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Professions like to trace their origins back to ancient
times. So, for example, the American Medical Association’s
Principles of Medical Ethics cites certain provisions of

Hammurabi’s Code (about 2000 BC) as the earliest known code of
medical ethics.! There is, of course, some truth in such going-
back. The healers of ancient Babylonia resemble today’s
physicians in many ways. There are, however, many differences as
well; and, for our purposes, the differences are more important.
We will understand professions better if we start their history
with the rise of modern markets about two centuries ago, the
accompanying dissolution of the old distinction between trades
and "liberal professions", and the slow emergence of something
new.

By 1850, especially in England, we begin to see the modern
pattern. The professions are connected both with a formal
curriculum, ending with an examination and certification of some
sort, and explicit standards of practice, a code of ethics.?
Admittedly, those creating this new pattern seem unaware of doing
something new. But there can be little doubt that they
misunderstood their own actions. Even some of the terms they
used were new. For example, the term "medical ethics" seems to
have been coined in 1803 by a physician, Thomas Percival, for a
book he thought was on an old topic.?

All this is by way of introduction. My concern here is not
the history of professions in general, but only a small part of
it, the history of engineering in the United States. Yet, since
I am a philosopher, not a historian, even this narrow field
belongs to others. I shall be trespassing, with the risk that

entails.
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I am taking the risk for four reasons. First, I believe
that reading history can lead to philosophical insights. The
past gives the present context. Second, I believe that some
historians, those I have been reading, sometimes miss the
obvious--or, at least, get the emphasis wrong--and therefore tend
to mislead those trying to understand engineering. Third,
though I will be trespassing, I have precedent on my side.
Philosophers have long made a nuisance of themselves by pointing
out the obvious in fields not their own--which is pretty much
what I intend to do. The fourth reason for trespassing on the
historian’s field, the most important, is that the pay-off should
justify it. A better understanding of the history of engineering
should yield a better understanding of engineering and, in

consequence, a better understanding of engineering ethics.
I. The Beginnings of Engineering in the United States

The first engineers in the United States were officers in
the Revolutionary War; the first school of engineering here was a
military academy, West Point.‘’ This connection between
engineering and the military was no accident.

Engineering began with the great army Louis XIV built after
1661. Though engineers were soon called upon for civilian
projects--to build roads, bridges, and canals, to construct mines
and oversee their operation, or to construct ships--, most of the
training of these "civil engineers" was identical to that of
military engineers. So, for example, when the French reorganized
engineering education in 1794, creating the Ecole Polytechnique,
they put students of military and civilian engineering side by
side for three years, separating them only in their fourth (and
final) year of training, when they were sent to one or another
school of "application" (the school of military engineering, the

school of bridges and roads, and so on). All students at the
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Ecole Polytechnigque wore uniforms and lived under military
discipline.”’

Establishing an engineering school in the United States in
the first years of the republic was not easy. The first attempt
occurred when George Washington was still only a general. Other
attempts followed. Even with an Act of Congress in 1802, more
than a decade passed before West Point had examinations, grades,
or even a settled curriculum. The curriculum settled on, four

years in length, was derived from the Ecole Polytechnique. Along

with the curriculum came a small library, recitations,
examinations, one French officer, and several textbooks.®

Though another two decades would pass before anyone
successfully copied West Point, the first attempt came soon.
Alden Partridge had graduated from West Point in 1805, taught
mathematics there for the next fourteen years, and briefly served
as superintendent, leaving under a cloud. In 1820, he opened his
own school--the American Literary, Scientific, and Military
Academy--in his home town, Norwich, Vermont, to train officers
for the army and engineers for public works.” In 1824, he moved
the academy to Connecticut; and in 1829, back to Vermont. 1In
1834, the academy became Norwich University, apparently without
any change of purpose, and so remains to this day, an experiment
complete and forgotten.

