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"The world is changing." A truism, perhaps, but one especially perplexing today because 
of the accelerating pace of change. We are designing new products more rapidly, leading 
to shorter effective product life before replacement with new generations of product- 
requiring more rapid payback of research and development costs in order to turn a profit 
before obsolescence sets in. The same can be said of process development: in many 
industries, companies must amortize capital equipment more quickly than ever before to 
remain current with best world practice. 

Within universities, discussions are being held of the knowledge explosion that has led to 
five-year courses of study and newly evolving curricula. Because we are running faster 
and faster to keep up with the pack, a misstep now can lead to a harder fall than we've ever 
had before. In order to meet these challenges, we must be agile enough to change our 
direction without falling in the process. 

The changes around us require that we change a l s o ~ a s  individuals, as institutions, and as 
a society. Each must change to accommodate change. To better understand how, let's 
review where we stand today. 

The University 
Universities often pride themselves on their acceptance of diverse opinions, and closely 
guard "academic freedom." Many faculty consider the pursuit of knowledge to be 
justification enough for their work; others press for greater relevance. In 191 1, Professor 
William H. Walker of MTT observed that "there is with scientific men, a general awakening 
to the fact that the highest destiny of science is not to accumulate the truths of nature in a 
form no one but the select few can utilize, but that the search for truth can be combined 
with a judicious attempt to make the truth serve the public good."l More recently, John 
Deutch, former provost of MIT, suggested that because of changed circumstances and "the 
expressed national need, research universities are beginning to formulate new education 
and research programs. Such programs, often underwritten by industry, offer a new 
pathway that motivates and prepares students for the application, not just the creation, of 
new technology."2 

Henry Rosovsky, former dean of arts and sciences at Harvard University, has suggested 
that 

The real element of contention is not lack of change. Rather, it is types and 
rates of change that concern our critics. . . . By emphasizing length of 
commitment and knowledge, we discourage excessive consideration of short- 

lSusan Rosegrant and David Lampe, Route 128: Lessons from Boston's High-Tech 
Community. Basic Books, New York, 1992. 
2John M. Deutch, "Getting University-Industry Relations Right," Technology Review 94 
[4] 65 (May/June 1991). 
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term issues. There is no need to hurry because most of us will still be here in 
two or three years. At the same time, the 'unitary structure7 gives sufficient 
power to presidents, deans, and chairmen to implement big changes when they 
have broad collegial support. A great virtue of this system is that it permits, 
even encourages, action based on careful consideration of the long run.3 

An endless debate~one that has spanned centuries. Fortunately, the openness of the 
university creates an atmosphere that can accept change without serious upheaval. Those 
who wish to change may do so, while those who do not are free to preserve their status 
quo. It is relatively easy to move the opinion of a portion of those within a university; 
virtually impossible to shift them all. 

Industry 

Companies generally pride themselves on "meeting the bottom line," maintaining their 
unique corporate identities, and achieving competitive advantage. When a company 
perceives any of these three goals to be at risk, it usually accepts change readily in order to 
protect itself. The PC offers a case in point: IBM, in acknowledgment of a changing 
world, moved to open-architecture machines. If companies do not proactively restructure 
themselves in such ways to meet change, they make themselves vulnerable to takeover 
struggles, and as a result may be forced to change in ways they oppose, causing even 
greater disruption and stress within the company. 

"Perceive" is the operative word here. A few companies are able to perceive the need to 
change before any one of the above three objectives is seriously jeopardized. Most, 
however, perceive a need for change "after the fact": when publicized results prove they 
have failed to achieve any or all of the three goals. In a world of accelerating change, the 
danger of waiting until "after the fact" is that the amount of change required to regain the 
three objectives may simply be too great for the company. This realization is causing all 
companies to be more receptive to practices such as benchmarking and total quality 
management that can enhance their ability to perceive the need for change "before the fact." 

Industry also recognizes that its members must be "in condition" to rapidly implement 
change, such as to institute lean, agile, and flexible manufacturing. In the end, success is a 
function of quick implementation as well as early recognition of the need to change. 

Historically, companies have viewed universities and government as passive participants in 
the industry game, and considered the roles of academia and government as being to help 
define the playing conditions and provide a source of talent and pre-competitive ideas to 
support the game. 

The accelerating world of change, however, is causing industry to recognize that these 
institutions may offer more direct support than simply providing generic starting 
conditions. Now industry realizes that more active engagement with academia and/or 
government may improve an individual company's abilities to recognize and implement 
change. When this happens, academia and government as well as industry become active 
playing participants in a larger, national economic game-and with that, the roles and 
relationships between industry, academia, and government become more active, 
continuous, and interdependent. Such a shift presents interesting opportunities and 
dilemmas for all involved. 

