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1 Introduction

Undoubtedly the Internet and other advances in information technology are revolutionizing the way the world is doing business.  For manufacturing companies, computers have long provided solutions to individual tasks and functions.  Today, with increasing demands for high clockspeeds in all three of the 3D concurrent engineering functions, the focus of the efforts in electronic media is the integration of these disparate functions.  By pulling multiple systems and functions together, redundant data collection is avoided, processing is done once, and information is spread more quickly to relevant decision makers.  
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Figure 1 Adapted Three-Dimensional Concurrent Engineering Model (3DCE)
Our focus in this paper is the impact of electronic media on the product development process.  Product development processes were some of the first to take advantage of computers with applications such as computer-aided design (CAD) and computer-aided simulation (CAS), but are now some of the last to adopt electronic media as a means of integrating multiple functions.  We begin by examining the gaps in the product development process where electronic media is only beginning to penetrate.  Then we discuss some of the current initiatives that are addressing these gaps, and finally we outline the trends and factors that will be critical in determining where the future is for the product development process and how it will ultimately take advantage of electronic media.

To date, the Product Design segment of the three-dimensional concurrent engineering model has seen isolated uses of electronic media such as computer-aided-design (CAD) and computer-aided-simulation (CAS).  The integration of electronic tools within the product design circle and that between product design and the other areas of 3D Concurrent Engineering are in their seminal stages.  We have also identified a fourth dimension in the 3DCE model which is the interaction with the customer that is pervasive throughout the 3D model.  This customer interaction has also just recently been addressed.  Figure 1, above, highlights the interfaces between the product design segment of the 3DCE Model and the other segments.  It is to these interfaces where we currently see the most attention given by companies, Internet solution providers, and academics.  In the next section we discuss the Internet and the “Fuzzy Front End” which describes the interface between the product design world and the customer.  Then we address some of the other initiatives and example projects underway that address the integration of tools within the product design circle (DOME), between product design and process design (MS2, Cisco), and between product design and supply chain design (i2, SAP).

2 Internet and The Fuzzy Front End

As organizations strive to increase the clockspeed of product development, incorporating quantitative market research or customer feedback into the design process, in a time and cost effective manner, becomes increasingly difficult to achieve.  Over the last decade, the Internet has emerged as a new and exciting market research medium, which can provide product development teams with an opportunity to obtain rapid feedback from their customers before making key design decisions.   New methodologies to gather quantitative data on customer feature preferences would improve the chance of product success in the marketplace and increase the clockspeed of the overall product development process.  

2.1 Virtual Customer

The Virtual Customer is a program driven by the Marketing Department at the MIT Sloan School of Management in collaboration with the Center for Innovation in Product Development (CIPD) and largely funded by the National Science Foundation.  Research for the Virtual Customer program aims to develop a series of methods that can be used throughout the product development process to aid product development teams to make customer driven design decisions using techniques such as Voice of the Customer (VOC) and conjoint analysis methods [5], [4].  The approach of the Virtual Customer project is to focus on the Internet as the new medium for these methods of market research.  The two main reasons for this focus on Internet methodologies are:

1. The Internet has the greatest potential for fast and cost effective market research.

2. The field of market research in other media is mature, and research in this new medium is most likely to yield innovations and breakthroughs.

Internet-based market research is a young field, but it is not new.  Many commercial applications use the Internet; however, these methods simply move older “paper and pencil” methods or computer aided interview forms (CAI), from software companies such as Sawtooth, onto the Internet.  The Virtual Customer project aims to fully understand the needs of product development teams and develop research methods with incremental advantages over existing techniques, which can integrate easily into the product development process.

2.1.1 Virtual Customer Research Efforts

Professors E. Dahan, from MIT’s Sloan School of Management, and V. Srinivasian, from Stanford’s Graduate School of Business, developed a ground breaking Internet-based product concept testing method to test virtual prototypes of bike pumps, substituting them for physical prototypes.  The objective of this research was to allow product development teams to select the best of many product concepts without having to realize the, often hefty, time and cost requirements of generating physical prototypes for testing.  Dahan and Srinivasian found that the Internet-based tests of the virtual prototypes produced market share values, for the top three product concepts, which closely matched those obtained through traditional testing techniques using physical prototypes [2].

