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The need for increased productivity in scientific research is
generally recognized. Mounting costs of research require con-
stantly greater output “just to stay even,” while at the same
time the potential leverage which research can give to profits
beckons toward even greater commitment to it. Many research-
ers, old and young, have not learned to apply good techniques.
As a result of all this, efficient research, like the weather, is
more talked about than improved.

The problem of how to employ good techniques as an aid to
efficient research came to my attention when I was a young
researcher. 1 first noticed my own lack of skill and then ob-
served that many of my colleagues were as poorly equipped as
I was in techniques for solving problems. At that time I ques-
tioned half a hundred Ph.D.’s in chemistry, physics, and engi-
neering from a broad cross section of nationally recognized
universities. In this group there was not one who had received
organized instruction in how to do research. Moreover, a search
of the literature revealed no report which treated this impor-
tant question with adequate breadth and depth. There were
statements on what is the scientific method but no directions
on how to apply it. What is needed is renewed attention to the
methodology of research—an answer to the question: How does
one do research efficiently?

There was at hand no ready-made answer, but diligent search
and study clarified the meaning of the scientific method and
resulted in a logical and effective procedure that could be
stated in a stepwise sequence. Although the procedure is based
on the scientific method, it proved necessary to add steps and
detail, which, although implied in the scientific method, have
never before been directly stated. The problem-solving proce-
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dure is proposed specifically as a technique in research, but it
is broad enough to fit any type of problem.

Further study of the question of efficiency in research re-
vealed factors other than problem-solving which were of im-
portance. This led to an examination of all aspects of the
management of research. The latter chapters of this book will
be of special interest to management, but they will also be of
interest to the researcher himself, in that it will help him to
visualize his own relationship to the total program.

This book is not designed as a philosophy of research. Rather,
it seeks specific answers to the HOW questions:

How does one do what one ought to do?
How does one assemble facts?

How does one arrange them in an orderly fashion?
How can creativity be improved?

This is, in a sense, a “do-it-yourself” manual for self-improve-
ment in the selection of problems and in solving them. The
examples are largely taken from the chemical industry, but the
principles are broadly applicable to all types of problems. The
first part of the book is concerned primarily with the problem
of solving problems; the second part is directed to problems of
research management.

I especially wish to express my gratitude to Dr. John J.
Grebe, formerly Director of Nuclear and Basic Research at the
Dow Chemical Company (now retired ), for the inspiration of
his example and the insight that I have gained from our many
discussions through the years, not only on the philosophy and
methods of research but also on a wide variety of research
problems. I also owe a debt of gratitude to the many research-
ers on industrial psychology from whose work I have borrowed.

I wish also to say thank you to Miss Lois Hoerlein for her
valued assistance in preparing the manuscript.

August 1965 Lewis E. Lroyp
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INTRODUCTION

“A research man with a new problem should go to the
laboratory first.”

“Wouldn’t it be better if he first went to the library to see
what has already been done in the field?”

“Most certainly not!”

“Why?”

“Because whatever is in the literature will only prejudice -
the researcher and inhibit the application of his own fresh
ingenuity to the problem.”

“But I take the other stand. If the research worker does not
go to the library first, he will waste much time repeating work
already done and reported by others.”

Such was part of a conversation between two experienced
research workers who were discussing problem-solving meth-
ods at lunch one day. They were concerned about the more
general problem of research efficiency and how to improve it.
This was an unusual discussion, in one sense, because rela-
tively little attention has been given to this problem. Billions
of dollars are spent on research to improve efficiency in pro-
duction and distribution, and more billions to find new prod-
ucts; but very little to improve the efficiency of research itself.

Perhaps this should not be surprising. The research man
is too busy applying his scientific skill to fascinating problems
to leave much time for developing better methods and tools.
Moreover, engineers and physical scientists are sometimes baf-
fled by problems of human relations. As they are inclined to
expect people to behave logically, they are all too often un-
prepared for the emotionally directed behavior that is charac-
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2 TECHNIQUES FOR EFFICIENT RESEARCH

teristic of us humans. Management, to be sure, is concerned
with personnel problems, but generally is not acquainted with
the research worker’s special problems. Thus, caught in the
middle, methodology in research including the problem of
problem-solving has not received the attention that it deserves.

