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• ANDREW CARNEGIE once statedthatyou 
could take away his factories and money, 
but that if you left him his men his organ­
ization could again rise to a position of 
leadership. Although people are only one 
of the elements required in a successful 
business or enterprise, they are becoming 
recognized as the most important. A great 
deal of effort has been put into developing 
new products and more-efficient methods of 
producing them. Until recently little at­
tention was given to increasing the produc­
tivity of the people themselves who must 
guide and carry out any operation. The 
problem of improving the value of the in­
dividual's work output has become im­
portant because of the increased complexity 
of our modern industrial work, the inter­
dependence of the problems, and the short­
age of men, particularly of good technical 
men. 

Some of the things which can be done to 
help this problem are to give the individual 
incentive to improve his productivity by 
putting into effect personnel and super­
visory practices which give recognition, 
promotion, and pay based on present and 
future productivity and merit. Also the 
output can be increased by putting the per­
son on work which makes maximum use of 
his most-valuable abilities and providing 
training which wil l increase these skills 
and abilities. In this discussion let's limit 
ourselves to the training phase of this prob­
lem and, in particular, to the principles and 
mechanics of developing to the fullest ex­
tent young engineering graduates when they 
f irs t begin a career in industry or govern­
ment service. 

First we wil l set down some broad ob­
jectives which wi l l bring benefits both to 
the organization and the man. Then some 
of the principles of operation of a program 
which wi l l meet these objectives wi l l be dis­
cussed. We have found it advantageous to 
provide general training for all of our young 
engineers. Intensive advanced training is 
provided for those young men who display 
high ability and ambition and wil l become 
the company's potential technical leaders. 
Because of the great importance of people 

in this latter category, we wil l discuss in 
detail methods of finding and developing 
these individuals. 

DESIRABLE CHARACTERISTICS OF A 
TRAINING PROGRAM 

Management has as its responsibility (1) 
the setting up of objectives or goals, (2) the 
bringing together of people and facilities 
which wil l most efficiently in the long term 
carry out these objectives, and (3) the re­
viewing of the progress of the organization. 
The second item in this definition of man­
agement infers that in a training program 
we are trying to maximize the ratio of the 
increase in value of the man's productiv­
ity brought about through training over the 
cost of the training. 

Now what are some of the things the or­
ganization can do which wi l l Increase the 
value of the person's work? Let us make 
the important assumption that our person­
nel and supervisory policies give incen­
tive to the individual to increase his pro­
ductivity: (1) Determine the area of work 
which wi l l make maximum use of the 
man's mental ability and education, am­
bitions and interests, and personality 
characteristics. (2) Give the individual 
knowledge required or helpful in his work 
at a faster rate than he would get it by 
"learning the hard way" through exper­
ience on the job alone. (3) Develop latent 
abilities possessed by the man which are 
valuable in his area of work, particularly 
his ability to get things done, ability to get 
along with people, creative ability, confi­
dence and ability to solve tough new prob­
lems, and his ability and willingness to 
express his ideas. 

We feel that training programs have 
been or can be developed which wi l l help 
meet all of these objectives, particularly 
in finding the best area of work and getting 
across factual knowledge. The third area 
of developing latent abilities is a more 
difficult, time consuming, and costly mat­
ter, but we are convinced that we have 
found ways of improving creative ability 
and the ability to solve tough new prob-



lems, so that the resulting increase in 
output far outweighs the cost of the train­
ing. At the present time, considerable 
effort is being devoted to finding ways of 
improving human relations, but we do not 
have sufficient experience with any given 
technique to know if the results justify the 
effort. 

