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Early in the seventeenth century Izaak Walton, an Englishman, wrote an enchanting book entitled The Compleat Angler. This book 'is now read mostly by graduate students of English literature or by fanatical trout fishermen who recognize the book as one of the first and premier works of angling literature. Walton wrote about fishing, mostly for trout in the chalk streams of Devonshire -- a pastoral setting where fishing was not just one activity on a list of recreational habits in a busy life, but where fishing became angling. Angling was for Walton a way of life, an activity through which he related to the natural world. He passed his life exchanging the time spent along the rivers of southern England in return for insights into nature and the development of an outlook or disposition that defined the angler's personality. The book was "compleat" in that Walton covered the sport thoroughly, but mainly in that he presented a holistic picture of a sweet, gentle, patient life peacefully passed in a rural and innocent Arcadia.

In The Compleat Angler, Walton, the angler, picks strawberries, listens to the singing of milk maids, traps otters, dines in country inns, and watches the silent, silver stream, that is, time, flow gently by. It is the quintessential nonspecialist and nonmodern book in that the narrow questions of how to catch more and bigger fish and how to do it faster is not the focus. For Walton, personal philosophical development would always take precedence over the results oriented pragmatism of our age.

We leave Walton sitting in the cool shade under the leafy boughs on a warm summer day and turn to that portmanteau word in my title, "ingineer," spelled with an initial "i" instead of an "e." There is an ancient spelling of the word that begins with an "i." It is thought that this archaic variant comes from the old French and carries with it the concept of ingenuity. All of you here recognize an engineer as one who applies scientific principles to practical ends in the design, construction, and operation of efficient and economical structures, equipment, and systems. On the other hand, someone who is ingenius is recognized as having inventive skill or imagination. A person with ingenuity is clever, surprises with great originality, and is quick witted. If you merge the two ideas together, then you have an engineer with ingenuity, an "ingineer," with an "i," that is, one trained in scientific principles who with creativity and cleverness solves civilization's tangible problems. But what is a "compleat ingineer?"

A "compleat ingineer" seeks to integrate all aspects of his or her life; is a person who has, to paraphrase the poet, Robert Frost, made his avocation his vocation. Such a person delights in his or her God-given ability to apply the rigor of scientific training with the dance of creativity in order to think deeply about problems whose solutions are not just benign, but beneficial to

fellow travellers. As Christians, any time we talk about "completeness," we feel a deep theological resonance. From the great narrative of the Fall and the Redemption, we know that sin has distorted our lives, separated us from our Creator. We know that we are not whole. We feel our fallen incompleteness. We seek wholeness, an inner feeling that our lives will be complete, that our minds will find peace from our estrangement, our alienation. These are powerful human longings that will not be fully satisfied in this life. But in the striving after wholeness, in our efforts to become "compleat," I believe the route takes us past the foot of the cross of Jesus Christ and past his empty tomb.

This morning I would like to talk about how Christian educators can help students become "ingineers" with an initial "i" and then about what we can do as Christian educators to lead them toward understanding their callings as Christian vocations that will enable them to spend a career in becoming "compleat ingineers."

There are numerous calls for change -- sometimes radical change -- in the training of engineers coming from academe and from the executive suites of industry.

A very professional and glossy brochure from a well-known institute of technology recently crossed my desk. In very large type, the school summarized the basis for its competitive strategies for engineering education in the 21st century: "The application of engineering principles to curriculum redesign will emphasize teaching and faculty strengths and help us prepare engineering and science graduates for a new professional environment. The economy now requires problem solvers, multidisciplinary thinkers and managers of technology." As I reflected on this quotation, I was quite bemused.

When hasn't a good engineer been required to be a problem solver and a multidisciplinary thinker? From the earliest days of the Industrial Revolution, men and women have been solving problems practically by applying cross-disciplinary thinking learned in various abstract and theoretical disciplines. The applied creativity of a disciplined and curious mind sensitive to functions and constraints and to the aesthetics of elegance and simplicity has always been central to the ethos of engineering. If this is where the institute is going in the 21st century, where has it been in the 20th century?

Norman Augustine, CEO of Lockheed Martin Corporation and Chairman of the National Academy of Engineering recently issued a resounding call for national change in engineering education.

He illustrated the ongoing dramatic changes in the profession in five points:

1. Subject matter. Engineering course matter has only a 5-10 year useful life. Software engineering, which has had explosive growth, was virtually nonexistent fifteen years ago. It is almost a foregone conclusion that no engineer will finish his or her career in the same area in which he or she started working or in which he or she specialized.

2. Technical feasibility does not limit projects; politics and economics do.

3. Ethical issues are growing in importance. The intense drive for profits and fierce global competition put enormous pressures on engineers.

4. Engineering schools increasingly are detached from actual applications. They do not engage students in practical applications of basic knowledge. This is a problem in many disciplines, but in engineering, people's lives are at stake.

5. Engineering projects using complex technology require multidisciplinary approaches. Integrative or systems engineering is becoming ever more important.

