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Firm Foundations for
Towers

ENGINEERING, SCIENCE AND THE HUMANITIES

""Engineering is the art of planning for the use of
land and air, and for the use and control of water;
and of designing, building and operating the works
and machines needed to carry out the plan.”

Definitions are a fetish with some, but defining
terms does not always lead to definiteness of
ideas. Engineering is the art that deals with the
application of materials and material forces. The
use of science is a means to that end. The purpose
of engineering is service to mankind.

Pure science deals with problems involving fewer
variables than does engineering and often involves
a narrower range of variation than is found in
engineering. To say that a man thoroughly trained
in theoretical physics and chemistry is thereby
properly trained to be a good engineer is highly
misleading. Science as such should have nothing
to do either with use or convenience. Science tries
to find out the facts about materials and actions.
There is considerable authority to support the
opinion that great scientists do not follow quite
the order of procedure in arriving at discoveries
that they follow later in proving that their dis-
coveries are true. This merely means that in
creative science there is very distinctly , an ele-
ment of art, just as in art there is usually some
science, or at least some system. Eventually in the
most highly developed creative minds the two
merge, but in the conventional literature and in
ordinary affairs the two can be more or less
distinguished. The systematized, formalized pro-
cedure called science, which is supposed to lead
inevitably to unquestionable results, contrasts
with the flexible independent creative instinct
which produce art. A further distinction is that
science seeks truth and should test itself only
against truth. Art is concerned with the attain-
ment of itself whether that end be beauty or
usefulness. It uses all available means to attain its
ends.
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Art is creative, full of life, and can adapt itself to
new ideas. Science tends to become more fixed
in its methods, in its norms of thought in its
method of statement; with elaborated terminol-
ogy it tends to develop a methodology. But this
is the popular concept of science rather than that
developed in the minds of the great creative
scientists.

It has always been important that people under-
stand clearly the nature, the types of problems
and the processes used by engineers. They use
any fact or theory of science, wherever and
however developed, that contributes to their art.
If a knowledge of physics, of chemistry, of mete-
orology, of mathematics is useful in attaining the
ends in view, engineers will go to endless trouble
to master these sciences for their purpose.

"One test is worth a dozen expert opinions’’; on
the other hand, someone else has said that ‘‘no
test is worthy of credence unless supported by an
adequate theory.” Engineers can, unless they
adopt a narrow and distorted view of learning, see
and weigh the truth of these conflicting views.
Engineers are not however, primarily scientists. If
they must be classified, they may be considered
more humanists than scientists. Those who de-
vote their life to engineering are likely to find
themselves in contact with almost every phase of
human activity. Not only must they make impor-
tant decisions about the mere mechanical outline
of structures and machines, but they are also
confronted with the problems of human reactions
to environment and are constantly involved in
problems of law, economics and sociology. It is
fortunate that the engineer does not usually
bother to clutter up these problems of human
relations with technical, academic designations.

Engineers are guided by the facts of scientists,
but their answers are not controlled by the physi-
cal facts alone. They are trying to use the facts,
to manage them, if you will, to assemble them
into new relations. There cannot be a more mis-
leading view than that which pictures engineers
as driving inevitably by mathematics or laboratory
process to an unique solution of their problems;
their solutions are rarely unique. Engineering is not
mathematics, although it makes use of many
mathematical processes. Engineers almost every-
where and all the time have one identifying trait;
they want to put down some figures, to make a
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chart to draw a plan. Engineers put down many
figures, but they put them down as a guide for
their thinking, not as an answer to their problem.
They want evidence; they want scale on the
problem; they want some plan as to where they
are going and what will probably happen when
they get there. The work of the engineer is by
nature synthetic, although it has often ceased to
be treated as such and this must again come to
be recognized. It consists of putting together
fragments from human relations, from science,
from art from craftsmanship to produce new
assemblages. Simply making ““an analysis of all
the elements, all the data of the problem, does not
mean a solution has been obtained. These data
must be put together, made into a new assembly
that involves a large imaginative element put
together with due respect to the relative impor-
tance of the elements and to the probability of
simultaneous occurrence; and all this must be
done with some intuitive vision of what is wanted
and of what can be got. Then, and then only, has
there been a solution of an engineering problem.

