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ABSTRACT 

During the second year of study in Portland State University's Engineering Management 

(EMGT) Program, this author realized that undergraduate engineering students were no~ {;/.D.. w 

graduating with an understanding of and appreciation for EMGT best practices. The"t._V i:. 
eclude knowledge of the Product Realization Process (PRP), management-oriented !/&.,.,.-...._ 

communication skills (i.e., the language of time, cost, and performance), and basic project bi-ck.f 1-cJ. ,, f-er 
scheduling and control. f.,""2.rt4.."'; 

An opportunity exists to provide engineering design educators with teaching materials r . 
that more effectively integrate engineering design and PRP into their curricula to graduate 

engineers who better meet the needs of industry. The outcome of this study suggests a "self-

contained learning experience" case study is the best mechanism to effectively teach 

undergraduate engineering students design methods and PRP. 

Since educational institutions cannot compete with business and industry in providing 

work experience, the case study simulates "real world" design project experience. By supplying 

the students with everything they need to experience a design project in a structured 

environment, a guided learning process is developed whereby successive learning and 

reinforcing activities (homework, team-based exercises, and class presentations) give students an 

understanding and appreciation for design methodology and best practices. 

The outcome of this work, multimedia lecture materials and case studies, suggest that the 

partnership of a small business and universities have the potential to secure grant-based funding. 



FORWARD 

This report and the appendix materials contained on this disk are presented in a 

multimedia format compatible with Netscape version 2.0 and Microsoft Explorer version 3.0 

Internet web browser technology. The content ofthis disk is being furnished to you on a 

confidential basis solely for demonstration purposes; no reproduction or Internet use of this 

material is allowed. Some of the images and text information contained on this disk has been 

copied without the written consent of the publisher, as allowed under U.S. copyright laws for 

personal and educational use. 

This business plan does not constitute an offer to sell or a solicitation of an offer to buy 

from any person in any state or other jurisdiction in which such an offer would be unlawful. 
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Further, the long-term outcome has the potential to generate advertising and product sales 

revenue. 

The mission of this endeavor is to create a forum for documentation, communication, 

collaboration, and management of technology projects and to create useful content for business 

and personal Intranets to improve the quality of product development. Useful content is technical 

documentation of engineering technology relating to products and practices used in design. 

The overall business orientation is characterized as a "rapid growth, low-cost provider of 

high quality design methods and industry-accepted best practices." The marketing focus is to 

provide needed educational services that universities and the private sector cannot develop on 

their own. 
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INTRODUCTION 

During the second year of study in Portland State University's Engineering Management 

(EMGT) Program, this author realized that undergraduate engineering students were not 
1 

graduating with an understanding of and appreciation for EMGT ~ These best 

practices include knowledge of the Product Realization Process (PRP), management-oriented 

communication skills (i.e., the language of time, cost, and performance), and basic project 

scheduling and control. Industry would spend less time and effort training such well-educated, 

entry-level engineers, and the ideals ofPRP, team synergy, empowerment, and concurrent 

engineering would be more quickly realized. 

This document reports on a five-year study of Integrating Engineering Management Best 

Practices into the Undergraduate Engineering Curriculum at Portland State University. The 

initial educational context was to write a textbook. The ultimate goal of continuing this topic as 

a Ph.D. dissertation remains unchanged; however, an entrepreneurial opportunity has presented 

itself 

Three requirements changed the context outcome during the course of study. The three 

requirements are: 1) define the market for the proposed textbook and identify areas of 

competitive advantage; 2) observe the student's reaction to and interest in the EMGT 

fundamentals and modify the lecture material to best teach EMGT fundamentals; and 3) seek 

ways of making money from the endeavor. The outcome of this study is a business plan written 

in preparation for writing future grant proposals. 



2. 

Opportunity Identification 

Successful manufacturing companies exhibit the ability to develop new products and 

processes quickly, cost-effectively, and with a high degree of customer or end-user satisfaction. 

In high-technology markets characterized by volatile product life cycles and low per-unit profit, 

determining key product features that yield the "best bang for the development dollar" is crucial 

to successful technology programs. 

Surveys of industry show that new engineering graduates and entry-level engineers are 

considered only marginally prepared for new product design [ 1]. Is it enough to teach 

engineering students only analysis? In the past, companies have been willing to invest several 

years into entry-level engineer training. Decreasing product life cycles, increasing demands to 

maximize customer satisfaction per development dollar, and products combining mechanical, 

electrical, and software components are motivating companies to expect some design project 

experience from new engineering hires. 

Companies tell the Accreditation Board for Engineering and Technology (ABET) that 

they desire new engineering graduates who have a demonstrated ability to solve complex 

technology problems using industry's best practices [2]. Companies seek new engineering 

graduates who can solve ill-defined problems, work effectively in cross-disciplinary 

organizations, and communicate both orally and in written form using management's language 

of time, cost, and performance. 

Since the mid 1970s, improving engineering design through the PRP has been recognized 

as the single most essential step to increasing global competitiveness of U.S. manufacturing 

companies [2]. Because an organization is ultimately dependent on the quality of its employees, 



improving an individual's design skills and PRP knowledge is key to increasing the 

competitiveness of manufacturing companies. 

3 

Generally speaking, undergraduate engineering design courses seek to provide students 

with a "real world" design experience and in doing so teach design methods and PRP. Teaching 

is, however, an individual effort, and the quality of engineering graduates varies from school to 

school. Typical engineering curricula focus on only a few conventional design procedures rather 

than on the entire PRP. Industry's efforts to teach engineering design tend to be fragmented, at 

best. ABET guidelines and the relatively small number of quality textbooks ensures only 

minimum standards. 

To this end, an opportunity exists to provide engineering design educators with teaching 

materials that more effectively integrate engineering design and PRP into their curricula to 

graduate engineers who better meet the needs of industry. The outcome of this study suggests a 

"self-contained learning experience" case study is the best mechanism to effectively teach 

undergraduate engineering students design methods and PRP. Prototype lecture materials for 

engineering educators have been developed to effectively teach PRP and are included as an 

intranet-based "appendix." 

Product Realization Process 

The Product Realization Process is best conceptualized as a logical sequence of"best 

practices" used to design products and processes. Because entry-level engineers must work 

closely with experienced engineers and managers, PRP also encompasses good oral and written 

communication and teamwork skills. Because not every design problem requires the same 

solution, PRP is not a "one problem solving strategy fits all" design methodology. PRP should 



be construed to mean the set of practices that is best for a particular company. It should also be 

noted that best practices are evolving continuously. 

The PRP education philosophy is to expose students to design's best practices through an 

actual design project. Through the process of solving a design problem, students learn design, 

divergent-convergent thinking, decision making, teamwork, and communication skills to name 

but a few. The best practices taken from the Engineering Management curricula and presented 

as best practice lecture material to senior-level undergraduate mechanical and electrical 

engineering students are: 

• Communications in organizations 

• Decision making techniques 

• Marketing strategies 

• Motivational techniques and leadership principles 

• Product/Project life cycle 

• Project management concepts (time, cost, and performance goals) 

• Scheduling practices (GANTT and CPM) 

• Systems analysis 

Business Plan 

In 1985, Congress passed several legislative acts designed to "adopt and apply 

performance-improving technologies as needed to meet intensifying domestic and global 

competition in manufacturing" [3]. The outcome of this work, multimedia lecture materials and 

case studies, suggest that the partnership of a small business and universities have the potential to 



secure such funding. Further, the long-term outcome has the potential to generate advertising 

and product sales revenue. 

Rather than merely presenting the best practices used in this study, this report is written 

as a business plan and is divided in to five major sections. The first section, entitled "Design 

Methods Background," discusses the technical context of design methodology, PRP, and the 

underlying entrepreneurial motivation. The following three sections, entitled "Venture Activity 

Analysis," "Market Environment Analysis," and "Business System Plan," establish the business 

case, propose products and services, and outline a general plan of action to further develop the 

outcome ofthis study. 



BACKGROUND 

Entry-level engineers are often assigned projects which, to them, incorporate new 

or vaguely familiar design skills and practices. So where does this leave the engineer? 

First, design handbooks must be consulted for basic design theory, best practices, and 

rules of thumb. After gaining the necessary how-to experience, trade journals 

(magazines) and sales literature is studied for off-the-shelf solutions and to generate 

design alternatives. Once confident of a solvable conceptual design, the product is 

diligently developed. 

Some experienced industry managers and supervisors argue that product 

background and design expertise can be learned only through years of practice [ 4]. 

Generally, senior design engineers can design complex parts in less time, with lower cost, 

and greater customer or end-user satisfaction than entry-level engineers can. The senior 

engineer's broader knowledge and familiarity with the Product Realization Process 

allows them to recognize similarities in known and proven sub-solutions of the overall 

design. 

If this design paradigm is so, the entry-level engineer must spend less time 

physically producing the best design and more time investigating the possible design 

alternatives. The conventional approach is to automate the operations of analysis, 

drafting, simulation, and planning using CAD/CAM/CAPP software. While this 

approach reduces the time it takes to produce the final design, it does not ensure that the 



senior design engineer may have a better design solution. Consequently, the 

conventional approach often exhibits large re-design cycles that lengthen the 

development schedule. 

More can be done to ensure that the entry-level engineer's first design is also the 

best design solution. General knowledge of the Product Realization Process must be 

learned to function effectively in concurrent and simultaneous engineering environments. 

Management-oriented communication skills, i.e., the language of time, cost, and 

performance, must be learned to gain appropriate feedback throughout the project life 

cycle. Basic project scheduling and control must be learned to understand work 

assignments and responsibility in organizations. 

Macroenvironment Considerations 

According to a 1991 report by the National Research Council, many of the 

3 81,000 manufacturing companies employing 500 or fewer workers are not using modern 

design methodologies and best practices [5]. The report cited difficulty in obtaining 

budgets, lack of in-house expertise, difficulty in finding unbiased advice, lack of 

awareness of changing technology and production techniques, isolation, and other 

constraints, as barriers to learning about and adopting modernization techniques. Perhaps 

more important, the rate of U.S. productivity increase is lower than that of industries in 

many other competing nations [6]. 

Global competition has caused the need for improved delivery time, reduced cost, 

shorter product lifecycles, increased organizational efficiency, and better quality products 

that satisfy customer wants and needs [2], [7], and [8]. Many experts correlate product 

7 



quality with market share and total life cycle cost [9], and [10]. However, it should be 

noted that successful firms utilize design methods tailored to their products and 

manufacturing strategy [ 11]. R. E. Gomory, a senior vice-president at ffiM, states that 

foreign competition has been "educated on the relevant technologies, on the competition's 

products, and on what is going on in the world" [12, p. 11]. 

For all the above reasons, it is naive to believe that small manufacturing 

companies will spend the time and effort necessary to educate their design workforce on 

modern design methodologies and best practices. How will small manufacturing 

companies modernize? One modernization mechanism available to all companies is to 

hire new employees skilled in such modernization methods. Education is thus crucial to 

the U.S. manufacturer's global success. 

Technical Context 

Statistically, "more than 75% of American engineers and scientists eventually 

hold technical management positions," reports Bruce Baird [13, p. 4]. Robert Shannon 

adds, "such positions require new knowledge and skills that their previous professional 

training has not provided" [14, p. vii]. The graduate-level Engineering Management 

program is rich in modern design methodologies and best practices. Needless to say, 

companies who hire Engineering Management graduates will gain needed modernization 

methods. 