3Henry Rosovsky, The University: An Owner's Manual, pp. 284-85. W.W. Norton & 
Company, New York, 1990. 
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How We Got Where We Are 

To greater or lesser degrees, universities have been directly involved in the world of 
commerce for many years. Since its incorporation in 1861, MIT has built and sought to 
maintain ties with industry to ensure vital, relevant educational and research programs so its 
students and faculty can better serve society. The inspiration for this cooperation arose 
from MIT's founder, William Barton Rogers, who saw the need for a new approach to 
higher learning in which students are taught to apply scientific principles to industry 
problems. The Institute's charter reflects Rogers' vision by establishing major MIT goals to 
be "instituting and maintaining . . . a school of industrial science and aiding generally, by 
suitable means, the advancement, development, and practical application of science in 
connection with the arts, agriculture, manufactures, and commerce." 

Nonetheless, this practical approach to education was not universally accepted. In 1891, 
President Francis A. Walker of MIT wrote, "Too long have our schools of applied science 
and technology been regarded as affording an inferior substitute for classical colleges. Too 
long have the graduates of such schools been spoken of as though they had acquired the 
arts of livelihood at some sacrifice of mental development, intellectual culture, and grace of 
life."'̂  

Fortunately, interactions between university and industry persisted despite warnings by 
some that such working relationships would corrupt both. Today, we can point to literally 
dozens of university-industry collaborations that have greatly benefitted society (see sidebar 
in University-Industry Research at MIT section, following). 

Massachusetts' Route 128 and California's Silicon Valley are hailed as incubators of new 
businesses and job g r o ~ t h . ~  In their book describing industrial development along Route 
128, Rosegrant and Lampel observe that "the story of Boston's high-tech community 
illustrates how fruitful the interactions among academia, the federal government, and 
industry can be. Not surprisingly, the collaborations between these three sectors have been 
especially effective during times of national need." 

Today, we face a time of great national need. Our command of worldwide markets is 
declining, manufacturing jobs are being lost, and government deficits are increasing. 
Serious questions are being raised about our ability to pay for health care, education, social 
welfare, and national security. Since agriculture and manufacturing are primary generators 
of the wealth to pay for these other vital sectors of our economy, we must revitalize these 
two fundamental sectors if we wish to maintain and improve our standard of living. 

During the first half of this century, relations between universities and industry were 
usually driven through personal interactions. A few key faculty developed close 
relationships with students, who became colleagues in industry. Thus well informed about 
industry's requirements, the faculty directed their efforts toward addressing critical issues. 
Although collaborative research and educational programs often existed, rarely did large 
sums of money flow from industry to university laboratories; rather, university research 
was a by-product of the educational process. If the research were successful, industry was 
free to adapt this new knowledge to its needs and render payment through gifts to the 
universities. 

World War II changed this mode of operation dramatically. With industry concentrating on 
increasing production to support the war effort, a number of universities stepped forward 
to assume the role of providing the research and development needed by the nation. A 

'̂ Rosegrant and Larnpe, Route 128: Lessons from Boston's High-Tech Community. 
5A41T: Growing Businesses for the Future (Economics Department, Bank of Boston, 
1989), and MIT: Entrepreneurship in Silicon Valley (Chase-Manhattan Corporation, 1990). 
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number of notable successes resulted, such as the development of radar, bomb sights, and, 
perhaps the most famous, the harnessing of atomic energy. Each effort was a collaboration 
between universities, industry, and government. 

After the war, Americans were convinced that technology would make this world a much 
better place to live. A grateful government established research funding agencies to 
maintain and expand industry and university R&D. More than a dozen major research 
universities evolved whose research budgets exceeded their educational budgets. 
Competition from government funds stimulated a substantial flow of industry funds into 
universities to win back some of the attentions of faculty researchers. With control of the 
purse strings, both government and industry found they could direct the focus of university 
research. New products and processes evolved, some extremely valuable to industry. 
Unfortunately, industry and government did not effectively coordinate their research 
directions or leverage each other's work, offering great opportunity for improvement in 
these respects today. 

Based on their heritage as not-for-profit institutions, universities took much of this work 
upon themselves at cost, sometimes for only marginal costs. For several decades this was 
a happy arrangement, as the grateful government and industry felt obliged to support the 
university infrastructure through continuing research grants, endowment, buildings, and 
the like. However, over time, a number of things changed. More and more universities 
wanted to join the ranks of the research providers. From one or two dozen major research 
schools in the 1950s, we have grown to over 300 such schools today. While Congress 
provided real growth in university research dollars, it fell far short of the growth in 
potential providers. In the 1970s' a university researcher had a twenty-five to fifty percent 
likelihood of obtaining government funding for a research proposal. Today, the probability 
is less than five percent, and in some programs it is approaching one percent. 

Universities increasingly began to tie facilitated access to students to company grants and 
gifts. Companies no longer so much consider university grants and gifts as rewards for 
assistance in generating successful new businesses, but rather as means for hiring 
promising new employees. It was assumed that university research could and should be 
performed at marginal cost rather than at full cost. With greater numbers of universities 
competing for the same industry and government funds, universities began to price their 
research at the margin. 