Mr. Augustine proposed three ideas for restructuring engineering education to meet the challenges of our changing times:

1. Lengthen the course of study.

2. Bring industry engineers and liberal arts professors onto accreditation teams.

3. Establish a national mandatory licensing exam.

To quote Mr. Augustine, ". . . the veternarian who vaccinates my neighbor's bassett hound is required to have substantially more formal training than the engineer who designs a bridge over which millions of people will travel."

The institute brochure I described earlier mentions "A paradigm shift in industry dictating the need for more customized products, demanding that organizations be `intelligent' rather than highly structured, and necessitating more effective teamwork.... [the institute] is taking a `customer-driven' approach to addressing the shift."

The brochure goes on to state that in order to provide engineers who demonstrate new market-driven competencies, the school is designing a new curriculum that will "totally integrate .. . engineering science, design, science, engineering practice, and the humanities and liberal arts ... seamlessly."

What is happening here? These are calls for rigor in technical training, but much more for inclusion of liberal arts subjects, for breath of perspective and for integration across disciplines. This shift fits very well with the emphasis of Christian colleges -- it plays to our strengths. We deliberately plan a curriculum that includes such areas as philosophy, the social sciences, religion and theology, literature, and fine arts to support the spectrum of concerns that a thoughtful Christian technologist should bring to design problems.

There are other things we can learn about curricular design as well.

The engineering department of Auburn University has begun to use such an interdisciplinary approach. The faculty felt that if they decompartmentalized the traditional engineering curriculum, their students would better understand the tools of the trade. Teaching courses in an interdisciplinary way gives students a coherent picture of mathematical modeling tools, physical principles, and engineering applications. Economy of presentation is not the point. An interdisciplinary approach aims to develop intellectual curiosity, creativity, and a cohesive understanding of the fundamentals of the profession.

Curricular change began with a new introductory calculus course so that material from calculus-based introductory engineering, mathematics, and physics courses could be folded around and integrated with it. Having different disciplines re-enforce and motivate each other in a strategic and timely way is a powerful idea. Emphasizing basic ideas this way provides the opportunity for the deeper understanding necessary to solve engineering problems.

An electrical engineering professor from Georgia Institute of Technology has discovered that incorporating scientific history at the individual course level helps engineering students connect to the underlying science and to a larger historical and intellectual context. Historical context lends insight into the human elements inherent in engineering. Traditional engineering education has tended to assume that scientific knowledge is clear and unambiguous, that there is a right and wrong answer to every problem, and that all problems can be mathematically modeled. The history of science teaches students that science is done by humans who have limitations and who proceed from assumptions that may be faulty.

Non-technical higher education in the Western Tradition historically has focused on inducting students into the social practices of the disciplines -- philosophy, sociology, chemistry, rhetoric, literary studies, physics, religion -- and acquainting these students with the accumulated results of the work in these disciplines. It has also, since the Renaissance, focused students' attention on the classics -- the canon of excellence. Faculty have focused students' attention on cultural artifacts that endure, that have stood the test of time -- great books, paintings, bridges, essays, sculptures, buildings. In so doing, liberal arts education has sought to extend students' minds and perspectives beyond the local and to give them expanded sets of concepts and ways of seeing and interpreting reality. Christian colleges have always added that it must be a Christ-centered approach to the practice of the disciplines and to the approbation of the classics.

But surely it is not enough for us as Christian educators to introduce students to the disciplines and the classics while keeping in mind our Christian faith and comitments. We are required to engage in, and teach our students to engage in, normative reflection. Reflection on what to say "yes" to and what to say "no" to. We want our students to be knowledgeable practitioners, but also to know how to deal with assumptions, norms, goals, and competing values. We want them to be able to engage in discriminative reflection -- reflection that goes far beyond the "quandry ethics" of many "Ethics in Engineering" or "Ethics in Business" courses.

Nick Wolterstorff, who was my professor of philosophy at Calvin in the early 1970's and has written and lectured extensively on Christian higher education, describes three essential

components of the normative discrimination in which students preparing to become Christian practitioners and participants in society should be trained.

The three components of Christian normative discrimination are (1) the hermeneutic, (2) the normative or critical, and (3) the redemptive or strategic. We cannot just throw the liberal arts and engineering courses at our students and expect them to be prepared to function as fully Christian engineers. We must teach them Christian hermeneutics -- Christian ways of interpreting and understanding a world that was created good but has experienced the fallenness of sin. This means getting into specifics, not being content with sweeping generalizations. Training in Christian hermeneutics entails teaching students how to spot and analyze underlying assumptions, norms, goals and competing values. It entails teaching them about the historical context of new technologies, projects and decisions. It entails analysis of causes and effects in terms of psychology, economics, sociology, and politics.

The second essential component of such Christian refection is the normative or critical evaluation of major social formations such as business, architecture, recreation, media, law, and, specifically in our case, of engineering. Because we live in a world that was created good, has fallen, but is still affected by grace, there is seldom a blanket condemnation or a blanket affirmation. It is not just "yes" or just "no." The questions are "when and to what part should we say yes" and "when and to what part should we say no."

The third essential component of Christian reflection is the redemptive or strategic reflection. What, if anything, can be done about the "no?" What can be done to preserve or enhance the "yes?" What are the guides for action in a world that is fallen but not totally corrupt?

