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Universities are under heavy attack from different sectors of society, in part because of what is taught and how it is taught.  Much of the research being done is not relevant to the needs of industry, nor are the skills of the engineering graduates directly applicable.  One long standing accusation is that research is done for purposes of career promotion rather than for the sake of "scholarship in the discovery of knowledge" (as opposed to career promotion being a byproduct of excellence in scholarship.) This accusation is easy to confirm by browsing through publications in almost any field of research.1,2





Engineering colleges are not as subject to such attacks as colleges in other fields, but neither are we immune.   In a1994 position paper  entitled "Enhancing Engineering Education and Training Industry Needs, Industry Roles",  the National Science Foundation (NSF), several aerospace companies and universities stated that "it has become increasingly clear to those of us with an interest in industry-university interactions and recruiting that the curricula in most of the major universities in this country are now badly out of balance."  Also, "Too many Colleges of Engineering remain complacent.  The primary message from academia continues to be:  give us more money and we will do more of the same good things”, and "From an aerospace industry vantage, as potential employers of the university's graduates, we see lost opportunities for improvement.  We are increasingly dissatisfied customers."1





In research, pressures are being brought to bear by members of congress - liberals as well as conservatives - who are urging NSF to direct a larger part of its budget to support research that helps meet national needs.  In a recent letter3, Senators McCain(R-AZ) and Warner (R-VA), both high-ranking members of the Senate Armed Forces Committee, urged President Clinton to reduce support for universities because university research is one of several areas of "wasteful" spending by the Department of Defense.  The numbers quoted indicate that nearly all of the funds for University research performed for DoD should be redirected.  Even if President Clinton rejects this request out of hand, it does illustrate the sentiments of some very powerful members of Congress.





Some faculty members who oppose applied research or industry- driven research say that research should be curiosity-driven rather than need-driven.  But this is not an either-or proposition;  engineering research can be both need-oriented and intellectually stimulating.  What is required are mechanisms to identify and perform the research.  This paper will present two such mechanisms that can prove very successful and beneficial to both industry and academe.





WHY Ph.D.s ARE NEEDED IN INDUSTRY





A prevalent school of thought, in some engineering colleges and in some companies, is that Ph.D.s are primarily for those that want to become professors and this high level of education and training is not cost-effective for industry. This view is wrong, for several reasons:





1. Engineering knowledge has expanded so rapidly that an engineer cannot be adequately educated in four years.  In spite of this, engineering colleges have been extremely reluctant to increase the programs to longer than four years to the first professional degree. In fact, in the last thirty years, the number of credit hours required for graduation has been significantly reduced while the body of technology has expanded dramatically.  By hiring Ph.D.s, companies can get engineers with much more current knowledge of basic and engineering sciences.





2. A person who has devoted the time and effort to earn a Ph.D. has demonstrated an innate thirst for knowledge and is therefore more likely to keep himself/herself up to date. Thus, many of these people are self-starters.





3. Some Ph.D.s can be developed into highly competent technical managers. There is an adage that says "You can't manage what you don't understand." A person with a Ph.D. is likely to have depth (and breadth) of technical understanding and the ability to quickly acquire any additional needed technical knowledge.





4. A properly done Ph.D. thesis should have generated a combination of ideas, problem-solving and critical thinking skills,  enhanced creativity, and good engineering judgment.





5. A person in industry with a Ph.D. can generally interact more effectively with faculty members, raising the possibility that joint industry/university efforts will be worthwhile for everyone concerned.





