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RESEARCH I N  INDUSTRIAL 
LABORATORIES 1 

AT the second meeting of the Committee of 
One Hundred on Scientific Research of the 
American Association for the Advancement of 
Science, on December 28, 1914, the subcom- 
mittee on research in industrial laboratories 
was constituted to consist of Drs. R. F. Bacon 
(chairman), C. E. K. Nees, M. C. Whitaker, 
W. R. Whitney and W. H. Walker. 

The following problems in the direction of 
industrial research have been considered by 
the subcommittee : 

1. The organization of industrial research. 
2. The selection and training of students for 

industrial research. 
8. The factors involved in the promotion of 

cooperation between manufacturers and the 
universities, with particular attention to the 
depreciation of the policy of industrial secrecy. 

4. The promotion of a better appreciation 
of research, with particular regard to the edu- 
cation of the public to the realizable functions 
of industrial research. 

6. The establishment of stable relations be- 
tween rescarch institutions and the research 
departments of industrial plants. 

6. Finally, the advisability of conducting a 
comparative study of the investigational 
activities, capacities and facilities of organi- 
zations devoted to or carrying on industrial 
research. 

The conclusions arrived at  by the subcom- 
mittee are presented in  summary in the fol- 
lowing report. 

THE ORGANIZATION OF INDUSTRIAL RESEARCII 

Principles involved in the organization of 
industrial scientific research have been dis- 
cussed at  length during the past year by Dr. 
C. E. K. Mees, a member of this subcommit- 
tee, in SCIENCE, The chairman N. S., 43, 763. 
of the subcommittee has also considered some 
principles in the administration of endowed 
industrial research laboratories in the, Journal 

1Report of the Subcommittee on Research in 
Industrial Laboratories, presented by the chair- 
man, Dr. Raymond I". Bacon, at the meeting of the 
Committee of One Hundred on Scientific Research, 
New York, December 26, 1916. 

of  the Society of Chemical Industry, 35 
(1916), No. 1. 

It is generally conceded by those engaged 
in the direction of industrial research that, in 
order to be efficient, research laboratories of 
this type should be as thoroughly equipped as 
possible. I n  the case of industrial concerns 
having a number of plants and in the case of 
organizations of manufacturers, the tendency 
of organization should undoubtedly be towards 
concentration and cooperation in the mainte- 
nance of one large well-equipped research 
laboratory, rather than towards the erection 
and support of a number of smaller separated 
laboratories. It is, of course, necessary, espe- 
cially in the case of chemical plants, that the 
analytical and coiitrol work be carried out 
in situ, but experience indicates that it is 
much better practise to centralize the re-
search work. 

Since the policy which insures adequate 
guidance to a research organization must be 
based upon the accumulation of facts, method 
in laboratory administration should provide 
for facilities for securing detailed information 
on a vast field, and for competent counsel from 
those who have a store of specialized knowl- 
edge. When the laboratory executive's work 
has passed the one-man stage, a division of 
labor comes about and it is here that he must 
see to it that he surrounds himself with men 
who are capable of effective effort-alert, orig-
inal investigators of initiative and leadership. 

An organized research administrative staff 
should not only result in effective division of 
labor, but also in efficient expenditure of 
executive energy, more effective plans, and 
general stabilization. This can come about 
if there is a pervading organization type of 
mind, which "is common to those drilled in 
systematic thinking and long immersed in the 
materials of their particular vocation. Such 
a mind sees details, but only as parts of a 
whole; reaches generalizations, but by the in- 
ductive route." 

With regard to the investigatory staff, while 
the individual can exert only a very small in- 
fluence except as a member of an organization 
or institution, yet a research institution never 
gains note or influence except through the 
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attainments and achievements of its individ- 
ual members. The research department of a 
large industrial concern will be great because 
it has investigators on its staff who possess 
great originality and ability and because its 
director is wise and far-sighted. It is gen- 
erally conceded that the personal factor is 
always paramount in industrial research, and 
that, as in every other organization, the con- 
trol of men is the real problem in laboratory 
administration. 

A brief consideration of the conditions 
favorable to both pure and industrial research 
is pertinent in connection with any discussion 
of the personal organization. 