There are always many ways of building, several
ways of overcoming the obstacles. Some are best
from the point of view of economy of materials,
others from economy of men or time. Some are
better because the result is more useful and some
are better because the result meets more nearly
the demands of convenience. There is often jus-
tification for building some transportation system
such as a subway, not because people must have
it but because people want i? Engineers need not
especially ask whether people should have it. If
the demand is there, it is for the engineer to solve
the problem and also to appraise the sacrifices
involved.

This picture of engineering is not the one with
which most laymen are familiar. They believe that
engineering work is done in a perfectly mechanical
way, that engineering is a result of the inflexible
application of formulas to physical phenomena;
they have an impression that in this field scientific
laws are very clearly known without exceptions.
These laws, they think, are embodied in charts,
tables and equations that represent facts about
which there is no question and from which con-
clusions follow with unfailing accuracy. Those
who have closely examined engineering thought
know that most curves are lined with question
marks and that the formulas are often merely a
basis for discussion. Non-scientists think science
is infallible, especially if stated in mathematical

symbols. They do not know that the scientific
laws that are of universal application are quite
frequently true because the terms are defined in
such a way as to make them true.

The laymen now extrapolate this concept of sci-
ence and engineering. They have read that this is
an age of science, that human welfare has been
immensely promoted by science; their fancy runs
to automobiles, airplanes, radio, television. The
material world is being transformed and trans-
formed rapidly. But the transformation must not
be attributed to pure science alone. An essential
element, perhaps the most important element, is
the correlating faculty of the engineer rather than
the pure research faculty of the scientist; such
developments involve a large element of judgment
much uncertainty, much cautious trial and error.
Science standing alone contributes nothing to the
welfare of mankind or to his illfare.

The glory of the adaptation of science to human
needs is that of engineering. Misconceptions of
this distinction between engineering and science
are actually doing harm. In several cases the
engineers are trying to do the work of the scien-
tists because the scientists have failed to do it and
the scientists have failed to do it in many cases
because they did not realize that the engineers
wanted it done. There is a great need for very
careful investigations by physicists on the action
of materials under stress. No question can be
raised of the great work done by engineers who
are engaged in research in the properties of mate-
rials, but some of their problems should be re-
ferred, if possible, to the laboratories of trained
physicists. The engineers should be relieved of the
problem, or some parts of the problem, in order
that they may devote their creative minds to other
matters.

Laymen, observing that scientific or engineering
methods-and they often fail to distinguish them-
have altered appreciably the welfare of humanity,
have now set out to improve humanity itself by a
similar process. The procedure may be somewhat
as follows: They collect statistical data showing
the number of crimes per unit of population in
various parts of a city and the distribution of
taxable value of property per unit of population.
Next a chart is plotted having as abscissas the
taxable value, and as ordinates the criminal re-
cord. This gives a curve for which someone may
even write an equation. They are then prepared
to work with this equation, perhaps to differenti-
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ate with regard to taxable property and find out
the minimum or maximum criminality per unit of
taxable value.

This is a cartoon, but the point is this. Laymen
feel that, having drawn this curve, they have a
curve quite comparable, for example, to the en-
durance limit curve for steel and that the use and
study of this curve promises quite as definite and
tangible results as do data from engineering labo-
ratories. The engineering mind is likely to be very
skeptical of these data relating crime to poverty.
Engineers recognize at once that the increase in
crime may not be an effect of the poverty but that
both may be concurrent effects of some other
variable so that forcibly eliminating the poverty
may not affect the criminality. Or the data on the
incidence of crime may be undependable because
of the methods of determining the amount of
crime. Engineers are always critical of statistical
data and regularly ask whether the indications of
the data were not inherent in the method of
collection.

The literature on fatigue of metals is both volumi-
nous and bewildering. Results are influenced by
the composition, treatment and past history of the
metal. This is, of course, true of the laboratory
specimen. When an attempt is made to apply even
the more definite of these results to the design of
a railway bridge, engineers encounter arguments
that have continued for fifty years or more. How
amazing, then, to find dogmatic statements about
fatigue in human beings.