Before going into the operating princi­
ples involved in setting up programs to 
meet these objectives, let's look at some 
of the problems of the young graduate 
engineer through his eyes. On f irst enter­
ing a job in industry or government, he 
finds himself, probably for the first time, 
in a complex industrial organization with a 
high degree of specialization in the various 
jobs, well-defined lines of authority, and 
established behavior patterns. Often he 
feels that he is not doing work which uti­
lizes his abilities or leads to the position 
of prestige he had visualized. He is 
shocked by the tremendous gap in exper­
ience between himself and a recognized 
engineer or manager. Probably he is t ry­
ing to establish a family on a meager in­
come; and the reality of ha/mg to earn an 
income in a competitive situation means a 
difficult change in attitudes from the ones 
prevailing in the collegiate atmosphere of 
the campus. 

During this transition period from col­
lege to career he would like: (1) a chance 
to find work which gives him satisfaction 
and a sense of accomplishment; (2) recog­
nition as a person and not one of a mob of 
employees; (3) opportunities to advance 
and be paid according to his present pro­
ductivity and future potential; (4) training 
and good supervision to help him in his de­
velopment; and (5) information on his pro­
gress at regular intervals, especially 
during the early part of his career. 

Of course, the ultimate success of any 
program incorporating these ideas depends 
to a large extent on the willingness of the 
young engineer to apply himself. The 
trainee must realize that he must f i rs t put 
ful l effort into his work before looking to 
the employer for help. He must realize 
that his employer is providing a program 
which wil l permit him, early mhis career, 
to help himself under capable guidance and 
that later he must set up his own program 
of self-improvement. The employer should 
provide the opportunities and counsel nec­
essary in the young engineer's training but 
should be careful not to pamper or give the 

trainee a crutch which would destroy his 
initiative or distort his attitude toward 
work in a competitive society. The best 
way of building a constructive attitude is to 
treat these men like professional people 
and demand professional actions on their 
part m return. 

PRINCIPLES AND MECHANICS OF A 
GENERAL ORIENTATION AND 

TRAINING PROGRAM' 
In the general training lasting for a per­

iod depending upon the complexity and di­
versification of product, the primary 
emphasis should be put into general orien­
tation, evaluation of the man to establish 
the general functional type of work best 
matching the man's abilities, giving know­
ledge helpful in this type of work, counsel­
ing the man on his professional goals and 
progress in meeting them, and placing the 
man in a "permanent" job or on a program 
of advanced study if he possesses high 
potential. 

We believe the backbone of this training 
should be a series of four or five carefully 
selected work assignments supplemented 
by instruction and homework. The assign­
ments should be such that the man is doing 
the caliber of work and associating with 
people which approximate as close as 
possible the conditions he would find if 
he were permanently working in that area. 
The f i rs t couple of assignments should be 
in varied types of work, so the man and 
those responsible for guiding his training 
can determine the general type of work best 
matching his abilities. Then the man 
should be encouraged to begin classwork 
to establish an approach to problems. His 
assignments should be in this type of work 
so as to establish more definitely the level 
of work, type of product, and organization 
best suited to the man and the needs of the 
business. Often after the area of work has 
been established the man should be placed 
in an assignment to get a necessary back­
ground for his type of work. For instance, 
a potential engineering salesman in tur­
bines should have an assignment in the 

'The booklet "The First Five Years of Professional Develop­
ment" gives a very complete survey of general and advanced 
training programs offered in industry and government service. 
Recommendations are made for training and guiding the young 
professional employee during the first five years of his career. 
A copy of this booklet can be obtained by sending $3 to the 
Engineers Council tor Professional Development, 29 West 39th 
Street, New York. 



factory running final performance tests on 
turbines before the machines are shipped. 

We have found that initial training con­
sisting of a series of work assignments is 
better than immediately placing the man 
on a "permanent" job and giving him class-
work, etc., because the type of work mak­
ing best use of a man's abilities can most 
accurately be determined by observing the 
man's performance actually doing the var­
ious types of work. Often the new graduate 
has formed his ]ob interests on hearsay or 
short associations, and his expressed in­
terests may not agree with his abilities. 
These assignments in various types of 
work give the man a chance to learn by 
doing the work he enjoys most. Luckily 
the man usually wants to do the type of 
work he does best. 