The undergraduate-level Engineering program, however, lacks the focus and 

quality of coursework found in the Engineering Management program. Considering that 

far more undergraduate engineers enter the workforce than do graduate engineers, 

B 



undergraduate engineering education- particularly engineering design- is crucial to 

manufacturing modernization [15]. When all members of a design project work and 

communicate with a common language - the system developer's language of time, cost, 

and performance- and follow a common unifying set of best practices, the overall 

enterprise would function far superior to present practices. 

Improving engineering design education is the key technical issue facing our 

profession [15] and [16]. The Accreditation Board for Engineering and Technology was 

established in the post world war II era to "strongly influence" undergraduate engineering 

content by establishing minimum standards. However, more can be done to improve the 

quality ofundergraduate engineering design to best meet the needs of manufacturing 

companies. Specifically, the following engineering management concepts can be taught: 

• Attention to marketing and sales [17] 

• Certainty, risk, and uncertainty concepts. [18] 

• Collaboration throughout organizations and teams [19] and [20] 

• Communication skills [ 17] and [21] 

• Competitive advantage [22] and [23] 

• Competitor strategies and reactions [24] 

• Concurrent and simultaneous engineering practices [25] 

• Contingency viewpoint -what works best in what situation [26] 

• Customer feedback regarding product performance [24] 

• Customer wants and needs versus product design requirement [25] and [27] 

• Decision making under when faced with incomplete and conflicting information [18] 

• Distribution of the acquired information to the right people [28] 



• Emphasis on marketing orientation [29] 

• Emphasis on satisfying user-needs [21] 

• Functions of management (planning, organizing, staffing, motivating, communicating, 

measuring, and correcting) [30, p. 15] 

• Functional decomposition into smaller more manageable sub-problems [26] 

• Issues of complexity, change, uncertainty, and unpredictability [26] 

• Managing conflict [26] 

• Market knowledge and strategy [ 17] 

• Matrix methods and probability trees [18] 

• Motivation of technological entrepreneurs [31] 

• Organizational Behavior [26] 

• Organizational goals (mission statements) [30] 

• Organizational roles, structures, and practices [32] 

• Organization theory (specializing activity, simplifying the tasks of management, 

grouping employees for the purpose of direction and control, providing formal channels 

of communication and coordination, encouraging the interaction of employees) [30, p. 

67] 

• Pairwise comparison methods [33] 

• Planning and scheduling using GANTT and CPM charts [25] 

• Process oriented [34] 

• Product fit with internal functional strength [35] 

• Project control concepts (cost, manpower, time, and need) [26] and [30, p. 29] 



• Projects: people; attitude; organization; market [36] 

• Product development cycle (planning, scheduling, budgeting, control, organization, 

communication, negotiation, documentation, resource acquisition and allocation, and 

distribution, support, maintenance, recycling, and disposal) [26, p. 94-5] 

• Project management (planning, organizing, leadership, control, and change) [26, p. 21-

2] 

• Project planning (clarification of purpose, achievement of better communications, 

proper allocation of resources, establishment of a basis of control, advance recognition of 

problems, establishment of a basis for diagnosis, and avoidance of wasted or duplicated 

effort) [30, p. 36] 

• Project roles, responsibility, and authority (integrator, communicator, decision maker, 

motivator, evangelist, entrepreneur, and change agent) [26, p. 172] 

• Responsibility Interface matrix [3 7] 

• Risk management [ 18] 

• Strategic and technology planning [38] 

• Strong external orientation [34] 

• Strong interfaces with customers and suppliers [39] 

• Strong market orientation [21] 

• Systems approach to problem solving [26] 

• Systems development cycle [26] 

• Team approach [34] 



• Team coordination (prioritize, share expectations, clarify purpose and objectives, and 

formulating operating guidelines) [26, p. 208] 

• Test marketing results [24] 

• Time as the equivalent of money, productivity, quality, and even innovation [ 40] and 

[41] 

• Types of organizational structure [30] 

• Understanding ofuser needs [17] 

• Work Breakdown to simplify and define engineering tasks [42] and [43] 

Product Realization Process 

The Product Realization Process (PRP)- as proposed by Polya [ 44] and [ 45] -

has been defined by Cooper as "a formal blueprint, road map, template or thought 

process" to be used by engineering educators to provide guidance about the thought 

process, as opposed to technical analysis, of design [ 46, p. 1]. It was the recommendation 

of the ASME Council on Education that engineering educators should understand and 

teach the PRP [ 1]. 

Many of the "Best Practices" require interdisciplinary efforts between engineering 

departments. Fifty-six different "Best Practices" were identified and classified into 5 

broad categories [1, p. iv]: 1) Knowledge ofthe Product Realization Process, 2) PRP 

Team Skills, 3) Design Skills, 4) Analysis and Testing Skills, and 5) Manufacturing 

Skills. The PRP is outlined in the following list [1, p.4]. Industry's top 20 and 

academe's top 16 "Best Practices" for new graduates are italicized [1, p. iv and v]. The 

author has bolded the "Best Practices" presented in the Design Methods class. 

1'2. 
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Knowledge of Product Realization Process 

• Benchmarking 

• Concurrent Engineering 

• Corporate Vision and Product Fit 

• Business Functions (Marketing, Legal, etc.) 

• Industrial Design 

PRP Team Skills 

• Project Management Skills 

• Budgeting 

• Project Risk Analysis 

• Design Reviews 

• Information Processing 

• Communication 

• Sketching/Drawing 

• Leadership 

• Conflict Management 

• Professional Ethics 

• Teams/Ieamwork 



Design Skills 

• Competitive Analysis 

• Creative Thinking 

• Tools for "Customer Centered" Design 

• Solid Modeling and Rapid Prototyping Systems 

• Systems Perspective 

• Design for Assembly 

• Design for Commonality-Platform 

• Design for Cost 

• Design for Disassembly 

• Design for Environment 

• Design for Ergonomics (Human Factors) 

• Design for Manufacture 

• Design for Performance 

• Design for Reliability 

• Design for Safety 

• Design for Service/Repair 

• CAD Systems 

• Geometric Tolerancing 

Analysis & Testing Skills 

• Finite Element Analysis 

l't 



• Design of Experiments 

• Value Engineering 

• Mechatronics (Mechanisms and Controls) 

• Process Improvement Tools 

• Statistical Process Control 

• Design Standards (e.g. UL, ASME) 

• Testing Standards (e.g. ISO 9000) 

• Product Testing 

• Physical Testing 

• Test Equipment 

• Application of Statistics 

• Reliability 

Manufacturing Skills 

• Materials Planning-Inventory 

• Total Quality Management 

• Manufacturing Processes 

• Manufacturing Floor/W orkcell Layout 

• Robotics & Automated Assembly 

• Computer Integrated Manufacturing 

• Electro-mechanical Packaging 



Observations and Recommendations 

The aforementioned Engineering Management and PRP concepts were presented 

to senior-level undergraduate mechanical and electrical engineering students at Portland 

State University over a 5-year period. Several surveys were conducted at the end of each 

year, and the results were used to modify the content and presentation format of 

succeeding year's lectures. The 6th year lecture notes are presented in Appendix A, the 

prototype Cordless Screwdriver case study is presented in Appendix B, and class surveys 

are presented in Appendix C. 

In general, only a small fraction of the students were receptive to "high-level" 

engineering management best practices such as team motivational techniques, 

organization theory, project roles, responsibility, and authority, risk management, and the 

like. At the undergraduate level, students are most interested in and anxious to work on a 

design project. So, the best method of presenting best practices was found (by trial and 

error) to be a hypertext/hyperlink-based case study implemented on the Internet. 

The Cordless Screwdriver case study was developed to teach fundamental 

problem solving methods. (See Appendix B.) As the .students follow the case study, they 

formally learn best practices from lecture and informally understand best practices as 

they work through the case study homework assignments. Because the case study is 

presented in electronic web browser format, best practices are accessed in multiple ways. 

That is, the same instructional material is accessible through the lecture notes, case study, 

problem solving flowchart, bibliography, search engine, and so on. 

To the author's knowledge, this method of learning- using multiple 

hypertext/hyperlink accesses to design methodology and best practices - is unique and 



original to industry and academia. However, recognition ofthe need to provide students 

with access to design resources dates back to the mid 1960s [47]. Recent studies by 

David Ullman of practicing mechanical and electrical engineers suggest that "design 

resources such as handbooks, textbooks, catalogs, trade journals, research journals, and 

company guidelines are generally useful only if close at hand (some say 'within reach') 

and if they deal specifically with the designer's current problem" [48, p. 173]. 

Engineering students and entry-level engineers, on the other hand, desire 

autonomy and resent "hand holding" during the design process. Design feedback and 

guidance must be a non-threatening resource available to the entry-level engineer. In this 

fashion, the student will use the resource as much as possible during the learning process. 

The case study is only as effective as its supporting design materials. It has been 

observed that ill-defined and poorly supported cases studies cause the student to learn 

more about the technology used in the case (e.g., batteries, motors, gearboxes, etc.) than 

the best practices. The solution to this dilemma is to provide the student with a "self

contained learning experience" case study that provides all the necessary background 

materials. When the student does not have to "work," e.g., researching trade magazines, 

talking with experts, and so on, to solve the homework assignment, the student is more 

likely to recognize how best practices are applied to engineering design. 

In summary, educational institutions cannot compete with business and industry 

in providing work experience. Therefore, this author recommends that an effective 

approach to teaching undergraduate engineering students design methodology and best 

practices is through an internet-based case study which simulates "real world" 

experiences. By supplying the students with everything they need to experience a design 

17 



project in a structured environment, a guided learning process is developed whereby 

successive learning and reinforcing activities (homework, team-based exercises, and class 

presentations) give students an understanding and appreciation for design methodology 

and best practices. 

The following sections develop an Intranet product that allows educators to 

effectively teach design methodology and best practices. Furthermore, the results should 

also be a useful reference for practicing engineers and engineering managers. 
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VENTURE ACTIVITY ANALYSIS 

The focus of this work is producing web content for technically oriented people 

working on new product or process design and development projects in a business 

environment. Such a product provides an information service to the design community 

presenting product and process modernization techniques, management and professional 

practices, and insight into the use of many other cross disciplinary best practices in the 

form of product-based case studies. 

The goal of this work is to develop an internet-based tool for the Design Methods 

course taught at Portland State University. Various government and private grants for 

distribution and study at other educational institutions can support the work. However, 

the end result of this endeavor is a product that can be marketed and sold to the design 

community. This section develops the guiding product and venture context necessary to 

develop the product. 

Products and Services 

By focusing on developing "self-contained learning experience" case study 

materials for the Design Methods course, the student engineer works through a realistic 

case study, and in doing so learns about design methodologies and best practices. The 

case study comprises a combination of lectures, case studies, laboratory sessions, and 

small design projects to prepare students for undertaking comprehensive, open-ended 



design projects. Primary emphasis is placed on design efforts that broaden the student's 

concept of engineering problem solving and technology project management. 

Examples of systems, products, and processes are required to simulate a realistic 

new product and process design environment. Such examples teach students and entry

level engineers about new systems and technology, draw analogies from previously 

designed products and processes, and get inspiration for creating new designs. Entry

level engineers use this experiential knowledge when they solve unfamiliar problems. 

