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Fast to Copy Winner

      When it comes to athletic shoes, no firm makes and markets product better than Nike.  Its core competencies lie in product design, celebrity-based marketing, and an ability to have product well made in low cost factories throughout the Far East.   Many consumers willingly pay $100 for a pair of Air Jordans to get performance in an athletic shoe.   Other customers want “to be like Mike”.  It is important to be seen wearing cool gear even if you don’t do much than hang around.  If you have the cash, Air Jordans will fill this need.  But some consumers are unwilling or unable the price and are moving to Skechers—an upstart that expects to earn $70 million on sales of $960 million in 2001. 

       Forbes recently noted that Skechers “invents nothing, but makes a lot of money on other people’s ideas.”   Their forte is that they closely study the shoe market hoping to spot the latest fashion trend so that they can pounce on it quickly and then out just as quickly as the fad tires.  Their shoes must “spark me-too purchases but not be so ubiquitous that fickle kids reject the brand as “over.” ”   It is insightful to note that the company’s name came from a street slang term for “a person who can’t sit still.”

      Serving this market presents a major challenge.   Skechers tracks the hundreds of new product offering of sneakers, sandals and loafers as they appear in the world’s fashion centers.  Their challenge is to spot  the winners and then quickly have its product designers “approximate” these styles with shoes that can be made at a lower cost.  It then relies on its supply chain, all of which are offshore suppliers, to make and distribute new products to the market one month faster than the major companies can.  

      One recent shoe illustrates their capabilities.  In 1999, they saw a bowling style shoe made by a small Spanish company called Camper.  Thinking that it was a winner, it had its designers come up with a  $55 version which was on the market before upscale companies had their versions selling for $100.

     Skechers’ products can be made for less because their designers understand the target market segment and manufacturing economies of scale.  Recognizing that its customer value fashion most, its shoes aren’t designed for performance.   Its ad program feature “young, cute people sitting around.  No one jogs or skateboards.  No one even breaks a sweat.  Even the $55 Energy “jogger” is pretty much just for hanging out and looking hip.”   This permits its designers to use a common sole in its Energy sneaker line that has 100 different uppers and colors.  Hanging around shoes can use lower cost raw material costs such as less expensive leather.   This product architecture permits Skechers’ supply chain to achieve economies of scale at its low cost offshore plants.

   The trick in fast to copy businesses is to be right, quick, and a tad lucky.  So far, Skechers has been.

Source:  Melanie Wells, “Sole Survivors,” Forbes, August 6, 2001

  INTRODUCTION

       Never before has the need been greater for a firm to produce products that offer compelling value for its customers.  Most observers agree that a major reason for the 2001 slowdown is that American industry’s product offerings offer no compelling reason to buy cars, personal computers, and other big-ticket items.   In this shell, we study the product innovation process for manufactured goods.   History shows us that some companies clearly are consistently better at it than others, while some occasionally get lucky.  Some never seem to understand what it takes to create customer-pleasing products.  

     The logic used to design manufactured goods is essentially the same as was presented in the previous shell.  

Exhibit 1

The Manufactured Goods Design Process



Designing this customer-fulfillment process normally includes personnel from marketing, design engineering, and operations management.  Individuals participating in this process may pursue conflicting goals.    Engineers often seem more determined to express their creative urges and solve intricate problems than to address customers’ needs.   Both engineers and operations management personnel often resent the perceived willingness of marketing to respond to every real and imagined whim of any customer, regardless of the demands of the resulting product variety. Operations management personnel often seem overly devoted to building a stable, well-organized environment in their pursuit of higher efficiency.  Well-managed product innovation processes effectively deal with conflict by issuing guidelines for resolving disputes.  Those that don’t often create products that are off the mark and organizations that are frustrated   Good products just don’t happen—they are the result of effective product innovation processes.

     Manufactured goods differ from services in three ways.  The first is that a good can be inventoried, thereby giving system designers addition degrees of freedom.   The second difference relates to risk.  More so than for services, the design of manufactured products and their supporting delivery systems requires substantial up-front financial commitments.  The product innovation process for manufactured goods must be market-driven and supported by realistic estimates of the size of the likely market.  Simply believing that “the market will come” is risky business.    Business history is littered with projects that failed because firms did not fully understand the needs and foibles of customers.

     The third difference is that the product innovation process for goods are often supply chain-wide endeavors where the players often come from outside your firm.  Developing next-generation micro-processor chips requires Intel to coordinate its efforts with Microsoft, other software players,  and the makers of chip manufacturing equipment.  Those firms that try to go it alone often experience dire consequences.   As Tom Friedman said: “In the Lexus lane, it often is more important whom you know than what you know. “ 1         

       PRODUCT ARCITECTURE

      The first step in any product innovation process is to fully understand who the target customers are, what they value, and the likely size of the market.  As we saw with Skechers, product designers use these key inputs to make product architecture decisions.  Product architecture establishes three things:

· It specifies the functional capabilities of the product, its features, and post-sale servicing needs.

· It specifies the capabilities of the product delivery system and post-sale support that the customer expects.

· It specifies the roles and risks each player within the supply chain will assume.

The business process that develops a product’s architecture is driven by the firm’s corporate strategy.  It must deal with a number of design issues, such as:

· How well can a standard product meet the core needs of target customers?

· How well can a standard product with a flexible set of optional functional modules satisfy the product mix variety demanded by buyers who want customized products?

· How effectively can product designers divide the functions of the product among separate modules?

· How should these modules interface with each other?

· How much technical risk should the design of each module take?

· How much reserve capacity should the designs of the overall product and each module include?

· Which of these modules should designers develop in-house and which should they contract out?

Most of these decisions are not evident to the product’s customer.  In a sense, these are product design decisions that fall beyond what was called a line of visibility in the service area.  But within the firm, they have important effects, not only on product quality, but also on the resources needed to effectively perform the product-innovation process.  Good product architecture can help designers to develop products capable of providing the firm with a competitive advantage.  If being fast to market or fast to product is a strategic goal, then the ability to achieve these ends starts with good product architecture. 

