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THE NEEDS OF BETTER MINING EDUCATION

By CHARLES F. WILLIS

Delivered at the San Francisco Meeting of the American Mining
Congress, 1915.

In the preparation of a paper on the needs and methods of im-
provement in mining education, it was found that the field was an
exceeding large one to cover. Consequently, this paper has developed
into an effort to sum up what part of the field in mining education
has already been cultivated, whether that field has been sufficiently
cultivated and is producing results, and in what part of the field
there lies the greatest harvest for the future.

It seems to be a general conviction that education which does not
help towards efficiency in life work, although it administers breadth
of view, is a luxury intended only for a few. When such is the
judgment of the majority, it is time that we considered making the
system one for all. There should be less of the old idea of the
three R's for all, with high culture for the wealthy, and more atten-
tion to the systematic instruction of the industrial unit, the man, and
making him as efficient as possible as a man, as a citizen, and as an
industrial producer.

WHY CHANGES ARE NEEDED

A few years ago the mining engineer was merely the theorist, who
was called in consultation, but today he is called upon to do that
which he advises. Mining engineering of the present day is marked
with the dominance of the commercial over the technical. The work
of modern engineering has resulted in the development of enormous
industi ies, which require a degree of skill, intelligence and knowl-
ledge and a high order of executive ability, which was not in
demand a few years ago. While the demand for trained leaders
has increased, the demand for trained workers has more rapidly
increased, but in the meantime mining education has changed but
little. In turning over the pages of the catalogues of the various
mining schools of the past ten years, we see a remarkably small
difference in the courses offered. Present economic conditions de-
mand more than we have been giving; they demand new types of
schools which will have the same general motives except that their
specific aim must be to benefit the industry by training workmen.
We are paying more attention to the commanding generals and to
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the chiefs of the staff of our industrial system, and unless we pay
corresponding attention to the proper technical training of our cap-
tains, lieutenants, corporals, and even privates, this same industrial
system will fail in its full development, for any army must have well
trained privates and corporals if the efforts of its commissioned officers
are to be most efficiently carried out.

In so far as the mining college graduates men who are destined
to enter the field of mining, the school and the operator stand in
the relation of producer and consumer: as the producer studies the
tastes and the needs of the individual consumer, so the mining school
may very properly strive to furnish as one of its products men
effectively equipped to meet the specific requirements of the operator.
The operator is ever on the watch for the technically trained man
possessed of commercial instincts, a factor overlooked by the average
mining school. The tendency has been to increase specialization in
undergraduate courses, to make specialists rather than engineers,
tradesmen rather than professional men, men who are trained but
not educated, and to decrease the amount of time devoted to the
cultural subjects, and even to the pure sciences.

Mining conditions have changed so rapidly that it has greatly
increased the need of some technical training for all of those who
enter the industry. These changes need a new kind of labor which
has the requisite adaptability to adjust itself to the changing condi-
tions. While we have been turning to specialization, we have failed
to train men for specialization in generalities.

The very character of mining labor has changed. The itinerant,
self-reliant miner, jack of all trades and master of several, is an
interesting, but now obsolete type. The new type of miner is not
so intelligent, but he is more obedient and industrious.

We have all heard the discussion as to what becomes of our
mining graduates. Probably less than fifty per cent have remained
in the industry. There are several reasons for this; physical inability
to do the work, failure to know that which they were undertaking,
lack of proper training to fit them for a specific niche in the industry
and too high specialization with the inability to fill positions in any
other line. It is undoubtedly true that there is a large number of
technically trained men out of employment, and it is largely because
they have not been taught to fill any positions but at the top of the
ladder. There is always room at the top for the right man, but
there should be no delusions as to the severity of the competition in
getting there. There is too much ignorance on the part of students
concerning what is required of them in the profession. Nearly all
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graduates go direct from school into the employment of some mining
company. They expect an initial salary commensurate with their
education, rather than with their ability. At present the majority
go into the drafting room or an assay office, partly because of the
attractiveness of the work, but chiefly' because their school training
gives them a greater initial earning capacity as draftsmen or assayers
than they could secure in any other department. But they are needed
in the mines as badly as in' the drafting room, and they should be
given the training necessary to equip them for such work. There is
a great difference between the education that has been given them and
the things they should know before their abilities will be marketable
at an attractive price.

Years ago the industry demanded practical men. Now it demands
technically educated men for nearly every line wherein there lies re-
sponsibility. The industry demands men who are fitted first as engi-
neers, not civil, mechanical, electrical or mining engineers, but just
engineers.