With time, even this approach has fallen apart. Some universities found they could not 
compete for funding even at marginal costs, and began to "cost-share" below the marginal 
rates by using endowment or local government grants to generate cash flow in the short run. 
Today, the cost of a person-year's research effort at a university is approximately one-third 
that of the same work in industry or government laboratories-but sponsors continue to 
complain that the costs of university research are too high, based on their traditional reasons 
and methods for using academic research! 

We are in an untenable situation. Universities have sold their services at or below marginal 
costs for so long that their infrastructures have seriously deteriorated. As universities try to 
perform work"on the cheap" with inadequate facilities, both industry and government 
increasingly feel they are not getting value for the money they provide-and in too many 
cases, they are right. The willingness of both industry and government to provide gifts and 
grants as rewards for successful performance has declined; too many universities have their 
hands out askingÃ‘demanding?-tha they receive aid. The beneficial relationship of the 
first three-quarters of this century has fallen apart. Everyone is unhappy. 
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University-Industry Research at MIT 

The Massachusetts Institute of Technology has forged over the years new modes of 
cooperation with industry to conduct research that is recognized for its value by all the 
parties concerned. 

Selected MIT Research Accomplishments 
Students and faculty at MIT now conduct over $341 million of research annually 
on campus as an integral part of their education. About $61 million is sponsored 
by industry- more than at any other university. Over the years, this activity has 
led to many advances of broad significance to industry and society, such as: 

Numerically Controlled Machine Tools-In 1952, researchers at MIT7s 
Servomechanisms Lab demonstrated the world's first numerically controlled 
machine, a standard three-axis milling machine designed to operate under tape 
control. Many have hailed this advance as the most significant development in 
manufacturing technology during this century. 

Synthetic Penicillin-Accomplishing a feat that eluded efforts of 1,000 scientists 
during World War 11, Professor John Sheehan synthesized penicillin in 1957, the 
basis of a multi-million dollar business with lasting benefit to society. 

Computers-MIT has played a major role in computer development. Professor 
Jay Forrester developed magnetic core memory in the early 1950s, a key 
component of Whirlwind, the world's first high-speed electronic digital computer 
able to operate in real time. Licensed to IBM, the memory element became a key 
component of the first generation of mainframe computers. Continued research 
arising from Whirlwind led to the minicomputer industry. 

Biotechnology~Efforts begun at MIT and a small group of other universities in 
the 1940s to apply techniques of physics and chemistry to the field of biology led 
to the development of molecular biology and, ultimately, genetic engineering in 
the 1970s. MIT remains a world leader in biotechnology research, the basis of a 
new industry. 

Interdisciplinary ResearchÃ‘I 1946, MIT's Research Laboratory for Electronics 
became the first laboratory to draw experts from various disciplines to work 
together on technical challenges. Today, more than 40 interdisciplinary 
laboratories and centers at MIT range from energy to transportation, and the 
concept has spread to campuses across the nation. 

Research Consortia-In 1973, Professor Nam Suh founded the Polymer 
Processing Program, the first university research consortium bringing 
companies~often competitors-together to sponsor research of common intere: 
Today, almost 100 such programs on campus focus on fields ranging from 
electronic packaging to superconductivity. 

In spite of this tremendous legacy of university-industry involvement at MIT, many 
problems persist in the old model of industrial research. The research is still too detached 
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from direct industry involvement, the work does not consistently address crucial problems, 
and we still quarrel excessively about how to share rewards. This can and must change. 

Fortunately, a new model is helping to address some of these concerns. 

The LFM Way6 

Albert Einstein once noted that "the significant problems we face cannot be solved at the 
same level of thinking we were at when we created them."7 The statement applies to much 
more than research. Many societal elements and their relations one with the other must 
change, in a major way. Thinking differently about who does research and where, and 
how we share the rewards of success, are just a few examples of what we must learn to do. 

The Leaders for Manufacturing (LFM) Program, now in its ffth year, is an innovative 
educational/research partnership of the Massachusetts Institute of Technology with thirteen 
leading U.S. manufacturing companies. The program was launched to find answers to 
questions industry people were asking increasingly about what is needed for global 
competitiveness; its ultimate objective is to help the United States compete more effectively 
in the modem global marketplace. Many people recognized that neither industry nor 
academia alone could effect the needed changes, and because one basic issue upon which 
all agreed was industry's slowness to react when change was needed, two major foci of 
LFM became leadership and managing change. 

Supporting goals of the Leaders Program are to discover and codify guiding principles for 
world-class manufacturing, educate future leaders for manufacturing firms, and improve 
manufacturing education, research, and practice through an active industrial-academic 
collaboration. Industry participants are involved in most aspects of the program; an 
industry executive serves as an LFM Program co-director, for example, and two others are 
Research Program directors. 

Since LFM's inception, its educational offerings, research, collaborations, and ways of 
thinking about program direction and management have continuously improved, we 
believe, yielding significant, positive results. 

