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Management and Measurement of RD&D

The issue of design on manufacturability and profitability of product has recently received much greater management attention. Good design, of course, can easily have a direct impact on profit; the PT Cruiser is far more profitable for Chrysler than the Neon platform on which it was based. Further, It has become increasingly obvious, as Deming stated, that quality must be designed into the product.
  

Historically, the research, development and design processes were undermanaged. For example, the typical American automobile design in the 1980's required three million manhours of engineering and sixty months to complete. Simply put, “RD&Ders” were rarely held accountable for the final manufacturability or profitability of a product. 
Part of the reason for this lack of accountability is the intangible nature of many aspects of design. Consider a computer programmer who states it will take a month to design and code a new program, then spends most of the month staring into space, “designing” the program in his mind while listening to Moody Blues CDs, then feverishly completes the project coding in the last day of the month. Was the program designed efficiently?  Perhaps it would take other programmers two months of visible, concentrated effort toward design … or perhaps the programmer was goofing off. Who can say?  It seemed to management that it was much easier to measure the productivity of a production worker who bolts bumpers on an automobile assembly line than the productivity of a women’s clothing designer who “pulls” the design of next season’s hot new outfit “out of the clouds.”  As such, management historically tended to “steer clear” of control and measurement of design.

Isolated in their own department, away from manufacturing, designers created new products without concern for how costly or difficult the product would be to build … or how long or costly the design process was … then tossed designs "over the wall"
 at the manufacturing department, leaving the manufacturing personnel to then figure out how to efficiently and profitably build it. Believe it or not, the author has observed a furniture company spend almost two years designing, then marketing, a new bedroom suite, only to discover as they began to produce it that its taller-than-usual headboard and footboard would not fit through the door of the factory’s “paint room!”
  

Current philosophy has abandoned that “we design ‘em, you build ‘em” attitude. Products are now thought to be best designed by teams comprised of both designers and production personnel. The teams are expected, not just to design a product, but also to design a product that can be produced to quality requirements (i.e., to design quality in) to design a product that can be more easily assembled (and easily disassembled when necessary, and that can be built at a profit. 
Designing for Process & System Improvement

While organizations used to expect designers to focus on “designing the perfect, ideal product” without much regard to manufacturing issues, more and more frequently they expect designers to take a more pragmatic approach to design, i.e., to “trade off” a little bit of that perfection toward the design of a product that reduces the variety of inputs and processes required for its production. 
  

Designers reduce the variety of input by favoring parts that have multiple uses and/or usepoints. Instead of designing a product to be assembled using five slightly different bolts, forward-thinking designers would try to “tweak” the design of the product so that it used the same bolt for all five applications. Doing so, simplifies many aspects of the operations and production system – four less items to order, four less items to manage in inventory, four less items where quality problems might emerge, four less items for workers to become familiar with, perhaps four fewer suppliers to deal with, and so on. 
· Shell Oil was experiencing stockouts of cans of motor oil at its points of sale. Root cause analysis determined that the cans of oil were available to ship from the factories, but that the factories were out of the boxes in which to package them. There were fifteen kinds of oil … and a different kind of box for each one. The fifteen kinds of boxes were exactly the same, except for the printing that stated what kind of oil was inside. Accurate forecasting of box demand had proved elusive. The factories typically had too many of some kinds of boxes, but too few of other kinds of boxes. A new box was designed without printing, but with a window in it, so people could see what kind of oil was inside. The one new box could be used to ship any kind of oil. Given, that forecasting the demand for the total amount of boxes needed was much more accurate than forecasting the demand for each of the fifteen kinds of boxes, and given that only one kind of box had to be managed and inventoried, box availability improved and oil can stockouts were reduced.
   

· The design of a new automobile chassis is a very complicated and expensive “part” to develop and design, hence automobile manufacturers now tend to try to use a single chassis as a “common platform” over several vehicles. For example, the Lincoln LS, the Jaguar S-Type and the new Ford Thunderbird were developed using such a common platform.