Some try to explain how in the future the methods
of science are to be applied to the study and
adjustment of human relations. In such thinking
there may be three important errors for the too
hopeful student. First, he misconceives the nature
of science by ignoring the relative simplicity of the
problems with which the pure scientist deals as
compared with the complexity existing in the
assembly of such problems by nature. Second, he
confuses science and engineering and attributes
the accomplishments of engineering, which are to
a marked extent aresult of inventive and synthetic
power, to the accomplishments of science. Third,
he errs in the concept of what this process of
thinking is and how it accomplishes its results in
the field of engineering science. He thinks that
engineers arrive at truths by plotting charts,
whereas engineers plot their charts to be consid-
ered as evidence in estimating probabilities. It is
no wonder then that these methods of charts and
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formulas and mathematical symbols are being so
often misused for selfish ends in a world obsessed
by misconceptions of their use.

There are groups of self-styled engineers who are
telling the country how valuable they are and how
accurate are their conclusions. Take almost any
general term, use it as an adjective and prefix it
to engineer-social engineer, transport engineer,
economic engineer, human engineer. These men
attempt, often consciously though sometimes un-
consciously, to give the impression that they deal
with measurable data from which definite laws
useful to mankind may be deduced. They often
call this leadership. Real engineers are tired of
these leaders, of men who scorn the details.
Engineers usually know what they are trying to
do.

Dr. Ing Langmuir, as President of the American
Association for the Advancement of Science,
presented a paper on this subject. Here a great
scientist and engineer devoted a scientific address
largely to pointing out the existing dangers in the
overextension of what some conceive to be the
scientific method. Particular reference was made
to the misinterpretation of scientific procedures
and the misinterpretation of evidence based upon
procedures inapplicable in the field where they are
used. The criticism was pointed apparently at
sociologists and economists. The whole paper is
impressive; especially so is the remark that there
is a tendency to underrate the capacity of the
human mind, and the strong plea for common
sense in human affairs. At present one of the
obsessions of many people is the antithesis that
they conceive to exist between individualism and
regimentation. The philosophic antithesis is rather
old; consider the ecclesiastical arguments over
predestination and free will. The engineer comes
to understand as he grows up that there is here
no necessary antithesis; that there can be much
freedom with much regulation; that the regulation
is bad if it destroys the originality; and that
originality unchecked by evidence from the past
and from common sense as to the present would
best be checked by some regimentation.

Much has been written of the scientific method in
engineering. The question is, is there a single
scientific method in engineering or anywhere
else? There are many methods of arriving at the
truth, though often truth itself is uncertain be-
cause criteria are needed to determine what con-
stitutes truth in special fields.
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Engineering is essentially a craft. It is the glory of
engineers that they are craftsmen, that they are
artists, and while as good craftsmen they follow
a systematic and orderly procedure, they are
highly resistant and antagonistic toward over regi-
mentation. They demand freedom of their art,
freedom to recreate, to rearrange. Varying de-
grees of emphasis are given by different thinkers
to the importance of human affairs, of genesis, of
analysis, of synthesis-the creation of new con-
cepts, the analysis of known phenomena, or the
putting together of old things to make better
things.

On the title page of the biography of that great
leader in public health, William T. Sedgwick, is
written: "He loved great things and thought little
of himself. Desiring neither fame nor influence, he
won the devotion of men and was a power in their
lives; and seeking no disciples, he taught to many
the qualities of the world and man’s mind.
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Standardization and
[ts Abuse

INTELLIGENT STANDARDS VERSUS STAND-
ARDIZED INTELLIGENCE

"The child has to be taught the words that corre-
spond to things; the senior at college has lost the
things that correspond to the words.””"When a
structure is designed three quite obvious ques-
tions should be asked in succession: Do you want
something? What do you want? How will you use
it? These questions may not be asked or answered
by one man, but all must be intelligently an-
swered.

When something is wanted it is appropriate to ask
why, when and where is it wanted, what sacrifice
will be made to get it. The second question, ““What
do you want?’’ leads to the problems of what you
have, of whether you can get what you want, and
is it standard? The third question-use-involves
problems of management, operation and finance.