It is particularly adverse to progress to re- 
gard able investigators as abnormal men; for 
successful research demands neither any pecul- 
iar conformity nor any peculiar deformity of 
mind, but it requires, rather, peculiar normal- 
ity and unusual industry and patience. It is 
little less inimical to expect productive work 
from those who are absorbingly preoccupied 
with other affairs than research; for fruitful 
scientific inquiry entails, in general, pro-
longed and arduous, if not exhausting, labor, 
for which all of the researcher's time is none 
too much. This is the experience of the Car- 
negie Institution and all other research organ- 
izations. It is only to be expected, therefore, 
that those most likely to produce important 
results in  research are those who have quali- 
fied for the responsibilities thereof by the 
completion and publication of several worthy 
investigations, and who are a t  the same time 
able to devote the bulk of their energies thereto. 
The productive researchers in our universities 
are those who are devoting their whole time, 
or practically their whole time, to investi-
gatory work.2 

Research should never be allowed to fall into 
the rut of prosaic routine. The personnel of 
the investigatory staff should be maintained a t  

2 As a rule, the head professors of chemistry in 
the larger universities are not giving more than 
three to five hours of lectures during the week, 
the rest of their time being devoted to research, 
while a number of them have one or more private 
research assistants, besides the oandidates for ad- 
vanced degrees, doing research work. 

the very highest standard and all administra- 
tive plans should be carried out with enthu- 
siasm and earnestness. 

I n  the research laboratories of ~ a n u f a c t u r -  
ing plants the personal cooperation of the re- 
search staff with the members of other 
branches of the organization always proves an 
important aid in maintaining interest in  the 
work and is, in addition, mutually educating.3 
I n  particular, the research department should 
have an espnit de corps that keeps things mov- 
ing and should lead the way so strikingly as to 
be apparent to all other departments of the 
corporation. I n  consequence, mediocrity 
should never be tolerated. It should be borxe 
in mind, however, that the research man can 
only accomplish efficient work when he is free 
from restraint and petty annoyances. 

Cooperation is always contributory to suc-
cess in a research laboratory, and, other con- 
ditions being equal, the valuable men are the 
ones who can and will cooperate with one 
another. As in business, men succeed only 
as they utilize the ideas and services of other 
men. It follows, therefore, that the strength 
of an investigatory staff, properly operated, 
should increase more rapidly than the increase 
of its numbers, and that a fraternal spirit will 
play an important r61e in the productiveness 
of any research department. 

The experience in several of our most suc- 
cessful industrial research laboratories has 
clearly shown that cooperation between the 
different departments thereof can be ade-
quately and completely obtained by well-
planned weekly conferences on the subjects 
under study. While some directors of indus- 
trial research hesitate to spend the time which 
these conferences entail, it is the opinion of 
the subcommittee that conferences of this na- 

In several of our largest corporations, the 
plant superintendents make monthly reports to 
the research departments, including all ideas of 
their own or of their assistants which may in any 
way warrant investigation. Then, too, the sales- 
men report regularly to the research department 
regarding the various ways in which the com-
pany's products are used and what substitutes are 
employed for the company's products. Such 
plans stimulate closer thought and observation. 
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ture are worth far more than the time they 
take. 

THE SELECTION AND TRAINING OF STUDENTS FOR 

INDUSTRIAL RESEARCH 

Research leading to the discovery of new 
ideas requires not only intellect and training, 
but also initiative or genius; i t  can come only 
from an individual who possesses unusual in- 
tuition and insight. It follows, therefore, that 
there is a scarcity of men gifted with the genius 
for industrial research and that it requires 
much experience in selecting suitable men and 
in  training them to the desirable degree of effi- 
ciency, after having determined the particular 
qualities required. 

The important requisites for industrial re- 
search are often unconsidered by manufac-
turers, who, in endeavoring to select a research 
ohemist, are likely to regard every chemist as 
a qualified scientific scout. The supply of men 
capable of working at  high efficiency as in-
vestigators is well below the demand; and 
chemists having the requisites and spirit of the 
researcher are indeed difficult to find even by 
those experienced in the direction of research. 
All research professors know that the location 
of a skilled private assistant-one who pos- 
sesses not only originality, but also sound 
judgment and intellectual honesty-is not easy, 
because it frequently involves the gift of 
prophecy on the part of the ~earcher .~It 
has been truly said that the " seeds of great 
discoveries are constantly floating around us, 
but they only take root in minds well prepared 
to receive them." 