Toward reduction of inputs, designers now also favor the use of commonly available, “off the shelf” parts versus the use of unique or special parts. In doing so, designers are avoiding the higher development and design costs of a unique part; “off the shelf” parts are typically much cheaper. Further, the compatibility and quality problems that typically would be associated with a new and unique part are also avoided. Also, using “off the shelf” parts means that workers are using parts with which they are already familiar. One of the great appeals of Ford's Model T is that it used many parts with which farmers were already familiar; using the small supplied tool kit, anyone could repair his own Model T.

Designers also reduce the variety of input by minimizing the total number of parts they design into a product. Increasing the number of parts in a product increases the number of parts that have to work together correctly and reliably … and so increases the likelihood of problems. Said another way, as the number of parts increase, the number of interactions between the parts also increase … until at some point management of those interactions becomes too burdensome to effectively manage. Better to reduce the number of parts where feasible and simplify things. It might seem counterintuitive, but adding just a single part can add a tremendous amount of complexity; if an engine has 5,000 parts, adding one new part means it must be assured to work correctly with all other 5,000 parts. Just ten total parts in a product requires the management of over 1,000 interactions between those ten parts. So adding just a single part can make a great deal of work for engineers, workers and management … as well as greatly increasing the chances for something “to go wrong.”
  

· When Wendy’s once contemplated the additions of new menu items, it considered tacos. Why?  How many new ingredients would Wendy’s have to stock? Only one, the taco shell. Adding tacos to the menu would have been a relatively simple matter.

Easier joining/coupling/marrying of parts are also favored in today’s product design. When the joining/coupling/marrying of parts is easier, the assembly takes place faster, with less error, and with lower costs. NASCAR vehicles have wheels with the bolts built on, so that they can be rapidly twisted off and on … without fumbling around to pick up and thread the bolts. Many ready to assemble (RTA) furniture products that you buy at department stores and put together at home have snap-on or twist connectors (instead of nails and screws) that make it easier and quicker for the consumer to assemble the product accurately. Products should also be designed to be taken apart easily as well, to benefit those who must repair or rework the product after assembly … as well as those who disassemble the product in the process of consuming it.  You may not remember it, but there was a time when a soda or beer can had to be opened by punching triangular holes in it with a “classic can opener.”  Of course, now they are designed to be “disassembled” easily with a pull tab. The fact that cell phone face plates can be so easily removed actually created the market for replacement designer face plates … and a new profit   opportunity. Associated terms include design for assembly (DFA), design for manufacturability (DFM), design to process capability, design for operations (DFO), design for serviceability (DFS) and design for disassembly (DFD).
While some designers have argued the above constraints would limit their creativity and their ability to create good designs, it might be argued that such constraints call for greater use of creativity. And just consider all the different products that can be designed from just Lego blocks or bricks!

Increased interest in management of the research, development & design process also inspires a greater interest in the performance measurement of these processes. Several simple numerical measures of design performance include:

· Product variances from the designed target cost. Historically, designers were not expected to develop target costs for their designs, hence did not share in any responsibility for manufacturing cost variances resulting from poor design. 
· The percentage of “off the shelf” parts, or the total number of parts, used in a product. For example, designers might be expected to design “next year’s model” with lower percentages than “this year’s model.”

· Total time from design initiation to product profitability. Historically, total time to design was not measured at all. Merely measuring the total time to research, develop & design could encourage the aim of designing quickly above the aim of designing for manufacturability and profitability.

Other Recent Design Concepts

· Quality Function Deployment. Greatly simplified, Quality Function Deployment (QFD) requires design teams to complete a diagram containing rows that list "what the customer needs" and intersecting columns that list "how the product will meet those needs."  The process of completing the diagram forces designers to identify customer requirements and how they will meet them. Shigeru Mizuno and Yoji Akao developed the QFD concept in the 1960s.
  An alternate term for QFD is The House of Quality. More information can be found at the Quality Function Deployment Institute web site:  http://www.qfdi.org