““What do you have; what is available?’” To face
these questions we need a knowledge of types of
construction, of materials available, of possible
layouts, of general dimensions.

Consider the problem, ““Can you get it?” sug-
gested by the second question. This may be called
““design’’ and is critical. It involves full study of
construction procedures, of contractors, materi-
als, labor, equipment and time elements. Consid-
eration must be given to appearance, architectural
styles, harmony between style adopted and natu-
ral surroundings. Investigation should show the
use and convenience of bridges and approaches,
of buildings and industrial plants and yards and
terminals. Economy, costs, values, and finally the
structural elements in the problem must be re-
viewed in order to ensure strength, stability, stif-
fness and generally satisfactory performance of
each structure without objectionable deteriora-
tion. All these factors contribute to the solution
of the problem, “Can you get what you have
decided that you want?”
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Most literature in the structural field deals with
strength and stability for the very good reason,
not always obvious to the amateur, that if a
structure is not sufficiently strong, it makes little
difference what other attributes it has. One might
almost say that its strength is essential and oth-
erwise unimportant.

Various sources aid the engineer in determining
strength. No one of them is more important than
another. Analyses, tests, experience and such
intuitive common sense as may be personally
developed about structural stability; these are all
helpful, but they can also be dangerously mislead-
ing. Evidence from the four sources rarely agrees
completely. Great engineers are those who can
weigh this evidence and arrive at a reasonable
answer through judgment as to its dependability.

The materials to be used must be of standard
manufacture; the advantages of standardization
here should be obvious to all. Design loads, meth-
ods of analysis, allowable stresses; all must con-
form approximately to some standards which for
certain types of work are narrowly circumscribed
and for other types of work leave considerable
latitude to the designer. There is a good deal of
convenience in standardizing construction meth-
ods and materials as well as methods of fabrica-
tion and criteria for stability.

But there is another purpose of standardization
here and in most engineering fields. It is helpful to
think about engineering by distinguishing its crea-
tive and its routine features. It is clear that in all
ages there have been men who planned physical
developments; it makes little difference by what
name they were called. These men were creative
artists-those who built Babylon, drained the Pon-
tine marshes, bridged the Thames at London or
the Mississippi at St. Louis, planned works on the
Merrimac or the Brandywine. As the size and
complexity of projects increased, the time came
when there was more work to do than men to do
it or time in which to think out problems. It became
desirable and even necessary to do then in the
intellectual field what had been done earlier in the
field of manufacture: to set up a series of routine
procedures for analysis and for design. This meant
the development of a series of formulas and rules
and standards which could be followed within
limits by men trained in that vocation, by men who
had applied that formula in that way over and over
until they could satisfactorily duplicate their re-
sults. With these standardized formulas and speci-
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fications and methods it became possible to use
a greater number of men and men with less
training to produce engineering works. There ap-
peared then what was in effect an intellectual
assembly line. It had the advantage that these
young men could follow the standards and arrive
at the same result whether they lived in Boston or
Los Angeles and whatever the condition of their
health or temper at the time they made the
computations. In other words, work could be
checked.

To that extent then something that was originally
intelligent-the collecting and weighing of evidence
and the thinking out of the criteria of stability and
stiffness-had been standardized as on an assem-
bly line. On this assembly line men could do over
and over a specific operation in a clearly defined
way.

Without these assembly lines and the use of
mechanical brains it would be impossible to turn
out the volume of work that comes from engineer-
ing offices today. At the same time most engi-
neers are thoroughly familiar with the tragic
results of this standardization when used without
discrimination or control. They are conscious of
this and have set up many safeguards against it.

The important point here is that some types of
planning, designing and experimenting can be put
on an assembly line and some types can be put
on an assembly line of skilled brains only, but
much of the most important work cannot be done
by using fixed rules, standardized formulas or rigid
methods.

Consider an example from a field commonly
thought of as rather technical and standardized,
the design of arches. Almost everyone has some
interest in these if only because he has seen
rainbows. The choice of layout of the arch is open
to judgment It should be beautiful, easy to con-
struct, properly located. After these considera-
tions have been settled a decision must be made
concerning loads; no one can prophesy with cer-
tainty the loads that may come on a structure
during its life. A digression into the loads and
imposed deformations leads far afield-the devel-
opment of vehicles of transportation, wind forces,
temperature changes.