Experiential knowledge, according to Schank's theory of cognition, is an integrated 

problem solving method based on past situations or cases [ 48]. 

An entry-level engineer may design a new electronic circuit, for example, by 

synthesizing together several previously designed circuits that solve parts of the overall 

problem. This is referred to as case-based reasoning. Many commercial electronic 

components are specifically designed and marketed as building blocks for more complex 

circuits and devices. All engineering disciplines, including management and industrial 

design, use case-based reasoning during problem solving. 

Because everybody thinks and reasons differently, presentation of experiential 

knowledge in case studies must be generic in form. The goal of presenting a case study is 

to enlighten the entry-level engineer about a particular solution or general solution 

method for a specific problem. A well developed case study also decomposes the 

problem through various functional levels of abstraction (methodology, system, part, 

component, and so oil) to discuss whatever questions tile Junior engineer wishes to 

explore during the design experience. 
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Case studies in Design Methods should focus on teaching design methodology 

rather than developing solvable engineering problems. If the class lesson involves 

scheduling, the case study should present scheduling concepts used in realistic 

engineering contexts. If the class lesson involves creativity, the case study should present 

realistic creative exercises. If the class lesson involves identifying the customer, the case 

study should present the tools that engineers use to identify customers. 

Most important, the traditional case study used in Design Methods should not be 

11 Simplified 11 to teach design methodology. Rather, the case study should be made as 

realistic as possible. To provide the students with a realistic design experience, excerpts 

from handbooks, textbooks, catalogs, product advertisements, trade journals, research 

journals, company guidelines, and interviews with experts are collected and presented 

using a multimedia CD-ROM and web browser interface. Products used in the Cordless 

Screwdriver case study include: 

• Battery 

• Electrical Connectors 

• Speed Control (mechanical switch, electronics, sensors, etc.) 

• Electric Motor 

• Speed Reducer (gears, gearbox, lubricants, etc.) 

• Bearings 

• Production Equipment (electrical test, mechanical test, assembly tools, etc.) 

The following list summarizes the resources available to practicing engineers, and 

the materials necessary to provide a realistic case study: 

• Collaborative filtering to capture conventional wisdom [ 49] 



• Company Guidelines 

• Creativity Exercises 

• Design Engineering Methodology 

• Design Equations & Rules-of-Thumb 

• Engineering Thesaurus (with Pictures) 

• Handbooks 

• Hands-on Multimedia Lectures 

• Industry's Best Practices 

• Interviews with Experts (Videos) 

• Journals and Trade Magazines 

• Product Advertisements 

• Product Catalogs 

• Professional Topics and Personal Growth 

• Textbooks 

The following list summarizes potential sources for the above mentioned 

materials: 

• Company Product Catalogs and Advertisements 

• Consultants 

• Educators 

• Expert Engineers and Managers 

• Magazines and Trade Journals 

• News Media and Publishers 



• Societies and Other Non-Profit Organizations 

Revenue Generation 

Several sources of revenue are available to continue this work. The primary 

source of education-directed funding is through government and institutional grants [50]. 

Few educational projects lend themselves to corporate advertising as a source of revenue. 

Product advertising is a major component of an engineer's environment, and this work 

seeks to provide a "realistic" design experience. Thus a potential and perhaps major 

source of revenue is product advertisement in support of the case study topic (outlined 

above). 

It is expected that companies will not see the immediate benefits of advertising 

their products and services to engineering students. (Perhaps, engineering educators will 

not see the benefits either?) So, the initial developmental source of revenue should be 

grant based. The following list outlines all possible sources of revenue over the 

development period of the product life cycle: 

Grants (years 1 through 4) 

• Developmental 

• Collaboration Profiles 

Personal Intranet (years 2 through 4) 

• Internet "Bounce" Royalty Payments 

• Product Advertisement 
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• Unit Sales from Multimedia CD-ROM 

Subscription Internet Site (years 3 through 4) 

• Electronic-Mail Reply Royalty Payments 

• Individual and Corporate Subscription Fees 

• Product Advertisement 

• Secure Chat Rooms, Newsgroups, and Peer Groups 

Fee-for-Service (year 4) 

• Design Experts and Consultants 

• Lectures 

• Profiling-Based Suggestions 

• Technical Searches 

• White Papers 

• Workshops 

The case study product will utilize several broad classes ofways to make money: 

advertising, fees, transactions, and grants. By combining multiple sources of income in a 

flexible business model, the project is less likely to suffer from lack of funding during 

periods of development and competition. Advertisers provide a stable source of income. 

Fees may be charged to provide content and consumable services to attract and 

keep core subscribers. Consulting-Based transactions have the potential to generate 

considerable revenue. 



Since the underlying goal of this service is to educate the engineering community, 

grant funding is an appropriate method to build resources and 11 Critical mass 11 to attract 

advertising sources and customers. 

Advertising Sources 

Product-Based 11 how-to 11 case studies reference company products. Advertising 

includes passive push-based content, active 11click-throughs, 11 directly embedded products 

in case studies and indirect forms such as e-mail. Although content is 11 free, 11 users are 

profiled to learn about discipline-specific interests. Such information is sold back to 

advertisers or used in (fee-based) 11group-think11 profiling services to assist, improve 

creativity, and shorten the design cycle time. 

Attracting long-term users and consequently long-term advertisers requires a 

substantial base of case study material. Fortunately, staple products found in motion 

control, mechanical drives, electrical and electronic systems, and hydraulic and 

pneumatic power systems provide plenty of available start-up material. 

Syndication 

Add syndicated content to license content for a flat fee or split the advertising 

space and page views. Content aggregators, such as trade magazine like Cahners 

Publishing and Penton Publishing, must be considered as another vehicle for distributing 

the case study product. 



Fee Structures 

Fees are generated through subscriptions to one or all ofthe following: advanced 

case studies, in-depth system profiles, engineering and technical management 

information, new idea resources, news, white papers, lectures, workshops, e-mail, 

searches, entertainment and creativity games, secure discipline-based peer groups and 

chat rooms, and personal growth and professional issues. Alternative methods of 

generating revenue include supplemental reading materials such as periodicals and books, 

and intranet-based sites. 

Perhaps a lucrative market exists for customizing information services to 

corporate clients. Customized subscription services to corporate users for appropriate 

"look and feel," control of content, and employee time tracking. Certainly, some 

corporate users would desire to keep in-house information confidential; thus, a fee would 

be charged for the service of developing case studies. 

Transaction Services 

Aside from educating via case studies, direct consulting provides cross

disciplinary expertise to individuals and companies. In-house experts who develop case

study material answer general"bulletin-board" problems. Contract engineers tackle 

longer-term problems in-depth. Many engineers, this author included, feel that 

"information" should be free. However, these same engineers believe it fair to pay for 

another engineer1
S expertise in answering a specific question. 



Government Funding (Large-Scale Collaboration) 

Finally, obtaining funding through partnership and interaction among industries, 

universities, and government is possible. For example, a 21-month DARPA (Defense 

Advanced Research Projects Agency) funded joint project among two companies, a 

research institute, and multiple universities to develop a multimedia processor over the 

Internet. 

National Institute of Science and Technology (NIST) Grants and Awards 

Programs include the Advanced Technology Program (ATP), the Small Business 

Innovation Research program (SBIR), and other Grant programs. ATP provides multi

year, co-funding for high-risk, high-payoff civilian technology development by 

individual companies. The SBIR programs provide funding for research and 

development efforts that fall within areas recommended by the US Department of 

Commerce. Appendix D contains several applicable SBIR funding topics that one or 

more grant proposals the can be applied for. Possible funding sources include: 

• Technology Reinvestment Program (TRP) 

• National Science Foundation (NSF) 

• Small Business Initiatives for Research (SBIR) 

• National Institute of Standards (NIST) 

• Department of Defense's Advanced Research Projects Agency (DARPA) 

• Department ofEnergy (DOE) 

• Department of Commerce (DOC) 

2.1 



Promotion and Distribution 

For this work, Product promotion during the development phase will be achieved 

through participation "awards" in grant-based research and free distribution of CD-ROMs 

to students. Getting engineering educators to buy-in to new teaching methods is typically 

difficult; therefore, monetary incentive is crucial to initial adoption. Once some 

engineering educators formally adopt the products to their courses, direct advertising 

(personal selling) will be required to motivate all412 universities to use the product. 

Finally, given the relatively large number of new engineers that graduates nationally each 

year, only word-of-mouth referral and a strong Internet presence is necessary to generate 

over-the-counter product sales. 

The most effective distribution platform to support a multimedia-based case study 

is through the publishing tools and browsers available for the Internet. Internet or world

wide-web technology is mature from the standpoint of content development and 

management, publishing tools, and structuring group collaboration and communications. 

Several methods exist to deliver content using computer technology: CD-ROM disks, 

Internet, Extranet, and Intranet. Detailed survey information is presented in Appendix E. 

CD-ROM Delivery 

Internet content may be delivered using CD-ROM media, thus allowing unit sales 

revenue. This practice is called Intranet web browsing. Intranets, using CD-ROM 

technology as opposed to the world-wide-web, ensure that users have reliable and speedy 

access (T -1 like connection speed) on their desktop. This characteristic is important to 

the usability of multimedia-based content. Further, Intranet delivery is key to product 



personalization (discussed in the following section). In general, there is no difference 

between CD-ROM content and Internet content. 

Internet Delivery 

The Internet, also called the world-wide web (www), has found its way into the 

homes, offices, and educational facilities of millions of potential users. In addition, the 

www promotes on-line commerce, electronic banking, trading securities, selling products 

and services, and customer surveys. The www is an ideal medium to deliver the 

following: 

• Entertainment 

• How-To 

• New Ideas 

• News 

• Product Advertisement 

• Product Support 

• Purchasing & Inventory Tracking 

• Systems 

• Technical Information 

• White Papers 

The www is also bringing engineers and scientists together through common open 

forums and powerful search engines that contain URL addresses of millions of points of 

presence. Such mechanisms allow for organize and structure of information to enable the 

technical professional to work in ways that were never before possible. 
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However, it's often difficult to find meaningful data on the internet. Using a 

search engine can yield several hundred possible URL addresses that match the query. 

The www is a smattering of all sorts of information. Some information is useful. Some 

information is not useful. Some information is marketing propaganda - manufacturers 

often discuss only technology the manufacturer has to sell and do not present thorough 

unbiased viewpoints. How does the engineer obtain unbiased design advice? As a matter 

of course, the engineer must review many sites to obtain solutions. This is a time 

consuming and expensive process. 

The savvy engineer uses a web-bot or other intelligent search engine to find 

specific content. Unfortunately, a web-bot is a background tool and does not produce 

results for several minutes and even hours. Thus, the quality of the search is dependent 

on the quality of the search parameters. Using a web-bot can result in long itterative 

sessiOns. 

Internet bandwidth issues are a temporary problem because technology exists to 

send data at terra-bit per second rates. The biggest problem is packaging content - how to 

personalize content so it attracts the appropriate users. The Content Definition Format 

(CDF) is one method to index web content for different users. The CDF separates web 

site structure from presentation and content form. 

Extranet 

The Extranet acts as bridge for online business relationships. Company-to

companies communication is facilitated through an organized network that allows for 



communication and data exchange over a secure network. The Extranet gives specific 

customers access to confidential information such as shipments and inventory holdings. 