Some cautionary notes are in order.  First, the purpose of engineering education is to instill the necessary technical knowledge, skills and attributes. One requisite attribute is an attitude which includes intellectual humility or openness, adaptability, and willingness to work on problems of importance to the company. There is a bimodal distribution of Ph.D.s in industry: one group has the attitude outlined above - the other group does not.  An important part of the technical manager's job is to screen out the people who do not have an industry-compatible attitude.  Second, Ph.D. students are required to produce their dissertation as an individual effort with little supervision and direction from their advisors.  Many Ph.D.s, as a result of years of this training, have substantial problems with teamwork and becoming team-leaders. The programs described in this paper provide a cure for this.  Third, communications skills, teamwork, cooperation and collaboration, finance, values, ethics, creative problem solving, visual and contextual thinking, judgment, "common sense" and intuition are some of the things not taught in either undergraduate or graduate schools.  These curricula viewed by universities as fitting within the context of industry's needs. Industry is very reluctant to hire Ph.D.s who lack these foundation skills.  Yet, industry is in increasing need of people with Ph.D.-level skills as R&D requirements are expanding in contrast to the current national trend of decrease and even elimination of R&D departments due to lack of funds.





JOINT INDUSTRY/UNIVERSITY RESEARCH PROGRAMS





Joint industry/university research programs make it possible to breakdown the differences in attitude and produce industry-wise engineers with advanced degrees that will meet the needs of industry as well as the academic requirements for earning the Ph.D. One of these programs is university-initiated while the other is industry-initiated.  The authors have experience with both including two recent initiatives - one with Glasstech, Inc., a Toledo, Ohio firm, and one with Ford Motor Company of Dearborn, Michigan.





The university-initiated program is appropriate for a graduate student who has completed the course work and qualifying exams and is seeking industry experience.  The dean of engineering, or a faculty member having good connections with industry, will approach the management of companies for placement of the student.  The graduate student will be expected to solve a technical problem that is important to the company but not necessarily urgent. (This problem must be of Ph.D. caliber.)  This was the case for the Glasstech-MTU program where the engineering dean worked with one of his industrial advisory committee members to place a Ph.D. student in the company.  





The industry-initiated program is appropriate for an engineer in industry who wants to earn a Ph.D. but can't take the time off to do so.   Alternately, a manager feels that some of his or her people should have advanced training but the company cannot afford the loss of these people for several years. The manager approaches the university administration and begins negotiations for a program requiring only a minimum amount of time spent on campus. This is the case in the Ford-MTU program where management worked with the engineering dean and departmental faculty to initiate a program allowing students to take most or all of their courses in other acceptable universities (usually within commuting distance of the company).  The students have two co-advisors from industry and two from the degree-granting university, and the students work on industry-related topics in their field of interest for their thesis just as in the above case.





STEPS FOR IMPLEMENTING A PROGRAM





Once an agreement is reached to have a joint project in principle, it is important to establish and carry out a process which is understood and accepted by all concerned.  Steps in the process are as follows:





1.   Select a suitable research committee with at least one, possibly two, members from the company.  This can occasionally be a problem in companies where some engineers and managers are qualified to be research committee members by competence by not by credentials (some faculty members are adamant that only people with Ph.D.s can sit on Ph.D. research committees.)





2.  Carefully select a technical problem, suitable for Ph.D. level work, that will allow sufficient time for the student to carefully research and document.





3.  For the university-initiated program, the student may have already completed all the course work and exams, with only the research and dissertation left. In this case, a research proposal should be submitted to the company, complete with goals, technical plan, equipment needs (such as computers), space needs, faculty and company staff time, schedule, and funding which may include training for the use of special experimental equipment. For the industry-initiated Ph.D. program, coursework, exam requirements, and a schedule of progress meetings between student and company adjunct faculty/advisors and university faculty (in person, by conference call or by compressed or satellite video) should be specified if possible.





4. Attorneys from the university and the company should agree on intellectual property rights. Fortunately, universities are becoming more flexible in this area.





5. Carry out the plans, but be flexible enough to modify the plans if needed.  Recognize that flexibility and change have traditionally been difficult to implement in the University.





6. The company should consider plans for retention of the new Ph.D. by continuing professional growth through more challenging assignments and broadening experiences.  This educational opportunity represents a substantial investment both for the student and the company.





ADVANTAGES OF THE JOINT PROGRAMS





For the company, joint research programs can have the following benefits:  


•	The company can complete those projects that are important to long-range development but are not urgent(these are projects which tend to be put off or neglected over time precisely because they are not urgent.


•	The project can be in an area that company planners are thinking about entering(the program will provide sufficient knowledge and insight into the area to make decisions.


