
Control Charting at the 30,000-Foot-Level
by Forrest Breyfogle

or a given process, do you
think everyone would create a
similar looking control chart

and make a similar statement relative
to process control and predictability?
Would they make similar statements
about the process capability for given
specification limits? Not necessarily.
Process statements are not only a
function of process characteristics and
sampling chance differences but
can also be dependent on sampling
approach.

This can have dramatic implica-
tions:

• One person could describe a
process as out of control, which
would lead to activities that
immediately address process per-
turbations as abnormalities, and
another person could describe the
process as being in control. For
the second interpretation, the per-
turbations are perceived as fluctu-
ations typically expected within
the process, where any long-last-
ing improvement effort involves
looking at the whole process.

• One person could describe a
process as not predictable, and

another person could describe it
as predictable.

To illustrate how different interpre-
tations can occur, let’s analyze the fol-
lowing process time series data to

determine the process’s state of con-
trol and predictability and then its
capability relative to customer specifi-
cations of 95 to 105 (see Table 1).

This type of data traditionally leads
to an x– and R control chart, as shown
in Figure 1 (p. 68). Whenever a mea-
surement on a control chart is beyond
the upper control limit (UCL) or
lower control limit (LCL), the process
is said to be out of control. Out of con-
trol conditions are called special cause
conditions, and they can trigger a
causal problem investigation. Since so
many out of control conditions are
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F apparent in Figure 1, many causal
investigations could have been initiat-
ed. But out of control processes are
not predictable, and no process capa-
bility statement should be made about
how the process is expected to

Separate special cause
events from common
cause variability.

3.4 PER
MILLION

Process Time Series DataTABLE 1

Subgroup Sample Sample Sample Sample Sample
one two three four five

1 102.7 102.2 102.7 103.3 103.6

2 108.2 108.8 106.7 106.6 109.1

3 101.9 103.0 100.6 101.4 101.3

4 103.9 105.5 104.3 104.5 104.5

5 97.2 99.0 96.5 94.9 96.5

6 94.4 93.0 93.0 95.2 93.6

7 104.7 103.6 103.7 104.7 104.5

8 102.5 102.7 101.2 100.6 103.1

9 101.9 103.1 101.0 101.2 101.4

10 95.0 95.3 95.3 94.4 94.2

How To
Achieve MC2

1. Create a smarter Six Sigma
solutions (S4) enterprise sys-
tem in which measurements
are aligned with the business’s
needs.

2. Observe measures using
30,000-foot-level control charts.

3. Report process capability and
performance metrics for pre-
dictable processes at the
30,000-foot-level.

4. If the process’s cost of poor
quality or cost of doing noth-
ing different (COPQ/CODND)
relative to hard or soft mea-
sures needs improvement,
consider this area as an oppor-
tunity for one or more Six
Sigma projects.

5. Follow the detailed project exe-
cution define-measure-analyze-
improve-control roadmap for
making improvements.

6. Observe and report success on
the 30,000-foot-level control
chart, showing the before and
after project response level.

7. Report the project’s financial
and customer benefits.

8. Leverage the project findings
to other areas of the business.



perform in the future relative to its
specification limits.

When creating a sampling plan, we
may select only one sample instead of
several samples for each subgroup.
Let’s say this is what happened and
only the first measurement was
observed for each of the 10 sub-
groups. For this situation we would
create an XmR control chart like the
one shown in Figure 2.

This control chart is very different
from the x– and R chart shown in
Figure 1. Since the plotted values are
within the control limits, we can con-

clude only common cause variability
exists and the process should be con-
sidered to be in control or predictable.

The dramatic difference between
the limits of these two control charts
is caused by the differing approaches
to determining sampling standard
deviation, which is a control limit cal-
culation term. To illustrate this, let’s
examine how these two control chart
limit calculations are made.

For x– charts, the UCL and LCL are
calculated from the relationships
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in which x= is the overall average of
the subgroups, A2 is a constant
depending on subgroup size and R– is
the average range within subgroups.

For X charts the UCL and LCL are
calculated from the relationships

in which MR— is the average moving
range between subgroups.