· Concurrent Design. One meaning of the term “concurrent design” is the opposite of “over‑the‑wall” design, i.e., a design process that includes production personnel, suppliers, etc. Another meaning of the term “concurrent design” refers to “designing and producing at the same time.”   Historically, product design was totally completed prior to the beginning of the manufacturing phase of the product. Under, concurrent design, the design and the manufacturing of the products occur during the same time frame. Suppose that the design of a skyscraper takes 12 months and its construction also takes 12 months.  If construction does not begin until design is complete, the design and the construction of the skyscraper will take a total of 24 months. Under concurrent design, the designers might finish the design of the foundation during the first month, allowing construction of the foundation to proceed while the design of other parts of the skyscraper continues. Completed in this fashion, the design and construction of the skyscraper will take a total of only 13 months, even though there has not been any reduction in the volume of work. The primary benefit of concurrent design is, then, the reduction of the total of time to design plus time to produce. There is a downside to concurrent design is that designers have far less room for error. Designers may discover in later phases of the designing that they wish to change the earlier phases of the designing that have already released to production, however, it may be very difficult, very expensive or even impossible to make the changes. Clearly, concurrent design requires a good deal of coordination and teamwork between designers and production personnel. Alternate terms for concurrent design include concurrent engineering, simultaneous design and simultaneous engineering.

· Robust Design. Robust design advocates product specifications well beyond the expected customer requirement to ensure customer satisfaction. This concept has formed the basis of many ‘classic’ television advertisements including:
A 1974 Sears DieHard battery that easily starts up a car that has been parked for three months in the coldest town in America atop a frozen lake

A 1992 Lexus ES that has door, trunk and hood jambs so precisely manufactured that they can track a ball bearing

The reverse of this concept, where a product is designed so as to not (or exactly) meet the minimum product specifications is termed fragile design. Genichi Taguchi is generally credited with the concept of robust design

· Reverse engineering. The concept of taking apart a competing product to study it toward improvement of future designs is not entirely a new one. The major automobile companies have been doing so for decades. Beer companies apply chemical analysis to competing products in order to derive their “formulas.”  Microprocessor (chip) manufacturer AMD attempts to incorporate innovations in their future chips that are similar in nature to what they discover when they study the design of market leader Intel’s microprocessors.

· Green design. This concept advocates designing with consideration of environmental issues. Typical concerns include the use of recycled material within the product, planning for the recycling of product materials used, reduction of toxic material content and/or byproducts, etc. One alternate term for green design is design for environment (DFE).

· Universal design. This concept advocates the incorporation of design elements into a design that accommodate various disabilities. Common examples include the incorporation of volume control and larger buttons into the design of a desk telephone, where the volume control accommodates those individuals with poor hearing and larger buttons accommodate those individuals with poor vision or arthritis. The advantage argued for universal design is that such features will typically appeal to all users of the product, not just those individuals with the accommodated disabilities. For decades, the standard height of toilets was about 15 inches, however recent law required the availability of taller toilets for wheelchair accessibility. People using them found they preferred taller toilets, since they make it easier for anyone to sit down and stand up. Toilet manufacturers have since seen a steady increase in orders for toilets that are 17 to 19 inches high.
· Value design. Value design suggests that designers consider the function or the value added by a product component toward the improvement or modification of the component. For example, designers might philosophize that a brake pedal’s function includes safety and so modify its design to be made of material that prevents the driver’s foot from slipping on it … or they might philosophize its function includes interior appearance and modify its design to be made of drilled, brushed aluminum. Practicing value design might also lead designers to delete components that are determined to serve no function and/or add no value at all. Some credit for development of this concept has been given to General Electric; GE termed it value engineering.

· CAD/CAM (Computer Aided Drafting/Computer Aided Manufacturing). Computer aided drafting is the use of drafting and design software such as AutoCAD to prepare the detailed rendering/engineering of a product, replacing the historical blueprinting process. One of the great advantages of CAD software is that it can be used to directly communicate with computerized equipment on the factory floor; for example, if a headboard design is stored in CAD software, the software can transmit cutting instructions to the routing machine (the machine that cuts the general shape of the headboard out of a large flat piece of  wood). Such computerized machines are typically called CNC (computer numerically controlled) machines. The use of CAD software also facilitates easily making changes to a product rendering, in the same manner that changes in a document are easier with word processing software than in a document typed with a typewriter. CAD software also offers other typical advantages of computerization such as the ability to transmit documents electronically and so on. Associated/alternate terms include CADD (computer aided drafting & design) and computer aided engineering (CAE).