Allowable working stresses must be chosen.
Again there is much uncertainty. Volumes of
laboratory data have been accumulated, but the

profession is still changing working stresses in
concrete and steel.

Many men in many places in many ways are
studying materials, how to mix concrete, how
steel fails. References on fatigue and flow of
metals pile up and, as so often happens, terminol-
ogy often outruns reality. Speculations about the
nature of failure and the phenomena that precede
it continue. But there must be a bridge, an arched
bridge; by the way, are we sure we want an arch
at all?

Assume that all these matters have been settled;
it has taken judgment intelligence and art to settle
them well. Now to dimension the structure. Engi-
neering texts suggest that this is a very formal
matter, that the procedure is to guess at dimen-
sions, write some mathematical equations for
given conditions of loading and find the stresses
that result. If it is then found that the arch rib is
overstressed, it should be changed; but this ap-
proach will not tell how to change it. One solution
would be to make the crown deeper or shallower,
but whether it should be changed depends on how
much of the stress results from the weight of the
rib, how much from that of the deck, how much
from moving loads and how much from such
things as changes of temperature.

After all these matters have been discussed, the
analysis must be interpreted. Excessive dead-load
stresses are not relieved by the plastic properties
of the material, but excessive temperature
stresses are much relieved by plastic flow;
stresses from moving loads may be relieved by
plasticity much or little.

It may be noted that in this field, commonly
thought of as technically regimented where solu-
tions are mathematical certainties, there is real
need for imagination, vision and curiosity. Solu-
tions may be far from unique. This situation is not
peculiar to bridge design, but rather the example
might as well have been chosen from any branch
of engineering.

The assembly line can never replace the brain that
has created it. Machines, methods and systems
cannot be a substitute for men. Old technigues
must be changed and often abandoned, new
techniques developed. If entirely new techniques
are to be developed, men must be trained ahead
of time; the profession must too! up before the
emergency, which means there must be a meas-
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ure of standardization. Is that the function of the
universities? There should be no dogmatic answer
to that question. One thing is certain however.
There has always been, even in the worst of
recessions, a shortage of men who could design
the assembly lines or work well where assembly
lines are ineffective; there has always been and
will always be a shortage of creative thinkers in
any field.

Medieval architecture was not standardized. That
is one of its great charms. Dissymmetry is marked;
apparently it is frequently intentional in the me-
dieval cathedral. There is nothing very standard
about Chartres or Mont-Saint-Michel. The little
naked soul so prominent in sculptures of the Day
of Judgment did not always outweigh the devil
and his imps; in one of the column capitals at
Saint-Lo the sculptor, perhaps suffering from mor-
bid indigestion, reversed the procedure and thus
caused great embarrassment for future curators.

In the field of structural design the effort to get
intelligence through standardization has been car-
ried pretty far. In reinforced concrete, for exam-
ple, it has been necessary to set up elaborate
standards. Out of this work came a narrowly
circumscribed standardization of procedures,
which is called “the theory of reinforced con-
crete” and to which unfortunate students are
exposed. Few will question that the standardized
theory of reinforced concrete is perhaps as com-
plicated a bit of nonsense as has been conceived
by the human mind. It does, however, work pretty
well as a check on undiscriminating unintelli-
gence.

In engineering there is no attempt to standardize
unless there is some reason for it. Some, however,
wish to standardize where there is no real advan-
tage and so fasten for a long time upon the
profession a complex assembly line that has char-
acteristics of a cartoon. Standardization, as a
check on fools and rascals or set up as an intel-
lectual assembly line has served well in the engi-
neering world.

Unfortunately the objectives of standardization
have often been misconceived outside the engi-
neering world. Blind standardization on a huge
scale may be tried under a cloak of humanitarian-
ism and accompanied by the argument that thus
engineering, which has become science, has revo-
lutionized the physical world. In the end it will not
work but in the meantime there may be much
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misery before redemption comes. When engineers
standardize they at least confine their stand-
ardization to the pattern within which they wish
to standardize-one thing for bridges, another for
building another for airplanes and another for
streamlined trains.