The limits for the x– chart are
derived from within-subgroup vari-
ability (R–), while sampling standard
deviations for XmR charts are calcu-
lated from between-subgroup vari-
ability (MR— ).

The 30,000-Foot-Level View

Which control charting technique is
most appropriate? It depends on how
you categorize the source of variabili-
ty relative to common and special
causes. To explain, I will use a manu-
facturing situation, though the same
applies in transactional environments.

Let’s say new supplier shipments
are received daily and there is a differ-
ence between the shipments, which
unknowingly affects the output of the
process. To answer our original com-
mon vs. special cause question, we
need to decide whether the impact of
day-to-day differences on our process
should be considered a component of
common or special cause variability. If
these day-to-day differences are a
noise variable to our process that we
cannot control, we will probably use a
control charting procedure that con-
siders the day-to-day variability a
common cause.

For this to occur, we need a sam-
pling plan in which the impact from
this type of noise variable occurs
between subgroupings. I call the plan
“infrequent sampling/subgrouping
sampling” and the view of the process
at this level the “30,000-foot-level
view.” When creating control charts at
the 30,000-foot-level, we need to
include between-subgroup variability
within our control chart limit calcula-
tions, as was achieved in the earlier
XmR charting procedure.

Building on Six Sigma’s
Strengths

Keith Moe, past executive vice pres-
ident of 3M, says a business must cre-
ate more customers and cash (MC2).

x— and R Chart for Samples One Through FiveFIGURE 1
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XmR Chart for Sample OneFIGURE 2
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Its existence (E) depends on this. In
other words, E=MC2 (see “How To
Achieve MC2,” p. 67).

When selecting projects, we should
have a system that focuses on MC2, as
opposed to creating projects that may
not be in direct alignment to business
needs. Let’s call this approach smarter
Six Sigma solutions (S4). The S4

methodology takes some unique
paths, including creating a system in
which operational metrics and strate-
gic plans pull (used here as a lean
term) for the creation of meaningful
projects aligned with business needs.

Operational and Six Sigma project
responses should be tracked so the
right activities occur. We need to cre-
ate a system of metrics that pulls for
the creation of Six Sigma projects
when a process will not produce a
consistent desirable response. By
selecting the right measurement
approach, we can get out of the fire-
fighting mode where we’re working
to fix common cause, noncompliant
occurrences as though they were spe-
cial cause conditions.

To illustrate this approach, let’s say
we have a 30,000-foot-level response
that is aligned to the needs of the
business (MC2). In some situations,
we will have many responses for each
subgrouping—we’ll use the wait time
for all daily incoming calls to a call
center for this example. We would like
to use a methodology that has infre-
quent sampling or subgrouping with
multiple samples for each subgroup
but still addresses between-subgroup
variability when calculating the con-
trol limits.

In this situation, we can track the
subgroup mean and log standard
deviation using two XmR control
charts to assess whether the process is
in control or predictable. For in con-
trol or predictable processes, the data
can later be used to determine the
overall process capability and perfor-
mance metric.

For the data in Table 1 (p. 67), this
approach would lead to the XmR
control charts shown in Figure 3 for
the mean and Figure 4 for the natural
log of the standard deviation.

Our data analysis conclusion using
this approach is that the process is in
control or predictable, which is quite
different from the conclusion we

made from Figure 1. A process capa-
bility analysis of all the data collec-
tively yields Figure 5 (p. 70).

Rather than report process capabili-
ty in Cp, Cpk, Pp and Ppk units, it is more
meaningful to report a process capa-
bility and performance metric of
expected overall performance parts
per million. In this case, it’s 270,836.79
or 27% nonconformance.

Figures 3 and 4 indicate the process
is predictable. Our best estimate is
that, in the future, the process would
have a nonconformance rate of about
27%. This prediction is based on the
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assumption there will be no overall
change in future process response
levels. This assumption will be con-
tinually assessed as we monitor the
30,000-foot-level control chart.

We then need to calculate the cost
of poor quality (COPQ) or the cost of
doing nothing different (CODND) for
this process. If the COPQ/CODND
amounts are unsatisfactory, we
should pull (used as a lean term) for
creating a Six Sigma project.