Though Captain Partridge’s school seems to have enrolled
almost as many students as West Point for the period between 1820
and 1840, it did not do nearly as well as a engineering school.
Of West Point graduates through 1837, 231 became civil engineers;
of Norwich graduates during the same period, only about 30 did
(and these seem generally to have held less responsible
positions).®?

The 1830s were more hospitable to copies of West Point than
the 1820s; the next decade, even more so. The Virginia Military
Institute was founded in 1839; the Citadel, South Carolina’s
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Military College, in 1842; and the Naval Academy at Annapolis, in
1845.° What was true of engineering education in general was
certainly true of civil engineering. The late 1830s mark the
real beginning.

The age of Rensselear Polytechnic Institute, our oldest
school of civil engineering, may seem to refute this claim. But
Rensselear, founded in 1823, is in fact the exception that proves
the rule.

Rensselear was founded without either "Polytechnic" or
"Institute" in its name. Like Norwich, it went through several
changes, though it never moved. Stephen Van Rensselear, a
gentleman farmer with a Harvard degree, gave the school both his
name and money in order to train teachers of agriculture and
mechanical arts for the grammar schools of his locale. The
original curriculum was a single year (as one would expect of a
normal school of the day).

But by the 1830s, Rensselear had become a kind of scientific
finishing school for graduates of colleges of liberal arts like
Harvard or Dartmouth. It may, in fact, rightfully claim to be
the first American graduate school. Many of the graduates of
this period became important in American geology, botany, and
geography.'’

But Rensselear was not yet an engineering school. It did
not award a degree in civil engineering until 1835 and did not
have a distinct engineering curriculum until the late 1840s.'!
That curriculum, three years in length, along with the school’s
present name, seems to owe much to an 1847 trip to Europe by the
school’s director, young Benjamin Franklin Greene (who had
himself graduated from Rensselaer in 1842 with a degree in
engineering).'® The addition of "polytechnic" to Rensselear’s
name did not signal any direct connection with the Ecole
Polytechnique. By then, Europe had many polytechnics.” What

the new name did signal was that thereafter Rensselear would
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focus on training engineers rather than scientists and that
French schools, rather than American or English, had provided the
models.

Why did the first engineering schools in the United States
use French models? The answer is that the French then provided
the only practical models. The English, though already leading
Europe in manufacture in 1800, would not have a respected school
of engineering until well after mid-century'’; and, whether we
even say the English had civilian engineers in 1800 depends on
how close we judge the analogy between the skills of the mostly
self-taught mechanics, industrialists, and builders of England
and the French "civil engineers" whom they admired and
studied.'® The English did well with what was, in effect,
training through apprenticeship. In 1800, the United States was
almost without engineers to whom apprentices could be sent.'’

So, like most of Europe, the United States copied France.

All our early engineering schools shared a focus on
mathematics, physics, chemistry, and drawing. There was also a
good deal of bookkeeping, surveying, measurement, and other
practical subjects. There was little of the Latin, Greek, or
Hebrew, classical literature, or rhetoric characteristic of the
liberal arts college of the day, though there might be enough
French or German to read untranslated texts.

The difference between these early engineering schools and
the liberal arts colleges of the day was not, however, that the
engineering schools taught science while the liberal arts
colleges did not. By 1800 Harvard, Brown, William and Mary,
North Carolina, and the other important colleges already had
professors of mathematics and natural science.!® The early
engineering schools differed from the liberal arts colleges
primarily in offering an education that was explicitly practical
in a way that the college education of the day was not. But
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practical for what? The historian Charles 0’Connell tells a
story suggesting an answer:

In 1825, James Shiver led a team of civilians to survey the
route for an extension of the National Road in Ohio. Since the
Road was a project of the Army Corps of Engineers, Shiver
reported to Colonel Macomb, the Army’s chief engineer, in
Washington. Shiver was soon reporting that his team found it
impossible to use the Army’s standard forms. Macomb wrote back
that the forms "were conceived to be more full and distinct, and
consequently better adapted to the fulfillment of the purposes
for which they were intended" than what Shiver proposed instead.
But, because Macomb had dealt with civilians before, he made
allowances. The "civilian brigade" could use Shiver’s simpler
forms for now, but should switch to the Army’s forms "as soon as
they shall be understood".'®