End Product and Parts Standardization

      The desire to make and use standardized parts has its roots in the American industrial revolution.  It was Eli Whitney’s use of standard parts that enabled his firm to gain a competitive advantage in its bid for an army rifle contract.  Henry Ford’s assembly lines were made possible by improved manufacturing processes that allowed unskilled workers to quickly affix standard parts to standard cars.  Standard end products enable manufacturers to use make-to-stock market orientations, thereby decoupling manufacturing decisions from market transactions.  So it is quite understandable that many operations managers prefer to make standard products using standard parts.   However, the decision to produce standard goods and/or to use standard parts is a strategic issue.  

       This may sound like a bunch of Olive-tree lovers trying to justify resistance to change.  None-the-less, before we dismissed product/part standardization as “old fashioned,” let’s review some of the arguments for making or using them.  Standardization of products and manufacturing inputs can help a firm achieve:   

· Lower Product-Design Costs:  The economies of scale that occur when product design costs are spread over a large number of copies of the same product. This is possible only if the standard product can satisfy a significant number of customers with its common design. 

Trying to develop a product that will please many customers may result in having product with features that some customers do not want.  A hearing-impaired car buyer must pay for an unwanted car radio.  As a kid, I would have preferred Campbell’s vegetable soup without the lima beans. 

· Lower Component-Design Costs:  Using standardized components in a product allows the firm to provide product features without paying for new engineering work.   Apple Computer lowered the costs of its product by using components parts that were designed for Wintel machines.

The disadvantage may be a less distinctive end product.  The key question is ”Do the customers care?”

· Lower Production Costs:  Standardized products can be made using lower costing manufacturing processes.   Large runs spread setup costs over more units.   In addition, batches of standardized products often justify investments in more efficient production processes.  Higher volume production systems often allow the process to use less skilled employees.

A disadvantage is that product and manufacturing flexibility often is lost when high-volume processes, such as an assembly line, are used.   When Lee Iacocca wanted Chrysler to reintroduce convertibles, its assembly lines were too inflexible so cars with roofs were made and then cut off later.

· Quicker Product Design through Standardized Product Interfaces: A product interface is the place where functional capabilities of the components meet.   Personal computer design has benefited by industry standards that define the protocol that must exist between each module.

The down side may be a loss of design creativity.  Why must each kitchen appliance use 110 volts?

· Enhanced Product Flexibility Capabilities: Standardized features that use standard interfaces permits a firm to engage in assemble-to-order manufacturing which permits its designers to enhance its offerings without risking incompatibility as long as they stay within the parameters specified by the standards. This open-architecture environment frees firms to compete on value-added product features rather than basic functionality. However, if all of your competitors’ products are composed of the same standardized components, your firm may face difficulty making your products seem unique. 

· Lower Delivery Costs:  Being able to inventory standard products may create economies of scale in transportation.   Shipments of goods from the factory to warehouses or retail outlets can take advantage of economies of scale in transportation.  This creates an incentive to push the goods you have on hand rather than what the customer really wants.

· Faster Product Deliveries: A firm can also move its inventories of standard products to sites near customers. This facilitates a rapid response to any order, helping to delight a time-conscious customer. This decision must balance the higher cost of deploying stocks across larger distances due to requirements for physical storage facilities and human resources to staff them.   The advent of premium shippers, such as FedEx, may make this advantage less so.

· Enhanced Product Recognition: Known products assure consumers that their purchases will meet their expectations.  “Intel Inside” stickers reassure customer considering a pc with little brand recognition.

· Simplified Value Comparisons: Standardized goods help consumers to shop for the best price or product performance. People can easily compare Wal-Mart’s price for a certain grade of Quaker State motor oil with the price of the same product at Kmart. Familiarity will become increasingly important with products being purchased via the Internet or from a mail order catalog.  You may face increased price competition.  Sun Computer now is using dynamic bidding for its commodity parts in a search to achieve components at the lowest possible price.

· Consumer Protection: Regulations assure McDonalds’ customers that its Quarter-Pounder will contain ¼ pounds of approved meat.   Unfortunately, in a litigious society, a standard offers a well-defined target for bottom-fishing lawyers and consumer protection agencies.

· Enhanced Communication Capabilities: At a coffee shop, you might make a request like, “I’ll have a large cup of fresh-brewed, French roast coffee, please.” You have just defined the product you want using three well-understood terms.  Each term reduces the communication effort. Virtually all e-commerce is enabled by communication protocol.  The down side is that an unencrypted message can be heard and understood by anyone listening. 

The key to successful product innovation is to know what features or parts of the end product need to be customized to meet the expectations of the target customers.   A customized Steinway piano probably is driven by aesthetics, such as the finish of the piano, but the functional part of the product can be standardized.  But that too might be changing.  Recently, a pianist with small hands demanded a keyboard with narrower keys so that she too could perform some of the more challenging pieces.  When will it end?  Never.

Au Contraire

W. Edwards Deming, the quality guru, suggested that standards are  “prescriptions for mediocrity.”

Product Flexibility Via Standardization 

     The following are some of the approaches successful product designers have used to design and develop customer-pleasing products:

Mass Customization: This is a product-development strategy that seeks to satisfy a market’s desire for a customized product while retaining the economies of scale of mass production.   In Mass Customization, Joseph Pine argues that a firm can achieve this ambitious goal by several fundamental methods or combinations of them: 2
· Customize services offered with standard basic packages of goods and services

· Create customized goods and services

· Customize standard goods and services at the point of delivery

· Organize the customer-fulfillment process to provide quick responses   

· Assemble standard, modular components to customize final goods and services

Each of these techniques works to achieve low-cost, individualized products

Modular Product Design:  Modular design can be used either in a make-to-stock or one of the variations of make-to-order market orientations.  It enables product designers to refine products rather than reinventing them to meet evolving market opportunities.  Specifically, the modular approach to product design should be considered when:

· The technologies of the different modules are changing at uneven rates. 