· Modular design. The application of modular design expects that designers incorporate a number of parts into a single module that can be easily installed by production or easily replaced during rework or repair. One of the earlier prominent examples of modular design is the Quasar line of televisions. Developed by Motorola in the late 1960s, it was the first transistorized color television set.
  Quasars contained a small set of circuit boards that could be easily accessed and replaced from the front of the television; they termed the design innovation “works in a drawer.”  Given the cost-effectiveness of modular design on the production floor, such design has been increasingly common over recent decades.

The Product Life Cycle
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The product life cycle, often presented as a marketing concept, carries implications regarding the timing and frequency for product research, development and design.

The classic perspective is that the life of a product proceeds through four stages, birth/startup, growth, maturity and decline. One familiar example would be cassette tape, first marketed in the early 1970’s, it did not surpass the popularity of (egad!) eight-track tape until the late 1970’s and early 1980’s. Cassette tape was a popular form of media through much of the 1980’s and into the early 1990’s, so popular that automobiles typically were sold with a cassette player as “standard equipment.”  The rising popularity of CDs beginning in the 1980’s and 1990’s eventually sent cassette tape into decline. Vinyl records, of course, would be another familiar example. VCR video tapes are in the decline phase of the product life cycle. These days a new model of automobile is expected to decline in popularity no later than five years after introduction. For many mature products, it is a relatively simple task to recognize the product life cycle pattern within their historical product demand data and so to predict the timing of the decline phase. Under this perspective, new product research, development and design should be timed so that a substitute product coincides with the decline phase of the existing product.

The product life cycle was traditionally thought to be in terms of months or years. Rising customer appetite for product innovation, the application of technology toward shorter design times, and so forth have generally compressed the time frame for many product life cycles from months and years … to weeks and months with higher growth peaks and more rapid and steep declines. Further, most management thinkers no longer believe the decline phase of the product life cycle is unavoidable.
  Rather, during the maturity phase, management can “re-invigorate” the product with changes and innovations so that it is “reborn” and begins a entirely new product life cycle. 
One very familiar example is Tide laundry detergent. Tide has been on the market for many decades, but it continually maintains its number one market position. Product managers at Proctor & Gamble historically have continually altered the product packaging with reinvigorating statements and/or trivial product content changes. Past alterations include New & Improved Tide, Ultra Tide, Tide with Bleach, Mountain Spring Tide and Tide Free. A partial list of the products currently on grocery store shelves include Tide 2X Ultra Coldwater, Tide 2X Ultra with Dawn Stainscrubbers, Tide 2X Ultra With A Touch of Downy, Tide with Bleach Alternative, Tide Free for Coldwater, Tide Pure Essentials Baking Soda, Tide TOTALCARE, Tide HE Free & Gentle and Tide plus Febreze Freshness Sport Scent.
 
In similar fashion, the 1960s Barbie doll product is continually reinvigorated with innovations such as changes in Barbie’s hair, “Star Trek Barbie,” “Wizard of Oz Wicked Witch of the West Barbie,” “Hollywood Bound Barbie,” “NFL Cheerleader Barbie” and so on.
 A more recent example is the Motorola Razr cell phone, reinvigorated (over just a two-year period) as Razr V3, Pink Razr (as well as other colors), Dolce & Gabanna Razr (gold with a D&G bangle and a gold eelskin carry case, retailing for $400), Slvr (a derivative “candy bar” version) and so on. Under this perspective, product research, development and design is essentially a continuous effort toward improvement of product.
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The product life cycle concept “shares much commonality” with another popular management concept, the Growth/Share Matrix, a topic that is typically presented in policy/strategy coursework.  The basic matrix is figured below:
	
	Strong Share
	Weak Share

	High Growth 
	SYMBOL 182 \f "Wingdings"
	?