I LFM Partners 
Aluminum Company of America 

The Boeing Company 
Chrysler Corporation 

Digital Equipment Corporation 
Eastman Kodak Company 

Ford Motor Company 
General Motors Corporation 
Hewlett Packard Company 

Intel Corporation 
Johnson & Johnson 

Section adapted and expanded from Thomas L. Magnanti, "Right Questions, Right 
People, Right Actions," Journal of Manufacturing Systems 10 [2] i-ii (June 1991). 
7As noted in Stephen R. Covey, "The Seven Habits of Highly Effective People: Powerful 
Lessons in Personal Change," p. 42. A Fireside Book published by Simon & Schuster, New 
York, 1990. 
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Massachusetts Institute of Technology 

School of Engineering 
Aeronautics & Astronautics 

Chemical Engineering 
Civil & Environmental Engineering 

Electrical Engineering & Computer Science 
Materials Science & Engineering 

Mechanical Engineering 

Sloan School of Management 

Motorola, Inc. 
. Polaroid Corporation 

United Technologies Corporation 

Overall Program Design 

The Leaders Program grew from almost five years of research and discussion about 
manufacturing needs among MIT faculty and industry leaders, including deliberations of 
the MIT Commission on Industrial Productivity that led to the book Made in America. 
From these discussions, we have been designing a program built on several key, 
interrelated tenets: 

Today is a time of great national need. Since manufacturing is a primary generator of 
wealth to pay for other vital sectors of our economy, we must revitalize this 
fundamental sector to maintain and improve our standard of living. The Leaders 
Program offers leadership in manufacturing change and its management. 

World-class manufacturing requires a total-enterprise approach to "big-M" 
manufacturing (an activity extending beyond production and operations to include 
marketing, design, product use and maintenance, and encompassing community and 
government in various capacities), not just excellence in operations and production. 

Changing attitudes is as important as anything we do. We need to recognize how 
much we all must learn, acknowledge and promote the importance of "big-M" 
manufacturing, and establish its credibility on campus and in companies. And we 
need to adopt continuous improvement as a way of life. 

Manufacturing excellence involves excellence in both technology and management, 
drawing upon the talents and contributions of engineering and management schools 
collaborating far beyond traditional practice to address differences in educational 
philosophy, style, and culture. 

Manufacturing issues require true partnership between industry and universities, with 
industry having a significant voice in program design and execution, and faculty and 
students having access to industry settings as learning laboratories. 

Universities need new educational and research models. We need to challenge the 
engineering model of "boring inch-wide, mile-deep holes" and also the business 
school "one suit fits all" mentality (e.g., that managing McDonald's and General 
Motors is essentially the same and does not require a deep understanding of unique 
technologies and production processes). 

* Companies need new career paths in manufacturing and the ability to assimilate and 
effectively use energetic, talented potential leaders. 
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Participating faculty must have strong disciplinary skills and opportunities to draw 
upon these while learning about manufacturing. 

These had a number of implications from the beginning. The Leaders Program would be a 
three-way partnership between our engineering school, our management school, and 
industry. The core master's-level educational program would be a dual-degree engineering 
and management program aimed at developing manufacturing leaders knowledgeable about 
and appreciating both technology and management. We would spend as much time 
developing collaborative processes as doing anything else, and would provide means for 
participants to develop an understanding and respect that would cross traditional boundaries 
between and within the university and its partner companies. We would enable faculty to 
free themselves of current obligations to devote time and energy to learning about 
manufacturing practice and spend considerable time with our partner companies, students, 
and each other-including time on the shop floor. We would seek the best and brightest 
students, and attempt to attract some of the finest faculty and industry leaders, covering a 
spectrum of disciplines from hard-core technology to the management and social sciences. 

Collaborative Processes 

Collaboration is one of eight "products" (see sidebar, below) deemed essential to the 
Leaders Program's success. Since its inception, the program has been governed by two 
collaborative universitylindustry groups: Senior executives within the partner companies 
comprise the majority of the program's Governing Board, which meets three days each 
year to develop policy and assure resource availability from all fourteen members of the 
partnership; the deans of the schools of engineering and management and other pivotal 
Institute faculty and administrators also serve on the board. An Operating Committee, 
comprising other key company personnel and some senior faculty, meets eight to ten days a 
year to address specific issues of managing the program, including the development of 
priorities, resource allocation, and guidance of the overall nature of the program's many 
forms of collaboration. 

LFM "Products" 

Graduate Education, Placement, and Support 
Graduates 
Curricula 
Careers 

Collaborative Processes and Modes of Operation 
Collaboration 
Manufacturing Faculty 
Continuous Improvement 

Paradigm Shifts and Technological Development 
Interdisciplinary Research 
Leadership and Implementation 

Early on, the Operating Committee adopted a strategic planning model from industry to 
guide its deliberations about how best to achieve products deemed necessary for program 
success. The program also set up an Operations Room at company representatives' 
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request, in which posters would serve as reminders for LFM participants and educational 
pieces for visitors of such consensus points as the program's vision, mission, structure, 
intended products, and planning model. 