On account of the extraordinary importance 
of new ideas, particular emphasis should al- 
ways be laid upon finding and supporting bril- 
liant researchers. Such individuals can best 
be found in the universities. The function of 
the university is to work with the beneficent 
idea of increasing the sum of human knowl- 
edge, and among its most valuable products are 
those who will work for the exercise of the in- 
vestigative instinct and the pleasure of over-
coming difficulties. 

4 See discussion in SCIENCE,N. S., 41 (1915), 
319. 

The examination of the training necessary 
for those proposing to take up industrial re- 
search which is common with all scientifically 
trained men, is too extensive a subject to be 
discussed by thc subcommittee at  this time. 
I t  is, however, appropriate to consider those 
subjects in which it seems desirable for the 
prospective researcher to specialize : reference 
is, of course, had to subjects other than those 
required by the average student of the sciences 
as distinguished from their industrial appli- 
cation, but the assumption is not made that 
what is desirable for research work should not 
also be available for all. 

Research men frequently possess adequate 
training and scientific acumen, but fail in their 
ability to use it. There is no question that the 
element most noticeably lacking in the modern 
graduate is resozcrcefulness. A qualified re-
searoh chemist who possesses initiative is 
usually a creator; but owing to the neglect of 
existing difficulties in chemical pedagom, the 
present-day graduates of our schools of chem- 
istry are too often deficient in inspiration, in- 
genuity and insight. 

The failure to provide adequate and syste- 
matic instruction in chemical literature is il- 
lustrative of this contention. 

Before commencing laboratory work upon 
any problem, i t  is obviously necessary to digest 
intelligently the important contributions which 
have been made upon the subject and to take 
advantage of what other workers have done in 
the same field. The average graduate is 
usually almost helpless when atlempting to do 
this and consequently requires close super-
vision. The main diEculties are: 

( a )  H e  does not know how to go about it; 
he does not know where to look as the most 
probable source; and he is not familiar with 
the standard treatises and important journals. 

(b) He  fails to analyze the subject into its 
factors and hence generally looks for topics 
which are too general. Because he does not 
find any reference to the pr~blem as a whole 
as he has i t  in mind, he assumes that nothing 
has been done upon i t  and that there is noth- 
ing in the literature which will be of aid to 
him in the investigation. Were he to sepa-
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rate his subject into its essential parts and 
then to consult the literature on each factor, 
he would find considerable information which 
he otherwise would miss. 

(c) He  does not critically digest the articles 
under examination, but often he makes only 
a few disconnected quotations and fails to in- 
terpret the work done. 

The solution is to be found in the provision 
in the chemical curriculum, preferably in the 
senior year, of a course of lectures on the 
literature of chemistry, with particular refer- 
ence to the charaoter of the writings and the 
status of the authors. The purpose of these 
lectures should be to present a general survey 
of the voluminous literature and to impart an 
accurate, systematic working knowledge of 
chemical bibliography. A concurrent seminar 
should be devoted to indexing and tracing 
chemical literature, to the cultivation of an 
acquaintanceship with authorities, and to the 
solution of bibliographic problems. 

The subcommittee also recommends that 
pedagogic attention be given to the arrange- 
ment of a course of study in the principles of 
technical reporting and in the criteria of 
literary excellence in the preparation of re-
ports of researches And professional reports. 
The completion of such a subject, with its ac- 
companying analysis, practise and criticism, 
would usefully supplement the training re-
ceived in  chemical bibliography and would 
develop a capability which is much needed by 
chemical graduates. 

It may be noted in passing that, during the 
academic year 1914-15, distinct courses in 
chemical literature and in technical reporting 
were established at  the University of Pitts-
burgh. Much success has attended this peda- 
gogic innovation. 

The chemical graduate of to-day is also 
deplorably deficient in resourcefulness in plan- 
ning research. While this is an extensive 
subject, a researoh student may be trained in  
correct methods of attack, namely: 

(a) Analytical Methods.-Almost all inves- 
tigations require analytical control. I n  no 
feature of chemical work is there more appar- 

ent an inability to use the analytical training 
which the man has received. 

( b )  Planning the Imvestigation.-Resource-
fulness in separating a problem into its essen- 
tial factors and in clearly grasping the inter- 
relationship of these factors is most important. 
Too many men desire to stark in at  once and 
solve the problem' at  the f i s t  attempt. All 
this might be summed up in the expression 
"methods of research." 