The first step in a comprehensive plan of education must be to
educate the public. If the general public realized the actual condi-
tions under which mining is conducted, the laws would be promtply
changed. If the fact that mining involves redemption of capital
were properly appreciated, tax laws would be better framed. If the
public understood the risks and rewards in mining, there would be
less money wasted and dishonestly appropriated.

Then, we must educate the prospector. When the prospector has
learned how to develop his property, we will get it in better shape
for examination; when we have taught him something about valuation
and hopelessness of capitalizing optimism, we will have more transfers
of mining property, and when he knows better how to describe his
prospect, we will have more incentive for examination.

The present system fails to educate men for the middle rounds of
the ladder, the shift bosses, draftsmen, skilled mechanics, etc. At
the present time these positions are held either by men who have
had only practical training, which, unless supplemented by study,
must be narrow and without scientific basis, or else by men who
have had a full engineering course, a training which is more expen-
sive and costly than is needed for the work in view. There is no
half way offered.

We must develop the practical as well as the theoretical side
of mining. Every scholastically trained man at first objects to the
practical system for the simple reason that it is not the way he was
trained. It is astonishing to find how hard it is to overcome the
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bias 0: tradition. College graduates have a peculiar reverence for
the customs and forms of their college days for the reason that they
were in college at an impressionable age. Consequently any plan
which tends to change radically the way things were done when
they were in college meets. with opposition which is based upon senti-
ment rather than logic.

So far this paper has been concerned with men who have had
little or no chance to undertake a technical education as exemplified
by our present day technical schools. But even in these technical
schools deficiencies are evident. The men in practice have found
that the mining graduate is more often deficient in the fundamental
principles than in the minute details of his work.

Training for leadership requires more than that now given in our
technical schools. Some of the colleges in the east are getting the
breadth of knowledge required for leadership by requiring an A. B.
degree before the technical mining training. This method assumes
that the man has engineering ability and therefore takes the training
for leadership first. This is putting the cart before the horse, for it
gives the man training for the top of the ladder before he has learned
to manipulate the bottom rounds. Method of training should be in
the order of tile development of the brain functions and preceptive
powers, so that the experience stimulates the desire and effort. Then,
men may often be found who could pass all the A. B. requirements
and yet would never make good engineers. While the reverse may
also be true, still such men with technical ability, although few
administrative powers, will always find their place in the industry.
Again, it is not practical to require an A. B. degree before technical
training for the reason that few young men have either the financial
means or the time at their disposal which they may properly spend
for such preparation. Conditions over which they have no control
make it necessary for them to get started in their life work before
they have reached the age of 24 or 25 years. Probably 95 per cent
of the young men in our technical schools today know that they are
going to school this year and hope that they are next, while the third
year is still in the distant future to be developed. While I do not
wish to be understood a.<;depreciating the value of culture, it is be-
lieved that the order of training should be in the same order as the
development of the individual, had he entered the industry with no
training and developed himself for leadership.

The variety of work that confronts the engineer of today is so
great that more and more restricted specialization has been the in-
evitable result, and in the effort to meet this demand, over-specializa-
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tion has ensued. The pendelum is now beginning to swing the other
way and in an increasingly large number of instances the decision as
to the choice of the branch of mining is left to a later date, with
the idea of giving the student a greater maturity of judgment and a
broader training in the fundamentals of general education.

The Arizona Plan was not devised with the idea of turning out
finished products; no school can turn out accomplished engineers in
the sense in which a finished product leaves the factory. Throughout
his life man is in the process of development, or, if he is not watchful,
of decay. The college can start him right in the methods of thinking
and doing, giving him a clear understanding of the path of his
profession and the possibilities in it, and guide his steps with encour-
agement and advice.

THE ARIZONA PLAN

After a study of the needs of the industry, of the conditions under
which a school may work, as limited by its finances, its geographical
situation and other factors, and a study of the deficiencies as seen
by the operations of our technical schools, the Arizona Plan was de-
vised, parts of which have already been adopted by the Arizona
College of Mines, and the remainder of which is now under con-
sideration. It contains nothing new, new only in its application to
mining, but does involve a very complete rearrangement of ideas.
Necessarily the work must be divided into resident and non-
resident, with a bridge between them to allow for a ready transfer
if so desired. The non-resident work includes extension work for
the public, correlated lecture and correspondence work, short course
and trade education, and technical and graduate work. In each of
these departments the Arizona Plan has something different to offer.

NON -RESIDENT WORK

The extension department offers its services to citizens of the state
as an information bureau. Inquiries upon matters affecting public
or private interest are answered through this medium by specialists
who also may be sent, upon request, to inspect conditions and advise
as to the proceedure. Great care is taken, however, not to encroach
upon the field of the consulting engineer.