The past five years have taught the Leaders partners much about what makes collaboration 
work. First and foremost, a collaboration had better deliver. Working real problems got 
the LFM partners involved; solving real problems has kept everyone involved. The results 
obtained, listed in the next section, are partly attributable to new behaviors learned and 
practiced by the partners. Elements important to LFMYs functioning that are, perhaps, 
generic for any manufacturing collaboration's success, are: 

true partnershipshared core beliefs, shared involvement, shared commitment, and 
shared benefits, together with mutual trust and respect-as distinct from sponsorship, 
which might be characterized as a simpler exchange of dollars for services. 

a large problem such as a national issue that accounts for the commonalities unifying 
the partners 

identifiable benefits for each partner that make involvement worthwhile in the short 
and/or longer terms 

idrnh'fiable, measurable results 

sufficient funding to address important issues, command corporate attention, attract 
experienced faculty and promising students, and fund significant research that 
translates into new curricula . . . no "cheap fixes" in terms of dollars, time, or energy 

belief that each partner has the right and the responsibility to influence any and all 
elements of the partnership by speaking up and getting involved, LFM has 
demonstrated that university practices can be influenced, and its internships are 
demonstrating that industry, too, can be influenced 

Educational Program 

The Leaders Program's educational component is accountable for at least two of the eight 
"products" considered essential to program success: graduates and curricula. 

Leaders graduates have a firm grounding in both technology and management, and are 
committed to careers in manufacturing. The program supports two categories of students: 

the fellows (currently 86 students) enrolled in a two-year, dual-degree program, who 
satisfy admissions requirements of both a participating Engineering department and 
Sloan, demonstrate strong interest in careers within manufacturing companies, and 
typically have more than three years of full-time work experience 

a cadre of highly qualified research assistants (currently almost 50 students) pursuing 
advanced degrees through manufacturing research described in the Research Program 
section that follows. The Leaders Program seeks to instill within all its graduates a 
new way of thinking that integrates engineering with management, cutting across 
technologies, systems, functions, human resources, and organizations. 

Offered jointly through six departments (listed in LFM Partners table above) in MIT's 
School of Engineering and the MIT Sloan School of Management, the LFM Fellows 
Program is a 24-month educational program that includes an internship experience at a 
partner company. It culminates in a single integrative thesis, leading to two master of 
science degrees: one each from a participating Engineering department and Sloan. The 
Fellows Program centers on manufacturing as a broad-based activity that impacts the total 
enterprise, including operations, human resources, and technology, and involving 
customers, suppliers, community, and government, as well. It combines education in 
manufacturing technology (processes, materials, and engineering depth) with learning 
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about leadership and managing the total manufacturing enterprise. Key partner company 
people work directly with faculty and students in classrooms, laboratories, and company 
plants. 

The fellows' internship is conducted primarily during six and a half months at an industry 
site during their second year. The work culminates in a single integrated thesis-an 
original work overseen by faculty advisors in both the School of Engineering and the Sloan 
School of Management, synthesizing and analyzing the internship's findings. 

Students learn to view manufacturing as a broad-based activity ranging from product 
design through production, product use, and maintenance. Through coursework, 
integrative exercises, and their "advanced apprenticeship" experience, they master a wide 
array of technologies and subject areas covering basic knowledge and applications in a way 
that helps them understand how to frame and recognize the right questions, and bring 
together the necessary people, systems, and technologies for manufacturing excellence. 

The fellows' curriculum rests upon three themes: 

a leadership focus 

integration of engineering with management, academia with industry, and education 
with research 

foundations, the underlying engineering and management disciplines required for 
world-class manufacturing 

All aspects of the curriculum emphasize elements of change: teamwork, change 
management, and learning by doing, instilling an appreciation in students for both 
continuous incremental improvement and groundbreaking innovation. 

The LFM leadership focus is established through a series of activities extending beyond 
two years, commencing with four days devoted to the subject soon after incoming fellows' 
arrival on campus. The activities continue past the fellows' graduation, to offer educational 
opportunities for alums: graduates are encouraged to present their challenging experiences 
as cases to faculty "experts" and incoming fellows, for everyone to offer input to and learn 
from. The four-day leadership "kick-off includes sessions summarizing research in the 
behavioral sciences on leadership, discussion-stimulating movies, and dialogues exploring 
"thought worlds" and the limits of students' ideas, abilities, and visions. It creates among 
the fellows a learning organization, challenging conventional mental models of leadership, 
teaching, and learning. Skill modules, practice, and reflection subsequently support the 
leadership theme: Students attend courses and seminars on the subject, and choose 
internship projects that include opportunities for practicing leadership and managing 
change; program improvement processes offer additional practice opportunities. Reflection 
is incorporated into second-year students' schedules through discussions and case 
preparations based on the internships. Students teach the cases they prepare to classmates 
and to first-year fellows as preparation for the first-years' upcoming internships, refining 
their cases also as potential new teaching materials for use in other MIT courses. 

