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SCIENTIFIC AND INDUSTRIAL 
RESEARCH.-1 

1. "X THILE there is no interruption to the flow of 
V V reports and papers discussing scientific and 

industrial research-the statements "A Post-war 
Policy for Science" issued by the Association of 
Scientific ·workers and "Problems of Scientific and 
Industrial Research" from Nuffield College are among 
the more recent-there is some reason to fear that 
even from the point of view of educating public 
opinion as to what is required, many of the contribu-
tions to this discussion are not so effective as they 
might be. One of the main reasons is that discussion, 
not to say opinion, is becoming confused because of 
the failure to distinguish clearly between tactics and 
strategy. Admittedly the distinction is not always 
easy to maintain in practice, but it is all the more 
important that the effort should be made at a time 
when the short-term and long-term aspects of these 
problems may vary considerably in urgency. Unless 
our broad objectives are clearly seen and defined in 
terms both of programmes and in respect of the 
type of men required to serve them, there is grave 
danger that steps may be taken to meet our short-
term needs which may prove serious obstacles to the 
more fundamental developments which are also 
required. 

There is yet another reason for distinguishing 
clearly between the tactics and the strategy of research 
which is well illustrated in the Nuffield College state-
ment. Welcome as may be the large measure of 
agreement on what are clearly matters of tactics, 
such as the enc "uragement of mobility in research 
workers, on their status and remuneration and 
general improvement in conditions of service, such 
matters depend on, and may even determine, the 
nature of the institutions or organization which we 
set up for research. Unless, therefore, we have first 
resolved on the broad lines of our research pro-
granunes and on the qualities which they will demand 
in the personnel responsible for their execution, 
apart from the corresponding demands for material 
resources such as equipment, we cannot determine 
the appropriateness of either institutions or organ-
ization to serve our purposes. Attention to tactical 
questions before strategic objectives have been de-
cided may thus very well ·create obstacles to the 
strategy of research which will not easily be over-
come. 

There is a further reason why the distinction 
between strategy and tactics is important, and this 
is well illustrated in the statement from the Associa-
tion of Scientific Workers. The decline of German 
science since 1933 is sufficient evidence that science 
cannot ignore political institutions, that, even from 
the point of view of the advance of science itself, some 
regard must be had to the social and political institu-
tions affecting the conditions under which the man 
of science works. Society has an effect on the course 
of science which may not be so obvious, but may be 
as pronounced, as the impact of science on society. 
Not only are scientific workers increasingly concerned 
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with the social effects of the application of scientific 
discoveries, with seeing that the knowledge which 
in such fields as nutrition, for example, has made 
possible the improvement of health and elimination 
of disease, is used effectively, but also they are 
conscious that the structure of social institutions and 
of industry may markedly assist or impede such 
processes. 

With such considerations increasingly prominent, 
the difficulty of handling aright the problems which 
arise out of the interactions of science and society 
and politics becomes more acute. It is more than ever 
important, as it becomes more difficult, to draw the 
line and determine exactly how far and in what 
manner science should make its representations in 
political affairs where scientific factors are specially 
important. Uncertainty of touch or judgment in 
such matters as, for example, in the statement from 
the Association of Scientific Workers, is a fatal 
obstacle to handling these problems wisely and shap• 
ing aright the organizations through which may best 
be expressed the voice of science in the fields where 
it has a legitimate and imperative right to be 
heard. 

One of the main reasons for failings in this respect 
is the absence of enough attention to the philosophy 
of research, and the symposium on the "Organisation, 
Direction and Support of Research" arranged last 
autumn by the American Philosophical Society (see 
p. 263 of this issue) is a notable contribution to the 
fundamental thinking required, here and on the larger 
strategy of research, before we can consider in detail 
those questions of tactics with which much current 
discussion in Great Britain has been overburdened. 
The long paper by H. A. Innis on "Political Economy 
in the Modern State" contributed to that symposium 
is particularly suggestive in this connexion, and a 
welcome correction alike to the tendency to align 
science with any particular political party or system 
or to those who imagine that science can remain 
indifferent to the political institutions which deter-
mine the limits within which freedom of scientific 
thought and inquiry are possible. He directs atten-
tion to exactly those problems which must be solved 
in the control of research, whether by the State cr 
by industry, if the creative spirit is to be 
preserved and if freedom of inquiry is to mean 
advance in knowledge .and not the mere acquisition 
of information which may or may not be relevant 
to future intellectual progress or to society’s 
needs. 