Shiver was a competent civilian used to working the way
civilians then did. Macomb spoke for an organization more
complex than any other in the United States. In truth, the
Army’s ways made sense only in the Army. The United States was
then largely rural, with most citizens living in towns under
2500. Its industry, though already inventive, still consisted
almost entirely of small companies. Such companies did not need,
or even understand, the standardization the Army took for
granted.?°

Even a major project like a canal could still be undertaken
without engineers. Indeed, the greatest of them all, the Erie
Canal, was begun about the time West Point settled on a
curriculum (1817) and completed about the time Rensselear was
founded (1825). Though often called "America’s first engineering
school", the Erie was mostly a school of hard-knocks. Those in
responsible charge were surveyors, lawyers, or gentleman farmers.
They learned as they went, sometimes from visits to other canals

or from books, and sometimes from experience.?’’ Whether these
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"canal engineers" are properly engineers at all is, like the
analogous question about the British engineers of the same
period, one that can be answered either way, depending on whether
one chooses to emphasize the analogies with today’s engineers
(what they built) or the disanalogies (their training and
methods) .

What was true of the early canals was not true of the early
railroads. Even the Baltimore & Ohio Railroad, often compared to
the Erie canal and called "America’s first school of railroad
engineering", employed school-trained, especially West-Point-
trained, engineers from the time work began in 1824.°%

What explains this difference between the canals and the
railroads? At least four factors seem relevant: First, while
canals were an old technology, railroads were not. Insofar as
railroads were a new technology, experience counted for less and
a knowledge of fundamental principles for more. Second,
railroads required more centralized planning than did canals.
The chief economic advantage railroads had over canals was speed.
Speed was possible only if lines were clear, water and wood were
available at set distances, repair crews could be sent out
quickly, and so on. Third, by 1824, West Point had been in
existence long enough for its graduates to prove themselves
likely to be useful to railroads. Fourth, West Point graduates
brought with them styles of organization that suited engineers.
So, for example, in 1829, Lieutenant Colonel Long, having worked
on the B&0 for five years, published the first Rail Road Manual,
a book upon which later railroad engineers, schooled or not,
would rely.?®> There are many striking similarities between this
manual and the Army’s.?"

Even so, the railroads of the 1820s or 1830s were not the
domain of engineers they would become. The true achievements of
American engineers of this period are of a different order. For

example, between 1825 and 1840, the Army’s Arsenal in
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Springfield, Massachusetts developed procedures eventually much
admired in Europe as "the American System". This system made
weapons parts interchangeable to a degree never before achieved;
it also subjected skilled workers to a new discipline, including
the substitution of an hourly wage for the traditional piece
rate. The Arsenal was a model for later mass production.?

In 1850, the first year the census counted engineers, only
about two thousand Americans identified themselves as non-
military engineers, two thousand in a population of about twenty-
three million.?® Today, in a population barely ten times
larger, we have a thousand times that number of engineers.
Engineers are numerous only where there are large organizations
to employ them. 1In 1850, the United States still had few such
organizations.

Engineering is sometimes described as a "captive
profession" because most engineers work in large
organizations.?’” Engineering is contrasted with "free
professions", like law and medicine, where most members practice
as individuals or in small groups (or, at least, did so until
recently). Unfortunately, the term "captive" gives the wrong
emphasis to an important insight.

Engineering is no more a captive of large organizations than
the heart is a captive of the body. The relation between
engineering and certain large organizations, like that between
the heart and the body, is symbiotic. Work in large
organizations is not a nightmare from which engineers will some
day wake; it is their natural habitat. We don’t need the skills
of engineers to do what machinists, draftsmen, architects,
carpenters, millwrights, and the like can do alone or in small
groups. We need engineers for the vast undertakings typical of

large organizations.
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II. Middle Period: The "Fragmenting" of Engineering

In the United States of 1850, civilian engineers still
formed a single occupation. 1In 1867, when a few hundred of them
established the first national engineering society, the American
Society of Civil Engineers (ASCE), any civilian engineer could
join.?® But, even then, engineering had begun the branching
into specialties that would, by 1920, produce five major
societies (for civil, mining, mechanical, electrical, and
chemical engineering), and many smaller organizations, each with
membership requirements excluding most other engineers.?’