Integration is achieved through activities and subjects spanning engineering and 
management, embodying the program's conviction that future leaders must be able to 
integrate technical and business information and skills. The principal integrative exercise is 
the on-site internship project. 

The fundamentals taught in the curriculum, incorporated in six disciplinary building 
blocks-physical, mathematical, economic, behavioral, informational, and planning-arm 
the students with basic underlying knowledge and skills that program participants believe 
are required for world-class manufacturing. 
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Sixteen courses have been introduced into MIT's offerings as a result of the Leaders 
Program, transcending traditional engineering and management education. For example: 

Product Design & Manufacturing is an integrated, team-based approach to the design 
and manufacture of a new product, addressing design methods, manufacturability, 
cost, and management. 

Total Quality Management offers an approach to quality encompassing management 
strategy, outlook, commitment, and methods applicable in any culture. 

Organizational Leadership & Change affords a structured debriefing of the internship 
experience, examining socialization processes students experienced in the field, to 
improve the fellows' organizational change skills. 

The LFM Fellows Program is, in a sense, the realization-spanning several disciplines-of 
a dream camed by the early head of MIT's Department of Electrical Engineering, Dugald 
Jackson, for " . . . engineers to become the leaders of industry. To prepare his students for 
this goal, Jackson revamped the educational program in electrical engineering to include 
business and other nontechnical courses. In 1917, he established a cooperative education 
program. . . with six months of practical experience. . . ."8 
Research Program 

The LFM Research Program is responsible to a great degree for at least two "products" 
necessary for program success: manufacturing faculty and interdisciplinary research. 

The Leaders Program is well along in the process of building, through research and 
teaching, a manufacturing faculty whose members not only have strong disciplinary skills, 
but are also willing to collaborate in discovering, verifying, and teaching new 
manufacturing principles. 

Leaders supports a broad spectrum of multidisciplinary, manufacturing-related research 
spanning engineering and management. The research undertaken through fellows' 
internship projects serves as program windows on a broad field of critically relevant 
manufacturing issues; LFM grants to faculty facilitate the discovery of more basic 
knowledge. 

Each LFM fellow works with a team of engineering and management faculty and company 
practitioners on broad manufacturing problems chosen for practical relevance and 
intellectual challenge. Partner companies offer facilities as living laboratories and provide 
supervisory support from seasoned engineers and managers. Fellows' theses integrate 
engineering and management issues dealt with during projects. 

The fellows' projects serve as a backdrop for the Research Program. The Research 
Program encompasses longer-term, basic research efforts in manufacturing that aim to 
discover and codify what must be known to teach manufacturing principles and leadership 
to improve manufacturing competitiveness. Its projects have included everything from 
design and the development of cost models to the development and implementation of new 
technologies across six engineering disciplines, broadened by management awareness. 
The Research Program emphasizes interdisciplinary, interorganizational teamwork, and in 
particular, collaborative engineeringlmanagement faculty supervision. A typical project, 
defined jointly by faculty and company personnel, is conducted by teams of employees, 
graduate students, and faculty in laboratories, classrooms, and plants, permitting MIT's 
basic research capabilities and industry concerns to enrich one another. 

8Rosegrant and Lampe, Route 128: Lessons from Boston's High-Tech Community. 
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The LFM Program strives for productive long-term (i.e., multiyear) work relationships 
between Engineering and Management faculty and industry to generate the best possible 
academically sound and practical manufacturing-related education and research, drawing on 
the LFM philosophy of experimentation, collaborative learning, and continuous 
improvement. Each partner company has the opportunity to select twoÃ‘on each in 
engineering and management-research liaison faculty to become familiar with issues of 
special concern to the company and address these over time. The Research Program has 
funded almost 50 research projects in 1993, much conducted at MIT. 
The Leaders Program has also offered grants for unrestricted research to support the 
professional development of young faculty. Their projects have investigated such issues as 
manufacturing scheduling, considered as the dynamic, stochastic phenomenon it is rather 
than a static problem as it is often portrayed. Another project investigated three- 
dimensional printing for rapid prototyping of parts directly from computer models- 
research that has grown substantially and is now funded only partially through LFM. 

Sharing research effectively so it is incorporated quickly into manufacturing practice is a 
formidable challenge. The LFM Operating Committee and faculty have struggled with this 
issue, utilizing such nontraditional methods as flyers profiling faculty-including their 
photographs, phone numbers, and general research interests-so industry people could 
easily call them for more information about their work and begin developing collaborative 
relationships and networks with academics on a more personal level. These ideas depart 
from usual approaches to research dissemination, and have challenged faculty and industry 
participants to review their respective cultures' accepted practices and consider new ways to 
collaborate more effectively. The process, like most efforts to change prevailing practice, 
has not always been comfortable, and has revealed barriers to information sharing that the 
Leaders Program seeks to level. 