· The product-functionality needs of target customers varies too much for a one-size-fits-all approach

The microcomputer market is a good example of this.  Within a microcomputer, the central processing unit and the hard drive modules obsolesce rapidly. A well-designed product allows PC makers (or PC owners) to upgrade one or both of these modules to gain a state-of-the-art machine relatively cheaply.  

Modular architecture also offers valuable benefits if the demands on one function cause its components to wear out faster than the other components.  How many times have you thrown out a product that is perfectly good except for one part.  As environmental consciousness increases, this will be considered wasteful.  Batteries provide a good example of this.   Flashlights with replaceable batteries allow users to keep part of their equipment while replacing only the worn out components.  In other situations, designing replaceable parts into a product can provide it with enhanced market features, such as lower initial cost, lighter weight, or varying functionality.  It also can provide the designing firm with great post-sale marketing opportunities.

     The product architect must fully understand the tradeoffs associated with each of these issues and then try to find the best set of compromises between their demands. This decision must allow for the possibility that the set of compromises will turn out to be a null set, that is, the situation may dictate that the compromises aren’t acceptable to the targeted market.  Effective product innovation requires designers to take as much time and make the necessary effort to build a product in the right way for a particular situation.

     Within a modular product, designers must weigh the benefits of an open architecture.  Along with the other benefits of standard interfaces, they open the opportunity to supply components that perform the stated missions of the modules to many vendors.  In its mainframe hay day, IBM periodically changed the interfaces between functional modules of its mainframe systems to foil competitors.  When Memorex started to make substantial inroads into its disk-drive business, IBM changed the interface on its next model to render its competitor’s products unusable.  While this tactic may secure customers’ expenditures, those people may resent paying more for products as a result. A similar battle is now raging between HP and the small independent firms that refill printer cartridges. 

      Closed architecture remains a viable strategic choice—provided you have the market clout to carry it off.  EMC- the storage leader has been trying to protect is dominant market share because its world-class software works only with its equipment.  So when its existing customers need to expand capacity, the “what” part of the decision has  a smaller number of  options.

Technical Risk in Product Architecture

      Deciding how much risk a firm should assume within its product innovation process can spark controversy in high-technology firms.  Design engineers often express frustration over the apparent unwillingness by some to limit technological innovation.   If customers do not want or need these innovations, they may have a valid argument to justify their go-slow strategy.   But as Deming noted, “No customer ever asked for the light bulb.”   An excessively risk-averse firm may start losing customers to competitors that offer innovations.   The amount of risk assumed within a firm’s product innovation process is a strategic decision--not an engineering decision.

      In the past, some market leaders have prospered by following risk-adverse product-innovation strategies. Caterpillar let other firms take the lead in new products, believing that its strong market position would allow it to successfully introduce new ideas that proved viable.  Komatsu ‘s rapid rise caused it to review strategy.   

     Another type of risk that often exists in the Lexus lane is the risk of being outmaneuvered in the battle to decide industry standards.  Early in the VCR’s product life cycle, Sony’s Betamax was considered to be superior to Panasonic’s VHS tape standard.  But Panasonic’s marketing muscle outmaneuvered Sony.   In a more recent era, software makers who compete with Microsoft point out that this industry giant has gained enormous competitive advantage by controlling product interface standards.  In its anti-trust trial, it was revealed that even Intel was coerced not to engage in certain software development areas.  Developers of applications software want industry-wide control over the interface between its Windows operating system and other software.   So far, Microsoft has refused to yield that control.  It  maintains that “it is playing fair.”  

     Product Reserve Capacity Considerations

     The designers of a product and its product delivery system must size the capacity in a manner consistent with the corporate strategy.   The first challenge is called the product capacity issue and the second is the production process capacity issue.  Both issues interpret the challenge using the broad definition of capacity, i.e., the right stuff and the enough stuff perspectives.

      Cost-driven manufacturers often emphasized the need to have their products rated and their product delivery systems operated at the highest possible level.  This is appropriate when making commodities.   With commodities, there isn’t much of a product design capacity issue since most have well-defined standards.  The production process challenge is how to meet these standards without unduly exceeding them.  The need for reserve capacity for commodity delivery systems is less since buyers do not expect guaranteed availability.  

     However, when one is dealing with customers with high expectations, the reserve capacity decisions require product and delivery system architects to have a better understanding of the impact shortfalls have on the firm’s competitive well being.   In the product area, shortfalls often reflect on the design quality of the firm’s outputs --even when the user may be using the product incorrectly.   Delayed deliveries and off-spec goods are perceived as a failure of the firm’s product delivery system.  From the customers’ perspective, it matters little what the cause is.   Customers tend to “shoot the messenger,” i.e., they blame the party that they deal with.

Outsourcing All or Part of the Product Innovation Process

      In the past, operations managers often faced make or buy decisions when it came to procuring parts. Today, this issue has expanded to include:

· To what extent should we have the customer participate in the product innovation process?   One upscale playhouse designers now have the children of its clients specify what they want.  At the other extreme, purchasers of standard products have no say in the product innovation process.

· Should we make the end product or have a supply chain third party make/assemble it?  Contract manufacturers, such as Solectron, started out stuffing components into printed circuit boards but the scope of their services now range from product design to final assembly.

· To what extent should we own the parts of the supply chain?  As this is written, we see the Ford Motor company trying to spin off its parts manufacturing operations at the same time it is trying to integrate forward by buying auto dealers.

· Should we engage in internal product design?  Volvo used an outside design studio to create a less boxy, more exciting car.  Cisco Systems admits that it cannot fully understand which new technologies will thrive in its industry.  So it routinely buys business startups with promising new products.  Its product architecture exists at the macro-level and it has developed an organizational capability to buy and integrate promising high-tech startups into the Cisco family.