The history of the half century from 1870 to 1920 can be
read as tragedy, the loss of the primal unity of engineering
under the impact of industrialization. One history of mechanical
engineering even titles its chapter on this period "Engineering:
The Fragmented Profession".?® There are at least three reasons
not to read history this way.

First, the whole history of engineering, not just of this
period, is a history of such branching. The first branching was
between military and civil engineering in the middle of the
1700s.

A second reason not to read history this way is that the
half century after 1870 was a period of great success for
engineering. 1In 1880, the United States, with a population of 40
million, counted 7000 civilian engineers--more than triple the
number in 1850 (while the general population barely doubled).
Yet, this impressive increase gave no indication of what would
happen during the next four decades. The 1920 census reported
136,000 engineers, twenty times the number in 1880 (in a
population that had again barely doubled).”

A third reason not to read the history of engineering after
the Civil War as tragedy is that the enormous branching of
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engineering is inevitable given the enormous growth of industries
that rely on engineers.

Engineering has an important connection with mathematics and
natural science, as the similarity between early engineering
curricula and today’s suggests. But engineering is more than
mathematics and natural science. Much of what engineers know are
ways of organizing work, giving instructions, and checking
outcomes. These vary from industry to industry. So, for
example, a civil engineer designing pipes that ordinary plumbers
are to install should not use tolerances an aerospace engineer
could use without a second’s thought.?®

This field-specific knowledge is largely the result of
experience, originally the experience of individual engineers,
"field experience" as well as the results of running tests in a
laboratory or pilot plant. Because engineers routinely record
and report their experience in the same way, this individual
knowledge gets passed on to other engineers with whom they work.
Eventually, much of it ends up in the tables and formulas that
fill the manuals written for those in the field. From there, it
works its way into customer specifications, government
regulations, and courses taught those entering the field. Though
this knowledge generally takes the form of graphs, equations,
mathematical formulas, and drawings of things, it has little to
do with natural science. It is congealed experience of how
humans and things work together.

Engineers often complain that when new technology works--
think, for example, of the space shuttle--scientists get the
credit; but, when it fails, engineers get the blame. While
engineers are, I think, right about how praise and blame are
usually distributed, I don’t think they should complain. That
distribution is a compliment to engineers--though one given with
the back of the hand. It implies that scientists only experiment
and experiments generally fail, while engineers engineer and
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engineering generally succeeds. An engineer’s failure is
noteworthy for the same reason a scientist’s success is--it is
unexpected.*

What makes engineers so likely to succeed is not their
knowledge of mathematics and natural science. That they share
with scientists. What makes them so likely to succeed is their
knowledge of particular industries, what works and what does not

work there, what engineers call "engineering science". Such

knowledge is not the domain of any natural science. It is
sociological knowledge, a knowledge of how people and tools work
together; but it is nonetheless engineering knowledge. Only
engineers know much about such matters.

Here we reach a second insight into engineering. Though
engineers often describe themselves as applying natural science
to practical problems, they could just as easily, and more
accurately, describe themselves as applying knowledge of how
people work in a certain industry. Engineering is at least as
much management as it is natural science. All engineers share
the ability to give mathematical structure to the problems they
encounter, the ability to draw on the natural sciences for help
in developing solutions, and the ability to state each solution
as "a design" or set of useful specifications. But these designs
or specification are, in effect, rules governing someone’s
work.? Engineering is, and always has been, technical
management. *®

Technical management requires detailed knowledge of
particular techniques. When such knowledge becomes so great that
no one can learn it all, knowledge of techniques in one industry
will exclude similar knowledge of techniques in other industries.
Engineers will have to specialize and that specialization will
tend to break along industry lines.