It is practically impossible to put dates on engi-
neering. It is equally hard to say that there are
entirely new problems. The problems of today are
in many respects the problems of hundreds of
years ago, but these problems deal sometimes
with new materials and always with different
conditions. When a problem is all solved and the
answer is very definitely known in the field of
engineering, it is about time to investigate that
problem again, because what is known is probably
known for certain limited materials. But novelty
should not be pursued for itself alone. The novelty
often consists in merely doing another thing in
about the same way that other things have been
done before.

Unfortunately some glorify the pursuit of novelty
for its own sake. Someone has analyzed stresses
in a particular structural member by one arrange-
ment of computations; another arrangement of
the computations then constitutes an element of
novelty. Unnecessary novelty in the field of art as
in the field of engineering, is something to be
apologized for and not commended. Men must not
be deceived into giving to dust that is a little gilt
more praise than gilt o’er dusted. Amateurs clutter
up the literature to produce the illusion of novelty
where none exists and where none is wanted. This
can be seen in art philosophy, literature, eco-
nomics and religion. The claim of novelty is used
to cloak error and to spice insipidness.

While some men choose not to worship blindly at
the shrine of novelty, it does not necessarily
follow that they restrict their interests to the
obvious. A clear and simple restatement of a
fundamental principle may have profound infiu-
ence. The virtue here is not due to any novelty of
the rewording, but rather due to the simplicity and
clarity of the contribution.

Engineering has, in most of its branches, been
thinking out all of its problems again. This is not
an indication that the laws of geometry or statics
have changed or that there are any new principles
about dynamics. However, new materials and
new uses of old materials have been tried; new
methods of using old principles have been in-
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vented. In nearly every field of engineering now
there is a seething activity of invention, investiga-
tion and reinvestigation. Some of this is probably
ill-directed. What is needed are men with ability
to orient some of these investigations in a new
way.

News, novelty, uniqueness is often dependent
upon the fancy and conditions of the times. Long
timber trusses are more news today than they
were in 1850. Brunel used reinforced brickwork
over a hundred years ago; the use of mechanical
models is not by any means new; the principle
involved in the deformeter gage comes from the
last century; “soil mechanics’’ is a new name but
the study of foundations, of soil pressures, of soil
resistance is not a new thing. There was a period
of cantilever construction, then a period of con-
tinuous construction, and later a reversion to the
cantilever.

Extensive organized investigations in structures
have usually resulted from some immediate prob-
lem, such as the large increase in the height of
skyscrapers in the twenties, the Long Beach earth-
quake, the Miami hurricane, increased highway
traffic, larger storage dams. Repairing the barn
door does not imply building a new type of barn.
A new development is often merely of temporary
importance.

In general the objectives are flexibility of design
and simplicity of construction. Design should seek
convenience or use or beauty of outline, and this
design should result in simple and economical
construction. Development of a solution may be
due to an engineer’s special knowledge of struc-
tural forms or to a construction man’s ability to
burn and weld. Sometimes a solution might be
credited to the grace of the equipment manufac-
turer or perhaps to a field man who can mix better
concrete.

The history of engineering, like that of structural
development represents the parallel growth of
four elements: materials, methods used in field or
shop, concepts used in design, and those pictures
that make more definite and clear the elements in
that design. Immediate necessity, often eco-
nomic, dictates which of these elements develops
and which lags in any decade.

Development and advancement are largely de-
pendent upon research which, by necessity, deals
with controlled study of small isolated details.

There is usually a long period before such details
can be assembled into generalization. Many try to
seize upon these details before they have been
digested and apply them at once. What are sup-
posed to be results of investigations are often
incorporated in specifications and codes before
the investigation itself has been completed, much
less digested. There is, then, always the danger
that immature conclusion will become ““frozen’’ in
practice and hence be reported as a ‘‘new devel-
opment.”’

