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The Story:

In October 1988 I  (Gilb) had taught Software Engineering classes at Douglas Aircraft (DAC) Long Beach for about 2 years. I was working with AW Brown (now at USC Winsor Brown

USC Center for Software Engineering, USC, Salvatori 328

LA CA 90089-0781
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AWBrown@sunset.USC.edu).
And Robert Wiebe (later at Boeing Renton)
The Engineering Director of Quality and Productivity, Robert Harris, had been turned down by the Board on a $60 million  investment in new CAD equipment. 

“A special effort is underway to improve the timeliness of Engineering Drawings. An additional special effort is needed to significantly improve drawing quality. This Board establishes a Natural Work Group  on Engineering Quality (EQNWG) to lead Engineering to a breakthrough level of quality for the future. To be competitive, Our Co. must greatly improve productivity. Engineering should make major contributions to the improvement. The simplest is to reduce drawing errors  which result in the AIR (After Initial Release)) change traffic that slows down the efficiency of the manufacturing and procurement process. Bigger challenges are to help make CAD/CAM a universal way of doing business at Co., effective use of group classification technology, and teamwork with Manufacturing and suppliers to develop and implement truly innovative design concepts that lead to quality products at lower cost. The EQNWG is expected to develop ‘end state’ concepts and implementation plans for changes of organization, operation, procedures, standards and design concepts to guide our future growth. The target of the EQNWG is breakthrough in performance not just ‘work harder’. The group will phase their conceptualizing and recommendations to be effective in the long term and to influence the large number of drawings now being produced by TRANSPORT CARRIER and Model-11 design teams.”
This is a sanitized version of the proposal to the Board which was turned down.

The problem was that of about 6,000 engineers, something like 2,000 had retired and been replaced by new hires with little experience. This resulted in overwhelming engineering defects, which in turn delayed aircraft delivery, to the point where customers like Swissair were publicly suing  DAC for about $10 million ( as I recall). The CAD was an attempt to solve the problem. They had already  found out that there was insufficient capacity to train the new hires properly and insufficient drawing checking capacity to find the defects and deal with them.

I suggested to the engineering directors that we might be able to transfer some well known software engineering technology, never before tried out in other forms of engineering, the Software Inspection method developed in 1975 by IBM.

To my surprise, in January 1989 I was told by Brown that they wanted to try my idea. I taught a class of about 60  engineers that week and we tried it out on four main aircraft projects that Friday. It worked! It allowed them to find serious engineering specification defects which all other methods of QA and checking had failed to find. 

The comment of one director (Mac Laurance(spelling?), T-45 Project Director) was “We have cracked the problem, now all we have to do is replicate”.

We held large training courses of three days (40 to 60 engineers) monthly, and I trained and certified Instructors (example Robert Weibe, who later went to Boeing).  By Easter a highly professional group of engineering specialists  (Under Harris) was assembled to monitor the data about this process. The data was captured in the normal enginering database. DAC was determined to see if it really paid off. There were ‘blind tests’ in connection with this, to see how it worked. The Checking people in theory were not supposed to know if a drawing was checked or not by Inspection, but the better quality made it difficult to hide.

By Spring the Engineering Directors, who had been told by the President to solve this problem (or else..) told us that we had all power and budget, just get this Engineering Drawing Inspection working on all Engineering Orders (EO’s) by the end of 1988. Brown, Wiebe and I studied this for a week and concluded that this was impossible due to the rate of culture change and the volume involved  (about 1,000 new EO’s per week). But we went ahead and did the best we could.

We did manage to cover 800 Inspection during 1988, which is a lot for a start up of this nature.  At one point in late Spring 88 I was reviewing the data with Bob Harris, and we saw data which got us quite worried at first. The number of Major Defects being found by Inspections was going down, rapidly. We assumed at first that the  method was losing momentum, enthusiasm or motivation. The we took a deeper look at the data and realized that we were in fact succeeding in the best possible way. The reason fewer defects were found per drawing was that fewer defects were being injected! The reason for that is that the personal learning of the engineers about the necessary engineering standards (violation of an engineering standard was a defect) was taking hold. They were learning what lack of other training and mentoring had failed to teach them. 