But (it will be said) other occupations--law and medicine,

for example--have specialized without fragmenting in the way
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engineering has. Lawyers have the American Bar Association;
physicians, the American Medical Association. Why then should
engineers not have an American Engineering Association rather
than so many interlinking societies, boards, councils, joint
committees, and institutes that no engineer knows more than a
part? The branching of engineering may have been inevitable;
this fragmentation was not.

While I agree that the fragmentation of engineering was not
inevitable, I think comparison with law and medicine will help to
explain what made it likely. Until recently, a majority of
lawyers and physicians worked alone. Their employers, the client
or patient, might come in with any sort of problem. That
unspecialized practice maintained a common body of experience in
law and medicine for which engineering has had no counterpart
since well before 1900.

Today, of course, that common experience has largely
disappeared. Both lawyers and physicians now commonly
specialize. But they still do not work the way engineers long
have. Though they now commonly work in groups just as engineers
do, they do not work in the same kind of group. Engineers
generally work with engineers in their own field: civils, with
civils; mechanicals, with mechanicals; and so on. A team of
attorneys or physicians is, in contrast, likely to be made up of
specialists in different fields. The client or patient still
provides a common experience for lawyers or physicians, something
those employing engineers generally do not. The very name of
most engineering fields is also the name of a kind of employer,
the industry in which engineers of that kind predominate.
Engineering could remain a single occupation only where engineers
had so little to do that they had little reason to specialize.

III. Who is an Engineer?
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Almost from the beginning of engineering, engineers have
disagreed about the relative importance of the scientific
(especially, mathematical) knowledge engineers share and the
specific practical knowledge that tends to divide them. Those
emphasizing practice have tended to take an interest in
professional ethics; those emphasizing science have not.** We
shall learn a good deal about what engineering is--or at least
what it has become--by taking a look at how this disagreement has
affected the education of engineers.

The practical emphasis in engineering education has long
appealed to practitioners, especially those who began as
apprentices rather than students: Teach engineers what they need
to know to do the job they are going to do (the extremist would
say). Forget theory. Get the engineer into the shop as soon as
possible.?’

At this extreme, the practical approach would exclude not
only courses in the humanities, social sciences, and other
typical elements of a liberal education but also much engineering
science. It would, in effect, substitute vocational training for
the university education that has long been the norm for training
engineers.?®

The early history of engineering in the United States
includes many experiments with practical education in a college
or other academic institution, all more or less short-lived. For
example, Amos Eaton, who taught civil engineering at Rensselear
in the 1830’s, described its program in this way: "The cloister
begins to give way to the field, where things, not words, are
studied." Eaton claimed that no mathematics more advanced than
‘arithmetic was necessary to teach engineering, that the most
important part of engineering could not be learned from any book,
and that the civil engineering text used at West Point was good
only for "closet reading".® Yet, during Amos’ tenure,

Rennselear was no more successful at training engineers than was
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Norwich.'” And, when Greene replaced Amos, Rensselear moved
much closer to the scientific extreme which, by the standard of
the times, West Point represented.

Beginning with the Erie Canal, many large undertakings in
the United States tried the practical approach as a way of
supplying technical skill not obtainable in any other way.
Whether these count as attempts to train engineers in the shop is
an open question. I will give just one (late) example.

During the 1890s, General Electric offered a course in
"practical engineering" for $100. To be eligible, one had to be
a "young man" at least 21 years old and have either a degree in
civil, mechanical, or electrical engineering or two years
experience in practical electrical work or two years in a machine
shop. The course of study, a year long, consisted of rotating
through various departments of GE’s Lynn Works: four weeks in the
Shop Plant doing wiring, two weeks in the Arc Department
assembling arc lamps, and so on. There was no formal
instruction. "

What are we to make of this shop training? Notice that, for
this course in "practical engineering", two years of work
experience was considered equal to a college degree in
engineering. By the 1890s, a first degree in engineering would
have required four years, just as it does today. So, at GE,
practice was not only a substitute for formal education, it was,
it seems, considered, year for year, twice as good. This is a
striking attitude, especially in a company which, like GE, was
then among the technologically most advanced. What explains GE’s
attitude?

