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Different Approaches to Process Improvement

Does your approach do what you need?
Donald J. Wheeler

Many different approaches to process improvement are on offer
today. An appreciation of the way each approach works is crucial to
selecting an approach that will be effective. Here we look at the
problem of production and consider how the different improvement
approaches deal with this problem.

THE PROBLEM OF PRODUCTION

For the purposes of the following discussion a cause-and-effect
relationship will exist when changes in the value of a cause result in
changes in the value of a product characteristic. Here we will define
the effect of a cause to be the variance created in the product stream
as the cause varies through its natural range of values. Of course,
when the cause is constrained so that it cannot vary, then it will no
longer create any variation in the stream of product values.

Any specific product characteristic will be the result of dozens, if
not hundreds, of cause-and-effect relationships. These causes can be
divided into two groups: those causes that we know well enough to
name, and those causes that operate without our knowledge and
which therefore remain unknown to us. Before we start production
the effects of all of these causes may well be unknown, resulting in a
picture like Figure 1.
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Figure 1: Two Categories of Cause-and-Effect Relationships
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Typically R&D will study a subset of the known causes to
determine their effects. These studied causes will be those that are
thought to have pronounced effects upon the product characteristic.
Once these effects are known, this set of studied causes can be
organized into a Pareto diagram as shown in Figure 2.
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Figure 2: Pareto of Known Effects for the Studied Causes

Denote causes 1 through 5 as Group One causes. These causes
have dominant effects and are the causes we will want to control
during production. By holding these five causes constant we will
effectively remove their effects from the product stream. At the same
time, the fixed values chosen for each of these five causes will
collectively determine the process average.

Call causes 6 through 14 the Group Two causes. These causes
have such small effects that we will not attempt to control them in
production. (Typically these are those causes where the cost of
control exceeds the benefit of control.)

Among the 14 causes studied, if no attempt to control the causes
was made, the effects of the 5 causes in Group One would make up
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85% of the variation in the product stream, while the remaining 9
causes in Group Two would contribute 15% of the variation. So by
controlling the Group One causes we remove 85% of the variation
due to the studied causes.

Group Three causes will be those known causes that were not
studied by R&D. Generally these are causes whose effects were
thought to be minimal and were therefore considered not to be worth
investigation. However, as noted in Figure 2, these causes will
actually have unknown effects.

And for convenience let us denote the collection of all of the
unknown cause-and-effect relationships that affect our process
without our knowledge as Group Four causes.
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Figure 3: Process Variation Comes From All the Uncontrolled Causes

Unfortunately, the variation in the product stream is not limited to
the causes in Group Two alone. Causes in Groups Three and Four
will also contribute to this variation. As causes in these three groups
vary they will each contribute incremental variation to the product
characteristic, and all of these sources of variation will add up to
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result in the variation in the product stream. This is why the
variation observed in production will generally exceed the variation
predicted by R&D.

Finally, there is no guarantee that the unknown effects of the
causes in Groups Three and Four will all be small. Furthermore,
these effects can change over time. These changes can occur with
wear and tear, with changes in personnel, with evolving operating
techniques, and with changes in the supply of materials. When these
changes occur they can further complicate the question of process
improvement.
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Figure 4: Some Uncontrolled Causes May Have Dominant Effects

Thus, Figures 3 and 4 define a framework against which we can
evaluate different improvement approaches. They characterize what
we know and what we do not know so that we can see how a
particular approach deals with each element in the problem of
process improvement.

From Figure 3 we see that problems of setting the process aim will
involve the choice of levels for causes in Group One. Problems of
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reducing the variation in the product stream will involve causes in
the other three groups.

So how can we reduce the process variation? Essentially the only
way to reduce variation is to remove an effect from the product
stream by holding its cause steady at some fixed value. In other
words, we remove variation by moving a cause from Group Two,
Three, or Four into Group One.

However, before it will be economical to move a cause into Group
One the benefit will have to exceed the cost. This means that a cause
will have to have a dominant effect before it will be economical to
attempt to control it.

So the problem of reducing the process variation involves finding
causes with dominant effects within Groups Two, Three, or Four, and
then moving these causes into Group One.

