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CHAPTER. I

THE PROBLEM AND DEFINITIONS OF TERMS USED

The organization and management of industrial 
research constitute an art that can never be en
compassed by a book of rules. But there are cer
tain principles and experiences which have re
peatedly proved to be applicable and valuable.

I
I. THE PROBLEM

Statement of the problem. It is the purpose of
II this study to review certain facts which establish the 
I importance and magnitude of the industrial research ef
fort in the United States and to selectively choose and 
suggest management practices for its organization and 

| control which have found general acceptance through the 
test of experience. Indications of current trends have 
been examined for their possible effect on future cor
porate planning and management action.

Importance of the study. Research has become a 
multi-billion-doliar industry in the United States —  
the fastest growing and potentially most important fact

G. Furnas (ed.), Research in Industry (New 
York: D. Van Nostrand Company, Inc., 194b), p. viii.
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2in our post-war economy. It is currently estimated that 

|4.2 billion are expended annually and a total of 180,000 
to 225,000 professional scientists and engineers are work
ing full time on research and development.3

Large businesses have spent and are spending in
creasingly large amounts for research and research facili
ties. As early as 19*4-8 the Johns-Manvllle Corporation 
spent |2.*f million for research in a twelve-month period. 
In the same year, IBM reported “development and engineer
ing expenses" of over $3*25 million in their annual re-

h,port.
The growing interest of management in the adminis

tration of effective and profitable research is reflected 
in the increasing amount of space devoted in annual re
ports to that subject. Effective research is essential; 
but without the effective employment of top management 
in formulating policy and setting sound objectives, it

^David B. Hertz, "Management1s Hole in Planning 
Research," Chemical Engineering, Vol. 5*» No. 8 (August, 
19*7), p. 123.

3"The New World of Research," Business Week, No. 
13*3 (May 28, 1955), p. 120.

Hilton D. Shepherd, Vernon A. Musselman, and Eu
gene H. Hughes, Introduction to Modern Business (New York: 
Prentiee-Hall, Inc., 1950),"pp. 3&*f."
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can be a very expensive luxury.^
The writer concurs in the opinion of Philip R. Mar- 

| vin that research can and must be managed like any other 
part of a business with finite objectives and on a realis
tic time schedule. Attainment of profitable results within

| a reasonable time and at a reasonable cost is a practical j
management goal. i

II. DEFINITIONS OF TERMS USED !I
ii  Research. When used in this thesis, the term !11 1 ■   " '  " i

i “research” Includes basic research, applied research, I
and technological development. It excludes such effort 
as may be directed toward economic research, market re-

|

j search, and employee psychology studies. j

Basic research. Research activity of a general 
nature which is carried on with no specific objective 
beyond the expansion of human knowledge and understanding 
is termed “basic research.11 Usually, no schedule for 
accomplishment is established and the fields of study 
may be related only remotely to the commercial field of 
endeavor of the company sponsoring the research.

■̂ Philip R. Marvin, Top-Management and Research 
(Dayton, Ohio: Research Press, Inc., 19537* P« iii.

^Ibld., p. iv.
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Applied research. Research effort directed toward 

a specific objective is termed "applied research.11 It 
consists of the application of known scientific laws of 
engineering, physics, and chemistry to the solution of

; concrete problems. These problems may concern, for ex-1 'I
ample, the improvement of present products or processes 
or the finding of new ones. The effort is complete with 
the manufacture of the prototype article or installation 
of the pilot line.

Prototype article. The final working model which 
proves the soundness, reliability, and practicality of 
the engineering design is called the "prototype article. 11
Usually, it is subject to the re-engineering to improve its

; producibility and to make it more marketable,
i Pilot line. A small-scale process or production
line built to prove or test a new method is called a 
"pilot line." Its purpose is similar to that of a proto
type article.

Development. The span of effort expended in the 
evolution from the prototype to the marketable, commer- 

: cial, or finished article is termed "development." Its 
purpose is to test production under simulated manufactur- i 
ing conditions in order to determine what modifications 
may be required for full-scale production.
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III. ORGANIZATION OF THE REMAINDER OF THE THESIS

Each of the remaining chapters of this study con- i
!

i tains a consideration of the background and history of ! 
\ \
j a specific research management area, a presentation of 1
5 |• qualified opinions of persons other than the writer, per- j 
sonal conclusions, and a look at the future. Each ehap- 

j ter is concerned with the efforts of top management and 
the research director in accomplishing effective research

t; programs. The possible effect of research on the parent ! ‘
company is also taken into consideration. ;

i  ;The sequence of the material in these chapters is !i
: arranged so that management personnel is led in a logical 
manner to a better working understanding of the management 
of a research organization and the problems related to it.

Chapter II contains a review of the history, pres- 
. ent status, and predictable future of industrial research 
; in the United States. Its purpose is to acquaint those
i' previously uninformed with the great growth which has
taken place in the past fifty years in industrial research 1 
and with its current importance to private industry.

Chapters III through IX cover the major problem 
areas considered to be of the most significance to those 

; directly concerned with and affected by industrial re-
i

search. The problem areas of Need, Finance, Organization, ,
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Controls, Research Director, Personnel, and Government
*

Research are treated.
Chapter X contains the summary and conclusions 

of the study as well as recommendations to industry and 
education as to ways of promoting industrial research.

■IV. LITERATURE SURVEY

Prior to the preparation of this study, the writer 
was aware of an apparent lack of information available 
in research management. A review of college textbooks 
used for Instruction in the management courses over the 
past ten years confirmed a previously held opinion that 
little or no useful information specifically directed 
toward research management problems was contained therein.

Personal inquiries to staff members at the Univer
sity of California at Los Angeles and the University of 
Southern California, officers and civilians in the De
partment of Defense assigned to research work, acquaint
ances associated with the Stanford Research Institute 
and the Jet Propulsion Laboratory at Cal Tech, and col
leagues in industrial research organizations served to 
confirm the urgent need for more information on research 
management problems.

In compiling material for inclusion in this study,
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?

the writer reviewed books and current periodical litera
ture on the subjects of research, industrial research,

t

management, business organization, and industrial plan
ning which were available at the principal public, uni
versity, and technical libraries in the Los Angeles area. 
Special reports published by the Government and certain 
institutions and foundations were also reviewed as source 
material.

ij As a result of the literature survey, two conelu-
1 sions were reached: (1) that comparatively few basic
texts have been written which adequately treat the sub
ject of research management, and (2) that the great bulk 
of useful information is to be found only in special arti
cles and reports published in technical periodicals and 

, by non-profit organizations.
The writer recognizes that basic management princi

ples apply to all areas where management effort is re
quired. However, it is felt by him that the importance 
of research in modern industry, the growing attention re
quired of management on research problems, and the unique 

. application of techniques often called for in the solution 
of these problems make profitable a summarization and re
view of the now disorganized data.
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CHAPTER II

INDUSTRIAL RESEARCH —  PAST AND PRESENT

There is no tribute great enough to express 
the Nation's obligations to its scientists, engin
eers, and military personnel for their contribu
tions to our constantly increasing productivity 
and the strengthening of our national defense.l

I. HISTORY

The beginning. Organized research is a product
, of the 20th Century. It had its beginning in Germany; !
| toward the end of the 19th Century, with American effort
S
j in the same direction starting shortly after.
! The industrial revolution, which was the forerunner
! !of our modern and highly mechanized civilization, did not '

result from organized research laboratories. The "great
inventions" that made the Industrial revolution possible
!sprang from the efforts of individual inventors. To the
genius of such men as Crompton, Hargreaves, Arkwright,
Watt, Berthollet, Whitney, and Maudslay must go the credit
1 for the great inventions. j
: Pioneering industrial research in the United States j

•̂ United States Congress, Commission on Organiza
tion of the Executive Branch of the Government, Research 
and Development in the Government, 83rd Congress (Wash- 
ington, D- C.: U. S. Government Printing Press, May,
1955) p. xii.



www.manaraa.com

was the laboratory of Arthur D. Little, organized in 1886. 
Following in quick succession were the laboratories of 
jEastman Kodak (1893)# B. F. Goodrich (1895)# General Elec-
i :

itrie Company (1900), National Bureau of Standards (1901), iI
iand E. E. du Pont (1902).2 These represented the first j  i
| organized research laboratories in the United States thatl
! were sponsored for the purpose of conducting industrial
| research programs.I

It may be coincidental, but the fact that these 
i companies have enjoyed continued prosperity and are among 
j the "blue ribbon corporations’* today can probably be traced ji '
ito their early sponsoring of research programs and to their > 
continuing support of them.

The growth. In the twenty years immediately follow
ing the establishment of organized research in the United 
;States, the original six had increased to 265-^ In the 
!next twenty years, the most significant factor was the phe- :
i

'nomenal growth of research in industry. The fewer than ji
i 200 laboratories in 1920 Increased to over 2,300 in 1939. j

^’’The World of Research, " Business Week, No.
13^3 (May 28, 1955)# p. H5*

^David B. Hertz, “Management’s Role in Planning 
'Research,” Chemical Engineering, Vol. 5̂ > No. 8 (August, 
i19^7), p. 123" ~
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In that year there were over 70,000 research workers and
national annual expenditures of approximately $400 million

nare a matter of statistical record.
In 1952, approximately one-fourth of all our en

gineering and scientific manpower, or 180,000 engineers 
and scientists, were engaged in research and development. 
This search for and application of scientific knowledge 
required an expenditure of $3>750 million, or over one per 
cent of our Gross National product. Of these total dol
lars, private industry financed 38% for industrial research 
for its own produets and processes.^

Today there are 2,845 industrial laboratories, ex
clusive of 100 non-profit research institutes such as Bat
tle and Mellon and the laboratories of Federal, State and
local governments, plus those in the universities and eol- 

6leges. Expenditures for research and development by pri
vate industry in 1956 will be approximately $2.1 billion.'*

4c. G. Furnas (ed.), Research in Industry (New 
York: D. Van Nostrand Company, Inc., 1948), p. 500.

^United States Department of Defense, The Growth 
of Scientific Research and Development, Resource Division, 
Office of Secretary of Defense, Washington, D. C. (July 
27, 1953)> p. 1.

^"The New World of Research,11 op. olt., p. 120.
^United States Congress, op. clt♦, p. xi.
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II. FUTURE

I Expenditures for industrial research have grown at
a greater rate than those of Gross National Product, capl- 
j tal investment, population, or any other general industrial

as it has, however, it could hit |7 "billion in ten years. 
Kastens cites predictions of |10 billion by 19&3 and of

The phenomenal increase in research effort In the 
past fifty years and the fantastic growth forecast for 
the future have created many of the problems which are
discussed in the succeeding chapters of this study. The 
problems of meeting forecast requirements for personnel 
and the financial support of the expanding research ef
forts are not academic. They are of considerable present 
concern to the corporate management of American Industry.

I index. If the present rate of increase were to continue

130 billion in twenty years.®

Merritt L. Kastens, ''Dollars and Science," Chemi
cal and Engineering News (January 25, 195̂ ), PP« 302-30^.
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! CHAPTER IIIi
i

i THE NEED FOR INDUSTRIAL RESEARCH AND DEVELOPMENT
i

i
! Today1s research, determines tomorrow's profits.
J Industry's position, profits and research are in-
; separable in the long-term planning for corporate
* growth. Constant programming by top management for

growth and development is essential to survival in 
i today's industrial environment.-*-
i

i I. A DECISION FOR MANAGEMENT
i
j At some time every industrial organization has
i| faced or will face the problem of the need for or advisa- 
j bility of undertaking a program of research and development
| The setting up of a research program is basically a prob-
!| lem of top-management planning In any industrial enter-
! 2prise.

Many factors have been active in stimulating a com
pany to.industrial research activity. If a firm were to 
review its history, it would probably discover a single

i

; factor which brought about such research. This factor, 
however, would merely indicate the presence of a problem

' ^Philip Marvin, Top Management and Research (Day'
ton, Ohio: Research Press, Inc., 19531* P* 1*

^David B. Hertz, "Management's Role in Planning 
Research," Chemical Engineering (August, 19^7), p. 130.
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or a certain emphasis of its management, and would not 
necessarily prove that other factors were not equally im
portant and had not also contributed to the firm's devel- 
opment.

It is evident from looking at the approximately 
3,000 industrial laboratories currently engaged in research 
that at least this many believe that there is sufficient

I| justification for founding and operating research depart- 
i  ments.^ Before starting a research laboratory, however,
| management needs to consider very carefully the particular i
needs and opportunities of its company. J

In considering the factors underlying the desira- i 
bility of establishing a research program within a eorpor-

i !

ation, the problems involved are not unlike those to be 
considered in planning for other new facilities. For ex
ample, a plant with a limited local market, restricted 
credit, or a highly specialized product has a very dif
ferent research problem than a company with a national

1 market, unlimited capital, and a highly diversified product; 
5 1line.

3Marvin, o£. oit., p. 29. j
h,"The New World of Research," Business Week, No.