We must, I think, recognize that our understanding of
"engineer" (and of "engineering") has changed over time. The
term "engineer" was vague in 1890 and, though less vague than it
used to be, is still pretty vague today. But it is not confused.
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A term is confused when any case to which it is thought to
apply is disputable. A confused term, such as "round square",
has inconsistent criteria of application. "Engineer" is not like
that. There are clear cases. On the one hand, someone with a
degree in civil or mechanical engineering and several years of
successful practice, is certainly an engineer. On the other
hand, a train operator or boiler tender, though still called
"engineer", clearly is not an engineer in the sense relevant
here. Such "technicians" are engineers only in a sense belonging
to an earlier age.

Though not confused, "engineer", like other terms, is still
vague. In addition to the clear cases, there are disputed cases.
One contemporary dispute concerns whether one can, by getting the
right experience, become an engineer without a degree in
engineering (for example, with only a degree in physics or
chemistry). Complicating this dispute is a subsidiary dispute
concerning which experiences are of the right kind. Is
supervising engineering work for a decade or so the right kind?
Or must you actually do some engineering yourself? And what
constitutes "doing engineering"? The boundaries of engineering
remain quite fuzzy.

Back in the 1890s, the boundaries were even fuzzier. Then
mechanical engineers were still at pains to distinguish
themselves from "mere mechanics"'’; electrical engineers had a
similar problem distinguishing themselves from "mere
electricians"''; and so on. What GE then meant by "practical
engineering” might today be identified by a two- or four-year
degree in "technology" rather than "engineering". But, back in
the 1890s, that was not an option. Engineers had to find other
ways to explain how they differed from mechanics, electricians,
and other craftsmen with whom they shared some tasks and much
technical knowledge. Engineers found only two ways to explain
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the difference. Both emphasized the scientific element in
engineering.

One way to distinguish engineers from craftsmen was to
understand engineering as a kind of management.'® Engineers
issue orders; those with technical skills merely carry them out.
Engineers are officers in the army of production.

This way of distinguishing engineers from craftsmen is
plainly inadequate. It fails to explain why engineers should be
in charge. The explanation cannot simply be that the employers
so ordains. If being put in charge of engineering work is all
that distinguishes engineers from other employees, anyone put in
charge of engineering work would be an engineer. Engineers have
generally supposed that engineering requires more than that."

Engineers seem, then, pushed to claim that engineering
requires knowledge craftsmen do not have: Engineers can give
orders to craftsmen because engineers know things that mere
craftsmen do not. This claim, though plausible, is plausible
only if the knowledge in question depends, at least in part, on
training outside the shop. Knowledge of natural science and
advanced mathematics certainly is such knowledge. Hardly anyone
would suppose much of those subjects could be learned in the
shop.

That is one advantage of understanding engineering as
fundamentally "scientific" (rather than "practical"). There are
at least two other advantages. First, a common academic training
is generally considered one crucial mark of a profession. If
engineering is ever to be a profession like law or medicine,
engineers cannot let being an engineer depend on how an employer
happens to define one’s job. Credentials, not employment, must
define the engineer. Second, engineering’s unity, insofar as it
survives, depends heavily on all engineers having an education
that they share with each other. Emphasis on what goes on in the
shop stresses just those features of engineering that threaten to
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divide engineering into many mutually incomprehensible
occupations. In contrast, engineering-as-science seems to
confirm the sense most engineers have that, for all the immense
differences between fields, virtually all engineers share
something that distinguishes them both from ordinary workers and
from ordinary managers.'’