(c) Apparatus.-The subcommittee has not 
considered just how a man could be trained 
to be more resourceful in this respect, but i t  
is surely a marked weakness in the average 
graduate. While a native cleverness is doubt- 
less born, and not made, i t  ough,t to be possible 
to give the undergraduate some training in 
the use of his mental equipment in designing 
and planning apparatus which is to accom-
plish the desired end. 

THE FACTORS INVOLVED IN THE PROROXIOTION O F  

COOPERATION BETWEEN MANUFACTURERS 

AND THE UNIVERSITIES~ 

The recent impetus imparted to the research 
activities in American chemical manufac-
turing has materially altered the traditional 
policy of industrial secrecy. A striking illus- 
tration of this improvement is to be found in  
the reports of the Industrial Conferences held 
a t  the fifty-third meeting of the American 
Chemical S ~ c i e t y . ~  This change in attitude, 
a natural result of the appreciation of urgent 
action in industrial research, has long been de- 
sired by our universities and it will undoubt- 
edly result in the extension of the practise of 
referring certain of the problems of industry 
to university laboratories for study. Many 
of the numerous problems of chemical as well 
as mechanical technology could be advantage- 
ously attacked outside of the plants, but some 
central organization is needed for securing 
and properly distributing those problems which 
are pressing. I t  is clear, however, that stable 

6 The president of .the American Chemical SO-
ciety has been authorized to appoint a central 
committee from representatives of the universities 
and the industries to study opportunities and l;o 
make recommendations for coo~eration. 

6 See J .  Ind. Eng. Chem., 8 (i916), 947 et  seq. 
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relations between the universities and indus- 
trialists will be worth while only if some 
mutual benefit can accrue therefrom. This 
cooperation can therefore be most satisfac-
torily promoted by actively demonstrating the 
advantages of the exchange or interchange of 
subjects for research, which primarily pre-
supposes a reasonable freedom from the con- 
cealment of knowledge which persistently ad- 
heres to all industrial research. 

Industrial research laboratories can be of 
mutual aid by supplying advice and materials. 
These laboratories should also publish reports 
of investigations just as freely as possible and 
thus, by proving the utility of it, assist in the 
general scheme of the universities-promote 
the dissemination of knowledge. 

I n  general, the subcommittee endorses the 
conclusions of the University and Industry 
Committee of the Ncw Pork Section of the 
American Chemical Society.? 

THE PROMOTION OF A BETTER APPRECIATION 

O F  RESEARCI-I 

The promotion of a better appreciation of 
research by the general public can only be ob- 
tained by publicity.8 No complaint can be 
made of a lack of this at  the present time. 
The large corporations supporting industrial 
laboratories are themselves expending great 
sums on giving publicity to their research 
work. The subcommittee thinks, however, 
that though the general public now appreciates 
the value of scientific research, the thing re-
quired to increase the number of laboratories 
is more information as to specific plans for 
starting and running them. General articles 
on the advantages of research work would be 
very much helped in carrying conviction if 
they were accompanied by definite proposals 
telling manufacturers of different industries 
and of different grades in the size of their 

7 See J. Ind. Eng. Chern., 8 (1916), 658. 
8 I t  is important to mention here that the Amer- 

iean Chemical Society has under consideration the 
publication of a journal of popular chemistry, a 
periodical for which there is a real need because 
of the desirability of the proper dissemination of 
chemical information to the public. 

work what they could do in the way of re-
search work themselves. 

The average person who has to decide 
whether his corporation will support research 
work can, in the nature of things, know little 
about it. He  desires either to spend much 
less than is necessary for effective work or he 
is frightened by the size of the expenditure 
which he thinks will be necessary. More 
specific information would enable him to form 
a truer idea as to what he was committing 
himself and what he was likely to get. 

As far as possible, arrangements should be 
made for research institutions to have infor- 
mation as to their work available and to per- 
suade them to give this information freely to 
inquirers. It would be a considerable step in 
cooperative effort if all the research institu- 
tions that can be reached could be persuaded 
to put information regarding themselves into 
some form so that a comparison could be made. 