Another advantage of a series of work 
assignments is that it gives the man a 
broader, more-meaningful orientation as 
to the different kinds of jobs required to 
produce the organization's products or 
services. Again, this is the idea of learn­
ing by doing. In an assignment he finds it 
necessary to get the help of other groups 
in getting his job done and senses a real 
need to find out who does what. In this 
manner the trainee gets a good idea of the 
way activity in one group affects the oper­
ation of another and learns where he can 
get help, and the general way the organiza­
tion carries on its business. Working in 
these various activities and supplementing 
this by classes, inspection tours, and dis­
cussions gives a better orientation than 
classes by themselves. 

At the beginning of the training the 
graduate's abilities and interests should 
be evaluated by his past school record and 
a searching and extensive interview. In 
this way his assignments from the start 
can be chosen to best orient, evaluate, 
train and develop the individual man. 
Evaluation of the trainee's performance 
on a given assignment is best done by his 
work supervisor. A rating sheet is es­
sential in this process. It must be re­
membered that this information can serve: 
(l)as a basis for telling the trainee how he 
is doing and to counsel him and (2) to eval­
uate the man for the purpose of placement 
or recommending advanced training. 

We have found that the benefit of these 
ratings can be greatly increased by having 
the work supervisor and, if possible, the 
man guiding his training discuss the eval­

uation of the work personally with the man. 
In this process of setting goals for the man 
and then telling him how he is coming in at­
taining these goals, you must be careful 
that you do not try to cast people into a 
mold. If you straitjacket the young man, 
particularly the man with creative ability 
and originality, you may destroy these 
characteristics which are so important to 
progress. 

During the general training the assign­
ment work should be supplemented by 
classwork and homework emphasizing an 
organized approach to problems in the 
broad lype of work best suited for the man. 
Because of the many different specific jobs 
in a type of work, fundamental principles 
should be presented which, when under­
stood, may be applied to a large number of 
problems. This approach to solving prob­
lems can best be mastered by building the 
course around the homework problems 
and not trying to add much new factual 
knowledge. 

The success of any of the phases of this 
general training depends upon the enthus­
iastic support of management and the cal­
iber and interest of the men counseling 
and supervising the work of the trainee. 
Always put a capable man who is interest­
ed m training and developing people in 
charge of the program. He must then gain 
the help of the assignment supervisors in 
providing challenging work for the trainees 
and in evaluating and discussing their per­
formance with them. To help tram and 
maintain the interest of the work super­
visors, men responsible for the training 
must frequently visit their assignment 
areas. 

To get a better understanding of these 
ideas let's take a look at the general train­
ing program employed m the General 
Electric Company. Because of the num­
ber of young professional people hired and 
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Figure 1. Outline of an actual program. 



the difficulty of knowing so many different 
kinds of work, separate programs are set 
up for each group of men with common 
educational backgrounds. In this case 
there are separate programs for men who 
have majored in business administration, 
advertising or journalism, social sciences 
leading to personnel work, and engineering. 

Let's focus our attention only on the 
engineering program. The new graduate 
usually reports early in the summer, and 
after a brief orientation by his training 
supervisor and an extensive interview, the 
man is put on a 3-month assignment doing 
productive work in one of the general types 
of functional activity performed by engi­
neering graduates during their careers. 
These, in our case, are sales and applica­
tion engineering, manufacturing, and engi­
neering. Insofar as possible the man's 
interests and abilities, as determined m a 
searching and extensive interview, are 
followed m picking this assignment. He is 
given as challenging work and as much 
responsibility as he can possibly carry, 
but is under capable supervisors who only 
step in when they feel i t is absolutely 
necessary. 

During his assignment the man is en­
couraged to find out with a reasonable ex­
penditure of time what the people and 
groups around him are doing and how they 
affect his work. He also learns to call on 
others for help when necessary and to find 
out about the product division in which he 
I S located. The man's performance is dis­
cussed with him midway through his as­
signment and at the end of his work by his 
immediate work supervisor, and this eval­
uation used by his training supervisor to 
select his next assignment. 