 It is in this area that the differences between the Lexus lane and the Olive tree-shaded lane is greatest.  The more you travel in the Lexus lane, the more likely you are to believe that a firm should make and design only those components for which it has a strategic advantage.  The need for state of the art technology and the need to be fast to market clearly are driving Cisco’s actions.  In 1999, Intel recognized that it lacked certain technologies if it was to expand its core business beyond microprocessor CPUs into the broader Internet communications equipment market.  As a result, Intel is acquiring firms and behaving more like Cisco.

      For firms competing at the Olive-tree clock speeds, they may need to engage in vertical integration to achieve low cost competitive strategy.   If your firm is trying to avoid attracting new entrants to your market, this may work to your advantage.  Within the past decade, both Coca Cola and Pepsi have restructured their supply chain to give them greater control over their products’ bottlers and distributors.  But in high clock speed industries, firms such as IBM, Unisys, and Tandem have failed dismally trying to compete with closed product architectures, vertical integrated business strategies.

ORGANIZATION DESIGN FOR PRODUCT INNOVATION PROCESSES

 In the past, most American firms used sequential product design and development processes.  The tasks assigned to each stage were completed and then “thrown over the wall” to the next stage.  In a slow pace business environment, this practice worked as long as there was no competitive need to be fast to market.  

       While sequentially organized product innovation processes may have worked in the mass-manufacturing era, its flaws showed up during the Japanese onslaught of the US markets during the 1970s.  In industry after industry, American producers found themselves competing with products of higher quality, more features, and with lower costs.  What had gone wrong?     

     To understand what often goes wrong in sequentially designed products, consider the stages a new product goes through at an automobile firm.  The following steps are:

1. Executives meet and approve a bold proposal to develop a new automobile model called a mini-van. This new vehicle looks like a small van, drives like a car, and fits in a standard garage.

2. Before this project can start, the design process must establish certain key parameters to guide later decisions.   A target price will dictate a target cost for the vehicle.   A prospective launch date governs schedules of all phases of the project. Extensive initial market research can help to focus the design and development process on the features that customers want.

3. The styling department then builds clay models to refine the image of the product.  Engineering then takes over and starts to define required parts for a vehicle with the intended capabilities and features. Representatives of the styling and engineering departments meet to work out any problems that emerge. Sometimes higher-level managers must step in to reconcile differences.

4. Suppliers and process engineers then receive the component designs with instructions to figure out how to make and assemble the parts. More problems emerge. More meetings follow to continue the search for parts and processes capable of producing a vehicle that fulfills the initial vision within targeted costs.

5. Finally, manufacturing begins the task of making a few test units of the new model.   More problems arise and department representatives hammer them out in more meetings.   As the model launch date nears, manufacturing schedules production of the mini-van.   Marketing requests high initial production rates to support its new model introduction program and the dealers have placed firm orders.

This example illustrates some of the problems that arise in a sequential-innovation process. First, it often took too much time—usually about five years.   Long product design lead time means that the firm must forecast what its target customers will want at least five years from now—actually longer since auto firms like to run a specific model for at least four years.  Do you know what you will want in 2010?

       Sequential product development costs too much.   Japanese carmakers invest substantially less to create new car models than its American or European rivals.   Conventional wisdom argues that rushing projects cost more--an assumption that pervades many project-planning programs.   For example, the critical path method normally assigns a higher cost to tasks that are done on a rush basis.   But based on what we have learned from studying the ways Japanese car companies design and develop their end products, it can be argued that sequential product design achieves the worst of both worlds--it takes too long and it costs too much.

     Sequential product development also inhibits proactive quality management. The design quality produced by an innovation process reflects the inherent value that customers place on product features.   One measure of design quality is the number and timing of engineering changes needed to refine the product.   As compared to Japanese firms, the product development processes of American firms tend to make about the same number of engineering changes, but those changes tend occur later in the design process when they cost more. Worse yet, engineering changes after the product launch are quite common.  The resulting product recalls amount to unpaid advertisements heralding a product’s poor quality. 

       A major organizational problem associated with sequential product development is it permits people to work comfortably within the confines of their specialty areas.   Engineers spend most of their time with like-trained engineers, and they expect performance evaluations as engineers by other engineers.  To allow necessary exchanges between departments, meetings are commonplace.   

       Sequential product development creates larger problems than ineffective communication--it creates a problem of perspective.   People responsible for product development need to know more than what the next internal customer needs.  They need to understand the needs of ultimate customers and how they will use the product. Lacking this perspective often leads to flawed product designs, such as the infamous Chevy Monza  goof, where they built a car that required owners to lift the engine from its mounts simply to change its spark plugs.   Chevy engineers missed this design flaw because they lacked the ultimate user’s perspective.

      Engineers began to learn less about practical information in school as many colleges dropped practical courses in machine shop, metal-fabrication, and foundry techniques in favor of more theoretical material.  At the same time, decay in the nation’s system of vocational training schools widened the knowledge gap between production workers and designers.   The success of unions contributed to a communications gap between knowledgeable workers and product designers.

Mass producers like the automobile makers could tolerate these conditions throughout the years after World War II because no competitors offered any better deals.   The then Big Three prospered making standardized cars each year and making major model changeovers every 3 to 5 years.   This permitted them to spread the high cost of new product designs over several years’ production.    
Nothing New

      American manufacturers did not start off using tunnel vision.  During the early stages of the U.S. industrial revolution, product innovators like Thomas Edison succeeded, in part, because they maintained cross-functional perspectives. Edison created his “innovation factory,” joining engineers with other workers in multidisciplinary teams.  Today, we seek similar cross-functional thinking in product design shops, such as IDEO.

      An unfortunate bi-product of Henry Ford’s success was that it led him to expand the division of labor concept to the organization as a whole. Ford tried to copy his principles of interchangeable, unskilled workers assembling standardized parts, and apply it to most functions of management. Industrial engineers specialized in narrow aspects of products and processes, limiting careers within narrow boundaries and eliminating the cross-functional thinking that existed in Edison’s innovation factory. As the product became more complicated, the areas of specialization narrowed further and management hierarchies became steeper.  Communications among product design participants disintegrated.

