportunity to
become true leaders in their organiza-
tions, rather than passive consultants.

Therefore, we propose a different para-
digm for the quantitative approaches to
quality improvement. We call it statistical
engineering.

The term statistical engineering has
been used before, perhaps most notably
by consultant Dorian Shainin, who gener-
ally used it to indicate the application of
statistical approaches that were ad hoc
(but generally worked) rather than based
on formal statistical theory.

Conversely, we use the term in its
literal sense. Engineering can be defined
as the study of how to best use known sci-
entific and mathematical principles for the
benefit of mankind. This contrasts with
pure science, which attempts to advance
our understanding of natural
laws and phenomena.

For example, after years
of research, a chemist might
invent a new marketable
substance in the laboratory.
Chemical engineers might
then determine how to scale
up the process to produce
this substance commercially,
design the plant to manufac-
ture it and identify how the
plant should be operated to
be profitable.

The statistical engineering
discipline would be the study

of how to use the principles

and techniques of statistical science for
the benefit of humankind. From an opera-
tional perspective, statistical engineering
is defined as the study of how to best use
statistical concepts, methods and tools,
and integrate them with IT and other
relevant sciences to generate improved
results.

In other words, engineers—statistical
or otherwise—do not focus on advance-
ment of the fundamental laws of science,
but rather how these laws might be best
used for practical benefit. This is not to
say engineers do not research or develop
theory. Rather, it suggests engineers’ theo-
retical developments tend to be oriented
toward the question of how to best use
known science to benefit society.

We're not suggesting that society no
longer needs research in new statistical
techniques for improvement; it does. The
balance needed at this time, however, is
perhaps 80% for statistics as an engineer-
ing discipline and 20% for statistics as a
pure science.

For example, new strategies to better
use control charts for maximum benefit
in healthcare, finance and other service
industries are needed even more than
additional research on the mathematical
properties of control charts themselves.
Both are still needed, but we call for a
shift in emphasis from the latter to the

former.

Statistical engineering example
To provide a tangible example of statisti-
cal engineering, consider lean Six Sigma
(LSS). Critics have pointed out that LSS
hasn’t actually invented any new tools,
and they are right. This is one of the rea-

sons academia have been much slower to
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focus attention on LSS than on improve-
ment methods that came with new tools,
such as Taguchi Methods.

We believe LSS has not invented any
new tools because it is not an example of
statistical science, but rather statistical
engineering.

For example, per critics’ claims, LSS
has taken existing statistical principles
and tools and integrated them with other
disciplines, such as lean enterprise, quality
engineering and operations research, to
provide an overall method that gener-
ates more dramatic results than had been
obtained previously. The novelty of LSS
is not in the tools, per se. It is in the way
they are integrated, deployed and sup-
ported organizationally.

This did not occur by chance, but
rather by the careful study of the limita-
tions of previous improvement initiatives
and decades of experience with Six Sigma
by many organizations that eventually
resulted in today’s LSS approach.

This is how statistical engineering
works; it makes a formal discipline of how
to best use the existing statistical toolkit
to drive more dramatic results. In other
words, statistical engineering integrates
existing theory of the tools themselves
with the cumulative learnings from ap-
plications in diverse settings to develop
a dynamic theory of how to generate
improved results.

This theory can then be debated by
the profession, researched, tested and
improved over time. This is what we have
seen with Six Sigma; it has gone from Six
Sigma to LSS, has incorporated additional
methods (such as simulation) and has pro-
gressed from using the measure, analyze,
improve, control (MAIC) framework to us-
ing the define, measure, analyze, improve

MORE TO FOLLOW

and control (DMAIC) framework. Statisti-
cal engineering enables us to improve how
we make improvements, just as we have

seen with Six Sigma.

The missing link

Much has been written in quality litera-
ture about statistical thinking,> which in-
cludes the critical principles of a process
view of work, systems thinking and the
importance of understanding and reduc-
ing variation. Ideally, these principles
should guide the application of statistical
tools.

Too often, however, we have found a
disconnect between those who under-
stand these principles and those who
apply statistical tools. Some can articu-
late the principles and explain how they
apply to specific situations, but they may
struggle with applying statistical tools.
This leads to lost opportunities.

Conversely, there are many special-
ists in statistical tools who don’t seem to
understand the principles of statistical
thinking. But they apply the tools anyway,
which often results in situations where,
as noted earlier, “the operation was a suc-
cess, but the patient died.”

Figure 1 shows how statistical engi-
neering might be the “missing link” to help
integrate statistical thinking and statistical
tools. Statistical thinking is the strategic
aspect of our discipline that provides con-
ceptual understanding and the proper con-
text. It answers the question “Why should
we use statistics?” When this context is
properly understood, a well-developed
discipline of statistical engineering will
provide statistically based improvement
approaches based on theory and rigorous
research.

This provides the tactical aspect of

In a future issue of QP, Hoerl and Snee will continue the discussion on
statistical engineering and address the theory of why this approach works

and where to apply it.

statistics; it answers the question, “What
overall approaches should be used?” Indi-
vidual statistical methods and tools pro-
vide the operational aspect and answer
the question, “How do we implement
these approaches?” The strategic, tactical
operational model of leadership has been
around since antiquity and applied to the
statistics profession at least since 1990.?

Conversely, without statistical engi-
neering, we have a set of proven princi-
ples and a set of tools. It is rarely obvious
to practitioners how to apply the tools in a
way that is consistent with the principles.
Statistical engineering can do just that.

For example, statistical thinking
includes the key principle of reducing
unwanted variation. But, much of historic
statistical practice has focused tool usage
primarily on improving averages.

Through the rigor of statistical
engineering, an overall improvement ap-
proach, LSS, was developed that includes
the DMAIC roadmap, which shows practi-
tioners how to apply statistical and other
tools in such a way as to reduce variation.
In other words, the tools are linked to the
principles.

REFERENCES

1.Thomas S. Kuhn, The Structure of Scientific Revolutions,
University of Chicago Press, 1970.

2. Roger W. Hoerl and Ronald D. Snee, Statistical Thinking:
improving Business Performance, Duxbury Press, 2002.

3. Ronald D. Snee, “Statistical Thinking and Its Contribution
to Total Quality,” The American Statistician, Vol. 44, No. 2,
1990, pp. 116-121.

© 2010 Roger W. Hoerl and Ronald D. Snee.

"J8 ROGER W. HOERL is manager of GE
Global Research’s applied statistics
Jab. He has a doctorate in applied
statistics from the University of Dela-
ware in Newark. An ASQ fellow and a
recipient of the ASQ Shewhart Medal
and Brumbaugh Award, Hoer! is also
an academician in the International

RONALD D. SNEE is president of
Snee Associates LLC in Newark, DE.
He has a doctorate in applied and
mathematical statistics from Rutgers
University in New Brunswick, NJ. Snee
has received the ASQ Shewhart and
Grant medais, is an ASQ fellow and is
an academician in the international

Academy for Quality.

May 2010 * QP