Intranet 

The definition of an Intranet is a private Internet- an organization-wide web. The 

business Intranet can connect every person, every document, and every application in an 

organization. The Intranet has dramatically change the way companies internally 

communicate. Intranets give every employee complete access to mission-critical 

information. Many businesses make their best practices available to give employees 

answers and help them do their jobs better. 

Because the business Intranet often contains trade secrets and other mission 

sensitive information, many companies elect to use only Intranet technology and deny 

users access to the Internet. Such companies copy, called web theft, thousands of 

megabytes of content to their Intranet. The danger in developing an Intranet is that the 

developers can loose site of the ultimate goal - to be profitable. 

Because the majority of Internet content is generated by private individuals and 

businesses as opposed to libraries and permanent government institutions, many 

engineers are worried that mission-critical content is temporary and will someday 

"disappear." Out of fear, many individuals and often businesses web theft entire sites to 

their local hard disk. Other reasons for web theft include the need to comment on, called 

personalization, an article or other information they've found on the Internet. 

Finally, the Intranet extends the design team via network based collaboration. 

Intranet based design, like concurrent and simultaneous engineering, promises to slash 



time to market, increase product quality, and reduce costs. Using the standardized 

HTML browser - allowing access regardless of hardware platform or software - teams 

can transfer technical specifications, design images, project-management, and financial 

data to extended team members. 



MARKET ENVIRONMENT ANALYSIS 

Small and medium-sized manufacturing companies account for more than 98% of 

U.S. manufacturers, employ approximately 12 million people, and contribute 20% of the 

nation's Gross Domestic Product [5] and [6]. Such manufacturers also comprise much of 

the supplier base for larger manufacturers. In general, manufacturing accounts for one

fifth of the U.S. gross national product over the past 40 years [5]. 

In previous sections, a case was made to present engineering students and to a 

lesser extent entry-level engineers with an adequate learning environment. This section 

analyses the market for the case study product 

Markets 

One of the biggest hardware and software growth areas in the secondary computer 

market is the business Intranet. An Intranet is basically a Private Internet available only 

to those within an organization. An Intranet can be as simple as a single computer using a 

CD-ROM collection. The typical Intranet is a networking together of at least 2 

computers to share database files, printers, fax/modems, Internet access, and other 

common resources. 

Unlike the Internet, an Intranet is a private collection of resources for use solely 

by the owner. The greatest difference is that Intranets offer a higher level of security 

through firewalls and passwords. While an Intranet may be connected to the Internet, 



outsiders are prohibited access by means of a software firewall. Firewall products to 

prevent intellectual piracy will constitute a large segment of Intranet software growth. 

Businesses large and small, universities, and even some home offices are starting 

to build intranet-based databases. The common tool enabling this repository of 

knowledge is the web browser. Means that anyone using a popular desktop computer can 

access internal information quickly and easily using the same familiar tools as the 

Internet. Learning curves are minimized and effectiveness is maximized. The benefits of 

owning an Intranet are: 

• Ability to change and append content 

• Cost effective 

• Efficient information delivery 

• Easy to manage 

• Easy to set up 

• Easily updated 

• Great for company email 

• Instant access to databases 

• Integrates multimedia 

• Make research interactive 

• Minimal security issues 

• Platform independent 

• Publish confidential matter 

• Publish trade secrets 

• Set up and maintain calendars 



• 24 hour access to information 

• Unlimited exposure potential 

• Users develop content 

• Update information quickly 

When employees document and share their knowledge and skills, collaboration 

increases, functional boundaries fall, product development time decreases and 

interdisciplinary and cross-company collaboration increases. Even small companies who 

have frequent hallway meetings can communicate and collaborate more effectively if 

their ideas are documented. The Intranet provides the tools and information needed to 

make smarter design decisions, enhance expertise and build state-of-the-art designs. 

Why adopt the Intranet strategy? 

Principally, let technology drive strategy. Bandwidth issues limit productivity on 

the Internet. Finding useful information on the Internet is difficult. Security and 

administration issues slow the adoption of"open" Internet environments. It is difficult to 

compete with the Giants such as Microsoft and Netscape to produce comparable software 

products. A talent shortfall causes information technology or it departments to hold off 

implement in Internet infrastructure or presence. 

Intranets are an ideal mechanism to add value in a unique way: interactive 

advertisements are placed into the product. Advertisements differentiate the case study 

product from all other educational materials in the market today. Such a product is 

intentionally sold with ads and links to commercial web sites. In particular, the 



interstitial ad - the advertising message that appears after a page of information is 

requested and before the page arrives - is a lucrative method of generating revenue. 

The Approach 

The best approach to Intranet development is finding a project where people have 

to work sequentially and have trouble making meetings. In such a situation, they start 

with existing content and model their efforts on what they see. Especially target small 

companies and individuals that can not afford the time and resources to build an Internet 

infrastructure or presence. Employees of small companies are also more specialized and 

thus companies have a higher liability that critical information will leave. 

The customer wants the proven system. Doesn't want the R&D project that may 

or may not deliver. On target time, cost, performance. Development equals time and 

money. Utilize the Intranet to decrease development time and maintain project control 

through implementation of best practices. 

Intranets Need Customization Capability 

Best practice information can come from a variety of sources. But if it can not 

then be easily modified or customized, it is of little use to companies who strive for the 

"learning organization." Further, engineers need buy-in or market share of a product to 

motivate them to use it. Customization using Intranet technology is one such 

motivational mechanism for the case study product. 



Competitive Advantage 

The business Intranet represents a very common, low risk-of-ownership, rapid 

growth market segment. In the next 4 years, the Intranet market will gain millions of 

potential end users. By using existing technology developed for Internet applications, 

significant development advantage is leveraged. It is advantageous to develop the case 

study product as an Intranet-based multimedia CD-ROM to facilitate adoption. 

The case study product, a CD-ROM and Intranet site, contains images, 

applications, movies, animation, interstitial advertisements, and so on with text content 

and coordination information coming from web site that constantly changes. The case 

study product will thus not face competition from traditional textbooks used in 

educational environments. Key product attributes or features that customers desire and 

thus define market segments are: 

• Cross-Disciplinary Design Best Practices - communication, design methodology, 

functional decomposition, technology projects, systems approach, specification 

development, quality function deployment, conceptual design & evaluation, creativity, 

DFX, product realization, design integration, project life cycle, and general answers and 

rules-of-thumb to common design questions 

• Examples of Case Studies 

• Guide to Technology- electrical, mechanical, fluids, etc. 

• Indexes 

• Multiple Ways to Enter Content 

• Pictorial Thesaurus 

• Search Engines 
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• Simple Entry Methods 

• Source of Design Ideas 

Gap Analysis 

Four general areas exist to compete in or deliver the product through. These areas 

are hardware, software, service, and content. Both hardware and software markets are 

dominated by large, well-funded corporations. Hence, is not feasible to propose to enter 

such markets. The service market is less defined and open to new ventures. The current 

saying is: "Content is king." The market for content is undefined and very open to both 

small and large ventures. This subsection discusses the market arenas for viable entry 

paths to produce content. 

Why would potential advertisers and individuals pay to support the product if it is 

available for free on the Internet? This obvious question is answered through a Gap 

Analysis of seventeen general types of service and content providers exist for web 

applications, outlined as follows. The following subsection summarizes compelling 

reasons to support the continuation of this endeavor. Detailed survey information is 

presented in Appendix :ij.. 

1. Pre-Packaged Intranet Applications 

2. CD-ROM Delivered Products 

3. Collaboration Software 

4. Internet Subscription Services 

5. Groupware 

6. Site Management Tools 



7. Installed Intranet Interfaces 

8. Managed Sites 

9. Government Sites 

10. For-Profit Sites 

11. Non-Profit Sites 

12. Educational Sites 

13. Home Sites 

14. List Servers 

15. Manufacturers Distributors 

16. Information Publishing Server 

17. Web Content Theft 

Pre-Packaged Intranet Applications and Site Management Tools 

"Instant Intranet Kits" contain sample databases, technical support, HTML 

development books, on-line catalog, internet database, and web site toolkits. Toolkits 

supply web development drivers, server software, JAVA developers kit, IE, CGI 

libraries, and support utilities. Intranet kits run in about an hour and are one of the most 

affordable business networking solutions available. 

Such intranet kits and management tools purchase web content and re-package it 

for their own purpose. Hence, a well-developed case study product could be sold. At 

present, there is no threat of competition. 



CD-ROM Delivered Products 

Software tool that generates new concepts and recommendations for resolving 

engineering problems are rare but do exist. Most products allow browsers to view and 

search for almost any document without standardizing on one platform. Other products 

work as: 

• Application notes 

• Data storage and management 

• Data retrieval 

• Data Acquisition 

• Design white papers. 

• Demonstration programs 

• Online catalog 

• Product data sheets 

• Product selection tables and programs 

• Publishing tools 

• Reference Manual 

• Technical support reference 

• User solutions 

Potentially, engineering educators could build a realistic case study using several 

CD-ROM products from other vendors. The drawback to this approach is the volume of 

physical CD-ROMs needed to service every student. Without doubt, several for-profit 

intermediary businesses would start-up to facilitate this service. Thus, this venture 

should seek to capture this market. 



Collaboration Software and Groupware 

The Intranet represents the next big arena of collaborative computing. The goals 

of such collaboration include the following: 

• Evaluate products on a pre-release basis 

• Give industry a "heads up" on trends and problems 

• Help to select hot products 

• Share knowledge and experience, best practices, standards, recommendations, and 

lessons learned 

• Share vision of how the Internet could be used to enhance design methodology 

• Tell others about the type of design performed 

• Tell others what tools are being investigated 

The danger of collaboration is shared content and loss of unit sales. The target 

market should be students and entry-level engineers who are not in an environment that 

necessitates collaboration. 

Internet Subscription Services 

Push content and advertisements to employees through e-mail messages and 

Gills. Many engineers consider this practice "annoying," however. Thus, such a service 

should be optional and based on user requests. This approach negates the threat of 

similar competitive products, represents a well-targeted user base, and would demand 

considerable advertisement revenue. 



Installed Intranet Interfaces 

Interface sites come with an GUI that replaces your browser but allows 

customization to see only content such as news, new products, and so on, which meet 

pre-defined filters. The interface also accesses a CD-ROM containing a supplier's 

directory with product data sheets and application notes. Many interface sites contain 

magazine-like content: 

• Associations 

• Buyer1s Guide 

• Community F arums 

• Feature Articles 

• Industry Surveys 

• Job Information 

• Latest News 

• Market Intelligence 

• New Products 

• Roundtables with Industry Experts 

• Search Tools 

• Tradeshow 

For example, BE Times www magazine is a 11 0ne-stop 11 source for: 

• Advertisement: 

• App Notes 

• Case Histories 

• Columns, Techwire, EE Times, Online, EBN Online, Asia-Pacific News, PR Channel 



• "Cool Stuff" 

• Demos 

• Design Solutions: Application Notes, Best Practices, Standards Watch, Vendor Tools, 

Shareware, Directories, Information Partners 

• Data Sheets 

• Direct Links 

• Directories 

• Newsletters 

• Event Calendar 

• Evaluation Kits 

• Forums 

• New Products: IC Selector($) 

• News: Daily Web Updates 

• News Briefs 

• Patches 

• Press Releases 

• Shareware 

• Solutions 

• Sponsors 

• Standards Watch 

• Support Tools 

• Tools 

• Tutorials 





• Utilities 

• Web Site Updates 

• Yellow Pages 

The greatest threat to the case study product is the ready availability of design 

materials available for free over the Internet. Many sites, such as EE-Times, do a very 

good job of providing significant and well-structured content. It would be very costly to 

compete directly with such publishing giants. Thus, niche applications are warranted. 