•	The program enables companies to gain a completed project without adding to permanent staff (in the case of the university-initiated program.) 


•	The company may gain access to equipment, experimental facilities, new technology, library resources and technical expertise of advisory committee members that they might not have otherwise.


•	The program aids the company in recruiting technical staff(they are already familiar with the new Ph.D.’s capabilities, and they will have access to a pipeline of graduates.


•	If the company has fewer than 500 employees and is trying to get a small business grant, affiliation with a university often helps.


•	The company benefits from an influx of new ideas, technology and innovation.


�For the university, joint industry-university programs provide these benefits:


•	They help the faculty to keep abreast of industry-related advances in engineering knowledge, trends and practice.


•	Public universities may receive more favorable budgetary support from legislative appropriations committees.


•	The program gives university faculty and students access to equipment and facilities they may not have had and may not be able to acquire due to extremely high cost and advanced, proprietary technology.


•	Collaborating with a company that is likely to apply the results of a research project may help faculty get additional research support and grants.


•	Funds are provided for support of graduate students that may not otherwise be available.





For the student, the program has a number of important advantages:


•	If the student is already working in the company, the joint approach can be thought of as a special case of simultaneous engineering.  In contrast to the sequential approach, the student can save two to three years of life spent in career development.


•	Exposure to industry methods and discipline help to develop attributes which are desirable and useful in the engineering discipline.


•	For students already working in industry, the joint approach enables him or her to attain the degree which might otherwise not be possible due to work constraints.


•   For students not yet in industry, the joint approach can provide enhanced employability and invaluable industrial experience and skills.


•	The student can experience the intense pleasure that successful engineers enjoy when they see that their work solves an important problem and, in some cases, may be used to benefit society.


•	Tackling a relevant industrial problem in some cases has aided in motivating the student to see the Ph.D. through to the end.





The joint approach contains some risk to the university.  In this age of acquisitions, mergers, hostile takeovers, reorganization, diversification and downsizing, project funding may be abruptly terminated.  This risk is higher if the student is provided by the university than if he or she comes from the company.  To mitigate the risk, deans should have contingency funds available to help students complete their projects.





REQUIREMENTS FOR SUCCESS





The first requirement is to establish the project committee.  The company should appoint one of their managers who understands the business and technical aspect of the project, is willing to attend progress review meetings, and has enough influence in the company to be an effective project champion.  "University sweethearts" should be avoided(those who view universities through rose-colored glasses and would rarely be critical and objective, thus having little influence in providing funding.  The student's thesis advisor should be a senior faculty member who is dedicated to improving the profession by graduating engineers of high competence.  Faculty members with attitude problems and inflexibility should be avoided.  They reduce morale and esprit de corps and negatively influence relations with the industrial partner.  It is desirable to have some young faculty members on the committee to contribute ideas and to learn.





The second requirement is to select a good project with these characteristics:


•	The results should have benefits to the company that are significantly greater than the costs.


•	The work can be accomplished within the proposed constraints of time and money.


• 	The project should have enough risk to require creativity from  the student and to give him or her the self-confidence that comes from learning that there is always a findable solution, no matter how difficult the problem initially appears.


• 	The work must generate new knowledge.�
A third requirement is to agree on the goals and schedule and then state them in a written proposal.  Everyone concerned will find that this step is more difficult than expected.  The student may need encouragement and advice at this critical point.





A fourth requirement, as mentioned above, is stable funding.





A fifth requirement is care in timing.  The company should know, if possible, what their competitors are doing in the proposed problem area.  The student and faculty must know the state of the technology involved.  The history of engineering is replete with examples of discoveries and inventions that were made almost simultaneously.  It is disheartening to everyone concerned (as well as wasteful of resources) to get halfway through a project and then find that someone else has already solved the problem.  Knowledge and application of the methods of technology forecasting can be useful in connection with project timing.  Knowledge of the simultaneous discovery phenomenon can be used to nurture a highly desirable attribute in the student:  a sense of urgency.