As the man progresses through several 
assignments, his supervisors and the man 
himself determine whether he is best 
suited for sales, manufacturing, or engi­
neering. The later assignments are chosen 
to give the man broad experience in this 
type of work so as to determine more 
specifically the work best suited to the 
man. In engineering the various levels of 
work are development, design, and ap­
plication engineering and these vary some­
what depending upon the product produced. 
After 12 to 18 months of assignments, the 
man is either placed in a "permanent" job 
and given specific trainir^ in his specialty 
or offered the opportunity to take broad 
advanced training. 

EXAMPLES OF EDUCATIONAL COURSES 
Advanced Technical Course 

In the fal l our trainee is encouraged to 
begin an orientation class to supplement 
his knowledge gained on his assignments 
of the types of work, and policies and or­
ganization of the company. Salary and 
promotional policies must be understood 
if they are to provide the desired motiva­
tion. He IS also encouraged to begin a 
course of homework problems and class-
work helpful in his general type of work. 
For the man interested in engineering, the 
"advanced technical course" is offered in 
each of the major plants of the company. 
The primary purpose of this course is to 
develop the potential engineers ability to 
solve new engineering problems. Partic­
ipation in any of the educational courses 
offered by the company is voluntary and 
men who can benefit from the course are 
only encouraged to apply and go through 
the selection process necessary for ad­
mission. 

In the f i rs t semester of the advanced 
technical course, running from September 
to December, the emphasis is placed on 
the detrelopment of a professional approach 
to problems^ consisting of the following 
basic phases: (1) problem recognition, 
(2) problem definition and setting of speci­
fications, (3) search for ideas or methods 
of solution, (4) evaluation of methods of 
solution, (5) detailed m estigation and so­
lution, and (6) evaluation and interpretation 
of results. This approach is applied to 
problems arising in many technical fields, 
resulting m an integration of all the tech­
nical knowledge the class member has 
obtained in his undergraduate work. 

In the advanced technical course, the 
class member actually "learns by doing." 
As homework he solves realistic engineer­
ing problems arising in the product de­
partments of the company. One week he 
may be devising a new means of detecting 
internal faults in power transformers; the 
next week he may be studying the heat 
transfer from a radar circuit chassis when 
an attempt is made to make the chassis 
lighter and more compact so that it might 
be more readily used in an airplane. The 

'A complete discussion of problem approach as it may be ap­
plied to electrical and mechanical engineering problems ap­
pears in "Engineering Analysis', by D. W. Ver Planck and 
B. R. Teare, Jr. (195', $6, John Wiley <i Sons, Inc., 440 
Fourth Avenue, New York.) 



problems are varied and are'chosen on the 
basis of the fundamental concepts and 
techniques involved. In the homework as-
s^nment each week the student spends 
about fifteen hours of outside preparation 
and an engineering report is written to 
present the method of investigation and the 
results obtained. Frequent evaluation per­
iods are scheduled, at which time the class 
member and class supervisor discuss the 
progress of the class member and make 
suggestions for future improvement. A 
great deal of personal attention is thus 
given to each individual class member. 

In December men are selected on the 
basis of their performance in the course 
and assignment work for further training 
in the second semester of the advanced 
technical course or to begin advanced 
training in the advanced engineering pro­
gram, creative engineering program, or 
process technology program. The second 
semester of the advanced technical course 
lastir^ t i l l June continues the type of train­
ing given in the f i rs t semester. It is p r i ­
marily for men with broad engineering in­
terests who want to integrate their know­
ledge and learn how to apply it to solving 
problems. 