On the other hand, such Internet sites often purchase web content and re-package it for 

their own purpose. Hence, a well-developed case study product could be sold. 

One principal advantage of the case study product is that it entails considerable 

detailed study into a specific technical topic such as the Cordless Screwdriver. The 

mission of the Internet providers is "To be the best one stop information source." So, 

focusing efforts on technical detail and completeness should be paramount to bar entry 

from large competitors and to secure use from engineering educators who need to 

maximize their students study time. 

Managed Sites 

Managed sites comprise personal and businesses endeavors into the Internet. 

Such sites offer electronic commerce, products, tools, training, and support, general 

product and technology information, reviews and evaluation guides, service packs, 

training materials, feature articles, and drivers and patches. In general, there are 

hundreds of managed sites containing competitive content. Engineering educators, 

however, avoid requiring students to "surf the web" as a course requirement due to the 



time required locating appropriate content. Opportunity exists to capture the market in 

indexing managed site context for case study products. No market entrants are known at 

this time. 

Government Sites 

The Manufacturing Extension Partnership, for example, contains a compilation of 

success stories about center projects. Sites such as the National Science Foundation 

(NSF) and the National Research Council (NRC) are candidates for hosting case study 

products. The need to include advertisements to provide a realistic design experience in 

the case study product precludes entry of competitive government sites. Such sites are 

not a potential market threat. 

For-Profit Sites 

Many companies now advertise and sell products directly form the web. 

Publishers, for example, put portions ofbooks (teasers) on the web to sell books. The 

number of new for-profit entrants grows every year. This is a for-profit venture. Hence, 

direct competition after establishing a viable product should be expected. Competitive 

advantage must be gained through early adoption and placing emphasis on the amount of 

work involved to produce the case study product. 

Non-Profit Sites 

Many non-profit sites contain hundreds of annotated links to other sites. Other 

sites are established as forums of communication to help engineers find answers to 



technical questions. Many non-profit organizations, such as the American Society of 

Mechanical Engineers (ASME), have and are pre.sently developing case studies. The need 

to include advertisements to provide a realistic design experience in the case study 

product precludes entry of competitive government sites. Such sites are not a potential 

market threat. 

Educational Sites 

Many universities and institutions are publishing course information on the web. 

Direct competition from engineering educators should be expected. Competitive 

advantage must be gained through early adoption and placing emphasis on the amount of 

work involved to produce the case study product. 

Home Sites 

Many people publish their personal views on the Internet. Such content is 

generally avoided because of lack of credibility. There exists no direct competition from 

home sites. 

List Servers 

Many companies find that list servers are a good and inexpensive way to start 

sharing information across functional groups. List servers facilitate access to existing 

content. Implementing a list service as an "Internet bounce" from a CD-ROM initiated 

inquirer is a very accountable mechanism of generating revenue. An added benefit is that 

CD-ROM users do not have to maintain URL addresses that often change. There is no 



direct threat form list servers. The case study product should incorporate a list server 

site. 

Manufacturers Distributors 

Electronic catalogs from IC Master, Digikey, PetroConnect, Wiznet, Industry

Net, and so on are available, but generally do not replace the "physical" distributor. 

Rather, globally based Manufacturers Distributors should be counted as a potential source 

of revenue. 

Information Publishing Server 

Publishing services allows users to organize their business Intranet. Such services 

often purchase web content and re-package it for their own purpose. Hence, a well

developed case study product could be sold. At present, there is no threat of competition. 

Macroenvironment 

When developing a case study product, one can get lost in the production and 

multimedia tools. The real measure of success is in how well it impacts the education of 

entry-level engineers and in a general way corporate culture. 

In the boundaryless workplace- especially important in new product 

development where products are developed by functional groups often separated by 

physical or cultural distances - cross-company collaboration is impeded by fear of giving 

away competitive secrets. Often, business groups compete against themselves and no one 

trusts each other. Releasing the product as an Intranet (modified by the user) does not 
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not resolve collaboration fears. However, the product should contain literature espousing 

the benefits of collaboration. 

Collaborative filtering maintains statistical data about how users access the 

information they desire. The statistical data is then used to assist other engineers in 

locating and suggest information they need. Research into collaboration and 

collaborative filtering has the potential to create spin-off projects and alternative sources 

of funding. 

Finally, the entire project is subject to web theft. Because the product is delivered 

electronically, unlike a book, is it very easy to copy. If a user copies some or all ofthe 

content to the Internet, revenue from unit sales will be lost. Fortunately, images may be 

"watermarked" with copyright signatures and intelligent agents and robots, known as 

web-hots and web crawlers, spiders, and worms can actively search through every page 

on the Internet for unauthorized content. Such tools automate the task of copyright 

enforcement. 



BUSINESS SYSTEM PLAN 

The mission of the Product Design Intranet is to create a forum for 

documentation, communication, collaboration, and management of technology projects 

and to create useful content for business and personal Intranets to improve the quality of 

product development through multimedia-based communication. Useful content is 

technical documentation of engineering technology relating to products and practices 

used in the design methods. The mission is satisfied through the context of the following 

statement and is developed as a business plan in this section. 

Mission Statement 

1. Generate Income To Make A Profit- Facilitate product development through 

advertising of relevant technology, studies of product use to improve content delivery, 

and technology transfer through direct sales of the product. 

2. Inform and Educate Consumers About Technology and Best Practices - Provide a 

forum and useful content for business, education, and personal users as a marketable 

product (to satisfy the first objective). 

3. Provide A Collaboration Mechanism For Personal or Intranet Use- Allow users to 

add, append, and change content using pre-defined, structured forms and content scripts, 

and provide an automatic mechanism to disseminate such content across teams and 



organizations (to satisfy the second objective) using common tools based on Internet 

technology. 

Strategic Orientation 

The overall business orientation is characterized as a "rapid growth, low-cost 

provider of high quality design methods and industry-accepted best practices." In 

general, focus on needed educational services that universities and the private sector 

cannot develop on their own. As a business entity, forge constructive working 

relationships with universities, private consultants, federal laboratories, and other non

profit institutions to develop the case study product. 

MOGSA Hierarchy 

In addition to the mission statement, a plan of action is outlined to develop the 

case study product. This plan is conceptualized using the MOGSA hierarchy of 

organizational purpose. The MOGSA hierarchy for this venture is functionally broken 

into three independent topics comprising the mission statement. Figures 1 through 3 

visualize the MOGSA hierarchy described below. MOGSA entails the following: 

• Mission- What business are we in? Who is the customer? What roles do they play? 

• Objective- Directions to follow to fulfill mission requirements 

• Goals - Targets and benchmarks established to reach goals 

• Strategies - Pathways developed to reach goals 

• Actions - How and where do we allocate resources to support strategies 
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Generation of Income 

Three potential sources of income were outlined in the preceding sections as 

advertisement revenue, grant revenue, and sales revenue. Several strategies must be put 

forth to achieve these goals. First, obtain direct advertisement revenue in the form of 

interstitial ads, technology barriers, and product descriptions. Indirect advertisement 

revenue is generated from Internet bounce presence. Grant revenue is obtained by 

writing small business, university, and industry collaborative proposals that study the 

impact of the case study project on engineering graduates. Finally, sales revenue is 

obtained through the over-the-counter sales of CD-ROM products, developed content, 

and subscriptions to Internet site services. 

Inform & Educate 

Three general goals for content development were outlined in the preceding 

sections as design methodology and best practices, professional development issues, and 

the use of interdisciplinary technology. Several strategies must be put forth to achieve 

these goals. First, product and process-based case histories as well as appropriate user 

documentation must be developed to support design methodology and best practices. 

Content must be put in web-ready form and discussion materials (homework) must be 

well-developed to allow students and entry-level engineers a means of learning 

(professional development). Finally, methods of multiple access to content, such as a 

pictorial thesaurus and generic and specific product component solutions, must be 

developed to facilitate learning of interdisciplinary technology. 



Collaboration Mechanisms 

Two general goals for collaboration mechanisms were outlined in the preceding 

sections as personal and business customization of content (project documentation) and 

providing a common set of design methods and best practices (toolset) used to design 

products and processes. Several strategies must be put forth to achieve these goals. First, 

active JAVA scripts must be developed and embedded into content pages to provide a 

focalpoint for customization and project documentation. Resources such as design 

handbooks must be written or purchased. Internet forums and e-mail "newsletters" must 

be devised and refined. Finally, the PRP, design methodology, and best practices must be 

developed into applicable web pages - the content. 

Action Items (Schedule) 

The following chronology of action items, developed from the MOGSA 

hierarchy, satisfy the mission statement. Action item #1, a quarterly newsletter to 

communicate experiences that engineering programs have had in developing and 

conducting design courses, is already in progress. 

Year 1 

Action Item # 1: Publish a quarterly newsletter. 

Action Item #2: Apply for several grants. 

Action Item #3: Develop the case study Intranet multimedia CD-ROM. 

Action Item #4: Obtain no-cost advertising from manufacturers and distributors. 

Action Item #5: Use the CD-ROM in the '98-'99 school year at PSU. 



Action Item #6: Hire outside consultants to add content. 

Action Item #7: Hire support staff (secretary) 

Action Item #8: Establish Internet web presence and infrastructure 

Year2 

Action Item #1: Request proposals from university partners to use multimedia CD-ROM. 

Action Item #2: Select, train, and fund participants. 

Action Item #3: Develop the case study Intranet multimedia CD-ROM. 

Action Item #4: Obtain no-cost advertising from manufacturers and distributors. 

Action Item #5: Hire outside consultants to add content. 

Action Item #6: Use the CD-ROM in the '99-'00 school year at several universities. 

Action Item #7: Hire support and development staff 

Action Item #8: Develop Internet web site 

Year3 

Action Item # 1: Review use of the case study by university partners. 

Action Item #2: Obtain advertising revenue from manufacturers and distributors. 

Action Item #3: Develop Internet web site 

Action Item #4: Develop the case study Intranet multimedia CD-ROM. 

Action Item #5: Hire outside consultants to add content. 

Action Item #6: Use the CD-ROM in the '99-'00 school year at several universities. 

Action Item #7: Sell CD-ROM to general public. 



Action Item #8: Hire support, development, and sales staff 

Year4 

Action Item #1: Deliver case study Intranet CD-ROM to 412 universities. 

Action Item #2: Assess interest in developed content (IPO, acquisition, or liquidation) 

Action Item #3: Sell CD-ROM to general public. 

Action Item #4: Obtain advertising revenue from manufacturers and distributors. 

Action Item #5: Develop Internet web site 

Action Item #6: Develop the case study Intranet multimedia CD-ROM. 

Action Item #7: Hire outside consultants to add content. 