Recognition that the distinction between funda-
mental and applied research is merely a convenience 
which can be overstressed should at least telp the 
consideration of the conditions which are funda-
mental for fruitful research of either type. In many 
fields, as the Nuffield College statement points out, 
the distinction has little meaning. Both methods 
are constantly being used simultaneously in attack-
ing a problem ; they are interdependent, advance in 
one constantly affecting the other. No clearer demon-
stration of this could be found than in the recent 
offer of the directors of Imperial Chemical Indus-
tries, Ltd., to provide eighty fellowships in science 

at nine universities in Great Britain, in connexion 
with which Lord McGowan stated, "Nearly three 
generations of experience of the administration and 
conduct of research have convinced us that academic 
and industrial research are interdependent and com-
plementary and that it is useless to expect sub-
stantial advances in industry without corresponding 
advances in academic Ecience". Clearly, therefore, 
if we can determine and establish the conditions 
under which fundamental research or investigation 
concerned purely with the advancement of scientific 
knowledge is best promoted, we shall have gone far 
to determine those under which applied research also 
will flourish, and this irrespective of any particular 
branch of scientific inquiry. We cannot, however, 
rest content merely with postulating a free society and 
freedom of inquiry. The research worker must l:;e free 
both from intimidation and from control by govern-
ment ; he must be able to inquire and speculate 
with as few restraints as possible : but the debate 
between the protagonists for absolute freedom in 
science and thosewhoadvocatethemaximum planning 
of science will lose some of its value if it fails to 
emphasize the positive as well as the negative side. 
We are concerned with factors which stimulate, as 
well as with avoiding restrictive or repressive con-
ditions. We must seek for conditions which stimulate 
creative powers, imagination and enthusiasm, and 
beware of checks on them as well as on the scope or 
direction of inquiry. 

There is yet another point at which conditions of 
scientific work are affected, if not determined, by the 
nature of the society in which the man of science 
works. A totalitarian regime clearly is inconsistent 
with full freedom of scientific inquiry and ultimately 
fatal to the advance of knowledge, but other political 
systems may have their own effects through their 
influence on the various types of incentive- social as 
well as economic--which summon the scientific worker 
to give of his best. Dr. J. B. Conant made a wise point 
in his address to the American Philosophical Society’s 
symposium when he referred to the importance here 
of the quality of the appeal to the brilliant and 
enterprising sons and daughters of•the mass of our 
society. That appeal, he thinks, should be couched 
neither in utilitarian terms nor in those appropriate 
to ; he secluded retreat, but rather that in each area 
of the entire field of learning the activities under 
way must be manifestly relevant to the future of 
our civilization, not only to man’s physical and 
social needs but also to his highest hopes and 
aspirations. 

The relations of science to society and even to 
industry are in fact more complex than some• of the 
more ardent protagonists of planning care to admit, 
and Dr. Conant’s suggestion of relevance rather than 
utility as the touchstone to test the vitality and 
validity of a scholarly enterprise indicates a line of 
thought to be explored more fully. Again, the 
limitations of the scientific method as applied to 
social problems, the looseness with which the term is 
employed, to which Dr. Conant directs attention, 
equally merit consideration, as much as the greater 
emphasis on philosophy for which he calls. It is the 
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al:sence of an adequate philosophy and consequent 
failure to develop the capacity for making disciplined 
and well-informed judgments on all those matters of 
value which are involved in so many vital human 
decisions that has been responsible for the weakening 
of civilization and the growth of barbarism. From 
no point of view can we be satisfied any longer with 
a system of education that fails to develop that 
capacity. It must be one of the prime require 
ments in future of all our training institutions, 
both for teaching and research, and we should 
vigilantly watch• to see that no subsequent organiz-
ation impairs or retards that same capacity of 
judgment. 

Dr. Conant has assuredly put his finger on the 
weak spots. It is not that high standards of per-
formance as to the technical part of his task are not 
essential for the scholar whether man of science, 
mathematician, philosopher or historian. Equally 
essential. however, are integrity of purpose, a dis-
ciplined imagination, and the power of critical 
analysis of both the problem at hand and the in-
vestigator’s own contribution. To provide such men 
and women who come into the court of public opinion 
with clean hands and a consecrated heart, and to 
maintain their integrity and consecration and critical 
and imaginative powers undimmed, should be a first 
objective of our research strategy. The institutions 
and organization which can succeed in this will never 
lack the flow of creative thought and fundamental 
discovery upon which the advancement of science 
and of civilization both depend. 