COURSES AND ADVANCED TRAINING FOR ENGINEERS 
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Advanced Engineering Program 

Men who have demonstrated an interest 
in highly technical engineering and excel 
in analytical ability are selected for the 
"advanced engineering program." This 
2y2-year program develops men who are 
capable of solving tough new design or de­
velopment problems. The use of funda­
mental engineering principles and analyt­
ical techniques are mastered by applying 
them to complex homework problems and 
to real engineering problems encountered 

in their work assignments. Since the 
major benefit of this program is provided 
by the homework problems, the class is 
largely devoted to discussions of the phys­
ical and mathematical concepts that con­
tribute to their solution. Classes are held 
midway between the assigned and due dates 
for each problem. Unusual difficulties and 
need for additional facts are uncovered 
during the initial attack on the problem. 
Such preliminary work permits efficient 
class discussion with men who can re­
veal practical limitations and analytical 
shortcuts. 

The advanced engineering program is 
extremely fortunate in being able to draw 
upon a great variety of engineering depart­
ments for current and vitally real prob­
lems. This allows a thorough coverage of 
the electrical, electronic, and mechanical 
phases of engineering. Furthermore, com­
pany engineers and scientists, who are 
experts in the many different areas, are 
available for discussing during class the 
significance and modern uses for funda­
mental material. 

The 470 graduates of this program 
have won distinction in the areas of re­
search, development, design, and engi­
neering management and hold positions of 
engineering leadership throughout the 
company. 

Creative Engineering Program 

This program is tailored to develop 
engineers who have a high degree of moti­
vation and ability, and who seek a chal­
lenging career in design, production, or 
manufacturing engineering. 

The most-intruiging facet of this phase 
of engineering is the conversion of some 
idea into a workable and marketable prod­
uct that commands a selling price which 
produces a profit. This often may involve 
the transformation of a development pro­
totype into the final design. Without the 
often ingenious push the basic idea gets, 
it might never reach fruition. Here, one 
must be abreast of the latest developments 
in materials, processes, new or unusual 
components, and basic laws or effects; the 
whole of engineering knowlec^e plays its 
role. A broad knowledge and well-organ­
ized reservoir of information pays big div­
idends; an active curiosity constantly adds 
to this reservoir. 

The advanced technical course provides 
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the f i rs t step in meeting the design engi­
neering challenge. This is done through 
the development of a logical engineering 
approach to any problem, employing both 
physical principles and creative or im­
aginative techniques. 

The creative engineering program is a 
natural second step, for it provides the 
opportunity for a broad growth by present­
ing: (1) A sound perspective of all those 
elements affecting the cost and quality of 
a product so that one can more quickly 
factor m specific experiences later when 
permanently employed in a prodi»t de­
partment. Without this perspective, it 
would take years to project specific and 
isolated experiences into an integrated 
whole. (2) Additional engineering con­
cepts and mathematical techniques found 
most useful for efficient performance in 
design engmeerii^ activity. (3) Continued 
emphasis on the creative phases of the 
problem approach so that graduates can 
contribute the new ideas so essential to 
progress. (4) Practice in learnii^ by do­
ing in all of the three phases just mentioned. 

Developing creative ability and its prac­
tical application to engineering problems 
involves four aspects. First the individual 
must acquire a broad knowledge of the 
area in which he hopes to contribute new 
ideas. Often this knowledge is referred 
to as the reservoir of information from 
which new ideas are synthesized. Second, 
the development of imagination is brought 
about through the use of certain organized 
techniques which increase the probability 
of coming up with new ideas.^ Third, the 
knowledge and ability to evaluate fruits of 
the imagination are cultivated. Last, the 
techniques of reducing the ideas to products 
which may be manufactured for a reason­
able profit must be mastered. 

In the 16 years the program has been 
operated, a total of 347 men have graduated 
from it. An indication of the value of the 
program to the General Electric Company 
is reflected by the demand for graduates. 
These have consistently run many times 
the number of men available. 