Action Item #8: Hire support, development, sales, and marketing staff 

Organization 

>7 

Implementing the above chronology of action items requires establishing a small 

business. The business will rely on private consultants, industry experts, and university 

instructors to generate much of the case study content. So, the business need only have a 

small staff during its first year. A small 5-person team comprising a President, 

Comptroller/CPA, Secretary, Web Administrator, and Development Supervisor would be 

most,fificient. Successive development years would see the addition ofMarketing, 

Sales, and additional support staff. In general, heavy reliance on outsourcing to develop 

content will keep the business lean and relatively flat. 



Financial Section 

The operating budget is presented in this subsection. It was developed to support 

a one-year grant proposal. Because a grant is basically a "window of opportunity," pro 

forma sales and income projections, statements of cash flow, and balance sheets must be 

determined at the time of application and directed towards the specific outcome/purpose 

of the grant. The goal of this subsection is to identify and outline operating expenses, 

development expenses, and general administrative expenses and establish targets and 

goals for discussion. 

Operating Expenses 

• Promotion (PR)- $1,500 

• Travel- $10,000 

• Remote Conferences- $5,000 

Development Expenses 

• Consulting (2 man years)- $150,000 

• 35 Partner Grants- $350,000 

• Hardware & Software (Expensed)- $25,000 

• Internet Site (Expensed) - $6,000 

• Travel- $10,000 

• LegaVCopyright- $2,500 

S"B 



General & Administrative Expenses 

• Consultants- $50,000 

• Employee Compensation and Taxes- $200,000 

• Insurance- $10,000 

• Legal Fees- $25,000 

• Office Expenses - $15,000 

• Office Rental- $50,000 

• B&O Tax- $7,500 

• Telephone - $2,000 

• Internet- $2,500 

• Travel- $10,000 

• Utilities- $750 

• Consortium Fees- $5,000 

• Miscellaneous - $6,400 

Future Directions 

As the final subsection to this report, a discussion of future directions upon 

successful implementation of the business plan is warranted. To this point, the business 

plan has described only the developmental phase of the business life cycle. There are 

nine basic ways to grow an established business. The following list outlines some of the 

advantages and disadvantages of each direction. It should not be the business strategy at 

this time to follow any of the directions; they are presented for general reference. 



1. Slow growth over time - The principal disadvantage is missing the market opportunity 

2. IPO or Bond issue- The disadvantage is in entering the market and being subject to its 

rules (e.g., quarterly reports) and volatility. The advantage is potentially raising 

significant capital. 

3. Venture Capital- The disadvantage ofusing "loan sharks" is that they do not have a 

vested interest in your business and often sell their interest to less amenable parties. 

4. Merge With Another Company- Often advantageous; however, acquiring company 

typically uses different organizational structures. 

5. Get Bought Out- Typically large companies buy smaller ones to (sometimes) 

"terminate the competition." 

6. Start a new company spin-off- It is often advantageous to begin a new company to 

improve a product's image or acceptance. 

7. Government or other grants- The potential for further funding must always be 

considered. 

8. Work for Somebody Else- Quitting should always be considered. 

9. Self-Funded- When company employees invest their own money to form a 

partnership, the business often benefits because of"buy-in" motivation. 



REFERENCES 

[1] ASME Council on Education, Integrating the Product Realization Process (PRP) into the 
Undergraduate Curriculum, New York: American Society ofMechanical Engineers, 1995. 

[2] American Society of Mechanical Engineers, "Innovations in Engineering Design," A Report 
of the 1993 ASME Design Education Conference, Orlando, Florida, Mar. 24-26, 1993. 

[3] President's Commission on Industrial Competitiveness, Global Competition: The New 
Reality, Washington, D.C.: U.S. Government Printing Office, 1985. 

[4] Joseph E Shigley and Charles R. Mischke, Mechanical Engineering Design, 5th ed., New 
York: McGraw-Hill, 1989. 

[5] National Research Council, Improving Engineering Design- Designing for Competitive 
Advantage, Washington: National Research Council, 1991. 

[6] National Research Council, Toward a New Era in US. Manufacturing, Washington, D.C.: 
National Academy Press, 1986. 

[7] S. Berger, et. al., "Toward a New Industrial America," Scientific American, Vol. 20, No. 9, 
pp. 39-47, June 1989. 

[8] K. B. Clark and T. Fujimoto, "Overlapping Problem Solving in Product Development," 
Managing International Manufacturing, K. Ferdows, ed., Amsterdam: North-Holland, 1989. 

[9] The PIMS Principles, New York: The Free Press, 1987. 

[10] J. L. Nevins and D. E. Whitney, eds., Concurrent Design of Products and Processes, New 
York: McGraw-Hill, 1989. 

[11] G. Stalk, "Time-The Next Source of Competitive Advantage," Harvard Business Review, 
pp. 41-53, July-Aug. 1988. 

[12] R. E. Gomory, "Turning Ideas Into Products," The Bridge, Vol. 18, No. 1, pp. 11-14, Spr. 
1988. 

[13] Bruce F. Baird, Managerial Decisions Under Uncertainty: An Introduction to the Analysis 
ofDecisionMaking. New York: Wiley, 1989. 

[ 14] Robert E. Shannon, Engineering Management, New York: Wiley, 1980. 



b1.. 

[15] U.S. Congress, Office of Technology Assessment, Making Things Better: Competing in 
Manufacturing, OTA-ITE-443, Washington, D.C.: U.S. Government Printing Office, Feb. 1990. 

[16] Del on Hampton, "Critical Issues for Engineering Management", Journal ~[Management in 
Engineering, Vol. 8, No.3, pp. 235-242, July 1992. 

[17] Ian Barclay, "The new product development process: past evidence and future practical 
application, Part I," R&D Management, Vol. 22, No.3, pp. 255-263, July 1992. 

[18] Bruce F. Baird, Managerial Decisions Under Uncertainty: An Introduction to the Analysis 
of Decision Making. New York: Wiley, 1989. 

[19] D. A. Thomann and D.E. Strickland, "Managing Collaborative Organizations in the '90s", 
Industrial Management, Vol. 34, NO.4, pp. 26-9, July-Aug. 1992. 

[20] R. Rothwell, "The Characteristics of Successful Innovators and Technically Progressive 
Firms (with Some Comments on Innovation Research)," R&D Management, Vol. 7, No.3, pp. 
191-206. 

[21] Roy Rothwell, "Successful industrial innovation: critical factors for the 1990's," R&D 
Management, Vol. 22, No.3, pp. 221-239, July 1992. 

[22] C. Farrell, et.al., "Industrial Policy," Business Week, pp. 70-6, Apr. 6, 1992. 

[23] RD. Hof, "Inside Intel," Business Week, pp. 86-94, Apr. 1, 1992. 

[24] X.M. Song and M.E. Parry, "The R&D- Marketing Interface in Japanese High-Technology 
Firms," The Journal of Product Innovation Management, Vol. 9, No.2, pp. 91-112, June 1992. 

[25] Atila Ertas and Jesse C. Jones, The Engineering Design Process, New York: Wiley, 1993. 

[26] John M. Nicholas, Managing Business and Engineering Projects, Englewood Cliffs: 
Prentice Hall, 1990. 

[27] Lance Ealey, "Beyond the Focus Group," Automotive Industries, pp. 93-5, Feb. 1992. 

[28] Atsuro Kokubo, "Japanese Competitive Intelligence for R&D," Research Technology 
Management, Vol. 35, No. 1, pp. 33-4, Jan.-Feb. 1992. 

[29] V. Mahajan and J. Wind, "New Product Models: Practice, Shortcomings and Desired 
Improvements", The Journal ofProduct Innovation Management, Vol. 9, No.2, pp. 128-139, 
June 1992. 

[30] Robert E. Shannon, Engineering Management, New York: Wiley, 1980. 



[31] E. B. Roberts, "The Personality and Motivations of Technological Entrepreneurs," Journal 
ofEngineeringandTechnologyManagement, Vol. 6, No.1, pp. 5-23, Sep. 1989. 

[32] Ikujiro Nonaka, "The Knowledge-Creating Company," Harvard Business Review, Nov.- pp. 
96-104, Dec. 1991. 

[33] Dundar F. Kocaoglu, Hierarchical Decision Modeling, Portland, OR: Portland State Univ., 
Engineering Management Program, 1993. 

[34] Buijs, J., "Stimulating Innovation: the Dutch Experience," Creativity and Innovation 
Network, Vol10, No.4, Manchester: Manchester Business School, Product Industriele Innovatie, 
1984. 

[35] Booz Allen & Hamilton, New Product Development in the 1980's, New-York: Booz Allen 
and Hamilton, 1982. 

[36] T. J. Peters and R. H. Waterman, In Search of Excellence. New York: Harper and Row, 
1984. 

[37] D.P. Kocaoglu and D.I. Cleland, "The RIM Process," Management Review, pp. 57-64, Oct. 
1993. 

[38] David I. Cleland and Dundar F. Kocaoglu, Engineering Management, New York: McGraw
Hill, 1990. 

[39] K.M. Bursic, et.al., "Strategic Technology Management", Engineering Management Journal, 
Vol. 3, No.2, pp. 21-29, June 1991. 

[40] George Stalk, Jr., "Time- The Next Source of Competitive Advantage," Harvard Business 
Review, pp. 41-51, July-Aug., 1988. 

[41] Preston G. Smith, "Winning the New Products Rat Race," Machine Design, pp. 95-8, May 
12, 1988. 

[ 42] W. J. Sheehan, et. al., "The Application of State-of-the-Market CIM to GE's Electrical 
Distribution and Control Business," Electro 88 Conference Record, 1988. 

[43] G. T. Rehfeldt, "The Return of Competitiveness in American Manufacturing Companies
Lessons Learned," SRI Meeting on the Strategic Management of Technology, San Francisco, CA, 
Jan. 26, 1988. 

[ 44] G. Polya, How To Solve It: A New Aspect of Mathematical Method, Princeton, NJ: Princeton 
Press, 1957. 

[ 45] G. Polya, Patterns of Plausible Iriference, Princeton, NJ: Princeton Press, 1954. 



[ 46] Robert G. Cooper, "Third Generation New Product Processes," Journal of Product 
InnovationManagement, Vol. 11, No.1, 1994. 

[ 47] Thomas T. Woodson, Introduction to Engineering Design, New York: McGraw-Hill, 1966. 

[48] D. G. Ullman and T. A Dietterich, "Mechanical Design Methodology," Computers in 
Engineering: Proceedings of the ASME International Computers in Engineering Conference and 
Exhibition, New York: American Society ofMechanical Engineers, pp. 173-180, 1988. 

[49] Simon L. Garfinkel, "Group Think," NewMedia, pp.46-8, April 14, 1997. 

[50] Steven Ashley, "DARPA Initiative in Concurrent Engineering," Mechanical Engineering, 
pp. 54-7, Apr. 1992. 



BffiLIOGRAPHY 

Abell, Derek F. and JohnS. Hammond, Strategic Market Planning: Problems and 
Analytical Approaches, Englewood Cliffs: Prentice Hall, 1979. 

Accreditation Board for Engineering Technology (ABET), Inc., Annual Report for the 
year ending September 30, 1988, New York, 1988. 

Accreditation Board for Engineering and Technology, Inc., "EDPD," Accreditation 
Newsletter, June 1979. 

Accreditation Board for Engineering and Technology, Inc., "Plan For Implementing 
Engineering Topics Criteria," Letter to H Chik Erzurumlu, Portland State University, 
Nov. 19, 1992. 

Adams, James L., Conceptual Blockbusting: A Guide to Better Ideas, 3rd ed., Reading, 
Mass.: Addison-Wesley, 1986. 