The question "Who is an engineer?" sounds like a
philosopher’s question--and it is. But it is also a practical
question: Every engineering society that decides, as most do, to
limit membership (or a certain category of membership) to
"engineers" will have to define "engineer" with more or less
precision. The historian Edwin Layton has taught us much about
the consequences of adopting various definitions. Definitions
close to the practical pole tend to turn engineering societies
into trade associations; definitions close to the scientific, to
exclude many who shape the projects engineers carry out and do
much to maintain discipline among engineers."‘®

Layton has, however, taught us that while failing to make
clear how hard it is to say what an engineer is. 1In particular,
he has failed to notice that, at its extreme, engineering-as-
science can be as disastrous for engineering as engineering-as-
practice. Training engineers as scientists, if only as "applied
scientists", tends to turn out scientists rather than
engineers." Consider, for example, the Lawrence Scientific
School, founded in 1847 as part of Harvard, to teach: "1st,
Engineering; 2d, Mining, in its extended sense, including
metallurgy; 3d, the invention and manufacture of machinery."*
By 1866, Lawrence had graduated 147 students: 94 of these became
professors or teachers; 5 became college presidents; but only 41
actually became engineers (as against 126 from Rensselaer during
the same twenty years).”! The Massachusetts Institute of
Technology opened in Boston in 1865 in large part because

Lawrence had failed as a school of engineering.?
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Nonetheless, during much of this century, especially after
World War II, engineering education moved ever closer to the
scientific extreme. Programs in specialized fields of
engineering--everything from agricultural engineering to
telephone engineering--disappeared from the undergraduate
curriculum, leaving only the larger divisions--civil, chemical,
electrical, and the like. And even courses in these fields
tended more and more to emphasize general principles,
calculations, and laboratory work. Students were left to learn
the art of engineering after graduation, if at all.”’

Only recently have engineering schools begun to move back
toward practice. They have done so largely under pressure from
industry and the board that accredits engineering schools. This
counter-movement has, however, not meant a return to the shop.
Engineering schools have, instead, begun to think of engineering
in a new way, that is, as fundamentally concerned with design.
Some results of this new thinking are already in place, for
example, senior courses in engineering design. Others results
are only now showing up, for example, as design elements in
junior or even sophomore courses in engineering science. And
some results are only at the stage of talk or experiment, for
example, as attempts to include in design courses everything from
the ethical issues a design might raise to the practical problems
of getting colleagues and superiors to adopt one’s design.

In retrospect, these recent developments seem both sound and
overdue. The stereotype of engineering as the logical or,
rather, mechanical solution of practical problems by deduction
from scientific principles misses the creative side of much
engineering, something that should have been obvious from the
striking newness of so much of what engineers have produced,
whether the bridges early railroad engineers built or the

bewildering variety of today’s computers.
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Of course, engineering is not only inventiveness, just as it
is not only science or only management. We have come to want
engineering rather than mere invention in many departments of
life in part because engineers work within restraints other
inventors--whether architects, industrial designers, or mere
handymen--do not. Engineers have distinctive routines for
assuring safety, economy, reliability, durability,
manufacturability, and so on. These routines, and the
engineering science behind them, are subordinate to engineering
design. But, though subordinate, they are fundamental to
engineering, much as a certain pattern of rhyme and meter is to
making a sonnet.

Who, then, is an engineer? Today we must answer: anyone who
can design as engineers do.’' Unfortunately, we have only the
roughest idea of what engineering design is. Today, the
philosophy of engineering is where the philosophy of science was
a hundred years ago. We have barely begun to understand that

there is a question.””
IV. Ethics and the Profession of Engineering

I have so far spoken of engineering as an "occupation", not
a "profession". I had a reason. While the old expression,
"liberal profession", referred to any occupation suitable for
gentlemen, the modern use of "profession" requires more--
organization, with standards of admission, including both
training and character.®® 1In 1850, engineering was still not a
profession in this sense; nor was it so even in 1900. Today, it
is. What explains the change?