Yes, there is development and progress. In some
fields the development is slow. Men must learn to
think more clearly in space and be less restricted
to two-dimensional design. They must pay more
attention to movements and vibrations. They need
much more information on the properties of ma-
terials. Probably they need to reappraise seriously
the importance of durability. A few need to be told
that the pursuit of novelty does not always lead
1o progress.

The time has come in many fields to take
stock. There is continuous production of
analytical tools, continuous accumulation
of data from tests, continuous construc-
tion of bigger and supposedly better ma-
chines and structures. But we need now
to take stock of what we know, what we
do not know, what we need to know and
why. There must be more of this work in
the future. It is difficult to do at all and
very difficult to do well. The sympathetic
interest of the research man and the
scholar is needed. It must be done in the
interest of education on the one hand and
of practice on the other; it is wrong to
continue indefinitely to add, add, add to
the tools of knowledge, without combi-
nation or elimination.
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dome lvy and Some
[vory Towers

EDUCATION, TRAINING, SCHOOLING

““With blossomed furze, unprofitably gay.’’Dis-
tinction should be made between education, train-
ing and schooling; the distinction is not entirely
pedantic. It is difficult to educate without training
and equally hard to train without to some extent
educating. But the two things are not the same.
Everyone knows more or less what education is
and everyone misinterprets it at times. Schooling
is helpful in the process of education.

Many in America grew up in a tradition of over
organized, over systematized methodology of
knowledge. It often resulted in paralysis of initia-
tive and sterility of imagination. By that philoso-
phy every possible case must be formulated in
advance. Consider a modification of Josh Bill-
ings’s epigram: “It is better not to plan so much
than to plan for so many things that never hap-
pen.”’

The purpose of education is to prepare a whole
man to live a full life in a whole world. American
colleges must produce men who can think out
American problems in American ways. To do this
they must turn out men who see America and
American life as a whole and also see the relation
of America to the world. The country cannot
afford to depend on men who will bury themselves
intentionally in some narrow aspect of that life.

This is a big order and never fully attained, but to
say that a man is educated as an engineer or
educated as a doctor, or as a lawyer, an educator,
or an economist-that is to say that he is partly
educated. These distinctions between the mental
disciplines through which men grow into full life
are frequently set up because of local limitations
or for administrative purposes. Overemphasis on
such distinctions is very bad.

In a way, education is a rather simple matter. Most
men wish more information about their world and
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seek better correlation and interpretation of the
information that they have. Good schooling may
help much in guiding to information or illuminating
correlation.

But schools are far from simple, and there lies the
trouble. Libraries and laboratories, buildings and
red tape, overlapping departments apparently
closely related but really uncorrelated, elaborated
administrative organizations, textbooks and tech-
nique-these, in varying degree, characterize the
schools. Much of this merely amuses the fancy of
dilettantes without guiding to education.

There is little parallel in the real world for the rigid
distinctions between departments of a university.
They are the result of necessary organization that
grows and grows into the over organization that
the graduate soon learns to recognize in corpora-
tion or professional society. Departmental differ-
entiation thus reaches the state of the good lady
who thanked God that though her church had
saved only two silmers during the year, the horrid
old congregation down the street had not saved
a single damned soul. Teachers sometimes seem
more anxious to damn some other field of learning
than to illumine the pathway of education.

It is easier to teach rules than it is to train
judgment; therefore, when teachers get tired in
the schools they are likely to revert to rules. These
can be taught to students and it is possible to give
examinations and grades on them. But it requires
high art to teach and examine on judgment; let
anyone who doubts this hoe to do it. Conse-
quently college curricula, whether in structural
design or literary criticism, tend to degenerate into
compilations of rules, regulations, cases and
classes unless these curricula are constantly revi-
talized. The same thing may be said of activities
outside the schools.

But the rules must be taught as well as the
judgment, and college is a good place to teach
many of the rules. Ripe judgment comes only with
experience. The thoughtful man concedes it is
well for student, teacher, and practicing engineer
frequently to ponder Tredgold’'s definition of en-
gineering, “‘The art of directing the great sources
of power in nature for the use and convenience of
man.” Those whose vaulting ambition for leader-
ship would o’er leap the painful need of accurate
information must be reminded that they cannot
well direct that of which they know little-no, not
even by the most hopeful art



































































