	Low Growth
	$! (cash cow)
	SYMBOL 68 \f "Wingdings" (dog)


The Growth/Share Matrix supports management’s decision regarding allocation of resources toward a product, such allocation should be based upon which corner of the matrix it falls within:



Cash cow -- 'Milk it,' use resources to support a star



Star --  'Feed it' resources, so that it will grow into a big, fat cash cow



Dog -- 'Starve it,' "Its days are over;" cut off resources or divest



Question Mark -- Management 'judgment call;' should it be fed, hoping for a star

We can obtain the similar perspective of cassette tape using the Growth/Share Matrix. Cassette tape was "born" a question mark, with management unsure whether to invest in plant in equipment for the future, then "grew" into a star, with management eager to purchase plant and equipment as demand steadily grew, then "matured" into a big cash cow, where management would have been wise to taper off investment in plant and equipment toward future increases in demand. Now it has "declined" into a dog, barely carried by many retail outlets. Currently, we would use the Growth/Share Matrix to define CDs as a cash cow, Digital audio tape (DAT) and DVD as stars, mini-CDs as a question mark and vinyl records as a bow-wow. Boston Consulting Group developed the Growth/Share Matrix in the 1960s.
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� 	In fact, the same can be said toward the design of systems; Deming stated no system can do better than that for which it was designed. An easy to understand (and oft mentioned) example is that no part or individual has greater control over the steering of a ship – not its rudder or its captain -- than the individual that designed it.





�	One recent reference to the term "over the wall" design is found within “Communities of commitment:  The heart of learning organizations.”  1993. F. Kofman and Peter Senge. Organizational Dynamics. Page 8.





� 	Management ultimately decided to accommodate the error by attempting to manufacture the bedroom in one of its dining room factories that had a larger paint room. Predictably, since that factory had never built a dining room product … and that factory was not designed to build a dining room product  … numerous production and quality problems occurred.





�	One relevant reading is "Designing the Car" within The Machine that Changed the World:  The Story of Lean Production. 1990. Daniel T. Jones and Daniel Roos. Pages 104-137.


� 	This example is drawn from the video series The Quality Minutes, produced and distributed by the Juran Institute.





� 	This insight is partially inherited from the early management thinker, V. A. Graicunas. Graicunas pondered the effective limits of a manager’s span of control over subordinates, i.e., the maximum number of subordinates a manager could effectively manage, given he had to effectively manage all the relationships between himself and all of his subordinates … as well as all the relationships between all of the subordinates themselves. Graicunas first published his perspective in The Bulletin of the International Management Institute, March 1933 and in Papers on the Science of Administration, 1937, edited by Luther Gulick and Lyndall Urwick. Urwick published a paper on the same topic in Harvard Business Review, May-June, 1956 titled “The Manager’s Span of Control,” in which he credits Graicunas with the concept.





�  	By the way, Wendy’s founder, R. David Thomas, was told by a group of MBAs from a premier consulting firm that it would cost $500,000 to do market research to determine if people would buy tacos at Wendy’s. “Rubbish,” said Thomas, who then pulled a few bucks out of his wallet and told an assistant to go to the supermarket, buy some taco shells, then take them to a Wendy’s and try it out!  (The story is told within Dave's Way: A New Approach to Old-Fashioned Success, R. David Thomas, 1991.)





� 	“QFD Explained,” Quality Progress, March, 2003, page 104.


� 	A long time ago … in a galaxy far, far away … televisions had “tubes” instead of transistors. When a television needed repair a TV repairman … just like Don Knotts in the movie Pleasantville … would actually come to your home with a kit filled with various television tubes. The TV repairman would test the TV’s tubes to locate the failed tube and then replace it!  And doctors once made house calls, too. Believe it … or not !


�  For example, see the discussion within “Forget the Product Life Cycle Concept!” Nariman K. Dhalla and Sonia Yuspeh, Harvard Business Review, 1976, 41(January-February): 102-100.


�	Back in the 1950s, there was just plain old Tide, that was it. It was the market leader; it ‘sold the best because it was the highest quality product on store shelves. So why does Tide have to have so many different products in today’s market just to remain the market leader, I wonder. Hmmmm.—ajp.





�	Barbie's full name is Barbara Millicent Roberts. According to the Random House novels of the 1960s, her parents' names are George and Margaret Roberts of Willows, Wisconsin. In February, 2004, Mattel announced Barbie and Ken broke up, but in February, 2006, Mattel announced they had gotten back together again.—Wikipedia.


� 	General Electric also developed a similar matrix that adds more precision and detail by employing a 3x3 matrix.
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