
In my last column, I wrote about exper-
imentation on nectar from a fruit
grown in the jungles of Brazil.1 Now I
shift to the manufacturing sector of this
mighty South American country and
focus on reducing defects in batteries.

The design of experiments (DOE) I
want to illustrate, called a "strip block,"
came out of the field of agriculture in
the late 1930's.  The authors of the case
study2 credit Soren Bisgaard, then a
professor at the University of Wisconsin
(UW), for introducing them to the con-
cept of applying this design for product
improvement.  I, too, first learned about
a closely related design called a "split
plot" at UW in Madison from Professor
Bisgaard and his mentor George Box.
Inspired by their presentation, I wrote
tutorials showing how easily these
designs can be analyzed with Stat-Ease®

software.3 Therefore, after attending a
presentation of this Brazilian battery
case in May of 2004 at the ASQ Annual
Quality Congress in Toronto, I wanted
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to see if I could reproduce their results
in similar fashion.

Before getting into the nuts and bolts of
the design itself, here's a quick
overview of the problem. The
Brazilians produce 40 million batteries
per year, of which 2 million (5%) failed
inspection.  The major cause for rejec-
tion was open-circuit voltage (OCV)
falling above the specification limits.

Strip Block Design Gives Battery
Experiment a Charge

—Continued on page 2.

Crash Course on DOE for
Sales and Marketing
September 29:  Minneapolis, MN
A fast and practical introduction to DOE in a
non-industrial setting. See the description on
page 3. $995* ($795 each, 3 or more)

Statistics for Technical
Professionals
October 5–6:  Minneapolis, MN
Revitalize the statistical skills you need to stay
competitive. $995* ($795 each, 3 or more)

Experiment Design Made Easy
August 16–18:  Philadelphia, PA
September 20–22:  Minneapolis, MN
November 8–10: Minneapolis, MN
December 6–8:  Anaheim, CA
Study the practical aspects of DOE. Learn
about simple, but powerful, two-level facto-
rial designs. $1495* ($1195 each, 3 or more)

Response Surface Methods   
for Process Optimization
October 18–20:  Minneapolis, MN
Maximize profitability by discovering optimal
process settings. $1495* ($1195 each, 3 or more)

Mixture Design for 
Optimal Formulations
August 2–4:  Minneapolis, MN
Nov 15–17:  Minneapolis, MN 
Find the ideal recipes for your mixtures with
high-powered statistical tools. $1495*
($1195 each, 3 or more)  

Robust Design: DOE Tools
for Reducing Variability
August 24–25:  Minneapolis, MN
Use DOE to create products and processes
robust to varying conditions. A must for Six
Sigma. Factorial and RSM proficiency are
required. $1195* ($995 each, 3 or more)

PreDOE: Basic Statistics for
Experimenters (Web-Based)
PreDOE is an entry-level course for techni-
cians, managers and professionals who
need to go back to the basics. See
http://www.statease.com/clas_pre.html for
more information. $95

*Includes a $95 student materials charge
which is subject to state and local taxes.

Attendance is limited to 20. Contact Sherry at
800.801.7191 x18 or sherry@statease.com.
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Table 1: Strip block structure for a battery experiment
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High OCV leads to batteries that
become dead on arrival (DOA).

This DOE on DOA batteries (could
you see that one coming?) focused on
four manufacturing factors, not named
for proprietary reasons, and two vari-
ables related to the curing—tempera-
ture and humidity.  Each cure takes five
days in the one available chamber.
Therefore a full 26 factorial would
require 320 days (= 64 x 5).  Here's
where the structure of strip block comes
to the rescue.  The experimenters laid
out a randomized design of 16 runs on
the first four factors at two levels each.
As I understand it, they then made 2000
batteries for each of the 16 runs.  Each
lot of 2000 was then split into four sub-
lots and randomly designated to four
combinations of temperature and
humidity (two levels for each of these
curing variables).  See Table 1 (on page
1) for the basic structure of the experi-
ment (only the first row is shown out of
16 in the design).

After completing all 16 manufac-
turing combinations in this man-
ner, the four groups of 8000 bat-
teries each (= 16 x 500) were cured
in randomized order of four vary-
ing temperature and humidity
combinations.  Thus, by utilizing
a strip block design, the rate-limit-
ing curing stage took only 20 days!

Now I had to do some tedious
work due to not having the actual
response data—the mean OCV.
Fortunately, the statisticians who wrote
up this study provided all 63 effects, up
to and including the five-factor interac-
tion ABCDE.  For factorial modeling
of an orthogonal two-level array like
this, the coefficient is just one-half the
effect.  I entered the resulting coeffi-
cients in the simulation editor available
in Stat-Ease® Design-Expert® software
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via its Design Tools.  Then I set up a 26

design in the software and ran the sim-
ulation to generate all of the responses.
Note that the effects in a strip block
(or split plot for that matter) are esti-
mated exactly as if a completely ran-
domized experiment had been con-
ducted.  They are shown in Figure 1 as
an ordered bar chart (Pareto) of
absolute values.

Notice how the effect of F (humidity)
stands out.  However, due to the way
this experiment was conducted with
randomization restricted, the effects
must be segregated into three groups
for assessment of statistical significance:

* 15 assembly effects (A, B, C, D and
their interactions)

* 3 curing effects (E, F and EF)
* 45 interaction effects between
assembly factors and curing variables
(for example, AE and ABCDEF).

First, I looked only at the assembly
effects, with all others set to be ignored
("X") by Design-Expert as shown in
Figure 2.  (The "M" designates model
terms and "e" is error.)