There will be printed lectures for free distribution on the general
subjects of mining, the importance of the industry, the necessity of
protective mining legislation, safety and welfare, and many other
subjects of interest to the general public. Extension lecturers will
travel about the state, giving a series of talks to what might be
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called "mining institutes," composed of men particularly interested.
In the past any innovation which we have had in this line, as for
instance in safety and welfare, have been met with ridicule by the
workmen, but it is thought that this will cease when the men are
shown the importance of that work and their part in it.

Going further into the non-resident work, we come to the cor-
respondence work. Unless other opportunities for acquiring technical
knowledge becomes practically universal, it is very clear that the
field of the correspondence school will find a great work to do. The
fact that a single one of these schools has now over 200,000 students
enrolled is the best proof in the world of the great demand. With a
willing student, a very satisfactory substitute for school training may
be obtained.

There is a well defined field for state correspondence schools. There
are many young men who have had training in grammar, and perhaps
in high schools, but gain no other technical knowledge for lack of
preparation or for financial reasons. There are many more who are
forced to end their careers at the end of the sophomore or junior
years. With state correspondence schools, would it not be possible
to prepare these young men to enter the sophomore or even the
junior year? While there is much doubt about the practicability of
giving courses leading to a degree by correspondence methods, a
considerable doubt about making a mining engineer by non-resident
methods, there is undoubtedly a large field for teaching the individual
subjects that will allow a man to better himself in his work, whether
he be from the common, high or even technical schools.

By the Arizona Plan, the instructors who are doing the extension
work are at the same time the personal advisors of the subscribers to
these courses, thus giving them the benefit of personal contact. These
men will make it a point to visit the students, and to assist them
in their work, particularly to help them over the early stages when
many students lose interest because they cannot quite see its practi-
cability in the subjects which they are taking. The ordinary cor-
respondence schools are seriously handicapped by the fact that they
cannot offer laboratory work, but this problem is solved by the Ari-
zona Plan by having the University laboratories open to them during
the summer.

A number of correspondence students in any of the comparatively
few centers of population in the state would make possible class in-
struction, the work to be done by the extension lecturers. The
personal advisor system of teaching allows the advisor to go down
among the workers and find out what is actually needed to make
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them more efficient, and the methods of teaching are adapted to the
people taught. In a word, the University shall fare forth, knock
at the doors of the people, and offer them, not a hide-bound curricu-
lum, but exactly what they want.

RESIDENT WORK

Next in the development of the Arizona Plan is the short course
and trade education. One great need for the short course and trade
education is the moral one. The worker needs social recognition
through educational activities of a special sort, which is worth while.
The lack of education points out to the industrial worker that
he is engaged in a life work that is not worthy of being dignified by
education. It assumes that while it is necessary to train the men
to execute and administer, it is unnecessary to train and educate the
men who do the work.

Trade courses are not new. For years many colleges have given
them, but in a different way. The majority of short courses attempt
to teach in two or three months an abbreviated four-year course;
this stimulates the student with a desire for higher education, which
is, of course, desirable, but other than the benefit to which such
courses have been to the prospector, they fail in their object of bet-
tering the trade.

The Arizona Plan presupposes requirements for certain courses
either by reason of experience, education or correspondence. Intensive
work is given on one subject for two weeks, which subject is a small
unit of the mining business. The year is divided into 15 two weeks
periods, and 15 courses are given, each one complete in itself, but
distinctly related to the one preceding and following it. The whole
year makes an admirable trade course. Any portion of the year
consists in specialization for special needs. The student may enter
at any time, and stay two, four, six or any number of weeks. The
subjects given are, in consecutive order: 1, elementary mineralogy and
blow-pipe analysis; 2, elementary geology and petrology; 3, principles
of surveying; 4, field geology; 5, fire assaying; 6, cyanidation and
the metallurgy of gold and silver; 7, concentration and flotation;
8, mine blacksmithing; 9, mine timbering; 10, practical mining;
11, underground machinery; 12, electricity applied to mining; 13,
mechanics applied to mining; 14, gas engines; 15, mine management.
The division is such that the student interested in prospecting should
take courses 1 to 4, inclusive; course 5 may be taken with the first
four courses, with cyanidation and concentration or may stand alone.
One interested in underground work will find courses 8 to 11 the
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most adaptable, and so on. With each subject the necessary mathe-
matics relating to that subject will be given, as well as the funda-
mentals of physics and chemistry and the other applied and natural
sciences as are necessary for the thorough understanding of the work.
The courses are thoroughly practical, designed for practical men.