Recent research applications at Polaroid [7] and Xerox (Dahan, release pending) have helped product development teams select product features and set product specifications using animation, conjoint analysis, and innovative drag and drop survey techniques.  This allows customers to create their ideal product by selecting their preferred set of features at a given price.  Appendix 1 shows the drag and drop exercise employed in the Polaroid application.

Unleashing the potential of the Internet to create multimedia virtual experiences, Urban, et. al.[9], [10] describe an innovative methodology, called Information Acceleration (IA), which helps to forecast the success of new products using virtual product representations combined with a complete virtual shopping experience.  IA was shown to be a very powerful tool; however, the costs required to implement an IA prototype can be very high, and the information required to simulate the virtual shopping experience has high bandwidth requirements, which makes at-home survey participation difficult or unlikely.

In another attempt to link development teams with the customer, Urban, et. al. have developed a method called Listening In which creates a Virtual Engineer to monitor the click streams of a consumer as they search for information on products.  Through an analysis of the click streams, the Virtual Engineer can identify gaps in the available product offerings and may be able to identify new market opportunities.  One of the breakthroughs of this approach is its passive nature; companies can conduct market research without requiring the customer to answer any questions or surveys, ultimately reducing or completely eliminating respondent fatigue.

The research efforts of the Virtual Customer program at MIT are aimed at increasing the clockspeed of the product development process by quickly and effectively defining customer needs, setting product specification, selecting product concepts and/or features, and identifying new product opportunities.

3 Product Development

If employing the Internet, in the early stages of the product development process, can help organizations increase the clockspeed of the fuzzy front end, the Internet can also be used to link globally dispersed members of a product development team to increase the clockspeed of the engineering and development process.

3.1 DOME

DOME is a new tool under development at MIT’s Center for Innovation in Product Development.  DOME, or Distributed Object-based Modeling Environment, is a web-based application that will allow members of geographically dispersed design teams to work together over the Internet on an evolving product development model.  

During a design cycle, team members serve varied functions from CAD modeling to cost modeling to market analysis to FEA analysis and more.  Shared knowledge of key aspects of each of these functions is an essential part of a successful, integrated and efficient design process.  For instance designers and engineers need to understand the market needs, cost implications, and manufacturing ramifications of their design decisions and vice versa.  However, too often, communication among the various groups of the design teams is limited or ineffective.  As information gets filtered down through multiple meetings and presentations, often times the information that reaches a team member can be inaccurate and/or late.

DOME creates a product development environment (“marketplace”) that uses the internet to allow engineering, marketing, manufacturing, suppliers, accounting, and other team members alike, to make critical pieces of their knowledge and expertise (“services”) instantly available (via “publishing”) to the development team in an integrated, uniform and simple interface.  “Expert participants and organizations publish their geometric design, CAE, manufacturing, or marketing capabilities as live services over the Internet.” [11] DOME integrates these functions by linking different software models together (or “modules”); for example, a module containing a CAD Solid Works model can be integrated and linked with modules containing Excel cost models, FEA model, or customer preference models.  As a design engineer changes key design parameters in the Solid Works model, these changes will propagate throughout the integrated product development model in DOME and show the effects of this change on product cost, stress analysis and customer satisfaction accordingly.  Although the initial effort to model the product within DOME is more involved and lengthier, the clockspeed of subsequent design and optimizations against corporate, customer, policy and or market objectives, are dramatically increased, taking minutes or hours to complete, rather than weeks, months or even years.   Appendices 2 and 3 show DOME in a fully integrated enterprise.  DOME servers reside at each of the various geographical locations of the development team, and serve as the Internet backbone, which link the various functional modules together to represent the total model of the development process.

Dave Wallace (et. al.), recently completed a DOME pilot study at the Ford Motor Company that modeled the development of an automobile door [11].   DOME linked technical models for engineering analysis models, CAD, supplier cost and performance tradeoffs to quickly evaluate different design iterations and configurations.  Ultimately, DOME will incorporate the efforts of the Virtual Customer project to allow for rapid design iterations to optimize a given product design, within DOME, against a set of measured customer utility functions.  For example a development team, designing a new car engine, can iterate amongst key design variables to optimize against customer utility functions which may include weighted preferences for cost, fuel efficiency, power, acceleration, etc.