Figure 3 (on page 3) shows the half-nor-
mal plot of the assembly effects.
According to the authors, the effects
revealed by this plot led to benefi-
cial adjustments of factors A, B, C
and D.

Of course, there's not much to work
with for the curing part—only 3 effects,
but the experimenters believed that the
extraordinarily large impact of humidi-
ty (F) was real.  As it increased, the
OCV response decreased—a desirable
outcome.

When plotted on normal probabil-
ity paper (as I was able to repro-
duce in Design-Expert), none of
the other 45 estimable effects in
the third group stood out.

Ultimately, the Brazilians reduced
their rate of rejected batteries by
80 percent. The strip block
design structure made this six-fac-
tor experiment possible by elimi-
nating the curing stage as a bottle-
neck.  With the proper segregation
of effects, their statistical signifi-

cance can be assessed correctly.  This is
made easy via normal probability plots
(or half-normal, which Stat-Ease
prefers).  As an aficionado of DOE, I
got a real charge out of this battery case!

PS. Another thing I found intriguing
was that a brainstorming session gen-
erated 29 variables thought to affect

—Continued from page 1.

—Continued on page 3.

Figure 2: Ignoring all but assembly effects

Rank
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Figure 1: Ordered bar chart of
effects (- is blue, + is red)
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Figure 3: Half-normal plot of
assembly effects

July 2005 • 3  Stat-Teaser • News from Stat-Ease, Inc.

—Continued from page 2.

DOE Events Calendar
Stat-Ease will be appearing at many
events this year. If we are in your neigh-
borhood, please stop by and say hello!

August 7–11—Joint Statistical
Meetings, Minneapolis, MN, Booth #402

Roundtable Discussion by Shari Kraber:
“Successful Strategies for Screening
Designs”

September 14–16—5th Annual
Conference of ENBIS, Newcastle upon
Tyne, United Kingdom

Talk by Pat Whitcomb: “A Factorial Design
Planning Process”

October 10–11—MN ASQ Conference,
Minneapolis, MN

October 20–21—49th Annual Fall
Technical Conference, St Louis, MO

Talk by Pat Whitcomb: “Using a Pareto
Chart to Select Effects for a Two-Level
Factorial DOE”

October 24–28—Design of Experiments
and Response Surface Methods
Workshops, Overland Park, KS (Kansas
City area)

Instructed by  Geoffrey Vining, Ph.D. and
Connie Borror, Ph.D., Statistical Productivity
Consultants (SPC).  For more details, please
refer to http://www.spcstat.com.

the rate of battery rejects.  Each of the
team members was given an imagi-
nary 100 dollar bill to invest as they
liked in specific ideas.  The six factors
chosen for the DOE were those that
got the greatest amount of funny
money—amusing, yet effective for
narrowing down the choices intelli-
gently.

1 “Mixture Design Enhances Nectar
from Exotic Amazonian Fruit,” March
2005 Stat-Teaser newsletter.

2 Carla Almeida Vivaqua, Andre
Luis Santos de Pinho, “On the Path
to Six Sigma Through DOE.”

3 See the Program Tips chapter in
the “User Guide” for Design-Ease®
and/or Design-Expert software
(both of which are posted at
http://www.statease.com).  Refer to
the section titled "Neat Tricks: Two-
Level Factorial Analyzed as a Split
Plot."

Mark Anderson 
mark@statease.com

New Workshop Coming in September—
The Crash Course on DOE for Sales & Marketing 

The “Crash Course on DOE for Sales & Marketing” workshop is specifically
designed for business professionals.  This course provides a fast and practical
introduction to the use of experimental design in a non-industrial setting. The
workshop has three main goals:

1. To make DOE more approachable for sales and marketing teams.
2. To present simple and workable ways to deal with historical data. 
3. To demonstrate the application of high-tech screening and full-factorial
designs to identify the factors that control results—even when dealing with a
large number of factors.  

The “Crash Course on DOE for Sales & Marketing” workshop has been
developed from the ground up to demystify statistical design of experiments.
It’s recommended for anyone wanting to improve sales and marketing practices.

Using applicable case studies, practical DOE tools are taught as well as a step-by-
step approach to planning experiments.  The emphasis is on bridging the gap
between theory and practice.  The approach is as hands-on as possible, with
many illustrations and exercises, minimizing time spent on statistics and lengthy,
difficult calculations. This workshop is ideal for those seeking a systematic
approach to testing what works and what doesn't in regards to sales, marketing,
and other critical business data.

Date: Thursday, September 29, 2005
Location: Stat-Ease, Inc., Minneapolis, Minnesota
Fee: $995 ($795 each, 3 or more)
Instructor: Dr. Paul Selden

For more information, see http://www.statease.com/clas_smdoe.html.
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Job Description:
Stat-Ease, Inc. offers an opportunity for an energetic person to join our team. The position requires a combination of
instructional and technical development skills. Job responsibilities include teaching design of experiments (DOE)
workshops, providing statistical support to clients, defining test cases for software development, researching statistical
methods for future software implementation, conveying statistical concepts to programmers, writing/editing technical
materials, and other duties based on experience. This is a full-time position located in Minneapolis, MN with 30% travel.

Minimum qualifications:
° Masters degree in Statistics
° Hands-on design of experiments knowledge
° Excellent verbal and written communication skills 
° Strong math skills 

Desired background:
Experience teaching statistics to non-statisticians, 2+ years in a manufacturing or industrial environment (may include
internships), exposure to mixture design, computer programming (C++ desirable), and the development of online course
materials.

Contact:
E-mail resumes to Shari Kraber at shari@statease.com. 

Deadline:
August 10, 2005

Stat-Ease is Seeking a DOE Professional