The Leaders Program has experimentally brought industry and university together in ways 
that exceed what most industry people and academics have experienced. It builds upon 
industry's and academia's collective strengths and permits both communities to learn and 
innovate together in order to mobilize the right people to ask the needed questions of those 
who can suggest, authorize, and/or take the necessary actions. 

LFM Accomplishments to Date 
The LFM partnership has made a difference in manufacturing education at the Institute and 
in manufacturing practice across the nation. Key indicators, many of which stem from a 
recent LFM survey of industry partners, faculty, and graduates, follow: 

Graduates 
Of LFM's 135 graduates who have been involved in the internship experience, 78% 
have entered the field of manufacturing. One hundred eighty-one LFM internships 
have been conducted or are in progress. 
The Leaders Program has supported approximately 200 full-time equivalent research 
assistants. 
Leaders students (fellows and research assistants together) comprise 5% of the 
Engineering School and 16% of the Sloan graduate student bodies. 

Curricula 
Sixteen courses have been introduced at MTT, at least in part due to LFM. 
Seventeen Institute courses have been revised, at least in part due to LFM. 

Careers 
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Approximately half of the students who have conducted LFM intemship projects have 
accepted technical positions upon graduation; almost 70% joined companies 
employing more than 10,000 people. 
The Leaders Program has granted 25 young faculty unrestricted awards to further 
their research. Five LFM faculty have been promoted with tenure while conducting 
nontraditional, interdisciplinary research through the program. 

Collaboration 
LFM-funded research conducted at company sites has increased twelvefold since the 
program's inception, while that conducted on campus has increased sixfold. In 
1992, the ratio of LFM-funded research on campus to off-campus stood at 56/44. 

Faculty survey respondents indicated that of manufacturing-related papers they have 
written or contributed to since1987,20% have been written across disciplines and/or 
with industry people. 

Manufacturing Faculty 
At MIT, 84 faculty have been involved in the Leaders Program, representing 9% of 
Institute faculty; 6% have been involved significantly. Twenty-five percent of MIT's 
Sloan School and 10% of the Engineering School faculty currently participate actively 
in LFM. 
A survey of LFM industry partners and faculty indicated a 40% increase in 
interactions between MIT faculty and manufacturing companies, with significant 
increases in LFM partner interactions with other universities and companies, as well. 

Research 
The partner companies estimate that they have realized at least $28 million in economic 
returns from LFM internships. 
The Leaders Program funds 1% of all Engineering faculty research and 12% of all 
Sloan-administered faculty research. 
Leaders participants have generated more than 350 manufacturing-related publications 
within the past five years; approximately 100 such papers have been authored or co- 
authored by industry people. 
Forty-five percent of LFM-funded research is conducted at company sites. 

Leadership and Implementation 
Forty percent of thesis learnings from LFM intemship projects conducted at each 
partner company have been incorporated into practice by that company. 

Continuous Improvement 
Change has become the LFM norm, in recognition that tomorrow's needs will not be 
met by today's solutions. The program's continuous improvement is apparent across 
all product categories, perhaps most notably regarding: 
- the number of new and revised MIT courses that have resulted from awareness of 

manufacturing issues LFM has raised 
- the new program emphasis on leadership 
- expanding LFM research strategies 
- outreach to prospective partners in academia and government as well as industry 
- LFM efforts to measure benefits for all partners 

The Leaders for Manufacturing Program has driven a number of changes within both 
industry and university. During the program's first year, its Operating Committee defined 
the set of eight products that members considered essential for program success, and has 
over the years considered measures by which to gauge progress. Working together toward 
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these common goals has impressed upon LFM participants the value afforded by true 
partnership relative to sponsorship. In all these respects, the partners have come over the 
years to a point at which the program believes it can effectively enlist and channel 
government support. For while the program has been sensitive to needs at the level of its 
individual partners, the work has at the same time impressed upon all partners the scope of 
the national need, and compelled participants toward action at the state and federal levels to 
more effectively address manufacturing on those levels, too. 

Challenges facing the partners include issues of who benefits and how, which become 
especially sensitive where intellectual property is concerned: for example, who owns it, 
and do the agreements governing it encourage risk-taking and idea-sharing to increase the 
probability of research breakthroughs? Or are agreements tailored to protect each individual 
partner, tending to restrict collaborative behavior? Do the agreements maximize gains 
and/or minimize losses? Industry and university partners still ponder how best to tap into 
the structures and mechanisms of their complementary partners' rewardlrecognition 
systems. Issues of trust surface as younger or otherwise more vulnerable participants in 
the partnership, attuned to LFM's nontraditional approaches, struggle to negotiate their 
own organization's established systems while seeking to change them for the better. 
Young faculty, for example, risk tenure under traditional academic promotion systems by 
engaging in interdisciplinary research and spending significant amounts of time at 
companies addressing what they recognize as critical issues; for company practitioners, 
publishing research papers can be frowned upon for the information provided to 
competitors. Partnership entails a substantial commitment of time, energy, and risk for 
progress to be realized in changing the status quo and compressing what is actually a long- 
term process into the shorter-term time frames of manufacturing practice and individual 
careers. Quantifying return on investment to justify continued program participation is yet 
another major challenge that continues to confront partners, because returns to LFM 
partners include so many incalculable benefits~often acknowledged as being invaluable- 
that become apparent only over the long term. How can a course introduction be quantified 
in the short term, for example~or a top hire, a better network, or a contribution to a 
paradigm shift? 

