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Figure 13: A Wheatstone Bridge Circuit

36



unknown resistor is determined with the greatest precision. When, as in this example, the
mathematical relation between the characteristics of the components and of the response is
known from physical theory, computer calculations take the place of experiments. However,
Taguchi still uses inner and outer array techniques discussed in the previous section together
with signal to noise ratios to solve the problem. Recent work by Box and Fung (1986) has
shown that this method does not necessarily give the optimal solution and signal to noise ratio
ideas are not needed. Optimal solutions can be obtained using standard optimization programs.

LIFE TESTING

The reliability over time of a product is important for the customer. Life testing to
determine the probability of failure has therefore always been an integral part of the science of
quality engineering. In the past, however, a great deal of effort in this country has been
devoted to simply describing what the probability of failure is over time for one specific design
of a product. An important exception is to be found in the work of Zelen (1959) who showed
how to conduct experiments on ball bearings to find factors affecting their longevity. Using
this idea the engineer can experimentally improve the reliability instead of just passively

~ describing the probability of failure over time. Western industry has unfortunately not utilized

this idea very much.

Designed experiments to improve product reliability are an integral part of Professcr
Taguchi's teaching. He gives an example where seven different factors of a manufacturing
process are varied to see how the reliability of clutch springs can be improved. Conducting
experiments to improve the design of a product so that it lasts longer is of fundamental
importance and Taguchi should again be congratulated for this novel approach.

Although we endorse Taguchi's use of design of experiments for life testing, we cannot
recommend the way he analyzes the experimental results. He uses a method (originally
discussed by Cochran, 1950) that he calls minute analysis. This method requires that the data
are statistically independent. Taguchi's life time data are, however, not statisticaily
independent and the analysis is therefore seriously invalidated. We refer the reader to Box and
Fung (1986) for more technical details and an alternative and simpler way to analyze the data.

As a conclusion for this section we would like to say that Professor Taguchi has made
important contributions to the science of quality engineering. In particular he has stressed the
importance of moving upstream and using designed experiments to improve the quality of the
engineering design of products and processes. He is also to be congratulated for actually
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getting people to run experiments and that is a major accomplishment in itself. However, a

separate issue from the engineering ideas are the statistical methods for solving these problems,

Here we often part company with Professor Taguchi. His methods are frequently inefficient

and cumbersome. Lack of efficiency is not @ minor technical detail. If a method is less

efficient it means that hard won data are not fully utilized, important effects may be overlooked,

and the experimenter may have to run more costly experiments to make up for the inefficiency. -
Methods exist now that are simpler and more efficient. We recommend that the reader take

Taguchi's engineering ideas very seriously, to learn about them, and understand what he is

trying to do; but in implementing the ideas we recommend the use of simpler and more modern

methods.

ACCELERATING PROGRESS

Modern quality improvement requires the effective collection and use of observational
data, the effective use of design of experiments, and the philosophy of never-ending
improvement. Earlier we talked about the increasing rate of technological change, which
started with the invention of scientific method. Increasing the chance of having a perceptive
observer present when a critical event occurred certainly accelerated progress. But with the
concept of experimental design, originating with Fisher, progress can be enhanced. Itis a way
to simultaneously study many factors economically, systematically, and effectively. Research
programs can be speeded up, and by virtue of the ability to detect interactions provide more
information in a fraction of the time it would take using one-at-a-time experiments. Peopie still
don't appreciate just how major a step forward this was in human thought.

The Japanese conduct a lot of designed experiments to find a product design that very
seldom goes wrong. This requires trying many combinations at the design stage. This is
expensive to do; but in the long run these-predscts will beceme famous for their quality and
reliability and this will be the product's own advertisement.

