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Further Explanation

ROGER W. HOERL

Clarifying points about statistical engineering

AS THIS COLUMN'’S name suggests,
the purpose of a roundtable is to facilitate
discussion. Here, we want to facilitate
discussion on statistical engineering.

Since publishing our ideas on statisti-
cal engineering earlier this year in QP, we
have received questions on the what, why
and how of the approach. This dialogue
will only enhance understanding and de-
velopment of statistical engineering.

We defined statistical engineering 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.”

Such an approach, while not new, is not

widely practiced, not taught at universities

and not covered in textbooks. Through the
use of statistical engineering, the impact
of statistical thinking and methods will
increase, and the art, science and technol-
ogy of statistical problem solving will be
better understood, used and rewarded.

The following are some critical questions
and concerns from those evaluating and
debating statistical engineering’s merits.

Is statistical engineering new? Isn’t
this what statisticians already do?
This is asked early in any conversation on
statistical engineering. The short answer
is no. Some veteran statisticians have
been performing statistical engineering
for some time, but too often in an ad-hoc
manner. The profession hasn’t focused
on statistical engineering, and
there is no system available to
guide the use of the approach.

As aresult, statistical engineer-
ing has been underused, and its
theoretical foundation is not well
developed. There are few articles
on the subject, no books on the
approach as we defined it, and it
is not taught in universities.

Does statistical engineer-
ing refer to engineers using
statistics or to the application
of statistics to engineering

about computer engineering.
Does this refer to engineers using
computers, or to the application
of computers to engineering
problems? It refers to the engi-
neering of computer technology,
which can be applied in finance,
healthcare, academia or any
other field. You do not have to

problems? Absolutely not. Think -

be an engineer to use a computer, even a
computer that was properly engineered.

Won'’t the term statistical engineer-
ing turn off some people? Why is new
terminology needed? Terminology is
important. Statistical engineering is dif-
ferent and, therefore, needs different ter-
minology. We selected the term because it
thoroughly describes what we are propos-
ing. We are using the terms in their literal,
dictionary sense. Engineering is the noun
describing what we are doing. Statistical
is the adjective that modifies the noun,
describing the area we are engineering.

The definition of statistical engineer-
ing reflects what engineering does; it
integrates known methods and tools to
solve problems for the betterment of hu-
mankind. The big idea is the approach, not
the terminology. Use and debate over time
will sort out what's the best terminology.
The one constraint is that the terminology
needs to be accurate, otherwise there will
be confusion.

How do all these concepts (statisti-
cal engineering, statistical science,
statistical thinking and statistical
methods) fit together? We fit these
terms together in Figure 1 by depicting
the statistics discipline as a system, rather
than as a collection of tools. Statistical
thinking is the strategic aspect of the dis-
cipline, providing a philosophy on how to
think about statistics and its application.?

After people understand the philoso-
phy of statistics (why, when and where
it should be used to drive impact), they
need an overall approach to attack big,
unsolved problems that cannot be solved
with only one method. Statistical engi-

neering can provide the tactical approach
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to implement the philosophy.

One example is through the integration
of diverse methods to provide an overall
approach to problem solving or process
improvement, such as lean Six Sigma. Of
course, to make an impact, you need the
actual statistical methods and tools; this is
where the rubber meets the road.

Further, theory needs to guide you—
not only the mathematical theory of the
methods themselves, but also a well-de-
veloped theory of statistical thinking and
statistical engineering.

There needs to be a rigorous discus-
sion and debate within the profession on
the best philosophies of why, when and
where statistics should be applied (sta-
tistical thinking) and the best approaches
to integrate the methods and drive more
universal application (statistical engi-
neering).

Similarly, the profession must learn and
document how statistical thinking, statisti-
cal engineering and the statistical methods
and tools apply in practice to advance our
ability to properly apply the theory.

How is statistical engineering
different? Isn’t it just a fancier term
for good ol’ fashion applied statis-
tics? Traditionally, applied statistics has
referred to the application of individual

statistical tools to real problems. This
definition must be broadened to include
the application of statistical thinking and
statistical engineering.

Statistical engineering, on the other
hand, is the building of something novel
from the statistical parts list of tools—
something bigger than individual tools.

There is creativity involved in how the so-

‘The statistics discipline as a system:
- statistical engineering

lution is developed ahd how the tools are

linked and sequenced to build and sustain
the solution. This is illustrated in Figure 2
and Figure 3 (p. 70).

In Figure 2, statistical engineering,
the formal study of how you can drive
greater practical impact from the existing
science (theory) of statistics, is essen-
tially a horizontal slice of the model, con-
necting statistical theory with statistical
practice.

In Figure 3, applied statistics includes
the application of statistical thinking,
statistical engineering, and statistical
methods and tools to real problems. It is
essentially a vertical slice of the model. Of
course, all of these concepts need to be
tightly integrated, as we hope is clear in
Figure 1.