All manufacturing partnerships~of industry with academia, and with government, too- 
are potentially at risk unless such issues are addressed. Nevertheless, in the face of these 
and other recognized challenges, painful though they sometimes are, LFM member 
companies continue to support the LFM partnership. Why? Because they recognize, first 
and foremost, that no matter how difficult it is to work with others to solve many 
manufacturing problems, it would be frankly impossible to address the same issues alone. 
Further, despite differences and the constantly frustrating human inertia toward change, the 
Leaders partners at least agree unanimously that to dramatically boost manufacturing 
productivity, every stakeholder must change: faculty, fellows, industry, community, and 
government. And that is an essential common ground from which the partners' hopes 
might in fact be expected to blossom into realities. Beyond this, the Leaders Program 
offers its partners a rich and fertile field of endeavor in its continuum of research, 
education, and learning from the short to the long term, and across organizational, 
disciplinary, and functional boundaries. 

Among many possible benefits of LFM participation, partner company representatives note 
particularly the following: 

Hard dollar savings from the internships 

Bridges between government, industry, and academia ' 

Facilitated knowledge sharing 

Future manufacturing leaders for industry 
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Inspiration for top students to consider manufacturing as a profession 

Influence over curriculum development, resulting in practical education (which 
perhaps is atypical of MIT's reputation) 

Meaningful research for significant company problems 

Graduates who know how to define and lead change 

Faculty who effectively communicate with industry, without "academic arrogance" 

MIT resources to improve on-site continuing education 

Manufacturing awareness taken to the secondary school level 

Teachings to cooperate, not compete 

Faculty benefit from the LFM partnership, as well: 

Encouragement to consider how teaching is applied 

Joint research programs involving several partner companies 

Exposure to industry problems, which also serve as teaching tools 

Funding to develop new research initiatives and new manufacturing courses that 
would not be possible through traditional funding 

Understanding of engineering practicality as opposed to simply engineering science 

Research relevance 

Greater understanding/valuing of the core of company problems, beyond technicall 
engineering aspects 

Application of technology from both company research efforts and MIT to solve 
company problems 

Help for junior faculty to build a research base through development of long-term 
relationships with partner companies 

Excitement about manufacturing through exposure to industry 

Potential for impacting undergraduate curriculum 

Where Do We Go From Here? 
Increasingly, Leaders for Manufacturing partners discern a need to expand the program's 
collaborative activities. Participants hope especially to involve government and other 
universities in furthering the LFM mission, and are working to encourage more direct 
partnering between companies. Government support of university-based manufacturing 
programs would clearly demonstrate government concern about manufacturing issues, 
giving them added visibility. It would serve as public recognition that university-based 
manufacturing partnerships are important, and encourage the development of more. 

The Leaders Program is in the process of developing a government initiative that proposes 
a scale of 2,000 manufacturing graduates each year, rather than the current level of about 
200; a scale of 300 (not 30) companies would thus be needed in manufacturing 
partnerships to generate a critical mass for stimulating the nation's supply and demand to 
levels required to effect significant change. Industry demand currently, we believe, would 
support 1,000 manufacturing fellows each year, who would need to be supplied by 20-30 
manufacturing partnerships. Government support of these partnerships would be 
particularly needed during these economically difficult times because industry simply 
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cannot provide the necessary funding, or even build their wealth to do so by effectively 
competing in the complex, fiercely competitive modem global marketplace under existing 
U.S. regulations. 

Government encouragement of research conducted by manufacturing partnerships would 
assist the development of important new teachings stemming from the discoveries. 
Overarching governmental coordination could also enable the nation's research investments 
to be more productive by reducing redundancy and involving government laboratories in 
research work more efficiently. Government cooperation, in any case, is critical to creating 
a new operating environment that builds trust by encouraging corporate collaborations 
rather than restricting them, while at the same time promoting healthy competition. Support 
of multiple manufacturing partnerships is one way in which government can serve both 
roles. 

In today's rapidly changing world, the Leaders Program serves as a model for quickly and 
effectively engaging those in "Big-M" manufacturing who pose critical questions with 
those equipped to answer and those vested with authority and resources to mobilize for 
action. Results of the Leaders partnership to date have been very gratifying overall, but- 
while the challenges remain forrnidable-the possibilities for our nation's future offered by 
expanded collaborations with government and other universities are far more exciting still. 

20 September 1993 