EXPERIMENTAL APPROACHES

Several approaches to process improvement are based on running
a series of experiments. Experiments allow us to study selected
causes to quantify their effects upon a given product characteristic.
These experimental approaches cover everything from simple
experiments with a single cause to designed experiments involving
multiple causes. Regardless of the complexity involved,
experimental studies always require the manipulation of process
inputs. This limits experimental approaches to the study of known
causes from Groups One, Two, or Three.

When causes from Group One are studied you will have a
optimization study. Here you will be seeking to find that
combination of values for the Group One causes that will result in an
optimum value for the process aim.

When experimental studies are used with causes from Groups
Two or Three the objective is to identify any causes that might have a
dominant effect. When such causes are found they can then be
moved to Group One to remove their variation from the product
stream. Of course, experiments with causes from Group Two will be
looking for large effects where R&D originally found only small
effects. And experiments that study causes from Group Three will be
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looking for large effects where no large effects were thought to exist.
However, over time, due to wear and tear and other effects of
entropy, causes that formerly had a small effect can evolve into
causes with a large effect.

For this reason, experiments with causes in Groups Two and Three
can sometimes be helpful. In Figure 5 causes 18 and 16 were found to
have dominant effects and were moved from Group Three to Group
One, This reduced the average cost of production and use (ACP&U)
for this process to 75% of what it was in Figure 4.
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Figure 5: What Experimental Studies May Achieve

But what about causes in Group Four? While we are not able to
study unknown causes in an experiment, this does not mean that our
experimental results are exempt from the effects of any unknown
causes in Group Four. If a dominant cause from Group Four happens
to change during the course of an experiment it can wreck the
analysis and ruin the experiment. (Most statisticians can tell you
stories of what happened when some extraneous variable from
outside the study messed up an experiment.)
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So while experimental studies are essential in setting up a process,
and while they allow us to review the effects of various process
inputs, they face certain limitations in the problem of process
improvement. While experiments allow us to get definite answers to
specific questions, they are of limited utility when we do not know
what questions to ask.

OBSERVATIONAL APPROACHES

Experimental studies always start by identifying a set of causes to
study. Observational approaches do not do this. Rather they seek to
learn about the process by using the existing data. Since existing data
will generally be obtained while the causes in Group One are being
held constant, observational approaches will tend to focus on the
uncontrolled causes.
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Figure 6: What We Need to Know

The idea behind an observational approach is that we really do not
need to know the sizes of all of the effects in Figure 6. Rather we only
need to know which uncontrolled causes have dominant effects
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(causes 16, 18, 22, 24, & 30 here). Once we know which causes have
effects that are large enough to change the product stream, we know
which causes need to be moved to Group One. And we can make
this decision regarding these causes without actually quantifying the
size of their effects. The following will explain the characteristics of
the two basic types of observational studies..

DATA SNOOPING APPROACHES

With today’s computing power new, gee-whiz approaches to
analyzing existing data are becoming popular. These approaches
used to be labeled as data snooping, but today are known as big data,
artificial intelligence, or machine learning approaches. Regardless of
the name, these approaches collect all of the available data into a
database and use some mathematical method to look for patterns,
groupings, or relationships within the data. As promising as this
sounds, and regardless of how many variables are used, the basic
problem with these approaches is that the data will always have an
incomplete context.

Context is so essential to analysis that it is the first axiom of data
analysis—no data have any meaning apart from their context. Yet the
data snooping approaches will never have the complete context. No
matter how many variables you include in the database, you can never
include variables from Group Four. The unknown cause-and-effect
relationships will never be measured, and therefore cannot be part of the
database. (If we knew enough to measure their effects they would be
known causes rather than unknown causes.) Consequently, while
data snooping approaches may help you discover relationships
between the known causes and your product characteristic, they
cannot identify any unknown causes.