Process Technology Program 

Men displaying high ability in solving 

'Many of the techniques used in this program to develop crea­
tive thinking are found in Your Creative Power ' and "Applied 
Imagination" (with Instruction Manual), both by Alex F, Osborn, 
published by Charles Scnbner's Sons. 
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problems in chemical or metallurgical 
processes a'-e selected for the "process 
technology program. ' This program con­
sists of 1 /2 years of rotating assignments, 
homework, and classes to further develop 
these men in the metallurgical and chem­
ical processes. 

Training After Taking a Permanent Job 

After taking a permanent job in an oper­
ation, men can continue their education by 
taking company sponsored courses to 
further their knowledge in their specialized 
work area. Because of the increased re­
sponsibility Df their jobs and grovir^ fam­
ily responsibility these courses require 
less time and effort on the part of the stu­
dent than do the advanced courses. Those 
individuals interested in evening graduate 
work at a nearby college are encouraged 
to work for an advanced degree if their 
study wi l l benefit their job. In many cases 
the company wil l pay a part of the tuition 
connected with these courses. 

Cost of Training 

Many of you must shudder to think of 
the cost of the kind of training we have 



described. Actually the cost can be kept 
comparatively low if the trainees are en­
gaged on productive work on their assign­
ments. The net cost per man of adminis­
tering the engineering program is a small 
fraction of the man's salary. Our educa­
tional courses are voluntary and offered as 
opportunities for the man to help himself. 
The cost per man of the courses lasting 6 
to 9 months and having part-time instruc­
tors is not more than several-hundred 
dollars. Advanced courses like the ad­
vanced enginearing program, creative 
engineering program, and process tech­
nology program have full-time supervisors 
for each class of from 15 to 25 men because 
of the great benefit derived from individual 
tutoring and counseling in this intensive 
training. The approximate cost of admin-
isteringthese programs per man is a little 
over a thousand dollars a year. 

We have found that it is a good idea to 
finance these training operations like a 
business in that the department hiring a 
man pays the cost of his trainii^. This 
gives the training program a real incentive 
to keep the cost of training in line with the 
quality of their product; otherwise they are 
soon out of business. 

Very often people ask how we make sure 
that the improvement in the man's output 
due to training is greater than the cost of 
this training. The answer is that we have 
never been able to do this on a quantitative 
basis, because of the extreme difficulty in 
numerically measuring the increase in a 
professional employee's output. The only 
way to do this with any degree of accuracy 
is to select men in the normal fashion for, 
say, the advanced engineering program, 
line them up in order of rank, and then 
train every other man. A comparison of 
the output of the two groups would give an 
indication of the benefit of the training. 

This plan is good in theory, but we have 
never put it into practice because of our 
confidence in the benefits of the training. 

The engineering program has been in 
operation for 60 years, the advanced engi­
neering program for 30years, the creative 
engineering program for nearly 16 years. 
During these periods these programs have 
been developed and constantly revised to 
better meet the changing needs of the com­
pany. Many of the graduates have risen 
to key positions as technical specialists or 
members of management. Furthermore, 
the demands for graduates usually exceeds 
the supply especially in the case of ad­
vanced course graduates. 

CONCLUSION—GET YOUR PROGRAM 
STARTED 

We are firmly convinced that training 
programs are of real value in helping the 
capable young graduate bridge the gap be­
tween college and career. When coupled 
with personnel policies giving real incen­
tive they form one of the most important 
methods of increasing the value of our 
people. One cannot expect immediate re­
sults from his training efforts, just as we 
cannot begin to clip bond coupons as soon 
as we have made an investment—and 
training is an investment. 

Very often the small or medium-sized 
organization wi l l say that it cannot afford 
such training. Actually the cost of starting 
a modest program is small. A l l that is 
required is the fu l l support of management 
and a capable man of broad experience in 
the organization who is interested in train­
ing to run the show. Al l of the highly de­
veloped, elaborate programs you have 
heard about had humble beginnings. The 
most-important thing is simply to get 
started. 