The present four-year course remains substantially as at present
in regard to the fundamentals, physics, chemistry and mathematics,
but the Arizona Plan involves several changes in the rest of the
system. Courses are arranged in such a way that the student is
furnished early in the course the necessary work to make him pro-
ficient to obtain and hold some place in the industry. Under the
present course, the student does not begin to study mining until the
third year. Up to that time he is largely taken up with funda-
mentals. The course as now given is really divided into two periods
of two years, the first two years being taken up with the fundamentals
and the last two. with the so-called professional work. Hence many
students lack inspiration during the earlier parts of their course and
fail to see where some of the things that they are taught are adapt-
able to their needs. They become discouraged and leave school only to
find that they are no better fitted for a place in the industry than
they were when they left high school. The present course gives
little opportunity for the observation of a variety of practice, and
much time is given to practical details which could be learned in a
much shorter time in practice. These practical details are often
given at the sacrifice of a thorough technical grounding, and in-
variably the cultural subjects are omitted.

By the Arizona Plan, three summers of practical work would be
required, the first in underground, the second in mill and the third
in smelter work. It may be argued that this hard physical work will
eliminate some students; undoubtedly it will, but it will be the early
elimination of those who are physically unfit for mining work be-
fore the state has spent hundreds of dollars upon their education and
before they have spent years of their time to find later that they were
unfitted for the work. It will steer them towards work for which
they will find themselves better qualified. Through co-operative work
with the mining companies, the University will place these men in
positions where their summer work may be supervised by the Uni-
versity officials, who would hold classes at the mining camps during
the summer. The student will be educated to observe and will see
more and get more out of their work than they would otherwise do.

Under the present course many hours are spent in laboratories for
the teaching of ore dressing, cyaniding, smelting and practical mining,
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and often with machinery that has long been obsolete. Why not teach
practical mining at successful mining camps ? Would it not be bet-
ter to teach milling at successful mills and smelting at modem reduc-
tion plants, supplemented, of course, by the necessary class work in
the theory and underlying principles? Much time would be saved
and a bigger variety of better practice would be given. Under the
Arizona Plan the senior class has scheduled 35 regular observation
and study trips, while the three lower classes will have them at fre-
quent intervals. Class work covering the theoretical work will be
taken up on Monday, Tuesday and Wednesday of each week, and
from Thursday to Monday the students are in the field. Cyaniding
will be studied at Pearce, Tombstone and Wickenburg; concentration
will be studied at Hayden, Globe, Miami, Inspiration and Ajo; min-
ing methods at Ray, Bisbee, Globe, Miami and Ajo, and smelting at
Douglas, Hayden and Globe. Geology may be studied at hundreds
of places within easy reach of Tucson. By this method the students
will avoid a large amount of detailed laboratory work, which, at the
best, is an inefficient substitute for actual practice. The student will
get the benefit of a large variety of practice; he will live in the
atmosphere of the industry and will be subject to the discipline of
the workingman, rather than the freer life of the college; he will
gain the acquaintance of the men in the industry, and will be better
able to know, upon graduation, what branch he desires to follow.
While on these trips the students will be distributed with the men
in actual practice; for instance, one student will stay with the shift
boss all day, another with the timber gang, another with the drilling
crew, and so on, changing with each shift, so that they will observe
a variety of work. The practical side of engineering can be learned
only in the mine, mill or smelter, under commercial conditions, and
the theory underlying in a good college, under efficient instructors,
but the theory and practice should be given simultaneously.

Beside the observation and study trips, regular work will be done
at a mine near Tucson, which has been loaned to the University.
This mine is fully equipped and has extensive workings, a large mill
and the necessary shops.

The most difficult problem of engineering education today is how
to give the student wider culture, and how to provide him with
opportunities for the development of those higher social qualities that
make for leadership. To the average student there must be a dollars
and cents value in every subject, but they should be taught that
their college gives them training necessary to enable them to begin
to study engineering, to inspire them with a desire to become engi-
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neers worthy of the name, to teach them that they can all help in
the world's engineering work by doing carefully and conscientiously
the work entrusted to them. By so doing, the students will not go
forth handicapped with the idea that they know it all, but with a
willingness to work and a desire to learn that which will give them
the best possible start on the way to become engineers.

An engineer, if he has it in him, will become a leader, but reaching
the top is becoming more and more difficult. Opportunities are greater
than ever before only to the man who can add to a more intensive
technical knowledge a wider grasp of industrial affairs and an ability
to deal effectively with men. Schools cannot be expected to take the
place of natural ability, but only to supplement it under favorable
conditions such as furnishing the environment where men can develop
broadly for all work of life.