Source:Tracy Seipel, “Design Firm Focuses on Humanizing Technology,” San Jose Mercury News, 7/21/01

     This made a lot of economic sense to the number-crunchers in Detroit, but customers became dissatisfied. GM reacted with surprise when Oldsmobile buyers, who grew up hearing about the superiority of the division’s  “Rocket” engines, complained about the substitution of Chevrolet engines.   Car dealers understood the problem, but the automakers thought they wouldn’t care.  This is but another symptom of top management lacking a basic understanding of its customers’ values.

     The plight of American automobile manufacturers illustrates the shortcomings of sequential product design. Similar problems appear in most organizations that have failed to make a needed adjustment away from rigidly segmented mass manufacturing/mass marketing strategies to more flexible methods designed to better serve fragmented markets. Not all firms need to make this adjustment, however; some stable markets, such as table salt and corn flakes, still permit deliberate, sequential processes for product innovation.

Rediscovery of Concurrent Engineering

      Shell 4 described how process structure could have an impact on the duration of a project.  One way in which organizations reduce the duration of a project is to have certain tasks done simultaneously. This is easier said than done, but it can be done if the organization fully utilizes the benefits of cross-functional thinking.  The advent of cultures that foster teamwork and fully utilize the capabilities of information technology makes this possible.  The need to be fast when competing in the Lexus lane makes this an absolute necessity.

     In Revolutionizing Product Development, Wheelwright and Clark argue that firms should develop explicit product-development strategies to coordinate all of the major business processes that contribute to product innovation.3   They cite several critical driving forces for this need: intense international competition; fragmented markets; and rapid change.  They suggest that this process be shaped like a funnel.

Exhibit 2

The Product Development Screening Process







Source S.G. Wheelwright and K.B. Clark, Revolutionizing Product Development, Free Press, 1992, p. 35

Exhibit 2 illustrates the way candidate projects are reviewed.   At the front end of the funnel, two ongoing business processes occur.  The first is Technology Assessment and Forecasting, which strives to evaluate new process technologies that will emerge from research and development endeavors to find practical applications in the marketplace.  It should also assess the extent to which the firm will benefit from these developments.  Boeing would want to know when composite fiber will be a practical replacement of metals in airplane frames.

     The technology assessment process weighs the benefits of acquiring capabilities from external sources against developing these capabilities internally.  The strategy business process needs to ensure that these issues are addressed in an unbiased manner.

      The second front-end task is a Market Assessment and Forecasting Process.   As noted in Shell Six, this business process forecasts both the demand and product capabilities demanded in current markets and those that it would like to enter.  This analysis should go beyond merely forecasting unit sales or their dollar value by product and region. It should seek to form the basis for understanding and managing customers’ expectations, i.e., the things we need to know in the first stage of Exhibit 2. 

     Assessments of both the marketing and technology situations can come either from organization-wide business processes or from more external sources. That decision should reflect the organization architect’s assessment of the best resources to assign to the work. In the past, firms tended to complete these activities as corporate functions. More recent trends have led toward smaller corporate headquarters and more resources deployed among divisions or even product lines.

     These front end processes help define the direction and rates for product and process innovations. The Technology Strategy determines whether the company will introduce new technology in small increments or whether the nature of the technology warrants a major breakthrough strategy.   Of course, these decisions depend on the firm’s overall willingness to take risks.   Similarly, the Marketing Strategy determines whether the firm introduces large-scale, blockbuster innovations or sequences of incrementally enhanced models. The technology and product/market strategies must also create internal consistency with the firm’s strategy.

      This formal process cannot produce anything on its own. The funnel must be fed by a stream of ideas for new products and processes. Listening to customers provides essential clues to their desires, but this free advice requires deft handling.   Processing of such an idea should include a review by an attorney to advise about ownership rights to resulting new products.  Legal can flare up over valuable product ideas.  Recently, an inventor successfully sued the major automobile manufacturers claiming that they had “improperly used” his invention of the multi-speed windshield wiper. Some firms take the extraordinary step of certifying someone as out of the loop by routinely returning all unsolicited product ideas to guard against later claims for compensation.   Now there’s a dead end job! 

      New product ideas pass through a funnel that serves as a screening process to identify and target resources on those with the most commercial promise.   Two additional parts of the product-development strategy process affect this screening process.   First, an input to the product innovation process must be a clear statement of the firm’s strategic goals.  Strategic guidance over the product design and development process coordinates the overall investment pattern to ensure internal consistency.  Hence, a statement of goals of the product-development strategy should guide its activities.:

        At the aggregate level, the goals need to be made explicit and then juxtapositioned to examine their compatibility and complement-ability. The purpose of this process is to provide integration both in the aggregate and at the level of the individual projects. Typically, the goals range from market share (by customer segment and channel) to profit, and from dates for platform generation introductions and technology achievement to new product/process performance directors.

      Performance measurement must be an integral part of this planning process.  Beyond the routine sales and profit objectives, the product and process innovations should be evaluated based on three additional criteria: cost, time to market, and quality.   Exhibit 3 lists some typical performance metrics for each criterion.

Exhibit 3

Performance Metrics for Product Innovation
Cost


Actual versus plan

Total number of engineering hours








Outside service expenditures

Time to market: 

Actual versus plan

Elapsed time from conception to launch








Time required to recover investment

Quality Design:

Actual versus plan

Design-measured customer satisfaction








Conformance: actual results versus specs

General 






Number started versus number completed








Number started versus number successful








Production yields: actual versus plan








Percentage of sales from new products








Market share: actual versus plan

       After setting and quantifying goals, the innovation infrastructure proceeds by developing an aggregate project plan. This critical reality check ensures that proposed projects described in the statement of goals and objectives are resource feasible. It helps the firm to plan its deployment of resources to direct the right amount of resources of the right type to each project at the right time to maximize the likelihood of its success.