Air Command and Staff College, ASC-I, Maxwell Air Force Base. 

Akao, Joji, ed., Quality Function Deployment: Integrating Customer Requirements into 
Product Design, Cambridge: Productivity, 1990. 

Akiyama, Kaneo, Functional Analysis: Systematic Improvement of Qualtiy and 
Performance, Cambridge: Productivity, 1989. (Adapted from figure p. 168.) 

Alger, J. R. M. and C. V. Hayes, Creative Synthesis in Design, Englewood Cliffs: Prentice 
Hall, 1964. 

American Society of Mechanical Engineers, Small Plant Management: A Guide to 
Practical, Know-How Management, A Small Plant Committee Research Study, Edward 
H. Hempel, Ed., New York: McGraw-Hill, 1950. 

Anderson, Virginia and Lauren Johnson, Systems Thinking Basics: From Concepts to 
Causal Loops, Cambridge: Pegasus, 1997. 

Arthur D. Little Inc., Annual Report, 1988. 

ASEE Council Project Report, "Engineering Education for a Changing World: Using 
Partnerships to Respond to New Needs in Engineering Education," ASEE PRISM, pp. 20-
7, Dec. 1994. 



Ashley, Steven, "DARPA Initiative in Concurrent Engineering," Mechanical Engineering, 
pp. 54-7, Apr. 1992. 

Asimow, M., Introduction to Design, Englewood Cliffs: Prentice-Hall, 1962. (Adapted 
from figure pp. 16.) 

ASME Council on education, Mechanical Engineering Curriculum Development 
Initiative: Integrating the Product Realization Process (PRP) Into the Undergraduate 
Curriculum, American Society ofMechanical Engineers, New York: ASME Press, 1995. 

AT&T and the Department of the Navy, Design to Reduce Technical Risk, New York: 
McGraw-Hill, 1993. 

Ballantine, H. W., Ballantine's Problems in Law, 3rd. ed., St. Paul: West, 1949. 

Barr, Vilma, The Process of Innovation: Brainstorming and Storyboarding, Mechanical 
Engineering Magazine, pp. 42-6, November 1988. 

Basic Patent Act of 1836, 1953 (#35 USC), Washington: Patent and Trademark Office. 

Bhote, Keki R., World Class Quality: Design of Experiments Made Easier, More Cost 
Effective than SPC. New York: AMA Membership Publications, 1988. 

Boria, Brigitte and De Mozota, Design as a Strategic Management Tool. T.B.A. 

Bossert, James L., Quality Function Deployment: A Practitioner's Approach. 
Milwaukee: ASQC Elress, 1991. 

Boyd, Harper W., Jr. and Orville C. Walker, Jr., Marketing Management: A Strategic 
Approach, Homewood: Irwin, 1990. (Adapted from figures p. 429 and 681.) 

Braham, James, "Engineering Your Way to The Top," Machine Design, pp. 65-8, Aug. 
22, 1991. 

Brigham, Eugene F. and Louis C. Gapenski, Financial Management Theory and Practice, 
6th ed., San Diego: Dryden, 1991. 

Buaron, Roberto, How to Win the Market Share Game? Try Changing the Rules, 
Management Review, January, 1981. 

Buhl, H. R., Creative Engineering Design, Ames: Iowa State, 1960. 

Busch, Paul S. and Michael J. Houston, Marketing: Strategic Foundations, Homewood: 
Irwin, 1985. (Adapted from figure p. 430.) 



Case Institute of Technology, Operations Research in Research and Development, 
Conference Proceedings, Burton V. Dean, Ed., Huntington, New York: Robert E. Krieger 
Publishing, 1963. 

Committee on Engineering Design Theory and Methodology Manufacturing Studies 
Board, Improving Engineering Design: Designing for Competitive Advantage, National 
Research Council, Washington: Nat. Academy Press, 1991. 

Cooper, Robert G., Winning at New Products: Accelerating the Process from Idea to 
Launch, 2nd ed., Reading, Mass.: Addison-Wesley, 1993. (Adapted from figures pp. 9, 
136, 140, and 312.) 

Cooper, Robert G. and Elko J. Kleinschmidt, The Impact ofProduct Innovativeness on 
Performance, Journal of Product Innovation Management, 8:240-51. 

Cooper, Robert G. and Elko J. Kleinschmidt, New Products: The Key Factors in Success, 
Chicago: American Marketing Association, 1990. 

Cross, Nigel, Engineering Design Methods, New York: John Wiley & Sons, 1989. 

Crosby, Philip, "The Pragmatic Philosophy of Phil Crosby," Machine and Tool BLUE 
BOOK, pp. 42-4, Feb. 1989. 

Curran, Lawrence, "Harvard Business School Tailors Program to Entrepreneurs: A Crash 
Course for CEOs," Electronics, pp. 13-5, June 1991. 

Cyrol, Edmund A., "Wanted: New Ideas for American Industry," Machine and Tool 
BLUE BOOK, pp. 39-40, Dec. 1988. 

Daines, Bernard, "Design Firms: A Little Bit of Engineering Heaven," EDN, pp. 323-8, 
Aug. 18, 1988. 

Davidson, Ian R. and Chris A. Mallin, The Business Accounting and Finance Blueprint, 
Cambridge: Blackwell, 1993. 

Day, GeorgeS., Analysis for Strategic Market Decisions, St. Paul: West, 1986. (Adapted 
from figure p. 204.) 

de Bono, Edward, Six Thinking Hats, and Six Action Shoes, New York: Harper, 1991. 

de Neufville, Richard and Joseph H. Stafford, Systems Analysis for Engineers and 
Managers, New York: McGraw-Hill, 1971. 

61 



Dhillon, B. S., Engineering Management: Concepts, Procedures and Models, Lancaster: 
Technomic Publishing, 1987. 

Dixon, John R., "Why We Need Doctoral Programs in Design," Mechanical Engineering, 
pp. 75-9, Feb. 1992. 

Dobson, Paul and Ken Starkey, The Strategic Management Blueprint, Cambridge: 
Blackwell, 1993. 

Dreyfuss, (T.B.A.) 1967. 

Drucker, Peter F., "The Emerging Theory of Manufacturing," Harvard Business Review, 
pp. 94-102, May-June 1990. 

Dubin, Robert, et. al., Leadership & Productivity: Some Facts of Industrial Life, San 
Francisco: Chandler Publishing, 1965. 

Ealey, Lance, "Beyond the Focus Group," Automotive Industries, pp. 93-5, Feb. 1992. 

Editorial, "Stanford Program Bridges Gap Between Engineers and Managers," 
Mechanical Engineering, pp. 52-3, Aug. 1992. 

Ehmann, Kornell F. and Philip C. Jones, "Training for Manufacturing: Master's Programs 
and More," IEEE Spectrum, pp. 76-84, Sep. 1993. 

Engineering Accreditation Commission Accreditation Board for Engineering Technology, 
Inc., Criteria for Accrediting Programs in Engineering In The United States: Effective 
for Evaluation During the 199 3-94 Accreditation Cycle, New York: 1993. 

Engineering Education, (T.B.A.), November 1972. 

Ennew, Christine T., The Marketing Blueprint, Oxford: Blackwell, 1993. (Adapted from 
figure p. 23.) 

Enterprise: "Return ofthe Madman," Newsweek, pp. 76-80, April24, 1967. 

Erhorn, Craig and John Stark, Competing by Design: Creating Value and market 
Advantage in New Product Development, Essex Junction: Oliver Wight, 1994. (Adapted 
from figures pp. 114.) 

Fabrycky, Wolt and Ben Blanchard, Life Cycle Design, 1990. (Adapted from figure pp. 
233.) 

Fortune and Erdos & Morgan Inc, Stage-Gate Systems: A New Tool for Managing New 
Products, Business Horizons, May-June 1990. 

hS 



Frank, Howard, "Not One Plan, But Many," TPT, pp. 53-6, Sep. 1988. 

Frohman, Mark, Maximizing Group Problem Solving Techniques, Power Transmission 
Design Magazing, pp. 79-82, May, 1988. 

Frohman, Mark and Perry Pascarella, "Achieving Purpose-Driven Innovation," Industry 
Week, pp. 20-6, Mar. 19, 1990. 

Garfinkel, Simon L., "Group Think," NewMedia, pp. 46-8, April 14, 1997. 

General Electric Co., Professional Management in General Electric, Book III, 
Schenectady: General Electric Company, 1954. 

Girvin, Harvey F., A Historical Appraisal of Mechanics, Scranton: International 
Textbook, 1948. 

Gitlow, HowardS., Planning for Quality, Productivity, and Competitive Position, 
Homewood: Dow Jones-Irwin, 1990, pp. 58. 

Goldratt, Eliyahu M. and Jeff Cox, The Goal: A Process of Ongoing Improvement, 2nd 
ed., Croton-on-Hudson, New York: North River Press, 1992. 

Goldstein, Mark L., "R&D's Source?," Industry Week Magazine, p. 58, May 2, 1988. 

Goldstein, Mark L., "Value Analysis: An Old Dog Up To Some New Tricks," Industry 
Week, pp. 105-12, Sep. 5, 1988. 

Gould, Lawrence, "Look What's Happened to Wood Shop 101," Managing Automation, 
pp. 82-4, Jan. 1988. 

Goulding, John and H. Zarefar, Development of a Mechanical Power Transmission Design 
Supervisor System, Proceedings, 1990 American Society of Mechanical Engineers 
International Design Automation Conference, Chicago, IL. September 16-19, 1990. 

Grady, Jeffrey 0., System Requirements Analysis, New York: McGraw-Hill, 1993. 

Green, Paul E. and Yoram Wind, "New Way To Measure Customers' Judgements," 
Harvard Business Review, pp. 107-17, July-Aug.1975. 

Greer, Thomas V., Cases in Marketing: Orientation, Analysis, and Problems, 4th ed., 
New York: Macmillan, 1987. 



Gregory, S. A, et. al., Creativity and Innovation in Engineering, London: Butterworths, 
1972. (Adaptedfromfigurepp.15-17(fromPolya(1945)), 72,128,149,176,179,180, 
and 196.) 

Gruenwald, George, New Product Develoipment: What Really Works, New York: Crain, 
1985. 

Hall, John A, Bringing New Products to Market: The Art and Science of Creating 
Winners, New York: AMACOM, 1991, pp. 7-20. 

Hellriegel, Don, John W. Slocum, Jr., and Richard W. Woodman, Organizational 
Behavior, 6th ed., St. Paul: West, 1992. 

Hilton, PP., Handbook of New Product Development, Englewood Cliffs: Prentice-Hall, 
1961. 

Hix, C. F. and R. PP. Alley, Laws and Effects, New York: Wiley, 1958. 

Hodnett, Edward, The Art of Problem Solving: How to Improve Your Methods, New 
York: Harper & Brothers, 1955. 

Hollins, Bill and Stuart Pugh, Successful Product Design: What to Do and When, 
London: Butterworths, 1990. 

Holt, Knut, The Nature of the Design Process. T.B.A 

Hosford, William F. and John L. Duncan, The Aluminum Beverage Can, Scientific 
American, pp. 48-53, September, 1994. 

IEEE Spectrum Forum, IEEE Spectrum Magazine, p. 56, January, 1994. 