13^3 (May 28, 1955), p. 115- ;
F̂. Russell Bichowsky, Industrial Research (Brook- ’ 

lynr New York: Chemical Publishing Company, 19̂ 2), p. 23.^
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II. VALUE OF INDUSTRIAL RESEARCH

Principal alms. Industrial research has been
!I called the 11 fact-finding agency of scientific management11
i z| in industry. Its uses or principal aims are to aid ini
developing technology through the application of scientific 
methods and by discovering new materials, new processes 
and new uses for produets. In a recent booh on the sub-

; ject, five research functions are listed: basic research, *
i ;i I
i product research, application advisory research, produc- j! ]i O !tion process research, and production research.' iIj

Advantageous results. Profit is one of the first I
considerations of management. “Today's profit base must || i
be rebuilt constantly by a steady stream of new products 
and processes.1,8 These new products and processes have 
resulted from research. In fact, a great portion of the 
items in common use today originated in an industrial re
search laboratory in the past twenty-five years. Company 
after company reports that from 50% to 75% of its sales j

^Edward R. Weidlein and William A. Hamor, Glances ,
Industrial Research (New York: Reinhold Publishing

Corporation, 1936), p. 2.
7‘Marvin, op. cit., p. 17.
8Ibid.
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come from products that did not exist fifteen years ago.9
Often overriding the consideration of profit is 

I the problem of survival itself. "The company that lacks 
an organized program of engineering research on its prod- 

i  uct eventually finds itself out of business.1,10 
| In order to safeguard its investment and maintainI
product leadership, the company that is making and market
ing a research product with commercial success keeps on 
with research in the same field. Industrial research is

j| viewed by many companies not only as a profitable invest
ment, but also as an absolute necessity for continued sue- j 

11I cess. Competition forces every businessman to keep 
i abreast of industrial progress in order to avoid losing 
out in the competitive struggle.

A businessman at this point is faced with two al
ternatives. The first choice is to establish a research 
group in his own organization or to buy research from 
some other laboratory. The problems accompanying this

^"The New World of Research," op. cit., p. 108.
i 10George T. Trundle, Jr., Managerial Control of
Business (New York: John Wiley and Sons, "Inc.; London:

■ Chapman and Hall, Ltd., 19^8), p. 2̂.
H-Edward R. Weidlein and William A- Hamor, Science 

in Action (New York and London: McGraw-Hill Book Company,
: Inc., 1931)» P* ^8.
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choice are discussed in the next several chapters of this 
! study. His other alternative is to let someone else make
j

the discoveries and then adapt them to his own use. This, 
of course, saves him an initial investment, hut can very 
well put him at a competitive disadvantage by his getting 
started too late or by increasing his costs through roy
alty payments.-*-2

Expenditures for research and development have had
i! a stabilizing influence on business. The very nature of
ii

! research tends automatically to resist both upswings and j
iIdownswings. Rapid increases are most difficult because : 

j of the long training period for personnel. A lag of from 
j four to seven years may exist between increases of input j
i I
! and increases of output.

However, an adverse movement or slowing of demand 
may be stopped or offset by increasing research expendi
tures. This was particularly true during the last depres
sion when industries who followed an aggressive policy of 
accelerating their research efforts and expenditures gained; 
positionwise and a result thereof.^ ,
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _  ' j

12Charles L. Jamison, Business Policy (New York: j
Prentice-Hall, Inc., 1953)> p* 458. 1

^National Bureau of Economic Research, Regulariza- ; 
tion of Business Investment (New York: Princeton Univer- j
sityJPress, 195 )̂, pp. 310, 3̂ 1»
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Today's management problems are complex. Scien- 

| tific management requires and needs the constant and full 
collaboration of scientific research to keep itself fully 
informed of the continually changing picture. Sound de
cisions must be based on fact. "The very rapid progress 
and present strong position of industrial research are 
attributable to its economic soundness."1̂  i

ij
III. RESEARCH IN THE SMALL COMPANY '

^  !| There are differences of opinion regarding the ad
visability of a small company doing its own research work. ji1It is generally accepted today that the smaller, newer I 
business probably has the greatest need for research while j

i ;
■ establishing itself. ;

In a survey of 1,450 companies conducted by the Har
vard Business School, it was f ound that the smaller the 
company the more it spent on research. Companies with 
fewer than five hundred employees spent in excess of four 

1 times as much, compared to net sales, as did companies 
employing 5 >000 persons or mo re.-*-5

_  . . -  r  _  . I - , - ,  I

-^Edward R. .Weidlein and William A. Hamor, Glances I 
at Industrial Research, op. cit. , p. 4-0.

-^DeWitt C. Dearborn, Rose W. Kneznek and Robert N. 
Anthony, Spending for Industrial Research (Boston: Harvard,
University Press, 1953) / p. 29. •
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t

Speoial points for consideration. The objective
i of a company in setting up a research laboratory is not|
to support research but to be supported by it. Suggesting 
that the small business cannot afford research is likei

! suggesting that it cannot afford advertising.
Small businesses can make far more use of a researchiI

laboratory, get a bigger percentage of return, and get |
i

it sooner than can a big company. In the small company, j 
: a research laboratory closely administered by a top execu- 
I tive of that company should return a profit in a rela
tively short period of time. On the other hand, in the 
case of a large company, it may be a number of years be
fore research can be considered a financial success.

! iThe above statements relative to the importance of re
search in the small company are concurred in by the Ameri
can Institute of Management.

There are many problems associated with the estab
lishment of a company-owned laboratory. One of the most

 .-------r  - I
■^National Research Council, Profitable Practice 

in Industrial Research (New York and London: Harper and
Brothers Publishers, 1932), pp. 82 f. i

i-^American- Institute of Management, “The Improve- !
ment of Small Business Management,11 ■ The Corporate Director, 
(February, 1953)* PP« 1-7* *

j
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common is that of financing. Costs for research facili-

f! ties and salaries for qualified personnel make it an ex-i
pensive undertaking. For that reason, it nay .not he de
sirable for a company to get up a research organization 

; of its own unless it can afford to spend $100,000 or more 
; for sponsoring its research and development programs.1®

Alternatives to company ownership. The small com
pany which has recognized its need for research assistance

Ij hut is not able to implement its own research department
i ;has several alternatives from which to choose. One of the |
possibilities is for it to avail itself of the services !

I - iof an association or cooperative laboratory. In certain 
industries, such as the building trades, this is a common 
practice.

Where there are problems common to a number of com- ' 
panies, reference to an association eliminates unnecessary 
duplication, reduces costs, and increases the chances of 
arriving at a successful solution by combining the know
ledge and experience of a number of companies. However, 
when a number of the member companies organize adequate

F. Downie Smith, "Industrial Exploration and 
Development," Electrical Engineering (September, 19̂ 9)»
p. 777.
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laboratories of their own, the cooperative becomes redun
dant and its scope of research limited. ^  When the co
operative laboratory is not the answer, another possibil
ity is for a small company to engage the services of an 
independent industrial laboratory, such as Arthur D. Lit
tle, Inc., Evans Research and Development, The Armour 
Institute, the Carnegie Institution of Washington, or

|

similar private research groups. The facilities of these j
organizations are among the finest. j|

Industry, however, has made relatively small use ; 
of their services. The 1952 Harvard Survey showed that 
even in the smallest firms (fewer than 100 employees) more 
than half of the respondents who spent in excess of $5»0QQ 
annually for research had their own organizations. The 
same survey showed that dollarwise only about three per
cent of the more than |600 million spent for research by

20191 firms was spent outside the company.
The last alternative to accomplishing its own re

search is for the small company to make use of the research 
staffs and laboratories maintained by the universities and

^National Research Council, op. cit., p. I83.
20Dearborn, Kneznek, and Anthony, op. cit., p. 7.
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colleges. Non-profit institutions have shown the most

! rapid growth in the actual performance of research. Be
tween 19̂ -1 and 1952 their share of the total performance 
increased from five per cent to 11 per cent.^li

| Not all of the schools, however, will accept out- ;
■ side projects. Of the country*s 1,851 schools, 282 will j 
accept or consider research projects from industry or the J  

Government. Acceptance is subject, of course, to the 1
i

I availability of facilities and is governed by institu- j
, i! tional policies. In the larger universities, often as much' 
as 85 per cent of their available research effort is taken

O  Oup by Government projects.

IV. SUMMARY

Many industries, from the very large to the very 
small, have found it advisable to organize and maintain 
a research program. Expenditures for such programs have 
been found effective in increasing profits, solving the 
problem of survival in a competitive market, stabilizing 
business and in providing up-to-date facts for use in mak-

'̂Sjnited States Department of Defense, The Growth 
of Scientific Research and Develobment, Resource Division, 
Office of Secretary of Defense, Washington, D. 0. (July .
( 27, 1953), P. 7-

"The New World of Research," loc. cit.
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ing management decisions.
I The small company or industry stands to benefit
more proportionately from research than does the large 
company. The expense of organizing and maintaining such 
a laboratory is large and may not be within the small 

| company*s financial capability. When this is the case, 
a small company has several alternative sources for re
search assistance from the outside. These sources, while 

| available, have not been widely used. Regardless of the 
j source, however, small industry does better with a re
search program than it does without one.

V. FUTURE
l

It seems likely that industry will find an ever- 
increasing dependence on the research laboratory in the 

1 years that lie ahead. There is no reason to believe that 
the trend toward the complete mechanization of industry 
and industrial processing will not continue.

The startling developments in t he field of elec
tronics are making possible automation of processes in 
industry. The harnessing of atomic power to productive 
purposes is another factor in the present industrial 
revolution. It seems unreasonable to assume that any 
segment of American industry will be unaffected by these
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phenomenal innovations in technology.

The competitive nature of our industrial system 
will force the businessman to tahe part in this revolution. 
He will have to participate and contribute to this advance
ment or fall by the way. Participation will be by the 
way of industrial research.

\
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CHAPTER IV

THE FINANCIAL ASPECTS OF RESEARCH AND DEVELOPMENT

The ready-made formula for the provision of re
search funds has yet to be devised. Comparisons 
in other industries, or within companies of the 
same industry, are of little help.-5-

| This writer does not concur with the above-stated
' opinion of Mr. Voorhles of Standard Oil, believing that
i: an awareness of experienced costs is necessary for a broad
!1 understanding of the industrial research problem. There
• is concurrence, however, that experiences are not directly 
transferable, and that each company must determine the

I amount of its expenditure in the light of its own needs
i . - -

I and available funds.

I. COST OF RESEARCH AND DEVELOPMENT

Total cost. In 195̂ , industry spent about $>1.9
. billion in support of its own research programs.  ̂ This
Ij amount represented an increase of approximately $500 mil- 
| lion over the expenditures of 1952, which were close to

j -̂ Darrell H. Voorhies, The Coordination of Motive,| Men and Money in Industrial Research, Department on Or- 
j ganization, Standard Oil Company of California, p. 63•
I p "The Mew World of Research," Business Week 
!(May 28, 1955), p. 120.
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11.43 billion.3

The cost for 1952 averaged about $22,000 for each 
■ of the 118,000 scientists and engineers actively engaged
I in research work. This average cost ranged from $17,000
!
| in the chemical industry to $69,000 in the automobile in-
; dustry because of a variation in the number of personnel
! 4! supporting eaeh scientist.
II A survey of the same year by the Harvard Business
!, School which considered all persons connected with the re
search effort (technical and supporting) developed a median 
of |7,000 per each with a high of $10,000 per person so. 
engaged.

Breakdown of research costs. Many times those ex
perienced with research administration have found that the 
major item of research expense is that of salaries and 
wages, which may amount to from two-thirds to three-

3tjnited States Department of Defense, The Growth 
of Scientific Research and Development, Resources Divl- 
!sion, Office of the Secretary of Defense, Washington, D. C. 
|July 27, 1953, P* 1.

^Ibld., p. 3-
j ^DeWitt G. Dearborn, Rose W. Kneznek, and Robert
N. Anthony, Spending for Industrial Research 1952, 1953 
(Boston: Harvard University Press, 1953)» P» 38.



www.manaraa.com

26

quarters of the total expense.^ A recent article in Busi
ness Week cites examples of salaries common today.? A di
rector of research commands approximately #25,000 per year. 
A Ph.D. with no industrial experience will start in re
search at from #7,000 to #10,000 per year. Skilled tech
nicians and engineers will earn salaries which are slightly 
higher than salaries paid for similar work in non-researeh 
departments. Wage differentials are determined by the 
needs of the particular program and the technician's ex
perience, training, and specialization.

Costs.of research material vary from industry to 
industry and even between programs in the same laboratory. 
This variation is caused by differences in the require
ments between research programs. For example, an aircraft 
or guided missile program consumes large amounts of expen
sive materials, while in a basic physical science research 
project the cost for material is relatively low.^

Wide variations also occur between laboratories in 
recorded Indirect or overhead expenses. The major cause

6C. C. Furnas (ed.), Research in Industry (Mew 
York: D. Tan Nostrand Company, Inc., 19^BT," p.l48.