3.2 MS2

MS2, Inc. is a Mountain View, CA-based producer of internet-based product development software.  Their flagship product, Accelerate, is aimed at easing and increasing communication and collaboration for a product development team, both internally and externally.

Accelerate is a web server which serve a central database of product development information.  The information is in the form of documents and directional text that leads product development teams through the product development process.  The documents can be of various forms, including HTML text, HTML forms, word-processing documents, design data, and CAD files.  Templates for these files are provided by MS2, but can be modified or replaced to suit the organization.

MS2 claims that it provides and automates best practices for its customers.  Their default product development process is a 15-phase process starting with “Market Requirements” and ending with “Manufacturing Release.”  At each step of the way, the users follow templates, style guides, examples, and checklists to create the required documents that are stored in the central database.  Around each step there are activities such as document reviews, revisions, collaboration and approvals.  These activities are automated using combinations of web and e-mail technologies.

At any point, automatic reports can be generated that gather the relevant information from the database and present it in a form tailored to the user.  For example, a project manager can roll-up all status reports into an aggregated report that highlights the problem areas and schedule dangers.

3.2.1 MS2 – Beyond the Product Development Team

MS2 has no facilities to gather the voice of the customer like DOME.  However, import functions can be created to automatically bring such data into the Market Requirements documents.

MS2 can aid 3D Concurrent Engineering (3DCE) in two ways.  First, Accelerate can automatically publish complete, up-to-date web sites for read-only viewing by anyone.  This is of benefit for communication with suppliers or process developers with whom there is only a one-way exchange of information.  Also, it is possible to equip external organizations with Accelerate client software so that they can be as connected to the product development process as those on the core PD team.

3.3 Custom Tools: Product Development at Cisco

Some companies are not waiting for integrated commercially supported tools to become available before integrating the Internet deeply into their product development processes.  One such example is Cisco Systems.

Although not all aspects of product development are currently being carried out over the Internet at Cisco, the seeds for fully networked PD are in the works there.  Cisco is using the Internet as an information sharing resource to bolster and quicken their PD efforts.  For instance, at Cisco they are compiling centralized component data management systems and product data management systems to speed the product prototyping tasks.  Such systems allow engineers, both within Cisco and at Cisco’s suppliers, to access common and up-to-date product information.  It is estimated that such systems can reduce the prototyping tasks by a full two weeks, significant overall savings in such a fast clockspeed sales environment [1].  In addition, annual savings through such a globally networked product development system are $20 million and claim to add more than $100 million in revenue [1].

In addition to gains in prototyping Cisco has also been successful in networking their automated product testing.  Although Cisco takes advantage of dispersed global manufacturing they maintain a centralized testing database.  These test databases are centrally controlled and managed.  By keeping products manufactured locally Cisco has been able to maintain extremely fast customer response time.  In addition, centralized test databases allow for better quality control as multiple test versions located in disperse sites are eliminated through maintenance of a single test version.  Cisco administers the autotests at the supplier and manufacturers using WAN technology on a global scale.

4 Product Lifecycle Management

The third area of product development software is product lifecycle management.  This sufficiently vague term encompasses management of the life of a product from concept through ramp-up and production to obsolescence and phase-out.  Such applications allow companies to view an entire portfolio of projects and pick those that maximize profitability and optimize resources.  The applications attempt to provide real time collaboration between production, design, service, sales, suppliers, and of course, the customer.  i2’s RHYTHM Product Lifecycle Management and SAP’s Product Lifecycle Management both currently provide various product lifecycle management tools.  Both provide several modules to encompass all areas of opportunity, but generally, the applications focus in two areas, planning and collaboration. 

Planning applications generally focus on managing the product lifecycle from cradle to grave in terms of a macro view.  These applications focus on issues such as portfolio management, scheduling, and financial forecasting to increase overall profitability and reduce development costs.  

Collaboration applications attempt to create an Internet based community for all stakeholders in the development process including internal designer, program managers, marketers, as well as the external supply chain.  Such efforts create visibility into design changes, changes in product requirements, and real time updates of project costs.

Both vendors provide numerous modules within the realm of product lifecycle management.  i2’s RHYTHM solutions can tie into a company’s existing legacy system or be established through the TradeMatrix Exchange system.  SAP’s solutions run off its mySAP.com platform.  Both firms provide openness and accessibility to product lifecycle management tools.  However, their efficacy remains unproven to date as neither company boasts numerous clients utilizing these tools.