There is nothing particularly new about most of what we have discussed. What is new
is the idea of management embracing this as their philosophy of how to run a business from the
chief executive officer downwards through the entire organization. As Dr. Deming tells us,
this is the key issue. A recent study mission to Japan by researchers from AT&T Bell
Laboratories and the Center for Quality and Productivity Improvement left no doubt that
Japanese companies such as Toyota, Sharp, Fugi Xerox, Nippon Denso, and Ricoh are really
committed to this approach. It is the standard way they do things. Every manager understands
its importance. In particular they believe that "an engineer is not an engineer unless he knows
experimental design.”
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MANAGING EXPERIMENTATION

The planning and running of experiments and the collection of data are difficult things
1o do well, and it can be a traumatic experience. It involves a lot of talking to people and a
number of skills: getting people to work together, to understand what is required of them, and
so forth. One of the important reasons why Rothamsted Experimental Station was so
successful was that they had a remendous amount of experience with running good
agricultural experiments. Companies should focus on acquiring similar expertise in running
good programs of experimentation and should regard it as a subject in its own right. This
activity must have management support and understanding.

Managing experimentation and managing the construction of a house, for example, are
fundamentally different because each stage of experimentation can lead down new avenues.
One is looking for serendipity and sometimes even the objective of an investigation can change.

As an example, in one investigation in which the object was to increase the yield of a
process, none of the factors appeared to have any effect. However, one of the factors was
residence time. Since this factor had no effect, it meant that the process could be greatly
speeded up without any loss. The objective therefore changed from increasing yield to
decreasing residence time. The primary message here is that a very important characteristic in
the management of an experimental program is flexibility.

FRINGE BENEFITS

What car a company get out of all this effort? Better quality products and improved
productivity may be the first things that come to mind, but that is not the whole story.
Improved morale is equally important. Everybody has a brain. If employees are in effect toid
that they are not supposed to use it then not only are enormously important resources thrown
away but the work force is antagonized. To say, "I'm the boss, you do as I say”, is a strong
discount and does not lead to happy relations In this other way of doing things the employee
is promoted from a know-nothing to a part-time detective. When employees can help with the
improvement of quality they get much more interested in their jobs and enormous sources of
latent energy are released - just as in Figure 14 where an electrified coil of wire put around a
piece of unmagnetized steel points all the elementary molecular magnets in the same direction.
Giving the employees the education and tools they require to improve processes has the same
effect. And with everyone in the organization pulling together U.S. industry will be able to
regain its competitive position. The necessary conditions are enthusiastic support from an
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Figure 14. The magnet effect of quality improvement.
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educated management, company-wide education from the chief executive officer 1o the janitor,

and constancy of purpose.

CAN WE DO BETTER

The question for us is can we do better. Japanese quality engineering ideas are very
good. They are mostly built upon ideas coming from the West, but they have been put together
in a unique and sensible way with management support all the way from the chief executive
officer down. We must not only adopt these ideas, we must also do better. Statistical design
and analysis is one area where we could immediately do better with methods for improving
products and processes that are easier to use and more efficient. Also engineers should be
using computers with simple statistical programs so that they can graphically see the results of
their data and their experiments in ways that are easily understood and thought-provoking.
Just as driving a car does not necessitate a thorough understanding of the physics and
chemistry of the combustion engine, many good statistical methods are now computerized so
that they can be used without necessarily requiring that the user understand every technical -
detail.

We can do better. In fact, we have to be able to do better. If we only follow, we will
always be behind. One of the ways we can do better is to teach our engineers to use statistics
as a catalyst to their engineering knowledge rather than a gubstitute for it. The Japanese
approach, although it contains a lot of lessons for us, and has a lot of new ideas we have to
absorb, suffers from a knee-jerk syndrome. In this country we have the know-how of design
of experiments ard data analysis to draw on which can set free the natural knowledge and
imagination of our engineers and our work force. These ideas can be simplified and made
accessible with computer graphics, so that, with management at last prepared to listen, we can
put advanced capabilities-in their hands. - This-can enormously increase productivity and
efficiency.

By combining the methods coming from abroad with the best of our westemn
techniques, with new methods now under development and with management support, we can
not only do as well as our competition - we can do better.
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