^“The New World of Research," op. cit., p. 122.
^United States Department of Defense, op. cit.,

p.
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of these variations usually can be found, however, in dif-
i ferenoes in the accounting system used by the laboratories.|
j Certain expenses may be treated as either direct or indi- i
j rect costs. Depreciation rates for plant and facilities j
(' are not the same in all companies. The examples noted are
i

I only two of many areas where difference in accounting treat
ment will cause wide variance in the overhead rate. Based 
on the writer's association with research and development 
! organizations, however, a range of from 75 per cent to
i 135 per cent is common and 100 per cent as the ratio of in- !
i  j
j  direct to direct expense may be considered normal. j
i  iI  .  i

Capital investment. The total cost of research and 
development discussed thus far did not include one very 
significant item — capital investment. It included only 
depreciation charges and cost repair on capital assets.
I A survey made in 1952 showed this investment in capital as
sets to be sizable. !

i A replacement cost of $1.0 billion was estimated for I
: the tangible facilities (land, buildings, and equipment) 
j of 191 companies whose research expenditures amounted to
i  .  ii  30 pe** cent of the industrial total. In addition to this
1 .

' investment, an average annual expenditure of $600 per pro-I
‘ fessional technical person was made for additional labora- ;
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tory machinery and equipment.9

II. FINANCING- RESEARCH AND DEVELOPMENT

Determining size of Investment. There does not ap
pear to he a ready formula for conveniently determining 
the amount of money that should he necessary to support 
a research program. One word of advice has found general 
acceptance, however, and this is that the research expendi
ture should he set at a figure which the company can af
ford to sustain for some years, even under adverse cir
cumstances. ̂

The current practice of determining the amount of 
funds to he appropriated for research hy reference to the 
ratio which exists between it and current sales is losing 
favor. While this ratio may he useful for malting a quick 
comparison of one program with that of a competitor, it 
is dangerous if used as a sole criterion because of the 
differences in capabilities between companies.^

For example, in 1951 company-financed research in

^Dearborn, Kneznek, and Anthony, op. cit., p. 9̂*
10Morrough P. O'Brien, "Research for the Benefit of 

Industry,11 Chemical and Engineering News (October 30, 
1950), p. 3735".'

llBThe New World of Research," loc. cit.
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; 1,450 companies averaged 0.9 per cent of direct sales. Yet 
1 for companies of fewer than 500 employees, the expenditure 
javeraged 1.4 per cent and for those of 5»0GQ or more, but
1
)0.5 per cent. These ratios have some value because they
| indicate a certain emphasis on research by smaller organ!-
I 'i zations, but they would not be valid in establishing the
t1|program expenditures for any particular company.I
! A more realistic approach to be used in fixing the
! optimum research expenditure consists first in establisji- 
j ing the amount of research which is necessary to achieve 
! the objectives as set by management, and then to adjust 
i these requirements and objectives in light of the resources 
1 available for financing a sound program. The appropria- 
; tion of research funds should be based upon a recognition 
of the potential gain to be made. This, then, should be 
tempered by the company's willingness to expand, if nec- 
1 essary, and its ability to finance the program over a rela- 
tively indefinite period of time.^IIi
i Method of financing. One of the most common methods
, of providing funds for research and development expenses

: 12Dearborn, Kneznek, and Anthony, op. cit., p. 49.
j

i 13philip R. Marvin, Top-Management and Research
: (Dayton, Ohio: Research Press, Inc., 1953)1 PP* 32, 48.
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is to allocate a fixed portion of the previous year's 
profits for that purpose. This method, however, has a 
, major disadvantage in that research iso likely to become 
j  lean in non-prosperous years when the need for research j
I Ik !is the most acute. j

i

This particular method requires no actual planning, 
j It may have some value for the firm whose research effort 
! is directed toward providing technical advice to manage-
i
i ment rather than being intended to accomplish specific re- ;
: suits with product or process. Otherwise it has little i

i

| to recommend it.1"* I
! Most research directors would rather see the annual j
! expenditures of their laboratories written off as expense 
than capitalized.1  ̂ A realistic way of doing this is to 
pay for the cost of the research programs by crediting the 
research account with the resulting profits of their devel-
topments.
il! 'I - -.....- - ■ - ...I -ih iA Lawrence L. Bethel, Franklin S. Atwater, George j
' H. E. Smith, Harvey A. Stackman, Jr., Essentials of In- i
• dustrlal Management (Mew York: McGraw-Hill Book Company,
19wrr~p-~wr

^David B. Hertz, "Management's Hole in Planning ;
i Research, " Chemical Engineering (August, 19 7̂)» p» 125*
; ^Furnas, op. cit., p. 155*
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One method of doing this is for the research de- 

! partment to put an asking price on its inventions. This
j charge is then financed in the same manner as the purchase|
i of a new building or equipment. To the amount credited
iI above is added actual charges for special work done at the 
request of the operating divisions. These credits also)
; are supplemented by outside sources of income, such as
i! royalties from successful patents, and research done for 
i other companies or the Government.

This plan, while rather complicated, has eertain 
| advantages, one of the most important being that it keeps 
: clearly in the minds of the directors and Investors the 
real position of research in the industry.^

Return on Investment. Research programs deal in 
futures and therefore are replete with unknowns. Many 
projects are of long duration and can very well end in 
partial or total failure. The successful programs must 
pay for those which are unsuccessful.

Research rarely yields quick financial dividends 
and for that reason it is necessary to judge results over

| !?F. Russell Bichowsky, Industrial Research (Brook- >
! lyn, New York: Chemical Publishing Company, Inc., 19^2),
| p. 11̂ .
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■j Qa sufficiently long period of time. However, «... to

day^ research determines tomorrow’s profits,"^ and the 
jfact that more than $0 per cent of today’s sales are of 
[products developed in the past .twenty years is proof of
S

jthat fact.

| III. SUMMARYiIi American industry Invested $1.9 billion of its own 
■money for industrial research in 195̂ * This is important 
jeven though the sum amounted to only about 1.0 per cent
■ of net sales for that year. Of much more significance
;to the company about to organize and maintain a research 
laboratory is the realization that in terms of engineers 
and scientists engaged in this effort it amounted to ap
proximately $22,000 per man.

Of equal importance is the fact that American indus
try has an investment of an additional #21,000 per sclen- 
;tist for land, buildings, and original equipment which was 
necessary to get started, and that it is adding to this 
another #600 per researcher each year for new equipment.

' -^Dudley E. Chambers, “Some Aspects of the Function,
jOrganization and Operation of Industrial Research and
■ Development Laboratories," Journal of the Franklin Instl- 
1tute, No. 2^9 (April, 1950), P* 291.
1 19•̂ Marvin, op. cit., p. 1.
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The financing of research and development programs 

is not handled in the same way in all companies. It is 
| generally agreed, however, that investments in research
tj rarely yield quick financial returns. It is also gener-
i

ially true that those who manage research departments pre- 
jfer liquidating research costs rather than capitalizing
i them.I
i After the objectives of the research effort are
|defined and the finances approved and made available, a 
system which provides for the crediting of the research 
account by direct charges to requesting departments, in
come from patents and resulting new products, and other 
;Income from sources outside the company is to be preferred
t

!to less scientific "rule of thumb” techniques, 

j IV. FUTURE

1 Research costs are rising. Between 19^1 and 1952,
'while the number of scientists and engineers doubled, the 
■two-fold increase in manpower was accompanied by a four-
i

fold increase in expenditures in the same period.^0 While 
part of this increase was attributable to the decline in

ii
| ;

^°Unlted States Department of Defense, op. cit.,
]P* 5«
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the purchasing power of the dollar, much of the increase 
was due to higher costs for qualified research personnel 
resulting from increasing demand and shortening supply* 

Added to this has been the skyrocketing cost of 
equipment, with competition making necessary the very 
latest and the best. There is no indication that these 
costs will hot continue to rise and this increasing cost
is becoming a matter of growing concern among top company

21management in this country.

21mThe Hew World of Research,B op. cit., p. 121.
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CHAPTER V

ORGANIZING THE RESEARCH FUNCTION

Without effective organization and machinery, 
it is impossible to know what is going forward 
in a research way, to determine promptly sound 
executive policies for the laboratory with respect 
to such matters, and then to make the voice of the 
directional staff and its Influence felt regarding 
them.1

I. CORPORATE STRUCTURE

Frequently a company’s industrial research program 
starts in a backroom laboratory as a fairly minor activity.; 
Its purpose is to provide a service to the manufacturing j 
and engineering departments. From this beginning, how
ever, it eventually grows in stature and in its place on 
the organization chart. That, briefly, has been the his
tory of research in the most successful companies where 
currently it is not only responsible for technical mat
ters but for phases of over-all company planning.^

Organization plans. In the majority of companies,

•̂Edward R. Weidlein and William A. Hamor, Science 
in Action (New York: McGraw-Hill Book Company, Inc., 1931),' 
pp. 270 f.

p C. G. Furnas (ed.), Research in Industry (New 
York: D. Van Nostrand Company, Inc., 19̂ 8), p. 13. j
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one of two organizational patterns is followed in placing 
the research function in the organizational structure. One 
of these is to consolidate engineering and research under 
a single head. The man responsible for engineering and 
research frequently has control of factory and material 
processes as well.

Combining research and engineering has certain ad
vantages when the number of the company's products is not 
large. When such is the case, it is often possible to 
cover all the products and provide for engineering devel
opment as well. When this can be accomplished, direct 
control by one head seems to be the more efficient arrange
ment.

In the second organizational pattern, the research 
laboratory is independent of the engineering and factory 
departments. This second plan has the advantage of per
mitting the research director to take a more detached view 
and thus gain a better perspective of the major problems 
of the company.3

In very large companies with unrelated and fully 
decentralized operating divisions, it is sometimes the

^National Research Council, Profitable Practice 
in Industrial Research, national Research Council, Di
vision of Engineering and Industrial Research (new York 
and London: Harper and Brothers Publishers, 1932), p» 70»
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practice to have separate research groups in each division.

! When this is done, their activities are coordinated by an
!

I executive committee or a corporate director. In some com
panies, applied research may be done at the division level 
and basic research at the corporate level. In almost every|
case, however, the research activity reports and is di-

i

rectly responsible to top management.

Independent research preferred. The most power- |
: I

! ful company-financed research organizations, such as those j
i ■ I! of General Motors, General Electric, and United States 
Steel, are set up as independent organizations and their
directors carry the title of Vice President. In these j

i1 cases, research is considered an executive function be- {
cause its activities and policies affect the future posi—

: tion of the company.^
Experience has shown that, generally, research 

does not prosper in an atmosphere of dependency. To be 
effective, research should be on an equal status with the 
other operating departments of the corporation in the or- ,
ganizational structure.5 >

t

4 !F. Russell Bichowsky, Industrial Research (Brook
lyn, New York: Chemical Publishing Company, Inc., 19̂ 2), ■
p. ?0.

^Furnas, op. c it., p. 17•
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Preferably, the director of research should report 

directly to the president, top operating head, or to the
i! same executive to whom the other operating divisions, in
cluding production and sales, report. Under any other ar
rangement, research becomes a service function and not a

i; f.| full operating partner.i! Company management must work closely with the re
search manager to establish and support programs clearly

I understood and guided ably by top management. The pro-| j
; grams must be interpreted in policies known and under- j
; istood by the research division, with a constant flow of |
pertinent information to management as xvell as to the re
search groups.

! IThe success of research is an executive prob- 1
lem due to the widdom and skill of the executives 
of the corporation directing that research, con
trolling it and knowing when to say 'no.

The writer concurs with the logic of the opinions
expressed above that research is a top-management respon- ,
sibility and that organizationally it must be placed there.

; Frequently, profit objectives of a corporation determine I
research objectives and thereby research programs. It is

I  |

6 Ibid. .
^Philip p. Marvin, Top-Management and Research 

’ (Dayton, Ohio: Research Press, Inc., 1953)Y P« iii* j
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mandatory that these programs be geared to corporate 
objectives. The responsibility is that' of top management.

!
II. DEPARTMENTAL STRUCTURE

Director1s staff. The most successful research 
laboratories follow organizational patterns which are very 
similar. In these, the laboratory is divided into various 
sections or divisions. Each division is headed by a divi
sion chief, who in turn has group leade’rs reporting to him.

i
j  Supporting these group leaders are the project engineers
!

responsible for specific assignments. i
j

The division chiefs, plus the heads of the major 
supporting sections, constitute the director's advisory

i
staff or executive board. At regularly scheduled meet-

i ings, the director submits all major technical problems 
that come before him. It is not the purpose of the direc
tor to shift responsibility, but rather to obtain advice 
of a specialized nature which will enable him to make sound 
decisions.a

Basis for divisional classification. In the major- . 
ity of research laboratories, problems are assigned to the

^Bichowsky, op. cit., p. 93.
I
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divisions on the basis of a classification of the problem 
in regard to subject matter. One of the possible research 
classifications is by function. In an organization of 
this type, there might be a Division of Fundamental Re
search, a Division of Development, or a Division of Oper
ating Research. Unfortunately, all research problems canI
not be so catalogued. It is infrequently found that any j

t

given industrial problem is purely fundamental, all de~ j
f| velopmental, or only operational.9

j More widely used bases for organization are: by ^
manufacturing departments or plant units, in terms of the j

ltechnical skill or scientific background required, or in I 
terms of the specific purpose of the research.10 In the j

I

first case, the laboratory would probably be broken to 
correspond with the various products manufactured. In the 
second, the organization would parallel the major fields 
of scientific specialization related to the company's 
business. In the third Instance, there would be one sec
tion for new product research, another for product improve-̂

^Ibid., pp. 100 f. I
lOLawrence L. Bethel, Franklin S. Atwater, George

H. E. Smith, Harvey L. Stackman, Jr., Essentials of Indus- , 
trial Management (New York: McGraw-Hill Book Company,
1954), p. 68.
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ment, another for packaging, and so on. In the larger 
companies a combination of all these groupings is used.