We saw that the individual defect rate went down by about 50% every time a new drawing was Inspected for an individual engineer.
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· Dale Warren was the Director of Design Engineering at that time. So we had to convince him that this new systems engineering process paid off. Before we began, DAC had done a study showing that each EO defect, causing rework to the EO/Drawing cost an average of about $2,965 (corresponding Boeing numbers in 1989 were $3,000 to $5,000, I learned). Our Inspection ‘Major Defects’ concept was removing things that threatened that time and money loss. The engineering staff at DAC worked up a formula for the Return on Investment for Inspection which considered this, and one day about Summer 1988, we presented it to Dale Warren. I sat there as he studied the result, which was approximately an ROI of 4.5 to 1. He more than accepted his staff’s calculations. His words to me were. This is conservative because it only takes engineering labor into account. It would be much larger if we took materials wasted into account. Later Dale Warren walked into a meeting of ‘our Inspection Gang’ one evening and told me that I would soon be hearing from Boeing. He had bragged about the results to them at a conference and given them my card. The result of that was that we did a major trail of the method at Boeing (130 people trained, a 12 week period, about 25 parallel projects in all engineering areas. Conclusion, that Inspection was indeed the most powerful method for checking engineering specs they had seen. One of my students then has recently written reports.
·  "With the improvements made to defect detection and prevention processes, the software processes now find nearly 100percent of the defects, reducing the escapes to nearly zero."

· Authors Gary.b.wigle@boeing.com, Crosstalk August 1997  

· BOEING:“Inspection added 4 percent [design effort] but returned a 31% reduction in rework”<-- George Yamamura and Gary B. Wigle, , “SEI CMM Level 5: For the Right Reasons, Crosstalk, August 1997, page 3-,  (Gilb student (GW) and client, 1989) http://www.stsc.hill.af.mil/Crosstalk/1997/aug/aug97ind.html


Note added: Aug 2002

Evo is proven at the systems engineering level too. In 1988 for example this author consulted with over 25 projects, about 120 engineers, for a kickoff week each, at Douglas Aircraft, that made use of Planguage and Evo for aircraft design – not software. This assignment was a direct result of the engineering directors being so impressed with the results of our evolutionary implementation of Inspection on Engineering Drawings. 

Of course new aircraft did not fly the next week. But real results capable of giving useful feedback were delivered to real stakeholders. Most of the projects were not new aircraft. They were modifications and upgrades, or new components such as heads up display. This was the first time, to our knowledge, where the concept was satisfactorily demonstrated and acknowledged by a variety of non-software, aircraft engineers. We planned weekly increments, from the second week. The initial Evo step was approved by responsible management every time. It was practical, and they could not resist seeing results fast.

<more could be said about this. Brown (now at USC)  Weibe (now at Boeing in Renton, WA) were trained to teach this method and it was packaged for Douglas by us.>

A UK SYSTEMS ENGINEERING EXPERIENCE

Later, as a result of this I was teaching ‘software Inspection’ to another systems engineering business, them Philips MEL Defence Electronics about 1990, in Crawley UK. I hinted that the DAC/Boeing experiences implied that the Inspection method would work in the rest of their system engineering, not only software. Trevor reeves, the Quality specialist who was my host got them to implement this widely with the full support of the Managing Director of the 2 factories. A case study is published in my book (Gilb and Graham, Software Inspection, Addison Wesley 1993) which makes it clear that the method was being applied to all engineering drawings, contracts, bid and software. One early study they did based on 1,000 hours of Inspection and about 4,000 presumed Major defects, found that the average cost of fixing those defects downstream of Inspection was on average 9.3 times more. When that ‘ROI’ data was available the MD (President) made it quite clear to the skeptics that they should shut up and get on with Inspections.
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Conclusion

The application of engineering technologies in one discipline can be successfully spread to a multitude of other engineering disciplines. Indeed Inspection itself has historical roots in the Statistical process Control methods of Shewhart, Deming and Juran. The method was used mainly in manufacturing (1920-1990) and was picked up in software engineering (1968-1975 initial experiments at IBM) and spread to a multitude of engineering disciplines in several companies and countries (1988-present). The author has additional and similar experience with Ericsson of Sweden (1992-1999) in this regard. Developing Cellular Base Stations which have about 14 disciplines involved and Inspection is used at the systems level with quite measurable effects. For the moment these are not widely published outside of Ericsson, but there are some exceptions, if we wish to pursue the matter.


A return on Investment calculation was made in all cases which satisfied the highest levels of management and led to the continued investment in use of the method. 
“Tom Gilb has been working with us for more than a year in design engineering. He has introduced, trained and assisted in the implementation of quality improvement and statistical process control applications to the planning and design process. These concepts are radical changes to the accepted way of doing work, and have achieved enthusiastic acceptance and quantified benefits in quality costs.”  Robert B. Harris, Director, Engineering Quality and productivity, and Improvements, Douglas Aircraft Co., Oct. 14 1988.