There are therefore at least two problems involved 
here. First re-examination of our whole educational 
.system, not merely at the university level, with 
respect to the provision of an adequately trained and 
broadly educated personnel to enter the field of 
scientific research, and the balancing of the immense 
needs for technical and scientific training by com-
petent education in the liberal arts• and humane 
studies. The emphasis must be on the balance, for 
the second problem is that of securing competent 
direction of research. That is no less vital. It form3 
the link between the two things which, as the 
Goodenough Report on Medical Schools points out, 
a community that wishes to promote research must 
do. "First and foremost, it must find and train the 
men who have the ability and impulse for scientific 
inquiry. Secondly, it must create the most favour-
able conditions for their work and give them the 
tools they need." 

It may well be that the most valuable result of 
the establishment of more senior fellowships in science 
on the lines of the scheme recw.tly initiated by the 
directors of Imperial Chemical Industries, Ltd., will 
be the contribution it makes to throwing up men of 
the requisite outlook and calibre for the direction 
of research. The wise insistence on some combination 
of teaching with research under conditions where, as 
Bruce Truscott notes, compared with industry, the 
fellows can be sure of time and tranqui lity of spirit, 
may stimulate not merely fruitful research itself but 
also clear and creative thought about the compart-
mentalism of science, its effect on training or restraint 

on effective research. From such thought alone can 
come the competence and confidence to move surely 
across boundaries and to handle wisely the attack 
on the unknown, whether it be in industry or else-
where, with its calls for team-work as well as initiative 
and individuality. 

The Goodenough Report in its brief reference to 
research well stresses,• in quoting from the evidence 
submitted by Sir Thomas Lewis, the imp. rtance of 
these last factors. Organization, in fact, must be 
secondary to the selection of personnel. Unless we 
can secure an adequate supply of men of the right 
gifts no organization will ensure the prosecution of 
effective research, and the essential preoccupation of 
wise administration is, as Alan Gregg observes, to 
create and foster the circumstances, the human rela-
tionships, in which gifted men will be most productive 
and p1•odigal of their In particular, he points 
to two dangers which our strategy must frankly 
recognize and provide against: first, the tenden"y 
to waste research ability by diverting it into other 
chaunt Is by the demands of administration and 
teaching:; and secondly, the tendency for the endow-
ment of research to deprive the investigator of his 
primary right of choosing a subject to be studied, 
of framing a hypothesis to be tested, of planning and 
performing some crucial experiment. 

It may be noted in passing that Mr. Gregg looks 
to senior fellowships for research of much the same 
type as those contemplated in the scheme of Lord 
McGowan and his fellow directors to meet this need, 
though he appears to have a slightly higher standard 
of status and emolument immediately in mind. The 
basic strategy is clearly the same, and the same close 
resemblance in the conclusions reached by pro-
gressive minds in Great Britain and in the United 
States may be discerned in the broad objectives of 
some of the programmes of research. The differences 
in content are frequently rather in points of 
detail than in scope, though the emphasis on 
particular aspects of the r,rogramme must obviously 
vary. 

A noteworthy example may be found in the field 
of agriculture. The research programme recently 
adumbrated by the Parliamentary and Scientific 
CoJTI.mittee in its report, "A Scientific Policy for 
Agriculture", has features in common with the more 
detailed programme outlined by Dr. E. C. Auchter 
in his address last autumn to the American Associa-
tion of Land-grant Colleges and Universities (Science, 
99, 169, 190; 1944). Wh reas the former does no 
mo e than indicate that an expenditure of at least 
three million por.nds on agricultural research is re-
quired, with the completion of British soil and geo-
logical surveys, and intensive and large-scale research 
into the complex part played by organic matter in 
our soil, it recognizes that nutrition must play 
an important part in determining the trend of 
agricultural research, and like Dr. Auchter again, 
that agricultural research is linked up with 
and affected by fundamental research in other 
fields. 

This point, of which the Parliamentary and 
Scientific Committee haR already shown itself 
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aware in its earlier report on coal utilization, is 
specially well brought out by Dr. Auchter. In 
addition to nutrition, he points to the value for 
plant and animal production of a detailed systematic 
world geography of soils, climatic conditions, varieties 
of plants and methods of plant and animal production, 
to the need for research on new immunizing agents, 
into engineering and electrical and mechanical 
problems in agriculture and the use of agricultura 1 

products, into the utilization of crop residues and to 
basic research to extend our knowledge of such sub-
stances as starch, proteins, lignin, hemicellulose, 
enzymes, hormones and vitamins. If for a moment 
we have passed from the consideration of broad 
objectives to that of detaiL it is to demonstrate more 
conclusively. first, the validity of Dr. Conant’s criteria 
of relevance in determining the broad objectives, and 
secondly, the way in which programmes are inter-
locked, and work in furtherance of the broad 
objectives in one field may involve work in quite 
another field. 