The project system. Regardless of the method 
used to set up the divisions of the laboratory, practi
cally all research organizations use what is known in the 
research and engineering fields as the “project system. 11 
The project is the specific task or job to be done. It 
is the work unit of the laboratory.

In practice, the projects are assigned to the divi
sion heads on the basis of their specialty. The division 
head assigns the project to a group leader on the basis 
of task loading and the group leader^ familiarity with 
the subject of the research. The group leader then as
signs the task to a project engineer who, with the assis
tance of assigned scientists and technicians, finds the 
solution to the problem.

In some of the most modern research organizations 
of today, the research director and his staff assign a 
specialized team chosen from the whole laboratory staff 
for each new project rather than make assignments to a 
pre-determined group. This team approach cute across 
both group and division lines and the team reports di-

J
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I 11I rectly to a senior staff member.
i

In all instances, however, the project system is
used and its use has many advantages. For one thing, it
gives the director a basis' for controlling the entire
laboratory. For another, its use provides a basis for
records and a means of accounting for costs. Lastly, and
this is perhaps the most important advantage, the project
system makes possible periodic reviews of progress and

1work accomplishment.
I

III. SUMMARY !Ii
Research activity is most profitable and productive

I when organizationally responsible to top management. Be- 
! cause of the direct effects that research results have on i

i■ the future of the company, its proper operation is a man
agement function. The research director should be on the 
same organizational level as the heads of sales and pro
duction, and his department should be a full partner, not 
a service department. In the largest corporations, the j
research director carries the title of Vice President.

,  ̂ | 
^Herbert Solow, “Science for Sale —  at a Profit, 11 I

Fortune (March, 1955)» P* 136.
^Bichowsky, op*, cit. , p. 101.
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Host research groups are split into divisions, ac-
i cording to the classifications of activities. These divi
sions may be on a functional basis, by scientific speci
alty, by plant or department, or research objective. In|
■all laboratories, however, the project system of assign-i
j ment is used because of the advantages to be gained from
lbetter control, more accurate cost accounting, and theI
|ability to make a periodic review of the progress being
imade in any research project.
!

i IV. FUTURE|
!

Observed trends seem to indicate a decreasing ten
dency to combine research and engineering under one head,|
1exeept in those cases where significant economies are 
:gained during the early stages. It is possible that more 
:laboratories will turn to the team approach for research
[projects. The fresh, unbiased approach made possible by1Iithis method may prove a distinct competitive advantagei
jand actually result in a reduction of the number of per- 
j sonnel required in the research laboratory.
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CHAPTER VI

CONTROL TECHNIQUES

With intelligent planning, with a clear vision 
of both the immediate and the long-range objectives, 
with proper personnel and direction, research will 
ultimately bring rich rewards to any industry.-1*

I. PLANNING AND SCHEDULING

Top-management responsibility. The importance of 
i top-management direction in the administration of indus- 
j  trial research was stressed in the last chapter. The man- j
I agement of any enterprise is faced with a most important
i 1
| problem in planning when it has to decide whether to ex-i !
: pend funds on a research program. Many executives find 
it much simpler to plan for plant expansion, a machinery 

! modernization program, or a sales promotion than to choose 
, a satisfactory research program.4'

There is a strong resistance to the planning and j
i
; scheduling of research and development programs because !
of the number of intangibles which make prediction diffi- j

^Edward R. Weidlein and William A. Hamor, Science I 
iS. Action (New York and London: McGraw-Hill Book Company, .

’ Inc., 1931)> p* 266. ;
■ ^David B. Hertz, “Managements Role in Planning Re- 1
' search,11 Chemical Engineering, Vol« Number 8 (August, 
1947), p. 124.
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emit. It should be remembered, however, that even when
the plan and schedule are based on sheer guesswork such
plans and schedules have value. Forethought is required
in their preparation and a guide for measuring progress 

3is provided.
Because the planning of industrial research is 

difficult, it easily can be by-passed by top management 
and left to chance. The doHar-and-cents cost of improper 
planning often eannot be accurately appraised from profit- 
and-loss statements. While the incurred cost of an unsuc
cessful research project is tangible, the profit lost from 
a program never undertaken or unfruitful because of poor

v

planning is much more intangible. This loss can be very 
large, however, and seriously affect the company*s fm- 
ture.

/
The corporate plan, one of the first considera

tions of management is to determine the objective at which 
the research effort is to be aimed. Company policy must 
provide a guide as to whether new product development is 
to be the objective, or product improvement, or product

^Philip R. Marvin, Top-Management and Research 
(Dayton, Ohio: Research Press, Inc., 1953)7 P» 52 *

^Hertz, op. cit., p. 123*
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, diversification, or a combination of these and others. - ii ;
The amount of effort to he expended, the objective in mind, 

j and the timing make up the corporate plan.
| In a survey of 191 selected companies whose net
i

! sales amounted to approximately $52 billion in 1951 and
: - ii whose total employment totaled more than three million,
( 92 per cent of the research funds were spent for two ob- ;
1 jectives —  50 per cent to improve present products and ,
1 processes and 42 per cent to ereate new products or proe-
i !esses. The remaining eight per cent was spent to support 
fundamental research, basic research, and other projects 
uncommitted to specific problems.^

Over one-half of the companies who answered the
i

survey questions reported no expenditures for basic re- 
| search. Of those companies who did report expenditures j 
' for basic research programs, the larger companies spent a !
‘ proportionally greater amount for that purpose. For com- |! |
j panies of fewer than 500 employees, the median amount of j
1 II expenditure for uncommitted research was zero. j
> 1Turning to a consideration of research programs ;

i
; directed at creating new products or processes, it was 1

t
. I

-5peWitt C. Dearborn, Rose W. Kneznek, and Robert 
N. Anthony, Spending for Industrial Research, 1951> 1952, ;
(Boston, Mass.: Harvard University Press, 1953)> P* 47. ,
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shown by the survey that companies employing fewer than 
2,000 employees spent as much or more for research proj
ects of this hind as they did for projects where the ob
jective was product improvement. On the other hand, com
panies employing 50*000 or more persons spent twice as 
much for product and process improvement as they spent 
for developing new products or processes.^

There appears to be a discernible logic in the pro
gram planning as evidenced by the results of the survey 
noted above. The small company is constantly striving 
to improve its competitive position. It attempts to do 
this by increasing its market through the introduction 
of new products while at the same time reducing its costs 
through increased efficiency.

The operating philosophy of the large company is 
different. The large company has established itself and 
its line of products, and therefore, is concerned with 
maintaining and strengthening its position. It does this 
by means of product improvement and considers product 
diversification to be less important. Only the very 
largest concerns feel the necessity of a major effort 
in the area of basic research. Other companies consider

6 Ibid
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i basic research, unattractive unless the nature of their 
product is such as to require it.

i
The master schedule. Proper planning of research 

programs cannot be divorced from the time element. Be
cause the time involved from the start of a research pro-i
gram to its completion will affect both the amount of the 
expenditure and the areas of attack, it should be care
fully considered when the corporate plan is made. Sched-

i

j uling is an important aspect of top managements responsi-
j
: bility for setting up a sound research program. If done
well, it will result in a proper concentration of efforts

7j in accordance with corporate objectives and policies.'
! Unfortunately, managements have relatively little j
control over the timing of research developments. Research 
directors are under constant pressure from their management 
to set deadlines for the completion of projects. However, 
while pre-planning and competent technical supervision 
narrow the range of probable error, predictions of the re
sults of scientific invention are apt to be most erratic.

Capital expenditures for plant expansion and pro
duction of new products are frequently either delayed or 
advanced by not having research pay off on schedule or by

'Hertz, o j d .  pit. , pp. 128, 130.
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the successful completion of a project sooner than was
anticipated. In the building materials industry, research
discoveries well ahead of schedule have forced sharp ae-

8celerations in capital expenditure programs.

The projeot plan. When the master plan has become 
settled and adequate funds made available for support, 
there still remains the planning and scheduling of each 
individual project. Project planning should come from 
the research director and his staff and should not be 
considered as a problem for top management. The complete 
planning and scheduling of each project from start to 
finish should be done, however, from the over-all concept 
of the planning as established by top management.  ̂ Re
search work must be scheduled in order that continuous, 
uninterrupted attention can be given to it for long periods 
of time, if that is required.^ |

While there is general agreement among both mana
gers and engineers that some control is necessary in or-

ONational Bureau of Economic Research, Regulariza
tion of Business Investment (Princeton, New York: Prince
ton University Press, 195^)> P« 125*

^Hertz, op. clt., p. 129.
10National Research Council, Profitable Practice in 

Industrial Re search (New York and London: Harper and
Brothers Publishers, 1932), p. 214.



www.manaraa.com

! 50I

der to achieve optimum success in any research effort, 
there is not a general agreement as to how much detail 

! planning is necessary to assure effective control. One 
expert will advance the opinion that each program "must 
he broken down into day-by-day work plans and reports of 

| work done."11' The opposite opinion is expressed by the 
engineer who is convinced that thinking cannot be sched
uled and is apt to look on costs and deadlines with little 
concern and, perhaps with much disdain.12 \

i! Somewhere between those two extremes, the labora
tory management must find a compromise. The nature of 
each research project will determine, to a large extent,

I how much planning is practical. Various factors must be | . I
weighed by the research director. Points to be weighed I

I

in the consideration include how critical the need is for
the sought-for answer, the amount of money available for )

/
the project, and how great an advance in the “state of 
the Arts" is involved. Obviously, a project that reaches^ 
far into little-known and relatively unexplored areas of / 5
science and engineering cannot be laid out in the same / !

^C. C. Heritage, "Budgeting Research and Develop- j
ment," The Paper Industry and Paper World (March, 19̂ 0), 
p. 1257.

12"The New World of Research," Business Week (May 
28, 1955)» P* 108.
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neat patterns as can a comparatively simple application 
of common mechanical laws.

On the other hand, when the failure to find a solu
tion to a problem could cause severe financial loss to an 
organization, or when very limited funds are available to

y

sponsor a critical program, the very best planning and ^
Vcontrol by all persons concerned is in order. Regardless' 

of how nebulous the research project may be, the applica- :iition of considered judgment and well-chosen plans of at- ■ 
tack will contribute to the successful fruition of the 
program. ' ̂

It seems logical that management must exercise suf
ficient control to assure compliance with the master 
plan. Management must establish procedures for control
ling research departments. This must be achieved, how
ever, without resorting to operating techniques which 
stifle that type of individual who is most successful in 
accomplishing industrial research. ’'Organization and 
control should not be carried to a degree which smothers 
imagination.

II. BUD G-ETARY CON TRO LS 
An operating project budget should be prepared

^Marvin, op. cit. , p. 145
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I in the same manner as the project plan and schedule. The
preparation of an operating budget for each project is an

*

: effective aid in planning the activities of the research 
department. It provides assistance to the company execu- 

; tives in preparing the company budget and in providing
i 1  i il for the continuance of the research effort.

Usually, a preliminary project budget is prepared 
prior to the initiation of a specific research program.

ij Then, when top management has given its blessing and thei
i project plan has been drawn up, a revised budget is pre-
i i

pared and keyed to both the plan and schedule. Subsequent 
revisions to the budget must be made to correspond to

ichanges in the program and also to reflect actual costs
f

. experienced. 1
j

/ Operating budgets for research projects are sub- ;
iject to the same probabilities of error as are project  ̂

plans and schedules, and for the same reasons. However, 
if careful thought is given to" their preparation and ade
quate and parallel accounting records of budgeted and ac- ;!
tual expenditures are available for comparison, a valuable :

»

control technique is provided for the use of the labora-
i

____________  I

■̂ C. 0. Furnas, Research in Industry (New York:
D. Van Nostrand Company, Inc., 19̂ 8),' p. 77*
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tory director and his management.

III. REPORTS

As in the management of any segment of the indus
trial organization, certain reports are required. The 
reports needed "by the different levels of supervision are
not the same. At the level of the project and group en- j

!gineer, detail information is needed. Here labor expendi- j
i

j ture analyses, material usage, test reports, drawing sta- 
j tus and status of prototype manufacture are required on a 
weekly and sometimes daily basis in order to maintain 
technical control and supervision.