       To create an aggregate project plan, even the most modern product-development process needs to complete some old-fashioned project planning. This activity begins by breaking down the project into specific tasks. It then estimates the type and the amount of resources that each task requires. Although this estimate is subject to considerable uncertainty, failure to quantify, at least approximately, the distribution of resources and risk allowing the project to run out of control. In a sequential product-development system, this planning produces a sequence of tasks that form the project network.

     Based on more general project-planning as input, commercial project-management software can help determine the likely length of a project, its critical path (i.e., the sequence of tasks that cannot suffer delay without delaying the entire project), and the timing of resource needs.   Resource planning must consider the needs of other projects. Unless the project can rely on resources dedicated exclusively to its activities, it may seem feasible by itself while other projects plan to use the same resources, leading the organization as a whole to take on many more projects than it can complete. Unfortunately, similar situations arise quite regularly.

     Every project proposal must state what resources it will need, when, and for how long.   These are difficult questions. No two projects seem alike, so past experience may not help much with an estimate of current needs.   Some involve extensive technical support while others need mostly marketing resources.

Exhibit  4

Primary Types of Developmental Projects

                   

                Research and 

           Advanced Development


       Next                            Addition  
 

 Extent of Process Change           New Core         Generation of             to Product              Derivative or


                                                            Product
        Core Product              Family                   Enhancement

New Core Process                         Radical

                                                             Breakthrough

Next Generation Core Process
          Next Generation

                                                                                        Or Platform


Single Department Upgrade


Enhancements, Hybrids,

Tuning or Incremental Changer


     And Derivatives

Source S.G. Wheelwright and K.B. Clark, Revolutionizing Product Development, Free Press, 1992, p. 49

The labels along the left side and top of Exhibit 4 suggest strategic implications of this classification scheme. Clearly, a sweeping project to develop a new core process or product or both requires more resources and more organizational flexibility. In particular, participants must expect to engage more vigorously in Senge’s systems thinking perspective than participants in a project to build a derivative of some successful current product or process. Small projects with limited scopes in the lower right corner of Exhibit 4 probably do not require cross-functional product-innovation teams.

      Wheelwright and Clark present a classification scheme of four primary types of developmental projects to help clarify resource needs for project planning.   By fitting even widely varying projects into these four types, planners can produce reasonably good approximations of resource needs.

· Research and Advanced Development Projects are ambitious projects to find new core products or processes, for example, a project by General Motors to develop an electric car. Such a complex task requires an advanced mix of skills, perhaps provided by people without experience with past products or processes to encumber their progress. A firm needs a special type of organization to nurture such a team and to protect it somewhat from the realities of the marketplace. Schedules are important, but project managers must not try to force such basic innovation to occur on their schedule.

· Breakthrough Development Projects seek to develop products or processes that will employ some entirely new technology, itself perhaps developed through an advanced development project. Ford based some breakthrough projects on its V8 engine. In the same way, GM developed its Corvair around a rear-drive, aluminum, air-cooled engine. Some breakthroughs succeed, some don’t. Sony developed its Betamax video recorder based on both new core products and new core processes. Polaroid’s Land Camera created a new core product and process. Breakthrough products often become beachheads in their markets for entire families of products.

· Platform or Generational Development Projects develop platforms from which the firm can launch later, derivative products. Apple Computer’s development of its iMac computer is a good example of such projects. If successful, these new products provide a starting point for entire sequences of related products. This type of new product endeavor does not represent a breakthrough that deploys formerly unknown products or processes.  That is unless you don’t consider colored computers a true innovation.

· Derivative Development Projects refine and improve selected features of existing products. Adding a CD-ROM drive to an existing computer or adding an M&M with a crispy crust would amount to derivative projects, as would a sequel to a successful motion picture. The scope of such a project is much narrower than the other, more ambitious innovations.

Project Management –A Concurrent Engineering Tool

    Concurrent engineering carries out product-innovation projects through cross-functional teams that complete the multistage process detailed in Exhibit 5.  This process relieves the engineering department of sole responsibility for the design stage, instead spreading the work among many departments.   Senge’s book has provided valuable help for practitioners of concurrent engineering.

      Concurrent engineering permits a single team to start working on each stage before finishing work on the earlier stage. This overlap both relies on and reinforces the broad perspective that members bring to cross-functional teams.   A core group of key team members stay with the team throughout all stages of product innovation, joined periodically by new members with specific skills who act more or less as consultants. In this way, the team can expand and contract its skill base, making it both efficient and flexible. The core team members provide critical leadership, commitment, and perspective to a project.

Exhibit 5

Activities and Responsibilities in Concurrent Engineering

Conceptual Design

Marketing: 
Proposes and investigates product concepts

Engineering: 
Proposes new technologies and simulates performances

Operations: 
Proposes and investigates manufacturing/delivery processes

Product Design

Marketing:
 Defines markets and specifies objectives

Engineering: 
Chooses components and key suppliers

Operations:
 Defines process architecture and estimates costs

Product and Process Engineering

Marketing: 
Conducts customer tests on prototypes

Engineering: 
Builds full-scale prototypes for evaluation and refinement

Operations: 
Builds prototypes, plans full-scale system, tests tooling and new procedures

Pilot Development and Testing

Marketing: 
Prepares for market roll out, trains sales force

Engineering: 
Evaluates and tests pilot unit


Operations: 
Builds pilot units in commercial processes, refines the system, trains personnel, checks suppliers

Volume Production and Launch

Marketing: 
Fills distribution channel, sells and promotes, gains feedback from target customers

Engineering: 
Evaluates customers’ experience with product

Operations: 
Builds up plant to volume targets, refines quality, yield, and cost performance

Post-Sale Service

Marketing: 
Gains customer feedback

Engineering 

& Operations: 
Study warranty data

Success Record of Concurrent Engineering

       The Clark and Fujimoto study used three performance metrics to evaluate product-development activities: cost, quality, and time-to-market.  