Much of the value of these applications is centralizing product data such as scheduling, configurations, and costs.  However, collecting data yields only a small part of the value of such an application.  Within 3DCE, these applications fall generally within the link between product development and supply chain design.  However, these applications could be well positioned to enter the coveted center of the circles due to their ability to interact with other applications and their macro view of product planning and management.

5 Industry Trends

To gain a graphical sense of the adoption patterns of product development technologies, companies can be mapped onto a three-by-three matrix.  This matrix depicts the relationship between the adoption rate and various product architecure types.  The vertical axis represents increasing adoption rate of digital PD tools, while the horizontal axis represents various types of product architectures: open, modular, and integral (see Figure 2).  Moving from the lower left hand corner to the upper right generally indicates an increase in product development clockspeed.  Open architectures such as the Internet lend themselves to fast product development clockspeeds – as represented by website development speeds – while highly integrated products, such as Harley-Davidson motorcycles or Boeing aircraft have much slower clockspeeds.  Websites can change in a matter of seconds while new Harley motorcycle designs generally appear once every 3 to 5 years.  Companies emplying modular architectures, such as Cisco, appear to possess a higher rate of adoption on average than integrated products.  Few modular products exhibit extremely low adoption rates of product development technology.  However one example may be construction. Home building and construction generally can be characterized as modular architectures with little technology basis.

As a company progresses from the lower left corner to the upper right, both adoption rate and PD clockspeed increase.  Within an architecture group, however, firms possess different levels of adoption rates.  For instance, Ford is actively exploring and testing many cutting edge technologies, such as DOME, within the development process driving it into the upper left corner while Harley uses much less.  Certainly, in this example, competitive pressure could be the main driver, however other drivers such as engineering complexity and general acceptance of technology within the organization may push firms upward.

One question that arises is how companies might move through these 3-by-3 spaces.  Increasing cost pressure and the ability to rapidly integrate new technologies forces many companies to move towards a modular architecture.  However, this is no easy task.  In terms of risk, capital expenditure, and organizational shock moving vertically may be easier than moving horizontally.  Modular products require concise and well established interactions that are blurred in an integrated product.  Establishing these interactions may require significant cultural and organizational restructuring.  A higher degree of technology, at least in terms of collaboration, ability, and planning may be required to enable such restructuring.  For instance, both Ford and Polaroid are moving towards more modular products and both are exhibiting trends towards using more sophisticated product development technologies such as DOME and Virtual Customer.


Figure 2 - Adoption Rate vs. Product Architecture Matrix

Another way to consider the dynamic between architecture type and adoption rate is detailed in Figure 3.  The three architectures exhibit different adoption rates.  Open architectures exhibit a

Figure 3 - Product Architecture vs. Adoption Stage

steep adoption rate and a short time period to full acceptance.  Integral architectures, on the other hand, exhibit a flatter adoption rate and a longer time span to full adoption.  Modular architectures fall somewhere in between both of these.  For example, websites, in general, are early adopters of technology while Boeing may find itself adopting these technologies during, or even after, a period in which they mat be characterized as “well accepted”.  A driver behind this dynamic may associated with the level of capital investment.  Within capitally intense development projects, such as a new aircraft programs, firms are unlikely to take on extra risk associated with internally unknown technologies such as PD software.  Boeing and other highly integrated capitally instense companies may wait until the technology is proven externally before adopting it.

6 Conclusion

Several firms are creating technologies that will help increase product development clockspeed.  These applications leverage the Internet to create efficient interfaces between the product development team, the process team, the supply chain, and of course, the customer.  These applications fall into three general categories including fuzzy front end, product development process, and product lifecycle management.

There has been varying degrees of success implementing these tools into the current product development process.  The greatest headway has been made within those firms that utilize a modular or open architecture.  Firms with an integral architecture tend to lag as the risk of adopting unproven technologies coupled with highly capital intensive development projects may jeopardize their competitive position.  For these firms, preserving brand image and market position may be more important than product development cycle time.
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Appendix 2: DOME Schematic
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Appendix 3: Detailed DOME Interaction (Camera Strobe Example)
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