The research director needs other Information in 
order to direct the activities of the laboratory. In 

i fairly sizable organizations with several active projects, 
it is impractical for the director to personally review 
each project frequently. For his purposes, a progress 
 ̂report is prepared by the group project engineers for the 
assignments under their control to Inform the research 
head of progress being made and of trends resulting from 
active projects. These reports should be regularly sub
mitted in a standard form for all projects.^

•*•-5Ibid., p. 174
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The progress reports serve to provide a basis for 

j review by the research director and his staff and as a 
source of data for his use in reporting to corporate man
agement. Significant variations from the project plan, 
schedule, and budget are highlighted so that necessary

i; revisions in both laboratory operation and corporate i
j planning can be made.i
I
! IV. SUMMARY

| Planning and scheduling are a necessary and impor-|
| tant part of a successful industrial research program.
These activities must be carried on at the top levels of 

j the corporation to assure that corporate objectives will
i
' be attained and also at the laboratory level to assure 
; adherence to the plan of attack. The great number of in- I
I tangibles and unknowns in research make scheduling very j
1 Ii difficult and accurate predictions unlikely. i
i ' ‘Budgetary controls are subject to the same vagaries.

t

and errors of forecasting as are research plans and sched- Jj |
ules. Hoitfever, comparisons between the budget and actual ,

f,| !1 cost figures provide management with useful Information j
; for administrative purposes.
i Operating progress reports, prepared periodically
i 'and in a standard form, are necessary at all management
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levels. The reports should be tailored to meet the needs 
of the people using them and, when going to top manage
ment , should not be so filled with details as to cloud 
the basic information presented.

In every case, however, the reports, plans, bud
gets, and schedules should be adequate for control pur
poses and yet not so confining as to smother the initia
tive and inspiration of the research scientists. It must 
be remembered that management people and research scient
ists have different backgrounds, goals, and ambitions, 
which fact must be compromised in the control techniques 
established for the research laboratory.

V, FUTURE

Undoubtedly, with the continued growth of indus
trial research, many new and specialized management con
trol techniques will be developed that are better adapted 
to the particular needs of the laboratory. More accurate 
records of historical information regarding past research 
projects will make forecasting more dependable.

Only since 19£1 has industry as a whole recognized 
the great importance of planning and control in manage-
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ment. It was much later when the general application 
of these same principles was made to research management.

I

j  Modifications being developed now will become the prac- 
tices of the future.

The great expansion in research activity brought 
about by both industry and the Government is acquainting 
both management and science with each other's problems 
and needs. This interchange of philosophy and ideas can 
be expected to result in the finding of solutions satis
factory to both.

II

I
I

Edward R. Weidlein and William A. Hamor, Glances 
at Industrial Re search (New York: Reinhold Publishing
Corporation, 1936), p. 1̂ 7*
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| CHAPTER ¥11

THE RESEARCH DIRECTOR

. . . the research director has a jot requiring un
usual talents, ranging from executive ability and 
all that implies to technical training, skill, and 
experience, and to an unusual understanding of hu
man relations and psychology. He must possess imag
ination, intuition, enthusiasm, and leadership in 
the highest form.l

I. THE JOB

Adviser to top management. As was pointed out in 
I Chapter V, the research director in many companies is a 
member of the top-management team with a title of Tice 
President. As a member of the top team, he is expected 
■ to be the one best Informed regarding current and poten- 
; tial scientific developments that might affect sales,
>profits, and the competitive future of the company. By 
.keeping abreast of developments in his company1s field
; and those related to It, the research director can plan
!

1 and make recommendations for the future progress of the 
| eompany and his laboratory's part in assuring it.
| When formulating research programs, it is equally
i
important to know when to stop or when to make a provision

-̂C. C. Furnas (ed.), Research in Industry (New 
York: D. Tan Nostrand Company, Inc., 19̂ 8)", pp. 69 f»
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for allocating additional funds. The research director 
is the one expected to make a definite recommendation at 
this point. The recommendation should be in such detail 
as to not require too much effort for management to reach

Oa final decision.*" Research executives must be present 
at all top-management meetings to give counsel, to make 
suggestions, and to point out errors in management think
ing in all'corporate matters affected by research activi
ties. 3

Administrator. The direction of the research pro
gram should be completely in the hands of the director of 
research. If he does not have full and absolute authority 
over the research programs, they will be disrupted by 
whims and poor judgments not only in the sales and other

Lleommerelal departments, but in the laboratory itself.
The president of the Bell Telephone Laboratories 

considers that the problem involves: (1) the selection 
of competent people, and (2) the most efficient use of

2David B. Hertz, "Management's Role in Planning 
Research," Chemical Engineering, Tolume 5^> Number 8 
(August, 19^?), P * 129.

% h i l i p  R. Marvin, Top-Management and Research 
(Dayton, Ohio: Research Press, Inc., 1953)7 P- 31»

a .Furnas, Oja. clt. , p. 60.
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their brains.Four principles for the efficient manage
ment of a research laboratory have been set forth as fol
lows:

1. Systematic use of experience, to develop a local science.
2. Scientific selection of research men.
3. Economic control of effort.

Promotion of personal efficiency, by education 
and development of research men and by inducing 
close, cordial cooperation between the manage
ment and the men.®

In the administration of a research laboratory, the 
director who believes in the smoothly operating techniques 
of scientific management is going to have a better chance 
to succeed.? The different and divergent motivations of 
people working in and associated with an industrial re-

i

;search laboratory require the utmost in leadership ability | 
from its director. The proper balance and efficient utili-'j
■ zation of men, money, and facilities in a constantly chang-

I c! ^National Research Council, Profitable Practice in
jIndustrial Research (New York and London: Harper and
■Brothers Publishers, 1932), p. 18.I

fij Edward R. Weidlein and William A. Hamor, Science
'in Action (New York and London: McGraw-Hill Book Company,
line. 1931), p. 2?1.1
! "̂ Edward R. Weidlein and William A. Hamor, Glances
iat Industrial Research (New York: Reinhold Publishing
'Corporation, 1936), p. 13̂ .
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ing situation demand the "best in administrative ability.

| II. THE MAN
j|

The director of the Kodak: Research Laboratory ex-
i pressed the opinion that the success of the research labor-
i

atory depends on the men who run it and the willingness of j
i QI management to utilize the results of their work. In or-|
j der to be successful in the laboratory and at the samei
time be effective on the management team, the man with the 
job of director has to have certain technical qualifica- i 
tions and personal attributes.

One of the qualifications required is leadership 
ability. This leadership must stem not only from techni- 

1 cal knowledge and good business judgment, ability to rec- ! 
■ ognize accomplishments and individual problems, but also f
i from a devotion to the scientific method and a captivating iiti enthusiasm which inspires others. These qualities will :
' foster esprit-de-corps in the laboratory which is essen- ;
! Qtial to success.7I
| Industrial research must be as sound economically :
j: as from a scientific and engineering standpoint. Many
i I

I ------------------

^National Research Council, op. cit., pp. 80 f. 
%arvin, op. cit., p. 37*
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scientists are not interested in management work and many |
}

others are not qualified because they love science for 
science's sake and do not care whether there is any useful- 
'ness in the discovery.
jj The director, on the other hand, must never lose ;
■ sight of the fact that the research is being done with
I!corporate funds and must justify itself economically. To 
do this requires a sound sense of values and the ability 
to direct the main lines of research being carried on. jI
When sidelines are discovered, he must help his assistants 
choose which are likely to yield profitable results and 
which should be discontinued.

; III. THE SALESMAN j
1 i

In addition to being a qualified scientist, an able >
I

Iadministrator firmly grounded in economies, and a well- j 
jinformed industrial technologist, the research director !
must be a salesman. His job is not done when the new prod-
j . i
|cut has been invented, designed, and proved as a prototype. | 
;The new product has to be sold just as though it had orig
inated outside the company.

i
------------  j

^National Research Council, op. cit., pp. 52 f. !
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i

The selling of an idea, even though a good one, is 
difficult. The top-management group are apt to be hostile, 
and naturally so. To the president and each division —  
Sales, Engineering, and Production —  a new product or 
process means new problems. It means new demands on capi-

i

| tal, problems of design for engineering, production griefs !
! j

! in the factory, and service problems in the field. To the ,
! . ,
I; sales division it means new problems of marketing and dis- 1 
! tribution. Most important, it can affect profits and cor-
; i
| porate earning. !
I| If the director knows his field and his management,
has the vision of a prophet, and the enthusiasm of a door- j
to-door peddler, plus the ability to sell, he will be sue- I

! ■ " !| cessful. It is important that he be successful, because I
| only in this way can the results of the laboratory's re- j
i; search programs be turned into the future's profits. It
| is not without reason that the research director has beeni :
1 called the Vice President in Charge of the Future. j
• i! I

IV. SUMMARY I
I I

t

i The position of a research director is a most im- i' '\ i| portant one, requiring men of unusual training and ability.'
j! '
; -̂F. Russell Bichowsky, Industrial Research (Brook- :
' lyn, New York: Chemical Publishing Company, 19^2), p. 56. 1
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As a member of top management, the director of research 
has direct responsibility for keeping them informed of im
portant new developments and recommending a course of ac
tion as may be required.

The director must be an administrator, an economist, 
and a practical businessman as well as a scientist. In 
handling his daily associates he must use the utmost in 
tact and understanding. He must be able to move comfort
ably in both the realms of science and industry. i

The director of a research laboratory must have j
i

outstanding qualities of leadership. Equal to and per
haps even more important than his direction in the labora
tory is his leadership in policy formulation and in in
troducing new products and processes into the factory. 
Success in salesmanship at this level has a direct bearing . 
oh the competitive future and financial position of the j 
corporation. i

ij
V. FUTURE |

i
A thoughtful consideration of the responsibilities 

and qualifications required by an individual suited for 
successful administration of an industrial research organ- ! 
ization will lead to the conclusion that men of this cali- : 
ber are relatively few. With the increasing importance
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placed on research by industry and the founding of new 
laboratories, both within and without the industrial field, 
the market for highly qualified research managers is not 
apt to be glutted. The future should provide expanding 
career opportunities for young men temperamentally suited 
and properly trained who have a desire to help form the 
shape of things to come.
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CHAPTER ¥111 

RESEARCH PERSONNEL
•, •■■iV

The matter of an adequate supply of properly 
equipped and trained investigators and directors 
is absolutely vital to the growth of industrial 
research.1 I

I. IMPORTANCE OP THE RESEARCH WORKER I

It was pointed out In Chapter I¥ that expenditures 
for the wages and salaries paid to the scientific and tech-, 
nical personnel employed by the laboratory are frequently 
the major item of cost. This fact becomes better under
stood with the realization that the product of a research 
laboratory is ideas. These ideas result only from the ad-

i ii - ij vanced thinking and. inventions of the research personnel. !
! While all jobs require a certain amount of mental
• effort, the degree of effort -necessary varies with the 
| complexity and uniqueness of the task to be performed. In
j '' a research laboratory, many of the job classifications andI
\' duties are similar or identical to those in the other divi-ij
i! sions of the company. For example, the work performed by :
| the clerks, typists, machinists, maintenance men, produc- j

t
^Edward R. Weidlein and William A. Hamor, Science 

in Action (New York and London: McGraw-Hill Book Company,
Inc., 1931)> P* 266.
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tion control clerks, and planners is much the same through-1

i i

j out all companies. These people accomplish the routinej
tasks supporting the basic effort of the laboratory, which 
is research.

This group of laboratory personnel are not to be in-j 
j eluded as part of the problem group with which this ehap-
: ter is concerned. It is the scientist and engineer who j
!

■ make up the problem area of this discussion.
I iII. SELECTION AND PROCUREMENT !

It is generally agreed by those engaged in the man
agement of research organizations that the procurement and 

| wise selection of personnel who will be connected with the
■ scientific and technical phase is one of the most important; 
functions in the operation of a successful laboratory. '

1 Much of the success of a productive laboratory can be at- I
; tributed to the wise selection and proper direction of the :
| research workers.2
! t!* |

Criteria for selection. The research scientist i; i
; and technician has to possess a combination of both a ;
\

| formal educational background and certain intangible j
| I
! p ': C. C. Furnas (ed.), Research in Industry (New
j York: D. Van' No strand Company, Inc. , 19̂ 8), p. 216.
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qualities. He ”. . . should be a man with a specific 
area of curiosity, together with a facility in that area. "3

Academic achievement in a specific scientific field 
is almost universally mandatory. A large part of the re
search effort is spent in theoretical analysis. Because 
of this, educational records play an important part in the 
selection process. A high scholastic record coupled with 
an academic degree is considered indicative of ability to 
think well and logically.

Personal achievement in a technical or scientific 
sense is another measurement of qualification. This 
achievement may have been shown in the applicant’s having 
been awarded certain patents, in having had technical 
articles published, in teaching or academic research, or 
in successful design work in an engineering department.

The need for a sound engineering or scientific 
background is readily understood. This background is in
sufficient, however, without the necessary accompanying 
personal and psychological characteristics, one of the 
"musts” is an inquiring mind; another is imagination. To

^Lawrence L. Bethel, Franklin S. Atwater, George 
H. E. Smith, Harvey A. Stackman, Jr., Essentials of In
dustrial Management (New York: McGraw-Hill Book Company,
195̂ )» P* 70.
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these must be added intellectual honesty and a singleness 
of purpose which is not sidetracked by an apparent lack of 
success.