Special attention should be paid to English. Many complaints are
heard that our engineering graduates cannot write an intelligible
letter. It is not merely sufficient to form correct judgments; there
must be a skillful and effective presentation of them in well chosen,
fitting English.

By the Arizona Plan the cultural work would start in the first
year of the technical training, along with the technical and practical
work. It is a matter of training men and educating them at the
same time. You can train a man better if you will educate him and
you can educate him better if you are at the same time training him.
General culture comprises such subjects as better enable a man to
receive and enjoy the services of society; an ability to enjoy the
good and noble things in life is a check on many a misuse of the
compensation received. Again, the man with a broad education is
more resourceful in his activities, borrowing and lending his knowl-
edge of laws and his experience, and utilizing the analogies between
the various departments of knowledge.

The engineer of the future will also be expected to be familiar
with the principles of law which may be encountered during the con-
ception, construction and development of engineering projects. We
will endeavor to train the men in engineering jurisprudence or that
part of law which is of the most interest to the engineer. This de-
velops reasoning power and independent thought and cultivates a
respect for the strictly legal clauses in specifications and other engi-
neering documents. It is not expected that the students who pursue
a course in engineering jurisprudence will be capable of acting as
legal advisors, but they will be able to steer clear of the many
pitfalls and will be better able to seek legal advice.
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We will. endeavor to teach them about men, the most important,
difficult and expensive tools an engineer uses. While engineering
knowledge is absolutely essential to the success of the engineer, he
acquires and uses his knowledge through other men. We teach the
student how to test materials and how to use them, but we fail to
teach them about men. It may be argued that each student must
learn for himself by experience to understand other men, but there
are certain teachable principles to be followed. This course will in-
clude biography, ethics of the profession and organization; biography
to furnish illustrations of the principles concerned; ethics because
it deals with his relation to the men with whom he will be brought
most closely in touch, and organization, because its purpose is to use
men effectively. It is not thought that such a course will make the
student a master of men, any more than we expect a doctor to be
an expert upon his graduation, but it will broaden him and make
his thought deeper, and will also tend to make him pay more at-
tention to the men around him. A man who really understands
other men will understand himself, and one who develops the best
that is in the men around him will usually develop the best that is
in himself.

The Arizona Plan includes philosophy, a knowledge of which is
essential to success in life, not merely financial or professional suc-
cess-these are both desirable, but only as a means to one end, to live.
Philosophy reaches the basic principles of life. One may say that a
knowledge of life can only be gained by experience, but it would be
just as true to say the same of engineering. If it is necessary to
educate for the duties of a profession, it is equally necessary to edu-
cate for the duties of life. To live completely, we must put our-
selves in touch with the world and not with one small aspect of it.
The specialist is valuable in so far as he knows more than anyone
else about some one subject, but he gains little self-expression and
his individuality has little scope. If everyone specialized, where would
be the common meeting ground? Science consists in the organization
of experience in such a way that we may find therein a guide to
our behavior towards nature. Practical philosophy is then required to
show us how to conduct ourselves so that our behavior and the be-
havior of nature shall not conflict. Science gives philosophy its sub-
jects, and philosophy criticizes the material thus furnished in the
light of the relations of fact and knowledge. Philosophy is the
yeast that aids us to properly assimilate and digest the data of science
and make it available for practical development.
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Briefly, the broadening influences under the Arizona Plan include
intensively cultural subjects, directly applied to the needs of the
profession. English, engineering, jurisprudence, business education,
psychology and philosophy are among the subjects considered proper
for the training of administrators.

The graduate technical work to be carried on would be research
and investigation rather than practice in details of operation. Re-
search goes well along the line of equipping the brain for original
work, and it will be done with a view to broad training, rather than
specialization.

In as much as mining is the principal industry in the State of
Arizona, and that 25 per cent of the adult males are engaged in this
industry, it behooves the state to supply training for these men.
Arizona can do this well. Its finely equipped University offers the
place, the geographical situation of which is not to be surpassed by
any school in the country. Hence the ability to put in vogue the
Arizona Plan, calling for correspondence education, with laboratory
work and personal advisors, correlated extension work, short courses
and trade education on a new plan, technical school work with a
variety of observation and study at successful plants, practical mining
at a fully equipped mine and the scientific and cultural training given
simultaneously. While we are distinctly conscious of the limitations
of such a plan and the responsibilities it imposes on those who under-
take it, emphasis should be laid on its possibilities. Serious obstacles
would undoubtedly be encountered, but we believe it is worth while
to expand our plan of education to take care of the vast horde of
individuals who do not now share its advantages beyond the most
elementary stages. It would show, if wisely administered, that
efficiency in education and efficiency in training can go together.