· Cost: This performance metric evaluated the funds that firms spent to develop products from idea inception to market launch, with adjustments for differences in the car models. American car companies, with their sequential methods, used about 3.0 million engineering hours to produce a new model, whereas Japanese companies required 1.7 million hours to complete the same activities concurrently.7
· Quality:  This performance metric indicated how well developed products met the expectations of target customers.  Practitioners of concurrent engineering implemented programs such as quality function deployment and design for manufacture, discussed later in this chapter, to ensure that their product designs accurately reflected the needs of both internal and external customers.

· Time to Market: This metric evaluated the elapsed times of various product-development efforts from idea inception to product launch. They found that Japanese firms took 46 months on average while American firms took 60 months.

These findings imply that speedier product development doesn’t cost money--defying the conventional wisdom that faster action costs more. 

     The Womack et al. study confirmed the conclusions of Clark and Fujimoto.4  Their evaluation of car designs identified four major differences that can partially explain the differences in performance between mass manufacturers and what the study called lean manufacturers. The study found strong project-leadership organization structures in the Japanese lean producers. In the Toyota system, this strong leader is called a shusa.   This leader’s personal power and organizational skills give the design team the necessary resources to design, develop, justify, and launch newly designed products.  Unlike American design teams, the core members of Japanese teams often stay with their projects long after successful launches pursuing the ultimate goal of building a satisfied customer base rather than just a successful product.  This person brings many strengths to the product-innovation process, including vision, broad product knowledge, skillful handling of organizational relationships, and an ability to inspire team members with diverse perspectives.

      In Western firms, by contrast, product-development leadership brings less organizational esteem.   Team members often view their roles as temporary assignments within career paths that depend largely on relations with fellow functional specialists.   Leaders must work harder to coordinate these weakly committed team 

members and to gain needed cooperation among functional areas, often in competition with other major responsibilities of team members.   Such an assignment often represents a short-term staff outside the organization’s prime career-advancement tracks.   As launch date approaches, product design and development teams often disband or shrink.

      Japanese car manufacturers built their organizations to encourage active teamwork among both individuals and the functional departments, and the shusa’s role contributes to this strength. While individual employees maintain links to their functional departments, the shusa’s evaluation determines the organization’s assessment of individual performance and subsequent job assignments.  Teamwork can grow as core members remain committed for the entire life of the project.

     Most Americans serve on product-development teams as short-term diversions from their primary positions in their functional departments.  Their workspace often remains within those departments, reinforcing their identification with their functional areas rather than the new team. Relocation can become important in such a new project, as one successful team at a Mid-western company learned when it lost its perfect off-site location because real-estate experts found it uneconomical. Team members scattered among their individual functional departments and team effectiveness dissipated.

     Teamwork influences cost effectiveness, as well. Clark and Fujimoto found that about 900 engineers participated in a typical project at a U.S. firm while the Japanese firms “enlisted about 485.”9 The most committed practitioners of the shusa system reduced team membership to only 333. These lower numbers reflect more efficient organizations and lower turnover within Japanese product design teams. Conversely, U.S. firms often reassign key team members prematurely to new projects.

      They also discovered more than just the expected differences in patterns of communication between Japanese and American automakers. Rather than simply communicating through different channels, American firms seemed to fail to communicate effectively. In their sequential process activities, they frequently overlooked critical design issues early in a project’s life. Functional specialists seemed to make vague commitments only to rescind them to avoid the real consequences of the projects, perhaps complaining that insufficient access to upstream decision making prevented them from contributing.

     In contrast, Japanese teams spend more time early in the process fleshing out design problems and then formally pledging to make agreed upon contributions to the group. Early in a project’s life, the shusa involves a wide variety of perspectives to force the team to confront as many foreseeable problems as possible. These initial agreements reduce the need for later communication.

    Through vigorous project leadership, committed teamwork, and active early communications, Japanese auto makers and their suppliers complete much of their component and process designs at the same time. The shusa’s coordination helps team members to define their tasks and relationships with other members’ tasks, encouraging teamwork and communication to help members take shared risks.

Exhibit 6

Product Development Performance: Japan vs. American Automakers

Japanese
American 
Producers
Producers

Average engineering hours per new model
1.7 million
3.1 million

Average development time per new model
46.2 months
60.4 months

Number of employees in project team

485

903

Number of body types per new model

2.3

1.7

Average ratio of shared parts


18%

38%

Supplier share of engineering


51%

14%

Engineering change cost 

as share of total die costs


10-30%

30-50%

Ratio of delayed parts



1 in 6 late
1 in 2 late

Die development time



13.8 months
25.0 months

Prototype lead time



6.2 months
12.4 months

Time from production start to first sale

1 month
4 months

Return to normal production after new model
4 months
5 months

Return to normal quality after new model
1.4 months
11 months

Source: James P. Womack, Daniel T. Jones, and Daniel Roos. The Machine That Changed the World: The Story of Lean Production, XXX, 118
     An American designer of a stamped, metal part, say a fender, maintains an arm’s-length relationship with the die maker. Since this supplier pays severe penalties if the die fails to meet specifications, the firm waits for a final design before starting the job.   A Japanese product-development process would invite the die maker to join the team. This early involvement both helps the part designer to plan for the manufacturing process and allows the die maker to start machining work as soon as preliminary specifications become available. More detailed work must wait for later refinements, but the initial operations can carry on without precise dimensions. This early involvement can both improve the product design and save some revisions. Also, the die maker offers expertise without increasing the design team’s engineering burden or cost. This win-win situation reduces costs, improves quality, and shortens lead times.

     Much of the celebrated competitive advantage of Japanese auto makers in the 1980s began in the 1960s and 1970s with concurrent engineering to overcome a reputation for poor quality and to produce fuel-efficient cars at economical prices. Exhibit 6 lists the advantages that the Japanese producers built. In the 1980s and 1990s, these firms’ marketing strategies set out to extend the benefits of their superior product-development capabilities by offering wider varieties of products to fragment the North American market.*
How Are We Doing Now?

  Despite trying for three decades to catch up with Japanese, the Big Three American auto makers haven’t yet done so.  Consumer Reports found that American carmakers’ averaged problems per new vehicle dropped from 105 to 23 in 2000—but that makes them as good as the Japanese were in 1985.