Some scientists are dreamers. Men of this kind are 
useful and often necessary because they are not tied down 
by the prosaic and the commonplace. Their influence must 
be offset in the laboratory, however, by other members 
of the staff who are of a more practical nature and who 
can provide a stabilizing effect.^

The ability to get along well with people is an 
asset in all social situations. Many scientists who are 
most effective in the laboratory, however, are far from 
gregarious and many are strongly introverted. Because 
many research assignments are individual, this in Itself 
is not a handicap, provided there is proper supervision 
and understanding.

The task of measuring intangible qualities is al
ways difficult. This same difficulty occurs in the at
tempt to properly select personnel for research assign
ments. While difficult, it is possible to become aware 
of the presence of these intangible qualities in the ap-

^Furnas, op♦ clt«, p. 239*
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j plicants through interview and test, and a careful analysis 
i of their background and personal histories. The fact to
t!
i be remembered is that these intangible qualities weigh
i !

i! heavily in determining those persons most suited to work I
i :

; in the field of research. ;
j i

Source of procurement. There is no single source
* for the recruitment of research workers. With the great
!
i[ increase in the national research effort, the shortage of 
i trained research scientists is already a limiting factor '

Iin the growth of research and development in the United j
jStates.-7 A recent survey of 200 industrial firms was con- j 

ducted by the Bureau of Labor Statistics for the National
! z:, Science Foundation.0 Reports received from the great
, majority of these firms were to the effect that acute
! shortages of research and development personnel were handi-'
: capping their efforts. i
1 I
; One of the major areas for recruitment is among the j
! graduates of the colleges, universities and scientific
i schools. The common practice of industry to send inter- j
! viewing teams to the accredited academic centers is widelyi
I _________________ I
j 5«The New World of Research,11 Business Week (May
28, 1955)» P* 122.

(s\ “Washington Roundup,“ Aviation Week (August 1,
•1955), p. 9.



www.manaraa.com

70
known. Recently, one company offered to hire the whole ;

igraduating class of the Massachusetts Institute of Tech-
7i nology, about 900 students.

The Federal Government is another recruiting area, j
i Scientists working in the many agencies of the Department j
; of Defense frequently are induced to enter private indus-
i try for varying reasons. Staff and faculty members of
i: academic institutions are also lured from the educationalI
i to the industrial field when granted sufficient incentive. ;
!ij Industry Itself provides still another reservoir
t

| to be tapped for the research laboratory. To better qual-J
i Ify its own personnel for research and development work, 
industry is offering study grants and fellowships for
i graduate work in the Sciences as an inducement to employ- j
! i! ment and specialization. ;
i !
; III. JOB INCENTIVES |
| |
; Salaries. Basic salary schedules for research as-
! signments are set through job evaluation. This evaluation |
takes into consideration the amount of supervision required!

ii!
The Upcoming Crop of Engineers: They Want Some-

! thing Different,” Business Week (December 18, 195̂ )>
: p. 152.1 f
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for the job, the amount of administrative work expected, 
scope of experience necessary, and educational achievement. 
The last factor oftentimes is the deciding factor because 
it frequently determines the minimum classification that 
will be offered.

The writer has observed that, generally speaking, 
the wage and salary schedules for research assignments 
are comparable from one industry to the next, with cer- 
| tain variations introduced by regional wage patterns.
I| The size of the company will introduce another variable, 
j with the smaller company usually paying a lower rate be-li cause of economic necessity.

The shortage of available technical people in a 
given scientific field will distort wage patterns through- 
. out an industry, a region, or even the nation. It was
i

pointed out in Chapter IV that due to a general shortage 
of engineering and scientific personnel, the whole salary 
range of such people has been steadily rising. Bidding 
by industry for specially trained personnel for research 
work has forced bulges in the structure in areas where 
the shortages have reached critical proportions.

Bonuses. It is not an unusual practice to distri
bute additional bonuses to research workers over and above 
any general bonus plan for the whole organization. These
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I bonuses are generally of two types, one a specific award,
: the other a discretionary bonus.
i

The specific award is made to a few individuals or 
to a small group whose efforts have resulted in an inven-

i
! tion, some product, a process improvement, or some unusu-
i
! ally ingenious idea which has resulted in substantial 
j saving or profit to the company.. This is in the nature
i

I of a special award for outstanding achievement and bears
I! no close relationship to the over-all profit of the enter- 
| prise.
I

j  The discretionary bonus is more widely distributed!1land is directly proportionate to profit. In this case, 
i a certain sum is set aside by management and apportioned 
■ to those employees who have been most loyal and conscien-
t tious in their duties and who have contributed most in a 
| general way to the company's success.

The basic idea of bonuses for research work isI
j sound. Administration of such plans, however, has certain !
: ! j  difficulties. One of the most difficult problems is the j
I !
| determination of those eligible for the bonus. The per- I
I ' 1! sons excluded are apt to be dissatisfied and feel they |I
have been unjustly treated. Because much of the success J  

i in research is the result of the team effort, and because j| iI
the discretionary bonus is granted more frequently and to j
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more of the people involved in the laboratory, it is prob
ably the better of the two bonus plans except in very

Qspecial circumstances.

Intangible incentives. It was pointed out earlier 
that the backgrounds, interests, and professional nature 
of research scientists and technicians set them apart from 
the rest of the organization. As a result, they respond 
to more intangible incentives once the basic financial 
problem has been solved.

One of these Intangible incentives results from 
proper job assignment. A highly qualified researcher is 
usually a specialist and, perhaps, even an authority in 
a certain field of knowledge. It is of great importance 
to him as an individual, as well as professionally, to be 
able to continually advance in his chosen field and to 
keep abreast of the latest developments. Wrong assign
ments make it difficult or impossible for him to do this.

Another incentive to accept a specific job or as
signment is the opportunity to pursue advanced study.
This may be accomplished by the company1s allowing him to 
work toward advanced degrees at company expense or on

^Furnas, op,, cit., pp. 272 f.
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company time. The company can further this by encouraging 
| his attendance at technical seminars held by professional,
| educational, or industrial organizations in his field.
i
j Other prime incentives to the research worker are
I

! professional or public recognition through publication of 
| achievements. The company can allow the scientist time
1 to write for technical journals or give his name to prod-l
! ucts or processes for which he is responsible. Another
!incentive is provided by the company's filing for and is
suing patents in the name of the discoverer, keeping, of 
course, a royalty-free license thereto.^

Other intangible incentives, such as assigned 
‘ parking place, freedom of movement in and out of the plant, 
| flexible hours of work, and working conditions physically 
conducive to uninterrupted thought, are of unusual impor- 
1 tance because they reflect the professional status of the 
i individual.i
j IV. SUMMARY

j The research worker is the most important and the

! ^Bethel, Atwater, Smith, and Staekman, Jr., op. cit.
| P. 70.
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! most expensive factor in a research laboratory. The mostil
i elaborate plant and advanced computer will not accomplish 
j any research project without the scientist and trained
j  technician. The laboratory*s product is ideas.
! ]

| Because of his important place in the laboratory,! !< I
■ the proper selection of the research worker is equally
j  j

■ important. Academic and personal achievement rank high
iin the selection process. This achievement can be weighed 

through an analysis of the individual's formal education
i: and professional achievement. Certain intangible quali
ties, such as imagination, initiative, curiosity, and in
tellectual honesty, weigh heavily in suiting an individual 
for research work.iI

i i; All likely sources must be surveyed for the recruit-!
I ment of possible research engineers. Not only the gradu- j
| ating classes of educational and scientific schools must j
J be combed for recruits, but government agencies, faculty • !
I ‘ !' members and industry itself must be considered. I
| Basic wage and salary schedules for common re-
j

i search assignments are fairly standard but are subject jI i
j to regional variations and inflation in cases of critical
i

i shortages. Incentive bonuses are often added to basic
i • '; pay scales. These ean either be specifically granted to |
i !
! individuals as special awards or be in the form of discre-
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i I
j tionary bonuses whieh are based on. company profits and !
I j

distributed to a broader group. j
Intangible incentives play an important part be- j

cause the research worker Is a well educated man. Because 1j i
i of the professional status connected with the job, fac- !i [
i  tors affecting prestige carry unusual weight. Proper job 1
assignment and opportunity for technical advancement

i

> through various channels are necessary parts of the em- 
| ployment agreement. !
! I

V. FUTURE |
i
!i With the forecast rate of growth of both industrial
i

'■< and government research programs, the present shortage ofi
jadequately trained persons will grow more acute. The ris-i !
, ing cost for such personnel is only one of the critical j
: problems faced by the research director and his management.ji I
| The inability to do the required job because of a lack of j
i trained personnel Is perhaps even more critical. Every}
technical and trade journal points up the ever-increasingI
| rate at which science and technology are advancing toward 
■ an era of scientific innovation which will require the
I services of scientists and engineers for work which may be
I  i

even more important than research and development. J
| The solution to this problem certainly does not •
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lie in more fanciful recruitment programs, but rather in

i I
| doing something about the source of the problem. One
point of attack is at the educational level. Inquiry has j

j shown that the inspiration toward scientific inquiry starts|
i in the grade school and is fanned into flame during high 1
i school. If discouraged there, a potential scientist is 
lost by college time. Concrete steps must be taken in the
; formative years to assure that the budding scientist will1 ;
;continue to make science or engineering his life's work.10 
'■ The other point of attack is in industry itself. !
i Here, the strongest of efforts will have to be made to do 
| more research with fewer people. Possible approaches toI
!

! this problem lie in freeing the scientist from routine 
'work so that he can spend more time In creative.endeavors j 
: and in using the research worker in assignments calling 
; forth his maximum talent. Shifting assignments can often
j i

[ rekindle a researcher who has gone stale through too much ji !
i specialization.
i Too little is known about the processes of creative
i thinking, but one of the joint laboratory and management 
! research projects will continue to be increasing the effi- ;
i I

I ciency and output of the creative thinker. j
! ! i 1

10"The Hew World of Research," Business Week (May ;
! 28, 1955), P. 126. !
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CHAPTER IX

GOVERNMENT RESEARCH IN INDUSTRY

The Federal Government through 29 different 
agencies conducts programs of research and devel
opment. On the basis of the budget proposals 
for appropriations for the fiscal year of 1956# 
the total expenditures of the Government for that 
year will be about $2,400,000,000, of which about 
$2,050,000,000 is in the Department of Defense and 
1350*000,000 by the civilian agencies.-

I. GROWTH OF GOVERNMENT RESEARCH AND DEVELOPMENT

Between 1941 and 1952, research expenditures by the 
Federal Government have surpassed those of private indus
try. While industry provided 57 per cent of the total 
research expenditure and the Government only 41 per cent j
j in 1941, the Government contributed 60 per cent and in- |i
, dustry but 38 per cent In 1952.^ This constituted an al- |; 1

1

| most complete reversal in their relative positions in i
' twelve years. j
{ In this same twelve-year period, the number of re- j
j
i

I ^-United States Congress, Commission on Organization s
' of the Executive Branch of the Government, Re search and 
Development in the Government, 83rd Congress, May, 1955,

; p. xi.
; ^United States Department of Defense, The Growth
; of Scientific Research and Development. Washington, D. G.
' Resources Division, Office of the Secretary of Defense 
| (July 27, 1953), p. 10.
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search scientists and engineers employed hy the Government 
increased from 17,000 to 33,000. Those employed by pri-

I

vate industry, however, increased from 62,000 to 118,000 
in the same period of time.^

One of the reasons for this large increase of sci-
t)

; entists associated with research in industry was the shift
ing by the Government of its research assignments to pri
vate industry. Industry, while furnishing 38 per cent

i
of all research funds, actually performed 68 per cent of j

' the work.^ Because of the magnitude and importance of j
, i
this work, a consideration of problems associated with the 
performance by industry of research projects for the Gov
ernment is a matter of general management interest.

t

II. SOURCES AND METHODS OF PROCUREMENT

Sources. It was noted earlier in this chapter that 
the Department of Defense administers the great bulk of 
the Government's research dollars. Each of the Military
Departments operates its own research and development pro- j.

|
gram. Under presidential Reorganization Plan No. 6 of 
1953, two Assistant Secretaries for Defense and an Assist- .

tI

3Ibld., p. 12.
^Ibid., p. 3-
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ant for Atomic Energy were created to coordinate the Gov
ernment's research effort.-*

Each of the services (Army, Air Force, Navy, and 
AEC) have various agencies which distribute bid proposals 
and negotiate contracts for research projects with indus
try. In the Air Force, the major sources are the Air 
Materiel Command and Wright Air Development Center in Day-

i
ton, Ohio, and the Air Research and Development Center in
I Baltimore, Maryland.|
| Major Navy procurement sources are the Bureau of j
| Aeronautics and Naval Ordnance Laboratory in Washington,
D. C., the Bureau of Ships, also in Washington, and the 
Naval Ordnance Test Station at Inyokern, China Lake, Cali
fornia.

For the Army, major ordnance research and develop
ment programs are placed by Picatinney Arsenal in New Jer- 
sey, Redstone Arsenal in Alabama, the Detroit Tank Arsenal 
and the nine Ordnance Districts in the United States. In 
addition, the other Army corps, such as the Corps of En-

i

gineers at Fort Belvoir, Virginia, award special research
1

1 contracts.