Much Interest in R & D

That there is interest in the problem of efficient research is
demonstrated by the many published papers with such titles
as: “Research Management”, “Research Organization”, “Capi-
talizing on Research”, or simply, “Research”. There have also
been many books written, particularly on industrial research.
Some of these are statements of the philosophy of research by
recognized leaders in the field of research. In others the au-
thors have interviewed the research directors in various com-
panies, or collected data and comments by questionnaire.
By studying and summarizing such information, they have
indicated what they believe to be the accepted practice in
the more progressive laboratories. Finally, there is the book
called Handbook of Research Management,' which is a series
of chapters written, for the most part, by various consul-
tants on different aspects of management of research. The
reader must judge for himself how much is subtle advertising
and how much is pet theory of the given consultant. To a
large extent, however, this literature has indicated only what
ought to be done, not how to do it; it has stated the ob-
jective, not the method.

It is the purpose of this book to focus attention on the how
problem—the techniques for improving efficiency in research.
This is not, however, a treatise on time-and-motion studies in
the laboratory. Such studies, however worthy, have been effec-
tively covered elsewhere both for the general subject and for
the laboratory experimental techniques. We are concerned with
the broader, more fundamental aspects of research. procedure;
with' factors of organization and policy, and with the mental
processes involved. It is in these areas that great strides in
research efficiency can be made.

1 Edited by Carl Heyel; Reinhold Publishing Corporation, New York, 1959.
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Efficiency Is Important

Analysis of the problem reveals the major factors that affect
efficiency in research. Once the problem has been broken down
into its parts, each part can be examined step by step. Some
factors involve primarily the research worker, and others, pri-
marily management. The first part of this book examines ways
in which the researcher himself can improve his own efficiency.
Here are discussed the basic and important factors of creativity
and problem-solving. The scientific method is elaborated in
detail, and suggestions on how best to apply it are presented.

In the later chapters, attention is given to the importance of
selecting a worthwhile problem and some criteria for the selec-
tion. Other factors of importance to effective organization and
management of research are also discussed, always with the
how question in mind.

Management everywhere seems to be concerned about try-
ing to increase efficiency in research. Does this mean that re-
search is less efficient than it ought to be? Are there substantial
gains to be made, and if so, how? These and other questions
need to be answered, not only because research is big business
but also because, for twentieth-century America, research has
become the Aladdin’s lamp from which fabulous new things
come by application of enough “polish.” Practical businessmen
look to research for new products and growth. National defense
depends heavily on research for more effective weapons. Uni-
versities are rated by their accomplishments in research. We
do research on everything from the atomic nuclei to galaxies,
from the subconscious mind to rocks, from modern politics to
ancient civilizations. Even grade-school children call it “re-
search” when they go to the library. Our whole society is
“research conscious”.

EXPENDITURES FOR RESEARCH

The company executive no longer asks himself whether to
have research; merely, “How much research?” He does not ask
himself, “Can we afford research?”’; he knows he cannot afford
to be without it. No president would admit that his company
was doing no research. In fact, this is the one part of the pro-
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gram that is sure to be reported at the annual stockholders’
meeting.
With this acceptance—almost worship—of research, it is not
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YEAR

Fig. 1:1 EXPENDITURES FOR RESEARCH AND DEVELOPMENT
(U.S. Totals)

surprising to find that it has grown rapidly. By 1963, total re-
search and development expenditures in the United States had
reached 16.4 billion dollars (see Table 1:1). This includes re-
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search done by industry, by profit and nonprofit research insti-
tutes, and by federal and state governments.

The total expenditures for R & D in the United States for the
past forty years are shown in Table 1:1 and Figure 1:1. A
trend-curve through the data shows a rate of growth around
13.2% a year. The second curve in Figure 1:1 shows the ex-
penditures for R & D by U.S. industry. The relationship of this
curve to the total indicates that an essentially constant portion
of the R & D has been done in industrial laboratories. In recent
years, however, a sizable portion of the R & D by the aircraft,
electronics, and some other industries has been financed by
government through research contracts and not out of corpo-
rate earnings.