     Manufacturing consultants at Munro & Associates state that “the real problem is at the front end of the development process.”  Now domestic carmakers are back studying Japanese management processes.  Once again, they found Japanese suppliers being involved much earlier in the product design process.  Detroit is learning that the Japanese use an evolutionary approach to parts design, i.e., if the parts work well, there is no need to change the design in the next model year.   Chrysler’s former CEO, Robert Eaton bragged that the 1999 Grand Cherokee had so few old parts that they could in a bag in his hand.  Consumer Reports indicate that he should have kept quiet.

     One new wrinkle Americans found when they revisited the Japanese product innovation processes was “quality gates.”   These are a series of checkpoints in the product innovation cycle.  A project cannot advance beyond a quality gate if the project is not ready to advance.  Detroit is learning the obvious—you fix it now or pay more later.   Ford’s quality VP noted:” In future product, problems are harder to detect but easier to fix.”  One only has to look at Big Three warranty costs to validate this statement.  Domestic carmakers “currently spend about $125 more per vehicle in warranty costs that their Japanese rivals.”

Source: “Cruising for Quality: To catch up with Japan, Detroit redesigns how it designs.” Business Week,  Sept. .3,  2001. p. 74

Analytical Tools for Product Innovation

     The continuing discussion of sequential horror stories and concurrent solutions may seem somewhat theoretical. To anchor the principles of the earlier sections in operations management, in this section we discuss some of the practical analytical tools for product innovation.

Design for Manufacture (DFM) 

seeks primarily to integrate the activities of product designers with those of the designers of the manufacturing or service delivery processes that make the product.   Design for manufacture does not require complete unification of these activities on one team.  They must simply coordinate their efforts to produce the cooperation of team members.   DFM gives representatives from manufacturing a forum for providing inputs about the strengths and limitations of the OM process during a product’s design phase.

     The early development of design for manufacture responded to friction created by product designs that did not fit existing production systems. These responses often implemented systems theory, as when firms created expert systems to constrain engineers’ choices early in the design process. These systems essentially codified the insight of shop-floor workers to provide automatic input to designs. Other DFM systems created standards that specified the best manufacturing practices. One firm reduced the number of hole sizes that designers could expect a shop to drill from hundreds down to 27. An engineer could still specify a nonstandard size, but only after filling out a seven-page form to justify the variation.

     While changes like these may have simplified life for manufacturing engineers, they ignored the root cause of the problem, poor cooperation between two functional areas.   Even when manufacturing representatives joined product-development teams, they often took advantage of the desire for unanimity to seize a sort of veto power. “Since you ask,” the argument went, “do it my way.”   Design engineers responded predictably: “We knew it would not work.”

      But somehow along the way there emerged a set of best practices that help guide product innovation teams in the design and development of parts and products.  Some of the best practices are:

· Minimize the number of parts, including fasteners.

· Minimize the number of fabrication or assembly operations.

· Discover customers’ functional requirements and match the design to them.

· Determine process capabilities and design products to match them.

· Specify standard components with proven quality levels whenever possible.

· Design multifunctional modules and combine them.

· Create designs that simplify fabrication, assembly, and servicing.

· Design products to allow one-way assembly with no wasteful backtracking.

· Avoid special-purpose fasteners or those that require special tools.

· Make parts strong enough to withstand inevitable mishandling.

· Anticipate potential misuse by the dumbest possible customer and create a design that prevents it.

Never underestimate the ability of some teams to seize complexity from the jaws of simplicity.

Design for Assembly (DFA)
      DFA focuses on reducing assembly costs and indirectly increasing the quality of conformance by creating designs that fit well with assembly operations. This simple strategy begins by reducing as much as possible the number of parts needed to assemble the product. It then works to ensure that the remaining parts fit together as easily as possible.

       These simple guidelines compare to the advice of a swimming instructor who said to a struggling student, “Don’t sink!”  These goals are easier to state than to accomplish. To help solve this problem, Geoffrey Boothroyd and Peter Dewhurst, two entrepreneurial engineering professors, created a quantitative scoring method for part features that identifies areas for potential savings.   They begin by scoring an initial design, either a prototype design for a new product or the current design for an existing one, assigning penalty points for each feature of the design.   The DFA team then seeks to redesign the product to improve this design score.

     The DFA method provides an excellent example of the benefits of quantification.   It forces entrenched organization members to rethink their positions, often with impressive results as the Ford Motor Company, attests. Although no one can accurately measure the relative contribution of DFA, Ford has reportedly achieved a cost advantage over GM in the range of $1,500 per vehicle.

Design for Post-Sale Service 

     This approach requires less explanation, though it is no less important than DFM or DFA.  Just about everyone has experienced frustration over poor instructions in a service manual or heard a mechanic mutter, “Who designed this?”  Design for service simply requires product designers to incorporate features that help owners and repair technicians to maintain products; designers should serve these people as customers that they hope to see again and again.

Design for Recycling 

     Being environmentally responsible has become an important facet of the product innovation process.  There are three facets of this problem.  The first is to design processes that use the least amount of resources.

The second is to design processes that minimize undesirable outputs—especially substances and emissions that are harmful.  The last line of defense is to design products that enhance the likelihood that they or parts of them can be recycled into other useful products.  (See Note A: Environmentally Responsible Operations for a framework for understanding how environmentalists are help product designers rethink what they do.)

Summary

      Designing products is a business process that must be managed like any other business process.  At the start of this shell, we saw how Skechers used its knowledge of its target customers to craft a product architecture well suited for these customers.  This in turn allowed this firm to design product and its product delivery system  that enables its fad-oriented customers new items faster than Skechers’ competition.  This example problem also demonstrated some of the advantages associated with product standardization. 


For customers wanting greater product design flexibility, mass customization and modular product designed are one possible avenue to achieve this objective.  Lastly, this shell introduced a number of product innovation tools that world-class manufacturers use to achieve competitive advantage by giving customers well-designed products that can be economically made.
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