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small injection molding company that
was trying to rapidly bring a new prod-
uct to market. (No one has ever tried to
do that before!) Unfortunately, the
product was geometrically complex,
was made of a polymer new to the com-
pany, and was being made on a new
machine. The company had no experi-
ence with DOE and typically relied on
their very capable technician to pull
them through this type of situation.
Unfortunately, there were simply too
many variables for that to work out. [
could talk about this project for awhile,
but let me just say that DOE was the
right tool. It resulted in a nearly opti-
mized system in an afternoon of work,
while the trial and error method had
produced no significant results in near-
ly two weeks of testing.

One of the issues with the part was the
amount of flash on the product (or
squeeze-out of polymer between differ-
ent parts of the die set). The company
had no means of measuring flash, so we
came up with a subjective rating from
one to ten. [ prefer that my graphs
point up to the right as an indication of
a good result (something my stock port-
folio rarely does), so I assigned one to be
the worst flash and ten to be the best.
Having designed the experiment and
given explicit test performance instruc-
tions, I left to work on a different pro-
ject that was burning hot. Later that
day, I received an e-mail with the
resulting flash ratings. I excitedly start-
ed to analyze them, only to be quickly
The

analysis in Design-Expert showed no

disappointed with the results.

significant effects on flash from a cou-
ple of factors I expected to have a phys-
ical effect on the flash of the product.

After a series of questions about test
conduct, it became apparent what had
happened. The technician had per-
formed the test exactly as I had asked,
but not as I had intended. He had dili-

gently evaluated flash on a one to ten
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scale as the parts had come off the press
and immediately recorded them. The
problem was that his measurement sys-
tem changed over the course of making
64 parts! What he had considered to
be a five at the beginning had become
an eight by the end. Fortunately, he
had labeled all the parts appropriately
by sequence number, so they could be
re-evaluated using a better methodolo-
gy. The new system used ten bins for
parts. We sorted ALL the parts AT
ONCE according to flash and then
assigned a score.  Analysis then
revealed a greatly reduced level of vari-
ation in the measurement system
which allowed several other significant
factors and interactions to reveal them-
selves. In effect, we reduced the noise
in the system so that smaller effects

could be determined.

Back to our hot dog experiment. A
taste measurement system is a destruc-
tive measurement system (I supposed
re-using the parts is an option, although
not a good one!). Therefore, it is impor-
tant to minimize the amount of time
between rating different parts so that
the measurement system does not
change over the course of evaluating all
parts. With only six hot dog bites to
rate, we determined this to be an accept-
able

Unfortunately, it also means that these

risk for our experiment.
results can never numerically be com-
pared with future experiments, but this

is also acceptable for this case.

Concerns regarding the personal pref-
erence of taste were addressed by using
a randomized block design in which all
hot dog scientists would evaluate all fac-
tor combinations, each in their own ran-
dom order. Hot dog bites were evaluat-
ed rather than full hot dogs—so that we
could afford the test.
problem with college students happily

There wasn’t a

eating six hot dogs, but we had to draw
the line somewhere! By blocking on the
evaluator, we were able to include mul-
tiple opinions about tastes of hot dogs,
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while still getting meaningful data
between what amounts to different
measurement devices.

The factors studied were: A. Hot Dog
Type—DBeef, Pork, or Turkey, B.
Grill—Charcoal or Gas, and C. Napkin
Color—White, Red, Yellow, or Blue.
Factor C was chosen to see whether or
not the color of napkin used could have
biased the results in one way or another.
Because even college students might
complain about tasting 24 combinations
of hot dogs, we opted to randomly
assign napkin colors within a block of
test conditions. While this resulted in a
small amount of correlation between
our regression coefficients, there were
enough samples from 24 people as to
make this not a concern as verified in
the design evaluation section of
Design-Expert software. Correlation
was minimized by randomly choosing a
color for each sample. This greatly sim-
plified the actual means of conducting
the test as well.

When tasting hot dogs, there are obvi-
ously many more factors that could be
tested such as ketchup, mustard, relish,
etc. While these might be interesting, it
was decided that the primary goal was
to evaluate the type of hot dog and grill,
and allow these factors to all be includ-
ed in the analysis error. The only stipu-
lation to minimize the error was that
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