Strategical requirements, whether from the point 
of view of applied or fundamental research, may well 
thus require us to reconsider the compartmentalism 
of science and to facilitate both team-work between 
workers in one or more sciences and the abrogation 
of the impediments such compartments offer to 
effective research. Beyond this the broad strategy 
of research would seem to involve first the provision, 
on this basis of relevance to social needs, for the 
organized study of particular and urgent problems, 
both in the development of natural resources, as 
of fuel and power supply and agriculture and their 
effective utilization in the service of the community. 
and of nutrition and health, including the treat. 
ment or control and the prevention of disease. Such 
organized study must include adequate provision not 
merely for many lines of industrial research but also 
for systematic fundamental research, planned at 
least so as to assist the advance of science on an 
even front by filling in the gaps left by individual 
initiative and with special regard to the border-
lines of the sciences at once so apt to be neglected 
and so richly productive when cultivated. Again the 
conception of relevance must include relevancy to 
the needs of the Colonial peoples also , and it is worth 
noting in passing that the first annual report of the 
Colonial Research Committee contains an admirable 
discussion of strategy in relation to the organization 
of Colonial research. 

There are yet two further aspects of such broad 
strategy which should be noted. First, provision for tl e 
organized study of particular and urgent problerrs 
the social relevance of which is immediately apparent 
leads us almost imperceptibly, through the considera-
tion of such questions as transport, the utilization 
of the land, water supply, the planning of town and 
country and the location of industry, to the study 
of a whole range of problems in the social sciences 
the immediate relevance of which may be less 
apparent. Without adequate attention to social 
biology and the bi9logical factors in human relations, 
to population changes and vital statistics, to psycho-
logy, and allied subjects, we shall be without the 

basic knowledge we require for the evolution of a 
new social order or for the establishment of better 
human relations either at the industrial or at the 
international level, as well as without the effective 
technique for handling and improving such relations. 
As Roy Glenday points out in a recent book, "The 
Future of Economic Sociei y", we need to know 
much more about the principles and rules which 
will govern the social and economic organization of 
the groups of human beings of which the new world 
order will be composed. Even more emphatically, 
Dr. J. T . MacCurdy in discussing, in " The Structure 
of Morale", this problem of organization indicates 
how far we have to go when he says that man can ’ 
expect to fabricate a social organization that will be 
adaptable only when he has developed a liaison system 
comparable in its intricacy with the individual 
human brain. 

The suggestions for research which Dr. MacCurdy 
has made in this connexion should be considered 
in framing our broad programme of research, and 
they bear closely on the second aspect of strategy 
which remains to be considered. If there were any 
scientific workers who imagined that research strategy: 
could be considered entirely without reference to: 
politics , they should have been disillusioned by the ’ 
reception which has been given to the report of the 
Parliamentary and Scientific Committee on "A 
Scientific Policy for Agriculture". The suggestion 
that policy should not be shaped primarily or ex-
cessively by sectional interests but should be based 
on the application of scientific principles has been 
represented as an attempt to dictate policy by 
reference to such principles alone. 

The attempt to formulate and to apply an adequate 
strategy of research is clearly liable to like mis. 
representation, for such strategy can only be put into 
operation when it receives the necessary political sup-
port. It must be therefore a primary responsibility 
of scientific workers in endeavouring to think out 
such a strategy to undertake simultaneously the 
corresponding and no less essential task of explaining 
and interpreting that strategy to their fellow citizens. 
At this point no less than in the application of scien-
tific and industrial research in industry educational 
work has to be undertaken. That is a task of co-
operation as well as education. As Mr. Glenday 
observes : "Before scientists can claim the right to 
plan a new world order, they must first plan science 
itself by organizing its various departments to the 
point of making possible effective co-operation 
between them". Such endowments as Lord Kemsley’s 
travelling fellowships, the fellowships in science 
offered by Imperial Chemical Industries, Ltd., and 
the trust fund for economic and financial research 
established by the Bank of England should be taken 
by scientific workers as a challenge both to funda-
mental thinking on the strategy of research and to 
full and resolute co-operation alike in the exposition 
and interpretation of science and in setting their 
house in full order. Their training has developed 
in them the critical and unprejudiced approach to 
novel problems in their particular fields ; they must 
now apply this faculty in a wider field. 
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