Should statistical engineering be
used on all problems? No, it is not
always needed. The hallmarks of typical
problems requiring a statistical engineer-
ing solution are as follows:

e The solution will satisfy a high-level

need of the organization.
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Statistical engineering is a discipline that studies how to drive greater
improvement using he existing science or theory of statistics. It is,
therefore, a horizontal slice connecting statistical theory with

statistical practice.
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e There is no known solution to the on statistical science. There are a few
problem. exceptions, such as Virginia Tech and

e The problem has a high degree of North Carolina State universities, that of-
complexity involving technical and fer lean Six Sigma courses.? In the future,
nontechnical challenges. there must be a balanced presentation

e More than one statistical technique between the tools themselves and what
is required for the solution. Typically, can be built with them—that is, solutions
nonstatistical techniques are also to real problems requiring more than one
required. ’ statistical technique.

e Long-term successes require embed- We also would like to see more em-
ding solutions into work processes, phasis on the philosophy of the statistics
typically through using custom discipline (statistical thinking). This is
software and integrating with other done in many other disciplines, such as
sciences and other disciplines. physics, engineering and economics.

e The whole is greater than the sum of Is there statistical engineering lit-
the parts. The impact is greater than erature? Yes, but it is very thin. We need
what could be achieved with individual much richer literature and more rigorous
tools. research on statistical engineering. A high

e Theoretical foundation is needed to priority should be innovative case studies
guide solution development. We under- that would show people the approach
stand why it works. in action and identify limitations in the

e The solution can be leveraged to simi- theory, strategy, methods and tools that
lar problems elsewhere. It's not just a require further work.
one-off. What is the underlying theory of sta-
How should statistical engineering tistical engineering? While some parts of

be addressed in statistical education? this theory are not well developed, other

Today, statistical education focuses solely key elements are:
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Applied statistics is the application of statistics to real problems
and is, therefore, a vertical slice involving statistical thinking,
statistical engineering and statistical methods.

e A system or strategy is needed to guide
effective application of statistical
tools.

e The impact of statistical thinking and
methods can be increased by integrat-
ing several statistical tools, enabling
practitioners to deal with highly com-
plex issues that cannot be addressed
with any one method.

¢ Linking and sequencing the use of
statistical tools speeds the learning of
the approach, thereby increasing the
impact of the methods.

e Embedding statistical thinking and
tools into daily work institutionalizes
their application.

e Viewing statistical thinking and
methods from an engineering context
provides a clear focus on problem
solving that benefits humankind.*

This is a starter set. This theory should
be compared to the results and experi-
ences of case studies to identify areas for
improvement in the theory.

Are there other examples of sta-
tistical engineering? There are many,
including the use of designed experi-
ments and other tools to address a credit
card collections problem, the strat-
egy and planning system, the product
quality management system,*¢ process
variation reduction” and the Strategy of
Experimentation method developed at
DuPont.%?

More is needed and will appear as
statistical engineering is discussed and
debated at professional meetings, in jour-
nals and elsewhere.

If statistical engineering is differ-
ent, are there new skills needed to be
successful? It does require some, in addi-
tion to the skills required for using statis-
tical thinking and methods effectively to
solve problems and improve processes.

In particular, statistical engineering re-
quires leadership skills and business acu-
men in the form of assessing the impact—
financial and otherwise—of issues and
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Statistical engineering is the building of something
novel from the statistical parts list of tools—something
mdmdual tools

proposed changes to an organization, its
products, services and processes. Hav-
ing a major impact on an organization
requires the ability to successfully lead
projects that produce significant bottom
line results.*

One of the more important skills
needed is being able to determine the
financial impact of a proposed improve-
ment.

An effective approach is to join forces
with the financial organization. Consider
finance professionals as partners and

R

allies, rather than adversaries.

You will need to learn from each
other: how to identify improvements
and then how to turn improvements into
financial value. An effective byproduct of
such an arrangement is that finance will
support and defend the financial value of
your work, removing this burden from
your responsibility.

Do I really need to be a leader?
Isn’t that the manager’s job? The
importance of leadership is clear when
we recognize that statistical engineering is

L R

about improving processes and systems,
and the deployment of changes needed to
implement and sustain the improvements.

These changes also require altering
how people think about things—the
philosophy of the statistics discipline.
Leaders help people and organizations
move from one way of thinking and
working to another. To be successful
with statistical engineering, leadership
skills are required.

Those specific skills include: strategic
planning and deployment, process and

P
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systems thinking, structured improve-

ment methods such as lean Six Sigma,

stakeholder building, project planning,
management and review, building and

leading teams, and meeting design and
facilitation.!

The good news is these tools are
well developed, and training and
literature are readily available. The
remaining critical ingredient—the will
to learn and work in new ways—must
come from the statistical engineering
practitioners.

I work at a nonprofit organiza-
tion. Some statisticians are em-
ployed by government entities.

We don’t have a bottom line. Can
statistical engineering still be use-
ful? Yes. All organizations have bottom
lines. For nonprofits, the bottom line is
their budgets.

By using statistical engineering
concepts, methods and tools to identify
and solve high-impact problems and
issues, you will help the organization
better meet its budget and, even more
importantly, enable the organization to
make its budget go further, doing more
with what you have.

As nonprofit leaders have told us: “No
margin, no mission.” In other words, if
you don’t handle your finances well, you
won’t be able to achieve the mission of

the nonprofit.

More discussion necessary

The development and use of statisti-

cal engineering is different from the
development of new statistical methods
and tools. Statistical engineering is more
complex and requires more discussion
and debate.

The conscious collection of issues

and concerns and constructive debate in
forums such as this column will help us
speed up the development and use of the
approach. ©F
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SUGGESTIONS FOR STATISTICS ROUNDTABLE?
Is there a topic you would like one of our Statistics Roundtable columnists to
address in a future issue of QP? Send your ideas via e-mail to editor@asg.org.