Masuaki Imai, Kaizen: The Key to Japan's Competitive Success. Random House, 1986. 

Janis, Irving L., "Groupthink," Psychology Today, pp. 378-84, Nov. 1971. 

Jansson, David G., Conceptual Engineering Design, (T.B.A). 

Japan Management Association, ed., and David J. Lu, trans., Kanban: Just-In-Time at 
Toyota: Management Begins at the Workplace. Cambridge: Productivity, 1989. 

Johne, F. Axel and Patricia A Snelson, Success Factors in Product Innovation: A 
Selective Review ofthe Literature. Journal ofProduct Innov Manag. Elsevier. 1988: 5: 
114-28. 



Joyce, Ed, "Corporate Dollars on Campus: Who Profits?," Datamation, pp. 64-8, Apr. 15, 
1987. 

Juran, J. M., Juran on Planning for Quality, New York: Free Press, 1988. (Adapted from 
figure p. 15.) 

JUSE Problem Solving Research Group, ed., TQC Solutions: The 14-Step Process, vol. 1. 
Cambridge: Productivity, 1991. 

Kobe, Gerry, "Fixing GM: GM Engineers Ask AI to Deliver A Message to Jack Smith 
They Can't Send Themselves," Automotive Industries, pp. 32-9, June 1993. 

King, Bob, Better Designs in Half the Time: Implementing QFD in America, 3rd., New 
York: GOAL/QPC, 1989. 

Krick, Edward V., Methods Engineering: Design and Measurement of Work Methods, 
New York: Wiley, 1962. 

LaBarre, Polly, The Cre8tive Revolution!, Industry Week Magazine, pp. 12-9, May 18, 
1994. 

Lamparski, Richard, "MadMan" Muntz, Whatever Became of .. , 4th. ed., New York: 
Crown, 1973. (Photo from pp. 124 and 125.) 

Legg, Gary, "American Engineers in Japan: Same Profession, Different World," EDN, pp. 
60-6, Oct. 26, 1989. 

Lenz, (T.B.A.)1962. 

Lewis, William and Andrew Samuel, Fundamentals of Engineering Design, New York: 
Prentice Hall, 1989. 

Lochnor, Robert H. and Joseph Matar, Designing for Quality: An Introduction to the Best 
of Taguchi and Western Methods of Experimental Design. Washington: ASQC Press, 
1990. 

Logothetis, N. and H. P. Wynn, Quality Through Design: Experimental Design, Off -Line 
Quality Control, and Taguchi 's Contributions, Oxford: Clarendon Press, 1989. 

Lumsdaine, Edward and Monika, Creative Problem Solving, 3rd ed., New York: 
McGraw-Hill, 1995. 

Macaluso, Pat, "A Risky Business- An Introduction to Monte Carlo Venture Analysis: A 
Simple Method for Analyzing Business Risks," BYTE, pp. 179-92, Mar. 1984. 

11 



Macaulay, Stephen, Complex Can Be Competitive, Production, pp. 74-5, April, 1988. 

(T.B.A.) Machine Design Magazine, p. 97, May 12, 1988. 

Magee, J. F., Decision Trees for Decision Making, Harvard Business Review, July
August, 1964. 

McConnell, Steve, Rapid Development: Taming Wild Software Schedules, Redmond: 
Microsoft Press, 1996. 

McCormack, Mark H., What They Don't Teach You at Harvard Business School, New 
York: Bantam, 1984. 

Meredith, Dale D., et. al., Design and Planning of Engineering Systems, Englewood 
Cliffs: Prentice-Hall, 1973. 

Messina and Millett, Battele Today, pp. 6, Spring 1993. 

Metz, Sandy, "A Program to Make 'Articulate' Engineers," Managing Automation, pp. 
66-7, Oct. 1988. 

Miles, R. E. and C. C. Snow, Orginazational Strategy, Structure and Process, New York: 

1Z. 

McGraw-Hill, 1978. 

Milling, Bryan E., The Five-Minute Financial Manager, Radnor: Chilton, 1989. 

Moody, Jay Alan, et. al., Metrics and Case Studies for Evaluating Engineering Designs, 
Upper Saddle River: Prentice Hall, 1997. 

Mudge, Arthur E., Value Engineeriag: A Systematic Approach. NewYork: McGraw-Hill, 
1971. 

Murray, T. J., "Madman Muntz" is Back!, Dun's Review, pp. 68-9, Sep., 1975. 

Nayak, R. Ranganath and John Ketteringham, Breakthroughs!, New York: Rawson, 1986. 

Nevins et al, Concurrent Design of Products and Processes, McGraw-Hill, 1989. 
(Adapted from figure p. 225.) 

Nicholas, John M., Managing Business and Engineering Projects, Englewood Cliffs: 
Prentice Hall, 1990. (Adapted from figure p. 6.) 

Nonaka, Ikujiro, "The Knowledge-Creating Company," Harvard Business Review, pp. 96-
104, Nov.-Dec. 1991. 



Oakley, Mark, ed., Design Management: A Handbook of Issues and Methods, NewYork: 
Blackwell, 1990. 

Ozeki, Kazuo and Tetsuichi Asaka, Handbook of Quality Tools: The Japanese Approach, 
Cambridge: Productivity, 1990. (Adapted from figure p. 245 .) 

Parnes, S. J. and H. F. Harding, Source Book for Creative Thinking, New York: Scribner, 
1962. 

Pease, Bob, Pease Porridge: What's All This Muntzing Stuff, Anyhow?, Electronic 
Design Magazine, pp. 65-6, July 23, 1992. 

PMI Standards Committee, A Guide to the Project Management Body of Knowledge, 
William R. Duncan, Ed., Upper Darby: Project Management Institute, 1996. 

Porter, (T.B.A.) 1980. 

Pugh, Stuart, Creating Innovative Products Using Total Design: The Living Legacy of 
Stuart Pugh, Don Clausing and Ron Andrade, Ed., Reading: Addison-Wesley, 1996. 

Pugh, Stuart, Total Design, Wokingham: Addison-Wesley, 1991. (Adapted from figure 
pp. 220.) 

Rabins, Michael, et. al., "Design Theory and Methodology- A New Discipline," 
Mechanical Engineering, pp. 23-7, Aug. 1986. 

13 

Rasmus, Dan, "Learning the Waltz of Synthesis," Manufacturing Systems, pp. 16-23, June 
1993. 

Return ofthe Madman, Newsweek, p. lOB, Jan. 13, 1975, 

Ries, Al and Jack Trout, The 22 Immutable Laws of Marketing: Violate Them at Your 
Own Risk, New York: Harper Business, 1993. 

Robinson, S. J., R. E. Hitchens, and D. PP. Wade, The Directional Policy Matrix: Tools 
for Strategic Planning, Long Range Planning, 11, pp. 8-15, 1978. 

Rosenau, Milton, Jr., "Phased Approach Speeds Up New Product Development," 
Research & Development, pp. 52-5, Nov. 1988. 

Rosenau, Milton, Succesiful Project Management, Belmont: Lifetime Learning, 1981. 
(Adapted from figure p. 16.) 

Robin Roy, Product Design and Company Performance, (T.B.A.). 



Sandler, Ben-Zion, Creative Machine Design, Jamaica, New York: Solomon, 1985. 

Santalla, Richard W., Smart CAD Builds Large Plants, Computer-Aided Engineering 
Magazine, June, 1988. 

Schaumann, Rolf, Graig Spolek, and Dundar Kocaoglu, "An Interdisciplinary Design
Oriented Graduate Degree Program in Electrical Engineering, Mechanical Engineering, 
and Engineering Management," A Proposal to the National Aeronautics and Space 
Administration (NASA), Portland State University, 1993. 

Sheridan, John H., "A New Breed ofM.B.A," Industry Week, pp. 11-6, Oct. 4, 1993. 

Shores, A Richard, A TQM Approach to Achieving Manufacturing Excellence, 
Milwaukee: Quality Press, 1990. 

Shoup, Terry E., et. al., A Report of the 1993 ASME Design Education Conference, 
Orlando, Florida, American Society ofMechanical Engineers, Mar. 24-26, 1993. 

Smith, Preston G., Winning the New Products Rat Race, Machine Design Magazine, pp. 
96, May 12, 1988. 

Smith, Preston G. and Donald G. Reinertsen, Developing Products in Half the Time, Van 
Nostrand, pp. 4,-22, 1991. 

Solvberg, A and D. C. Kung, Information Systems Engineering: An Introduction, New 
York: Springer-Verlag, 1993. 

Stalk, George Jr., "Time- The Next Source of Competitive Advantage," Harvard 
Business Review, pp. 41-51, July-Aug. 1988. 

Stevens, Tim, "Creative Genius," Industry WeekMagazine, pp. 17-8, July 4, 1994. 

Stevens, Tim, "Dr. Feigenbaum," Industry Week Magazine, pp. 13-6, July 4, 1994. 

Stickney, Clyde P., Roman L. Weil, and Sidney Davidson, Financial Accounting: An 
Introduction to Concepts, Methods, and Uses, 6th ed., San Diego: Harcourt Brace 
Jovanovich, 1991. 

Swanson, John E. and David R. Rink, "Effective Use oflndustrial Product Life-Cycle 
Trends," Marketing in the '80s, Richard PP. Bagozzi, et. al., Eds., Chicago: American 
Marketing Association, pp. 198-9, 1980. 

Taylor, William, "The Business oflnnovation: An Interview with Paul Cook," Harvard 
Business Review, pp. 97-106, Mar.-Apr. 1990. 



Teresko, John, "Engineering: Where Competitive Success Begins," Industry Week, pp. 
30-38, Nov. 19, 1990. 

The Madman's TV, Newsweek, June 20, 1949, pp. 52. 

Thome, PP. and R. Willard, Optner, S. L., ed., Systems Analysis, Middlesex: Penguin, 
1973. 

Turino, Jon, "Concurrent Engineering Speeds Development Time, Lowers Cost," EDN, 
pp. 191-5, May 7, 1992. 

Turino, Jon, Design Editorial, EDN, pp. 192, May 7, 1992. 

Ullman, David, Mechanical Design, New York: McGraw-Hill, 1993. 

Vasilash, Gary S., "Business Strategies: Impressions oflngersoll," Production, pp. 40-6, 
Feb. 1989. 

VerPlanck, D. W., and B. R. Teare, Jr., Engineering Analysis, New York: Wiley, 1954, 
and Smith, R. J., Engineering as a Career, 2nd. ed., New York: McGraw-Hill. 

Vogel, Carl, 30 Products that Changed Our Lives, R & D Magazine, pp. 42-6, Sep. 28, 
1992. 

Wallace, G., The Art of Thought, New York: Harcourt, 1926. 

Wallace, Ken, A Systematic Approach to Engineering Design, New York: Springer
Verlag, 1984. 

Walton, Mary, The Deming Management Method, New York: Perigee, 1986. 

Watson, George F., "Refreshing Curricula," IEEE Spectrum, pp. 31-6, Mar. 1992. 

Wiggins, Richard, "Corralling Your Content," New Media, pp. 40-5, Oct. 13, 1997. 

Woodson, Thomas T., Introduction to Engineering Design, New York: McGraw-Hill, 
1966. (Adapted form figure pp. 26, 81.) 

Zwicky, Fritz, Discovery, Invention, Research Through the Morphological Approach, 
Toronto, Ontario: Collier-Macmillan, 1969. 