Until this century, engineering societies were primarily
scientific associations. So, for example, the American Society
of Civil Engineers was established with the purpose of "advancing

knowledge, science and practical experience among its members, by
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an exchange of thoughts, studies, and experience."’” There was
no suggestion either of improving the formal education of
engineers or of setting standards of conduct.

Indeed, the first efforts to set minimum standards for
engineering education came from the engineering schools, not from
practicing engineers. 1In 1893, at the Columbian Exposition in
Chicago, a few feet from where I now live, seventy engineering
teachers organized the Society for the Promotion of Engineering
Education (SPEE), later to become the American Society of
Engineering Education (ASEE).”® While the SPEE undertook a
number of valuable studies of engineering education, making many
influential recommendations, not until 1932 did the major
engineering societies establish the Engineers’ Council for
Professional Development (ECPD) to accredit engineering
curricula.”

The adoption of standards of conduct began earlier. Indeed,
in one sense, it began when engineers first distinguished
themselves from those unable to work the way engineers do.
Engineering can be defined (in part) by standards of competence.
But that is true of every skilled occupation. Ethical standards,
not standards of competence, distinguish professions from other
skilled occupations.

Engineers in the United States lacked distinctive ethical
standards until the second decade of this century. Why did they
not adopt such standards earlier? Why did they adopt them then?
I will venture a guess. Engineers did not adopt ethical
standards earlier for the same reason that most of today’s
professions, including law and teaching, did not. They did not
see the need.®

Until this century, engineering was a clubby affair. There
were relatively few engineers and those few worked in a small
world in which gossip maintained what discipline was necessary.
But, by 1900, that time had passed. Cities had grown up where
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small towns had been. The big cities of 1850 or 1870 had
tripled, quadrupled, or quintupled in size. The same thing had
happened to the companies for which most engineers worked.®’
And engineering itself had grown enormously. The few thousand
engineers of 1870 had become more than a hundred thousand and
seemed likely to continue to increase rapidly. By 1900, most
engineers were young. College or technical school was, or at
least soon would be, the primary route to a career in
engineering. O01d systems of apprenticeship were being swamped.

The old men of the profession naturally sought new means to
do what they could no longer do by the old. A formal code of
ethics must have seemed one way to help the young understand what
was expected of them. So, early in this century, each of the
major engineering societies set up a committee to draft a code of
engineering ethics. The drafting proved harder than expected.
The committees found that they agreed on less than they had
supposed. Even determining what that little was took much
effort.?® The societies were not only writing down what they
agreed on, they were also hammering out new agreements. What
began as an attempt to preserve the past ended in a new
profession.

After World War I, there was a smaller round of code
writing; after World War II, another; and then, starting in the
1970s, the largest round yet. All this code writing has produced
much coordination among major engineering societies and
substantial agreement on what a code of ethics should contain.
Today, engineers have relatively clear standards of conduct they
can cite when offering advice to one another, when criticizing
one another’s work, or when seeking to prevent certain conduct.
What engineers still lack is a systematic way to protect members
of their profession who act ethically when an employer or client
wants something else. As with other professions, so with

engineering: ethics is unfinished business.
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V. Concluding Remarks

We all have a tendency to see institutions, professions, and
even people as more or less complete, as Platonic Ideas dropped
into history. This is plainly a mistake when trying to
understand people. We all know that, however smooth the surface
we show the world, we are beings ever changing or, at least, ever
capable of change.

Since I believe this to be true of professions as well, I
have tried to describe engineering as an evolving institution,
one that people much like us have made, not always intending what
they achieved, imperfect, as all human works are, and therefore
capable of improvement. I believe that thinking of engineering
in this way will help engineers both to understand and to resolve
the ethical problems they face. I also believe that thinking of
engineering in this way will help the rest of us understand
engineering. It is in this belief that I offer this talk as a
preface to engineering ethics.

Michael Davis

Center for the Study of Ethics in the Professions
Illinois Institute of Technology

Chicago, IL 60616
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I should like to thank Tom Misa and Sid Guralnick for many
helpful comments upon an earlier draft.
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