With this overall approach, the
entire system is assessed when
process improvements are addressed.

XmR Chart for MeanFIGURE 3

15

10

5

0

0 1 2 3 4 5 6 7 8 9 10

115

105

95

85

Subgroup

In
di

vi
du

al
va

lu
e

M
ov

in
g

ra
ng

e

Mean = 101

UCL = 16.20

UCL - upper control limit

LCL - lower control limit

R = 4.958

LCL = 0

LCL = 87.86

UCL = 114.2

XmR Chart for Natural Log of Standard DeviationFIGURE 4
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This differs from the use of Figure 1
(p. 68), which could lead you to cre-
ate unstructured activity that is
unproductive if you’re trying to
understand the cause of isolated
events that are really common cause.

Metrics drive behavior; however,
you need to be sure to use the most
appropriate sampling and control
charting techniques. The 30,000-foot-
level control and corresponding
capability and performance metrics
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Process Capability for Samples One Through FiveFIGURE 5
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Process data
Upper specification limit (USL) 105
Target	 *

Lower specification limit (LSL) 95
Mean 101.044
Sample N 50
Standard deviation (within) 0.91802
Standard deviation (overall)	 4.4171

Potential (within) capability


Cp 1.82
CPU 1.44
CPL 2.19
Cpk 1.44

Overall capability
Pp 0.38
PPU 0.30
PPL 0.46
Ppk 0.30

Observed performance
Parts per million (PPM) < LSL 140,000
PPM > USL 120,000
PPM total 260,000

Expected "within" performance
PPM < LSL 0.00
PPM > USL 8.19
PPM total 8.19

Expected "overall" performance


PPM < LSL 85,606.24

PPM > USL 185,230.55

PPM total	 270,836.79
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Please

If you would like to comment on

this article, please post your remarks

on the Quality Progress Discussion

Board at www.asq.org, or e-mail

them to editor@asq.org.
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If you’ve always wanted to write an article
for Quality Progress, some of our upcoming
cover themes might interest you. Please
don’t be limited by the list of article ideas
under some of the themes—any topical arti-
cles that will be useful to quality profes-
sionals will be considered.

APRIL—Information Resources for Quality
Professionals (including libraries and ASQ
bodies of knowledge)
Article possibilities include data sanity,
knowledge management and ensuring quali-
ty of data.

MAY—Making the Economic
Case for Quality
Article possibilities include the true costs of
quality and cost effective ways to implement
quality in small businesses.

JUNE—Leadership
Article possibilities include how to sustain
quality leadership, leading for change and
effective team leadership.

JULY—Quality Basics
Article possibilities include basic reliability,
how to start a quality program from scratch,
quality for hourly and frontline workers and
“how to” basics.

AUGUST—Quality Outside of Work
And in Your Community
Article possibilities include quality at home,
in a church or a social group, plus communi-
ty improvement efforts championed or sup-
ported by ASQ sections or divisions.

SEPTEMBER—Healthcare Quality
Article possibilities include case studies of

improvement initiatives using the philoso-
phies, techniques and tools of quality.

OCTOBER—Training and Education
For Quality Professionals
Article possibilities include how to prepare
for and obtain ASQ certifications and how to
train others in your organization on quality
tools and concepts.

NOVEMBER—Customer Satisfaction
Article possibilities include measuring CS
within the ISO 9001:2000 framework; CS
myths, voice of the customer and beyond,
and customer relationship management,
particularly for small business.

Because articles in QP are peer reviewed,
we need to receive your submission about
six months prior to the date of the issue.
Articles should be limited to about 2,500
words and submitted to Dave Nelsen, manu-
script coordinator, at dnelsen@asq.org.

For complete information on QP ’s cover
themes, review process and submission
guidelines, go to www.asq.org and click on
Quality Progress, and then use the Quality
Progress Information pull-down menu to find
Editorial Submissions.

give a high-level view of what the
customer is feeling. My intent in
looking at the big picture is not to
get you to use these metrics to fix
problems; it is to get you to separate
common cause process variability
from special cause conditions, which
may require immediate attention
because something changed, per-
haps dramatically.

FORREST BREYFOGLE is president and CEO
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