Figure 1:2 shows R & D by source of funds. Here the diver-
gence between the industrial R & D and the total is evident.
The drop in expenditures for R & D during the early 1930s
came primarily in the industrial sector. Research funds from
universities and government appear to have remained essen-
tially on a plateau. It is probable, however, that effort in R & D
did not decrease in direct proportion to the reduction in dollars
that were reported as spent, because of the reductions in wages
and salaries during the period.

The data indicate a surge ahead in R & D at the beginning
of World War IL. Suddenly there was the need to be self-suf-
ficient in products like mbber, and the need for rapid improve-
ment in military aviation and equipment. This wartime impetus
carried expenditures up to a level in line with the growth trend
of the 1920s. This trend has continued. Recently, the National
Science Foundation published revised data back through 1953.
For these most recent figures the coverage has been extended
so that expenditures appear to show a 60% increase over data
previously reported. A trend-line through the data for the eight
years for which revised coverage is available, however, shows
the same rate of growth as the long-term trend.

The data on expenditures for research and development are
expressed in current dollars and so overstate the growth in re-
search effort to the extent of the inflationary increase in wage
rates. That this might be sizable is indicated by a fivefold in-
crease in the average annual cost per researcher from 1920 to
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1960 (1920 = $2,800; 1960 = $14,000).! We know that during
the 1950’s wage rates increased about 6% a year, which is about
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Fig. 1:2 Sourcks For Funps FOR RESEARCH AND DEVELOPMENT
(U.S. Totals)

twice as fast as average gains in productivity. Since 1960, wage
increases have more nearly matched gains in productivity.
To remove the effects of inflation, the expenditures in re-

1 Unpublished report.
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search dollars should be corrected for the inflationary change in
the dollar. This might be done by using the Consumer Price
Index, or a suitable commodity price index, or some index of
change in labor rates.

TaBLE 1:3

RESEARCH PERSONNEL IN
INDUSTRIAL LABORATORIES*

No. Professional

Year Personnel
1940 - 37,000
1941 62,000 -
1946 80,000 56,000°
1947 84,000 -
1948 90,000 -
1949 94,000 -
1950 100,000 70,577°
Jan. 1951 - 77,5000
1951 104,000 -
Jan. 1952 118,000 95,694
1953 130,000 -
Jan. 1954 - 157,3004
1956 - -
Jan. 1957 - 222,800¢
Jan. 1959 - 277,000¢
Jan. 1961 - 307,300s

s A, L. Lyman, Estimated Volume of Research and Development Expenditures by In-
dustry in 1955, in Papers of the Fourth Conference on Scientific Manpower; National
Scien¢e Foundation, Washington, D.C.: 1954.

Research and Development Personnel in Industrial Laboratories, 1950, p. 11; Government
Printing Office, Washington, D.C., 1952. 1950 figure is for first half of year.

Bureau of Labor Statistics and Department of Defense, Scientific Research and Develop-
ment in American Industry, pp. 59, 68, 82, 88. Government Printing Office, Washington,
D.C., 1953. Nonprofit agencies excluded from this figure.

National Science Foundation, Science and Engineering in American Industry, pp. 68, 78.
Government Printing Office, Washington, D.C., 1956.

National Science Foundation, Science and Engineering in American Industry, p. 62.
Government Printing Office, Washington, D.C., 1959.

National Science Foundation, Foundation Releases Estimates on Employment of Scientists
and Engineers tn American Industry, January 1, 1960.

National Science Foundation, Research and Development in Industry, 1960.

Source (thru January 1959): Excerpt from Yale Brozen’s article: Trends in industrial
research and development; Reprinted from The Journal of Business of the University of
Chicago, Vol. 33, No. 3, July 1960.

o

°

a

®

* =

Another method of removing the inflationary distortions
caused by the loss of purchasing power of the dollar would be
to use the record on the growth in the number of research
workers. Table 1:3 and Figure 1:3 show the number of em-
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