^United States Congress, op. clt., p. 5*
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The Atomic Energy Commission acts directly and also 

through such agencies as the Sandia Corporation and the 
White Sands Proving Ground in New Mexico, the UCLA Medical 
Center in Los Angeles, and others.

Type of research projeots. The Government's proj
ects in research run the full gamut from the realm of ab
stract science to complete weapons systems ready for field

i

use in combat. In the civilian agencies, the programs j
|  ii  range from crop and animal research, conservation, geology j
i |and paleontology, to medical research and meteorology. !

Methods of procurement.̂  In placing contracts with 
industry for research and development, the Government 
agencies follow two basic methods: formal advertising
and negotiation. When formal advertising is used, invita
tions for bids are conspicuously posted at the procurement 
offices and mailed to a mailing list of interested bidders. 
This method is used when the award is determined princi
pally on price, provided the low bidder is competent to 
perform. It is unusual, however, when research contracts 
are procured in this manner because of security aspects

i

!

^Information for this and the following section 
has been taken from Armed Services Regulation, Sections
I, II, III, VII, and XVI. 1955 Edition, Department of 
Defense, Washington, 25> D. C.
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and the degree of specialization required.
The method of contract placement most generallyj

used by the services for research contracts is negotiation. 
This method involves the careful selection by the procur
ing agency of a limited number of bidders who are felt to

i

i be especially well qualified for the specific project.
Each bidder is requested to outline in considerable detail 
his scientific approach to the problem, state his special *

I

i qualifications in respect to trained scientists and avail- 
1 able facilities, cite his past experience in handling re- j
| ' I

lated projects, and give a detailed cost breakdown of his 
quoted price.

When all the proposals have been received by the 
' procuring agency, a comparative analysis will be made.
; The contractor^ engineering approach, current capability, j 

past performance, and proposed costs will be weighed. From | 
an analysis of all bids, one or two companies will be !
selected, after which negotiations establishing the price 
and contract terms will be held between the Government and ■ 
the contractor. These negotiations usually result in the

*

awarding of a contract to one or possibly two successful {
bidders. The Government reserves the right to reject all j 
bids and request new ones if not completely satisfied.

IType of contract. Because of the number of intangi-
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foie elements attending any research program, Government 
agencies negotiate a “cost-type contract*1 with successful 

i bidders. The form most generally used is a CPFF (Cost 
Plus Fixed Fee) contract.

The distinguishing feature of such a contract lies 
in its provision for reimbursing the contractor for "allow 
able" costs incurred in the performance of the contract, 
plus a fixed fee or profit. This fee is established prior 
to the award of contract during the negotiation period, 
and a maximum allowable cost is established as the basis 
for the fee payment. Excess costs incurred by the con
tractor are not subject to reimbursement by the Govern
ment without the negotiation of a supplemental agreement 
by the contractor and the Government.

While it is not the intent of this section to at
tempt a full treatment of the law and theory behind this 
method of contracting, an enumeration of certain standard 
provisions of these contracts is necessary in order to 
understand their effect on an industrial research organi
zation. The provisions noted are mandatory for CPFF con
tracts.

As to the method of reimbursement for actual in
curred cost, the contractor is permitted to submit in- 

. voices for payment on a monthly basis, or more frequently



www.manaraa.com

if so authorized. These costs must he a matter of record
IJ and are subject to audit by a Government agency whereI
| items questionable in the eyes of that agency are disal-
|

; lowed or suspended pending clarification by the contrac-I
I tor and specific approval by the contracting officer who 
' acts as the agent of the procuring agency.
i i

i

! Because the Government reimburses the contractor iI |
for allowable incurred costs, it reserves the right to ;
approve certain of the expense before the expense is in
curred. For example, wages and salaries, whether direct 
or indirect, if paid in part by the contract must be re
viewed and approved. The contractor's accounting method,

; as well as the individual items of indirect expense, is
! subject to review and approval. Any travel necessary in J
! !, the performance of the contract must have prior approval ;

lbefore the cost is allowable. Sub-contracts in excess of |j !
| five per cent of the contract amount, or $25,000, must be j
i approved by the contracting officer in writing before be- : 
i !
J  ing placed by the contractor. |
i I
I The Government withholds up to $5,000 upon oomple- j
'  i

! tion of the contract, pending a disclosure by the con- j
Ii tractor of any new inventions developed in the perform- !' * !I «. ance of the research project. The Government reserves an j

Ii exclusive, royalty-free license to use these items. It
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also withholds 10 per cent of the total contract amount, 
pending a release of the Government by the contractor of 
any future claim.

The contractor must afford free access to accred
ited representatives of the Government who will review his 
compliance with security regulations, his performance 
under the contract, his quality control, and his books.
All records of the contractor concerned with the contract 
must be kept for seven years after the contract is com
pleted or terminated.

III. SPECIAL PROBLEMS FOR INDUSTRY

Effect on profit. Government research projects 
awarded to industry are not, usually, a profitable ven
ture within themselves. In fact, it is not infrequent 
for a contractor to complete a contract with no net profit, 
or even to suffer a loss. There are several reasons why 
this is true.

One of the basic causes is the amount of fixed fee 
allowed. While the procurement regulations make provision 
for a maximum fee of 13 per cent of estimated cost, the 
great bulk of the research contracts are negotiated for a 
fee of seven per cent or less.
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Another reason for small or no profit, one closely 

related to the fee problem, is the fact that all costs in
curred by the contractor are not reimburseable as allow
ance costs by the Government. Examples of such non- 
reimburseable costs are: entertainment, interest, certain
profit-sharing plans, product advertising, certain depre
ciation expenses, insurance (except Workman’s Gompensa-

iItion), selling expenses, and many others. Because these ; 
costs are normally incurred in a business enterprise, 
they become part of the cost of sales and effectively re
duce the seven per cent fee to four per cent or less be
fore taxes, and a net of less than three per cent after 
taxes.

f

Effect on organization. Because the procuring j

agencies have formalized and made mandatory procedures, :
I

the contractor must of necessity conform and establish !
special procedures for materials handling, reporting, 
quality eontrol, purchasing, accounting, and contract i
administration, with special Government forms and methods 
in every department. These forms and procedures may be 
very different from the industry’s normal way of doing 
business. j

Because of the special handling required, the con- j
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, tractor is forced to duplicate and separate his military ;
j  J
i II and commercial business. The volume of his Governmentj
j  work will determine whether a company goes to separate 
plants, separate departments-, or separate sections within 
departments in order to solve the problem of handling two j

! systems. The problems of the contractor are increased by I
! | 
! each new agency of the Government dealt with because each j

i

• has variations of operation within a general framework.| !
j  Benefits derived. In spite of the problems and j
j  difficulties encountered in doing business with the Govern-!
Ii ment, and ignoring for a moment the part industry must 
j  play In the nation's defense, an industrial organization
I

; does benefit by doing research for the Government.
j| Many of the research programs progress from re-
■ search through development to full-scale production. Pro-
• t

’ duction contracts are usually let on a fixed price or I
, profit-sharing basis and offer good profit potentials to :
i the businessman. Competitively, the company performing !
I I| the research and development should have an edge when the j
production item comes up for bid.

j  The sponsoring by the Government of advanced re-
j search programs in the fields of electronics, aviation, I| I
; communications, packaging and preservation, medicine, j

i

: and many others, has enabled private industry to accom- !
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plish research programs which in many instances it could 
not have sponsored out of its own funds. This research 
has resulted in new inventions and new products for civil
ian consumption, accelerated improvements in the standard 
of living, and resulted in increases in the Gross National;

i

| Product.
j A third benefit from participating in research for
the Government results from the ability of the company to 

, maintain specialized personnel on a full-time basis that! I< ■ | i it might not be able to afford otherwise. Many times j
i !special facilities for research can be financed by parti- I|
cipation in Government programs. Sometimes these facili
ties are paid for entirely by the Government. At other

ti
times an approved program of accelerated amortization of i
depreciation results in sufficient tax benefits to enable i

the contractor to finance his own program.

IV. SUMMARY

Since 19̂ 1> the Government has financed and spon- ;I
sored an ever-increasing amount of the national research 
effort. Industry, however, performs the bulk of the work I
and employs over two-thirds of the scientists and tech- 1
nicians actively engaged in research work.

Over 85 per cent of the research money made avail-
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able by the Government will be handled by the Department 
of Defense in 195&. Private industry will be asked to

iI
j perform at least half of this work under contract to the
I Army, Navy, Air Force and Atomic Energy Commission.
Ij  Through the media of formal advertising and nego
tiation, industry will accept contracts to accomplish 
specific projects ranging from the most abstract basic re
search to more mundane problems of soil conservation and

i

j  animal husbandry. Acceptance of these research contracts,
i. frequently ensnares the contractor in red tape, audits and !
i i
endless negotiations and gives him a relatively small net j

Iprofit. !
However, as a result of his efforts in the past, 

new commercial products and processes were developed and j 
profitable results were obtained from the resulting pro
duction of both military end items and allied commercial 
products. Participation in the Governments research pro
grams has enabled private industry to afford better facil
ities and more specialized personnel than it probably I
could have financed through its own facilities.

V. FUTURE !Il
There is no indication that the Government will not 

continue its research effort; in fact, the opposite is
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true. The policy of the present administration in respect 
to fostering private enterprise seems to Insure that 
private industry will continue to do the major part of the 
work.

There is a trend, officially established but not 
widely publicized, which will progressively diminish the 
amount of Government-furnished facilities. Present plan
ning within the Department of Defense calls for the place- 

i ment of new contracts with those companies who already
| have the required facilities available, or who will fur- J

nish them at their own expense. i
This policy, if increasingly pursued, may result 

in a groxiring disinterest on the part of industry to parti
cipate in Government projects, particularly in view of al
ready low profit margins on Government research contracts, j 
Continual pressure on the Government for a more realistic 
approach to and realization of industry's problems —  
red tape, unilateral contract terms, lack of long-range 
planning, and small profits —  seems to be bearing some i
fruit. However, the marginal gains in these areas could 
well be totally offset by an unrealistic approach to capi- |

i

tal expenditures for special facilities. i
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CHAPTER X

SUMMARY, RECOMMENDATION AND CONCLUSION

The history, growth, present importance, and pre
dictable future of industrial research and development 
in the United States have been reviewed in the preceding 
chapters. Major problem areas in the management of re
search and development within an industrial organization 
have been examined. An attempt was made to define those 

! problem areas for both corporate management and for those
I i; directly responsible for the research group itself. The j
mutual but separate responsibilities of each management !!
group have been defined.

No attempt has been made to outline a set of pat 
solutions to the problems of research management. How- j 

! ever, certain techniques and practices which appear to 
have had general acceptance were outlined* In other cases,! 
opinions of xvell-quallfied people in the field were cited.

I. SUMMARY j
i

Today, the management of research and development j
operations is far from being an exact science. However, j
it is rapidly gaining recognition as a separate field in 1
industry which offers career opportunities of professional 
status.
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The place of Science in industry has been estab

lished and research is now passing through the growing 
stage of being a popular fad. This, however, is only a 
phase in its rapid growth. Its importance to industry

i
j  and its problems for management have been the subject of 
! this paper.

Since 1886 industrial research has grown from the 
one laboratory of Arthur D. Little to over 3,000 labora
tories today, with expenditures of over |2 billion annu- 

| ally. One-fourth of our technical and scientific person
nel in the United States are actively engaged In this re
search effort. Unfortunately, comparatively few basic 
texts have been written which adequately treat the subject 
of research management. The great bulk of useful informa
tion in this field is to be found only in technical jour
nals and publications of non-profit organizations. In 
this form, it is not readily available or known to manage
ment personnel.

Industrial research has been found profitable for 
both the large and the small company. Expenditures for 
research have been effective in increasing profits, in 
solving the problem of survival in a competitive market, 
and in helping management in long-range planning. The 
very small company may find it outside of its financial
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capability to finance its own laboratory. For those who 
find themselves in that position, outside assistance is 
available.

/.The costs involved in supporting an industrial 
laboratory are significant. For this reason, some feasi
ble method of financing this expenditure is necessary.
At the present time, the method which provides for the 
liquidation of research costs annually has wider aoeept- 

j ance than a system in which those costs are capitalized.
i: Returns on research investments are generally slow. Be
cause of this slow return, funding must be provided on a 

: long-term basis.
The place of the research function within the cor

porate structure is most important to its success. The 
research director should be on the same organizational 
level as the head of the major operating divisions. The 
function and its director should be directly responsible 
to top management. This close relation of the research 
effort with top management is most understandable in view 
of the effect that research has on the corporate future.

Planning and scheduling have an important effect 
on successful research management. Planning and schedul
ing research, hotirever, is difficult because of the large 
number of intangibles involved. Proper planning at both
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the corporate and laboratory levels is necessary for proper] 
control and the attainment of research objectives. Proper 
budgetary controls and timely reports are important con
trol tools.