The implicit assumption behind all data snooping techniques is
that there is a homogeneity of conditions behind the data—that the
variables not included in the database do not have any real impact
upon the outcomes studied. Yet there is no effective check on this
fundamental assumption. When unknown causes have dominant
effects upon the process they can completely distort the patterns
found by the data snooping approaches. So while these approaches
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attempt to find patterns among the known variables, they can be
undermined by variables from Group Four

PROCESS BEHAVIOR CHARTS

Process behavior charts have a proven track record as an
observational approach to process improvement. They provide an
operational definition of how to get the most out of any process. The
running record of the product characteristic displays the actual
process performance. The limits of the process behavior chart define
the process potential—what the process is capable of achieving when
it is operated on-target with minimum variance. By superimposing
the process performance upon the process potential, a process
behavior chart provides a way to judge how close a process is to
operating at full potential. Moreover, it allows us to identify when a
change has occurred in the process. And these changes are the key to
identifying the unknown causes with dominant effects from Group
Four.

Some critics who have not understood how process behavior
charts work claim that they are “old hat.” But when it comes to
mathematics age does not invalidate a technique or change its
applicability. Calculus is over 300 years old while the Pythagorean
theorem is at least 2500 years old. So while Walter Shewhart created
the process behavior chart over 90 years ago, the concept behind the
chart is 2200 years older. It was Aristotle that taught us that we
should look at those points where the system changes in order to
discover those causes that affect the system. And this is, in effect,
what the process behavior chart allows us to do.

By identifying those points where the process changes a process
behavior chart allows us to detect causes with dominant effects that
come from any of the four groups.

By waiting until the process displays a change in behavior we also
let the process prioritize the causes according to the size of their
effects. In this way we discover those causes that have dominant
effects without having to waste time and effort studying the many
causes with trivial effects.

It is only with the approach of Shewhart and Aristotle that we can
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discover the unknown causes from Group Four that have dominant
effects. It is both the known and unknown causes with dominant effects
that create the signals found by process behavior charts. The ability to
learn about causes in Group Four represents a major advantage of
using process behavior charts. It allows us to learn about mistakes,
bad practices, and dumb things that actually happen in production,
but which would never be studied in any R&D program. And it
allows us to discover in real time when things go wrong so they can
be fixed in a timely manner. Thus, process behavior charts are both
more general and more robust than the other approaches.
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Figure 7: What Can Be Achieved with Process Behavior Charts

For the process shown in Figure 7 the average cost of production
and use (ACP&U) will be only 25% of the average cost of production
and use for the process shown in Figure 4. This four-fold increase in
quality and productivity comes from moving causes 22, 24, 18, 16, &
30 into Group One.
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SUMMARY

Experimental approaches to process improvement can only study
known cause-and-effect relationships. While such studies are
essential when setting up a process, they have limitations as a process
improvement technique. Studies involving causes in Groups One
and Two will replicate previous research, while studies of causes in
Group Three will be searching for nuggets that were missed in
previous research. So experimental studies involving causes in
Groups Two and Three will spend time, money, and effort essentially
reconfirming that most of these causes still have small effects.
Moreover, while experiments cannot study causes in Group Four,
experimental results can be undermined by Group Four causes that
have dominant effects.

Data snooping approaches to process improvement include big
data, artificial intelligence, and machine learning techniques which
seek to model the data and to discover relationships using causes in
Groups Two and Three. Unfortunately, in spite of their complexity
and sophistication, these approaches can also be undermined by
Group Four causes with dominant effects.

Only the process behavior chart explicitly looks for upsets created
by both known and unknown causes. Aristotle’s approach of
studying the points where the process changes allows us to discover
things that are beyond the scope of experimental studies and which
cannot be discovered by data snooping techniques. In addition, the
process behavior chart approach does not waste time and effort on
quantifying trivial effects. By always focusing on causes with
dominant effects, process behavior charts allow us to learn how to
operate our processes predictably, with minimum variance, and on-
target.

So if you are confident that you can discover things were
overlooked by R&D, then go ahead and use an experimental
approach to process improvement.

Or if unlike Aristotle, you are confident that your process is
unchanging over time, then use one of the data snooping approaches
to process improvement. The complexity and sophistication of these
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techniques will impress everyone. But be aware that your results may
only be as durable as a house of cards.

But if you really want simply to improve your process, then you
need to use process behavior charts to discover how to operate your
process up to its full potential. Nothing even comes close to
delivering so much with so little effort.
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