THE ESTABLISIIMENT OF STABLE RELATIONS BE-

TWEEN RESEARCH INSTITUTIONS AND THE 

RESEARCH DEPARTMENTS OP INDUS-

TRIAL PLANTS 

The suggestion has been frequently made 
that the establishment of stable relations be- 
tween the types of organizations mentioned 
might be effected if a small group of selected 
representatives thereof could arrange to confer 
a t  regular times. After consideration, the 
subcommittee recommends the formation of 
an association of research institutions, that is, 
an association of all those bodies engaged in 
scientific and scientific industrial research, 
including such organizations as the research 
laboratories of Harvard University, the Massa- 
chusetts Institute of Technology, and other 
educational institutions, the Carnegie Insti- 
tution laboratories, the Mellon Institute of 
Industrial Research, and the research labora- 
tories of the corporations which are conduct- 
ing a certain amount of research of scientific 
importance. Undoubtedly, an association of 
this nature would meet with satisfactory sup- 
port and i t  would eventually prove an iinpor- 
tant factor in improving the methods of re-
search organization. 
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Stable relations between various research 
organizations will be worth while only if some 
mutual benefits can accrue. These can be 
brought about by an exchange or i~terchange 
of "commodities," such as- 

(a) Subjects for research. 
( b )  Special facilities for extraordinary con-

ditions, such as extreme pressures, extremes of 
temperatures, etc. 

(c) Special pieces of expensive apparatus. 
(d) Helpful ideas on research already in 

progress. 
(e) Candidates for employment. 
This presupposes a freedom from the secrecy 

which still surrounds the industrial research 
of certain organizations. Undue secrecy is 
unnecessary and unwise, but i t  is only in those 
cases where publicity is compatible with indus- 
trial progress that full cooperation between 
the universities and the industries can be 
effected. 

A COMPARA~IVE STUDY O F  INVESTIGATIONAL 

ACTIVITIES 

This study would be distinctly worth while, 
but before the initiation of such a movement 
there must first be established more mutual 
confidence than now exists. A comparative 
study of this kind would be very difficult and 
would necessitate the expenditure of much 
time. Probably such information could be 
secured by obtaining the reports regarding the 
industrial research laboratories in operation, 
and there is no reason why a suitable ques- 
tionnaire could not be prepared and distrib- 
uted, in order to obtain information regard- 
ing research conditions and comparative data 
relating to the organizations maintaining labo- 
ratories. 

It would be very useful indeed to have 
available a yearbook pertaining to research 
laboratories, with the following lines of infor- 
mation : institutions, organizations or concerns 
supporting them, approximate purpose of labo- 
ratory, divisions of science represented therein, 
manufacturing facilities directly associated 
therewith, approximate annual expenditure for 
maintenance of research, number of and par- 
ticulars relating to the training of the mem- 

bers of the investigatory staff, and, finally, a 
list of the scientific publications for the past 
year. Such a book might also advantageously 
include mention of the special equipment of 
the laboratories unlikely to be possessed by 
every similar institution. 

The National Research Council, through its 
committee on research in educational institu- 
tions, could well arrange to have some one 
whose sole duty it was to coordinate the work 
in university laboratories with reference to 
general or national welfare. While any at- 
tempt which may be made by a national soci- 
ety or association to secure cooperation be- 
tween industrial and institutional laboratories 
will invariably encounter the difficulty of in- 
vested interests, an organization with govern- 
mental support might accomplish much fruit- 
ful research work through institutions of learn- 
ing and in such a way that this would be of 
material benefit to the institutions concerned, 
as well as to the nation. 

R. F. BACON, 
Chairman, 

C. E. K. &ES, 

W. H. WALKER, 
M. C. WHITAKER, 
W. R. WHITNEY 

PITTSBUBQH,PA., 

December 15, 1916 


SCIENTIFIC EVENTS 
T H E  CONTROL O F  TUBERCULOSIS I N  FRANCE 

GOVERNOR New hasWHITMAN, of York, 
granted Dr. Hermann M. Biggs, state health 
commissioner, leave of absence to go to France, 
at  the request of the Rockefeller Foundation, 
to conduct an organized campaign to combat 
the spread of tuberculosis among noncombat- 
ants. I n  a letter to Governor Whitman, Mr. 
Jerome D. Greene, secretary of the foundation, 
wrote : 

For some time past our representatives in 
France have been much impressed by the need of 
effective measures for the relief and control of 
tuberculosis. A number of voluntary American 
agencies in France have exerted themselves with 
great zeal to arouse the sympathy of the American 
public and to do what could be done to provide 
hospital care for the more urgent cases that have 