The teaching of these three components -- the hermeneutic, the normative or critical, and the redemptive or strategic -- will lead quite naturally to questions of Christian responsibility, character, and servanthood.

Let me quote Dr. Wolterstorff:

"One serves God and humanity in one's daily occupation . . . one does not serve God and humanity by going into business and then just playing the received role of businessmen, nor by going into medicine and then just playing the received role of physician . . . For those received roles are religiously fallen . . . To faithfully serve God and effectively serve humanity, one has to critique the received role and do what one can to alter the script."

Engineers-in-training must sense how they can bring biblical demands to bear on technological decision-making. First year engineering courses can incorporate design projects that are deliberately value-laden and be coupled with class sessions that consider appropriate technology and its relation to economic, aesthetic, and social design constraints. Students should be challenged to reflect on whether there is a moral imperative for good design. Subsequent courses should include readings and discussions that critique technology, policies relating to

product liability, and a scripturally-based code of professional ethics leading to the generation of a Personal Canon of Engineering Ethics. Junior class design projects can be related to real-life problems such as a water system for a remote village in Mexico or a mouth-operated device for paraplegics to load and unload a cassette tape recorder or a device to grind plastic milk bottles into market ready flakes for plastics recycling. Interdisciplinary courses can be taught by technical and non-technical faculty and designed to work out problems associated with creative Christian technological problem solving. Engineering professors can collaborate in studying and writing on responsible Christian approaches to technology.

So, the training of the "Compleat Ingineer" includes the integration of a broad liberal arts component with technical training, it includes the teaching of Christian normative reflection, and, finally, it must include a firm grasp on the distinction between service to false gods and service to the true God. I could mention a number of false gods,'but one of the most alluring for society in general and engineers in particular in the present age is the god of Technology. In a fascinating article entitled "Making a Living, Making a Life: Technology Reconsidered," Neil Postman of NYU describes some of the dynamics of the worship of technology. First, he observes, that new technology is always oversold and frequently envisioned as a panacea. And second, businessmen are always interested in exploiting the new technology for economic gain. He illustrates these dynamics with a poem written by a teacher in the early 1920's. The poem reads:

Mr. Edison says

That the radio will supplant the teacher.

Already one may learn languages by means of Victrola records. The moving picture will visualize

What the radio fails to get across.

Teachers will be relegated to the backwoods

With fire-horses

And long-haired women.

Or perhaps shown in museums.

Education will become a matter

Of pressing a button.

Perhaps I can get a position at the switchboard.

That was in the 1920's. In another article, Postman observes:

. . technological change is always a Faustian bargain: Technology giveth and technology taketh away, and not always in equal measure. . . . technology sometimes creates more than it destroys. Sometimes, it destroys more than it creates."

He concludes that in the computer and information age:

"What we are facing, then, is a series of interconnected delusions, beginning with the belief that technological innovation is the same thing as human progress -- which is

linked to the delusion that our sufferings and failures are caused by inadequate information -- which is linked, in turn, to the most serious delusion of all -- that it is possible to live without a loom to weave our lives into fabric; that is to say, without a transcendent narrative."

The transcendent narrative of the Christian College is Creation, Fall, Redemption and the life of gratitude or as we in the Reformed tradition teach our children -- Sin, Salvation, and Service. If we truly believe that "our world belongs to God," we will not worship technology -- we will treat it as a tool, not a god. A tool that can be used for good or for evil. Christians, including Christian engineers, need to master technology without becoming its slaves. What we do with our lives and how we lead them should be' dictated by our faith commitments and our goals of Kingdom service. The careers of engineers who make this kind of distinction will become vocations that are driven and guided by commitments to the cause of Jesus Christ and to His Creation and creatures.

CONCLUSION
So, in conclusion, we return to Izaak Walton and the concept of the "Compleat Ingineer." What would the ideal education of a "Compleat Ingineer" be like? It would be an engineering program that includes a heavy dose of liberal arts -- history, philosophy, science, art, psychology -- integrated with rigorous technical training to provide a good base upon which students can build a career as an ingineer, with an initial "i," -- one characterized by ingenuity - - a well-rounded problem solver and a creative designer of solutions and systems that are appropriate for their contexts. Such an education would also include deliberate, effective emphasis, from a Christian perspective, on hermeneutic, normative and redemptive reflection to provide the building blocks for the student to construct a balanced, holistic perspective on the world and his or her place in it. And finally, the program for training Christian engineers would teach the student to distinguish between false gods and the true God. It would provide all of the essential elements for becoming a Walton-like "Compleat Ingineer."

Let me end with a quote from Walton's The Compleat Angler. I will substitute the word engineering for angling in the quote:

". . . [engineering] is an art, and an art worth your learning. The questions is . . . whether you be capable of learning it? for [engineering] is somewhat like poetry, men are to be born so: I mean with inclinations to it, though both may be heightened by discourse and practice: but he that hopes to be a good [engineer], must not only bring a large measure of hope and patience, and a love and propensity to the art itself; but having once got and practised it, then doubt not but [engineering] will prove to be so pleasant, that it will prove to be like virtue, a reward to itself."
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