The research director is a key man for both the
j corporation and the laboratory. As a member of the top-
|

management team he is expected to serve as a consultant 
in matters of policy regarding new products and future 

] planning. In the laboratory, his qualities of leader- |i !
j ship and administrative ability are vital to smooth opera- I
i

tion. The special background required, the training and i 
experience necessary, and the unusual responsibilities of 
the assignment have opened up a new career field of op
portunity in this management area. j

The problems associated with the procurement, selec-
!

tion, training, and satisfaction of the scientist and tech
nician working in the laboratory are different and gener- ; 
ally more difficult than those encountered in other per- | 
sonnel areas. The research worker is a scarce commodity j 
on today's labor mart. He has different motivations and ]

ttherefore responds to a different set of incentives. Be-  ̂
cause of the professional status associated with research j 
work, personnel factors affecting prestige must be given 

! special emphasis. The proper handling of these problems ;
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is mandatory because the researcher is the most important
!

j factor in the laboratory.
The Federal Government has turned to industry for 

most of its research work. The acceptance of the research 
effort by industry has resulted in many problems for in-

i dustry and some benefits. On the plus side, by partici-r
!I
pating in Government research projects, industry has gained 
a competitive advantage on production, has been able to 
afford better research facilities, and to justify raain- 

| talning specialized personnel on its payroll. On the
j

other hand, as a result of research contracts, industry 
has been ensnared in red tape with little or no net profit 
from the effort. Procurement policy within the Govern-

I |ment can be greatly improved to the benefit of both in- J
I

dustry and the procuring agency. |
A review of forecasts of the probable research ef

fort in the future showed that its unprecedented past 
growth will likely continue. With the increasing demands 
on research by both industry and Government, the present 
problems associated with the scarcity of manpower and ris
ing costs will be multiplied. Management techniques which

i

are scarcely adequate to cope with today's research prob- J
lems must make rapid improvements to properly handle to
morrow's problems. i
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II. RECOMMENDATION

! Industry for many years has considered the univer
sity as part of the team in the industrial community.
There is a continual and active interchange of information 
between the two. In the field of industrial training for 
both supervision and the shop, it is common practice for 
industry to sponsor special courses at their own expense jI

| with instructors furnished from .the university.
1 The universities, on the other hand, maintain active
|
• liaison with industry through business school associations, 
field trips, research projects, and the use of industrial 
personnel on their teaching staffs. A constant effort is 
made by them to improve the preparation of its graduates 
for their place in society after college life.

Both industry and the university, however, have 
been slow to recognize the need for additional educational 
work in the management of industrial research. The only 
program of this type of which the writer is aware is given ,
by the Harvard Business School for selected Air Force j
officers who are actively engaged in the supervision of >
research and development contracts. It is the opinion of 
the writer that a course generally conforming to the one !
outlined in the following Appendix would be most benefi-
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Recommended program. The recommended course of 

j  instruction should he made available to four groups of 
students. The course should first be made available in 
the evening or in extension courses and directed toward
the top and middle management personnel of local Indus-

{

tries. These people have the most immediate need for 
| help. If given proper advance notice, an evening class 
j would be assured full attendance.
i

j  The second group of students should be made up of
i| those who are majoring in Science and Engineering. For 
them the course should be mandatory. They are the ones 
who most probably will be associated in some way with the 
national research effort. These are the students who, 
because of their specialization, go into industry with i
little or no understanding of the full value of their work 
as viewed through the eyes of their management. A course 
of this kind might well increase the now small number of 
science and engineering graduates who develop into sound 
administrators. j

The third group of students who should have this 
course as part of their curriculum is the group majoring j
in the field of Business. For these the course should be I
offered in the sophomore year so that all Business School 
students might have a fuller understanding of the part
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Science plays in modern industry.
The fourth group should he those who are doing 

graduate work in the Management field. This group has an 
immediate need for a fuller understanding of the indus
trial research management problem. They can be expected 
to have a more active association with industrial research I
in the next ten years and therefore should be made aware j
of the importance of research in the industrial future. jI

Course of study. The recommended course of study, j
I

a detailed outline of which is included in the Appendix, 
would be of one semester and would offer three units of 
credit. This same course might be expanded to a full year 
of six units when the available management knowledge in 
this field has been developed and stabilized to a greater 
extent than it is today.

The first ten weeks of the course would be con
cerned solely with the importance, objectives, and the 
problems relating to the management and control of a re
search group. The second ten-week period would be con
cerned basically with the research worker and associated 
personnel problems. j

I
The correlative reading assignments appearing in 

the outline of the proposed course were not taken eonsecu- :
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1tively from Research in Industry. It was felt that a 

slightly different sequence would provide a more logical
i
teaching approach. The chapter assignments noted for each 
session are those which would he assigned for class prep
aration at the previous meeting to serve as background 

! to the lecture.
0  j

Text. The suggested text for the course is Research
j in Industry, edited by C. C. Furnas, the Director of the!ij Cornell Aeronautical Laboratory. The book was written by 
i representatives of various member companies of Industrial i 
Research Institute, Inc. Such companies as American Vis
cose, Standard Oil of Indiana, RCA, B. F. Goodrich and 

1 Proctor and Gamble are members of this institute. Each 
chapter of this book was an individual contribution by 

, management personnel of the member companies having an 
active association with industrial research.

This book is not a recipe book for management. The : 
contributors are not in full agreement with each other 
in many matters. However, the book does contain more use- . 
ful information which meets professional standards than 
any other work reviewed for this paper. j

1C. C. Furnas (ed.), Research in Industry (New 
York: D. Van Nostrand Company, Inc., 19 8̂).
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III. CONCLUSION 

Industrial research and development has become an 
important and integral part of American industry. It ap
pears destined to play an ever-increasing part in making 
possible the growth of our industrial technology. as a 
result of the rapid growth and important of the research 
effort, management is being confronted with more and more 
problems in the proper administration of research within 
the business, both large and small. j| I

| It must be clear from the discussion in the pre
ceding chapters that management techniques specifically j

adapted to research and development are at present only j
in the formative stage. It must also be clear that the 
techniques used in other management areas are not ade-

r
i

quate for the speeial problems encountered in the admin
istration of the corporate research effort.

Top and middle management in industry have an urgent' 
need for professional instruction In the management of re
search. It is equally important that those being trained 
in science, engineering, and business also have the bene- j

Ifit of this special training. The universities and col
leges should take steps to make this instruction available j 
to those in need. It is hoped that this paper will aid > 
in bringing this help to others who need to know the "how”

! and "why" of industrial research management. :
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Subject: Industrial Research Management
Text: Research in Industry by C- C. Furnas

First Meeting
Subject: The Growth and Importance of Industrial

Research in the United States 
Reading Assignment: None
Lecture Outline:

History
The beginning 
The growth

Need for industrial research and development 
Yalue of industrial research 
Brief outline of course

Second Meeting
Subject: What is Industrial Research and What is

Its Place?
Reading Assignment:

Chapter I, “The Philosophy and Objectives of 
Research in Industry'1 

Chapter III, “Development”
Lecture Outline:

What is research?
What is industrial research and development?
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Definitions of terms 
Examples of different programs 

Objectives of research
In the large company 
In the small company

Alternatives to company-sponsored research

Third Meeting
Subject: The Place of Research in the Corporate

Structure 
Reading Assignment:

Chapter II, "The Research Laboratory as an 
Operating Department of the Company" 

Chapter V, "Organization Charts in Theory and

Chapter XVI, "The Location, Design, and Construc
tion of a Modern Research Laboratory"

Lecture Outline:
Corporate structure

Organization plans !

Practice"

Need for independent research 
Departmental structure 

Director's staff
Divisional classification
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The project system 
The new approaches

Fourth Meeting
Subject: The Research Director —  His Background

and His Job 
Reading Assignment:

Chapter IV, “The Research Director's Job*'
j Chapter XIX, “Translating Research into New|
| Products and Factory Procedures“

Lecture Outline:
Job description

; Adviser to top management
; Administrator

Salesman 
Background and training 

Education 
Experience 
Outside interests 

Personality traits 
Future as a Profession

' Fifth Meeting
Subject: Research Planning and Scheduling
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Reading Assignment:

Chapter VI, "The Research Program*'
Chapter VII, "Selecting Projects for Research" 

Lecture Outline:
Responsibility for planning and scheduling 

Top-management responsibility 
Laboratory management responsibility 
Importance of planning 

Levels of planning and scheduling
Corporate plan and master schedule 
Project plan and schedule 

Selecting the right project
Long-range or short-range 
Product improvement or development 
Capital investment and return

Sixth Meeting
Subject: The Financial Aspects of Research and

Development 
Reading Assignment:

Chapter VIII, "The Research Budget"
Chapter IX, "Research Reports"

Lecture Outline
Cost of research and development
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Total cost 
Breakdown of costs 
Capital investment 

Financing research
Determining size of investment 
Methods of financing 
Return on investment 

Forecast cost of research in future
Rising cost of labor and equipment 
A management problem

Seventh Meeting
Subject: Control Techniques
Reading Assignment:

Chapter XXI, "Evaluating the Results of Research" 
Chapter XX, "By-Products of Research"

Lecture Outline:
Budgetary controls

Value and limitations
ij

Types of budgets 1
Record keeping 

Reports
Uses of reports 
Types of reports 
Report writing
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Project status determination 

Analytical methods 
Limitations on accuracy

Eighth Meeting
Subject: Service Functions and Support Facilities
Reading Assignment:

Chapter XVII, "The Tools of Research: Instru-
ments and Supplies"

Chapter XVIII, "The Research Man*s Helpers: 
Service Personnel and Facilities"

Lecture Outline:
The overhead functions

Organizational responsibility 
Cost of operation
Ratio of direct to indirect employees 

Support equipment 
Initial cost 
Replacement cost 
Maintenance expense 
Methods of amortizing 

(Last half hour devoted to question and answer 
period before mid-term examination)
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Ninth Meeting
Mid-term Examination

Tenth Meeting
' Subject: The Research Scientist — • Background and

Temperament 
Reading Assignment:

Chapter X, "Characteristics of the Research Man 
and the Research Atmosphere"

Chapter XI, "Qualifications, Training, Aptitudes,
and Attitudes of Industrial Personnel" i

i

Lecture Outline: i
The research assignment

Importance of the individual 
Importance of environment 
Job responsibilities 

The research worker
Background and training 
Personality traits

Eleventh Meeting ;
Subject: Personnel Policies ,

I
Reading Assignment:

Chapter XIV, "Personnel Policies and Personality 
Problems" !
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Chapter XV, "Professional Growth of the Research 

Man"
Lecture Outline:

Special policies for laboratory 
Hours of work 
Working conditions 
Periodic reviews 
Supervision 

On-the-job training

Twelfth Meeting
Subject: The manpower problem in research
Reading ass ignment:

Chapter XII, "Procurement and Selection of 
Research Personnel"

Lecture Outline:
Selection and procurement 
Criteria for selection 
Selection testing 
Sources of scientific personnel

Opportunity for study 
Scientific conventions
University work

Technical papers
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The growing shortage
Background of the problem 
Better utilization of manpower 
The part of the educational system 
The Russian approach and its weakness

Thirteenth Meeting
Subject: Job Incentives
Reading Assignment:

Chapter XIII, "Salary Policy"
Lecture Outline:

Tangible Incentives
Wage payment plans 
Job classification and rating 
Area and Industry comparisons 
Special bonus plans 

Intangible Incentives 
Prestige factors 
Publicity 
Use of patents

Fourteenth Meeting
Subject: The Importance of Patents
Reading Assignment;
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Chapter XXII, “The Research Director's Respon

sibility in Determining the Company's 
Patent Policy"

Chapter XXIII, "Pattern of Collaboration Be
tween the Research Department and the 
Patent Department"

Chapter XXIV, "Licenses, Royalties and Patent
Pools" !

Lecture Outline:
Patents and patent policy

Employees' patent agreement j
Procedure for obtaining a patent j

Cost of obtaining a patent 
Government's patent policy 

Patent clauses 
Industry's objections

Fifteenth Meeting
Subject: Government Research in Industry
Reading Assignment: !

i

Chapter XXV, "Relations with the Public and I
lthe Government" ji

Chapter XXVI, "Relations with the Educational ' 
System"
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Chapter XXVII, "Relations with other Firms and ' 
Industry"

Lecture Outline:
Government research and developmentII Growth

Types of projects 
Methods of procurement 

; Sources and types of contracts
! Special problems for industry

Effect on profitI
!

| Effect on organization
| Effect on planning
!

!

Sixteenth Meeting
Subject: The Future of Research Management
Reading Assignment:

Chapter XXVII, "Research in American and Europe" 
Chapter XXIX, "Goals and Problems for the Fu

ture "
Lecture Outline:

The growing dependency of Industry on Science 
Nuclear power 
Automation
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Material substitution 
Transportat ion 

The competition for the scientist 
By industry 
By the government 
By t he schools 

The management problem 
Cost and finance
Availability of men and facilities 
Effective utilization

j Seventeenth Meeting
| Subject: Review of Course for Final Examination
i■' Reading Assignment: None

Lecture Outline:
I

(Entire period devoted to discussion and review.)1

Eighteenth Meeting
Final Examination

flbl'versity of Southern California