Finally, promises should be made with great care.  The rule is to promise only what you can deliver(then keep the promises.  It is unethical to promise what cannot or will not be delivered, just to get money.  Industries have had some painful experiences in this area in working with engineering faculty.  On the other hand, universities that keep their promises establish a reputation for honesty and dependability.  This reputation in turn brings in more projects and more money.





ILLUSTRATIVE CASE HISTORIES





1.  A large company learned that a competitor was about to introduce a product improvement that would give that firm a major competitive advantage.  The competitor’s basic idea could not be protected by a patent, and proprietary secrecy was broken; thus speed to market was the only protection of the financial investment.  An urgent catch-up project was established by the large company when it learned of the impending release of the improved product.  But they had staffing problems since they were unable to release enough engineers from other projects and there was not enough time to hire and train new people.  One of the managers, therefore, approached an engineering department chairman at a local university.  Fortunately, he had a Ph.D. student who was ready, willing and able to join the project team, with his work directly applicable to the dissertation.





2.  An employee at the central laboratory of a large manufacturing company wanted to earn a Ph.D. in manufacturing engineering.  He already had a master’s degree and, except for a thesis, had nearly completed the requirements for a Ph.D. at a local university.  This company was spending several million dollars a year on removing burrs from holes drilled in metal parts.  The student, with advice from his manager, wrote a project proposal to find ways of making burr-free holes (or at least of reducing the size and the cost of removing the burrs.)  The Vice President for Manufacturing liked the proposal, which was then approved by the company’s manufacturing research guidance board and by the university’s doctoral committee.  The project was successful.  Results were presented directly to manufacturing engineers in several of the operating divisions in addition to publication in the open literature.





3.  An engineer in an operating division of a large aerospace manufacturing company discovered, by accident, a method of making chromium ductile.  Normally, chromium is very brittle, unless it is so pure as to be prohibitively expensive.  The division had no immediate use for ductile chromium, so the engineer was transferred to the Materials and Processes Department of the company’s central laboratory.  Curiosity-driven research was acceptable, so a project was established to discover the ductilizing mechanism.  One of the state universities in the area accepted the project as suitable for a thesis.  The project was successful technically, the process was patented, the engineer attained his degree, and the results were added to the company’s portfolio of salable technology.  





4.  A small company had state-of-the-art equipment purchased at great expense for performing heat transfer experiments in glass, but no longer had an R&D department.  They also had computer programs that had been developed to model the glass-tempering process, and needed these programs modified, documented and extended so that they could be used to answer new questions and so that other engineers could access them.  A Ph.D. student was placed in the company to solve these problems and others.  This student modified her original thesis topic to match the industry project requirements.  She said that she would not have continued the dissertation work if not for the industrial experience.  The student plans to complete the Ph.D. in June of 1995 and greatly appreciates the industrial contracts, summer employment and potential for employment that ensued as a result of this relationship.  She also gained valuable industrial experience, training, and confidence in her problem-solving and technical abilities, as well as learning that her skills in heat transfer and computer modeling were useful to industry.   





THE INNOVATION PROCESS AND ITS APPLICATION





The joint projects described in this paper can be very effective mechanisms, providing one additional requirement is met:  there must be an understanding of the innovation process and a willingness to apply it.  The process has two phases:  creativity and commercialization.  It is in the second phase that the process so often breaks down because, while the process is discussed at length in the literature, it is not known or understood by those who should apply it in practice.  The graduate student believes that the project is completed when the degree is conferred; the faculty when the paper is published.  The company representative may not know the possible ways of bringing the research results to the marketplace.  In short, there is a lack of knowledge and a lack of responsibility.  The lack of knowledge is attributable to the fact that universities do not teach the innovation process to engineering and management students.  Consequently, when research projects are in the planning stage, responsibility for applying the results is not assigned.  When no one is responsible, the job does not get done.  Tremendous sums are spent every year for research in universities.  Pressure is increasing to make this work more effective in meeting society’s needs.  We recommend that teams of faculty members from colleges of engineering and management be formed to devise more and better ways of bridging the gap between the published paper and a new product or process in the marketplace.�
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