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The scope of this report

1. This report deals with the general policies goveming the organization and
financing of research and development work. It deals with the personnel policies
which should be followed, with the management of research and levelopment and
with the dissemination of the results of research in industry.

2. In research, by which is meant the production of new ideas and techniques,
new materials and processes and finding the means of exploiting these, the first
requirement for high productivity is to ensure that manpower of the highest
quality is selected to carry it out and direct its use. For this reason three
chapters in this report concern the selection and use of personnel.

3, The policies advocated are based on those ithat have met with considerable

success in advanced countries, modified so as to meet the circumstances and

conditions of the developing countries., These conditions normally include shortages

in technical and managerial skills, and shortage of capital, but no shortage of
"unskilled labour.

/..0
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Introduction

The value of research

k. The progression of physical science is much more comnected with your
prosperity than is usually imagined. You owe to experimental philosophy
some of the most important and peculiar of your advantages. It is not

by the foreign conquests chiefly that you are become great but by a conquest
of nature in your own country.

The above words were spoken by the eminent scientist, Humphrey Davy, approxi'mtely
160 years ago, and their message is generally accepted by statesmen, politicians
and industrialists as being even more applicable today than it was then.

5. Research and development are now regarded as two of the most potent factors
in economic development, and in the advanced countries this is well illustreted
by the fact that the amount of money spent on these activities and the number of
men engaged on them have doubled about every twelve years. This exponential
increase over the 300 years since the introduction of scientific papers has
reached such an extent, in some of the most highly developed countries, that it
appears that it will now need to level off. However, the 'deve10ping countries
are, in the main, at the starting point of the curv: and growth of research, and
development in these countries can be expected to follow the same pattern, though
probably with a steeper rise than was the case elsewhere.

The over-all cost of research and development (R and Q)

6. The advanced countries spend very large sums of money on R and D. In some
Of them more than 50 per cent of this money comes from the Government, even though
much of the work may be carried out by industry. Very large sums are spent on

defence work and also, in scme countries, on space projects. These types of
expenditures are unlikely to affect significantly most of the developing countries.
T. Given below are some figures that illustrate the situation in those advanced
countries; they are for 1962, the last year fcr which comparable figures

are available. All money has been converted to United States dollars for
comparison.

/.o
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Over-all Expenditure Perccntage of Percentage R and D personnel

expenditure E_E gross national spent on per 1,000 of
in millions capits product at business working
of $ TE_ market price enterprise population
UsA 17,531 93.7 3.1 35 10.4
Belgium 133 14.8 1.0 63 3,5
France 1,108 25.6 1.5 30 3.8
Germany 1,105 20,1 1.3 60 5.9
Netherleands 239 20,3 1.8 65 b.s
Unitcd Kingdom 1,775 33.5 2.2 36 6.1
USSR 3.0 8.8

8. It is not, of course, feasidle for a developing country in the early stages
of its existence to spend this amount of money on these activities, even if it
wanted to, because of the lack of trained scientists, technologists and engineers,
but as the educational systems of these countries develop, so will dependence on
.and, therefore, expenditure on R and D increase.

The purpose of industrial research

9. A few years ago the Confederation of British Industries made & survey of

research being carried out by industry and the purposes of this resear.h. The
results were:

Per_cent
Basic objective research 10
Development of existing
processes 35
New produnts 35
General services 20

the report went on to say that five out of six projects undertaken found commerciasl
application or were likely to do so.

Government support of R and D

10. A feature of R and D, even in advanced ccuntries, is the part played by the
Government and, in a mumber of these countries, the Government is the biggest single
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source of R and D funds and the largest single employer of scientific and
technical labour. Government policy, therefore, has a very decisive effect, not
only for the reasons just given, but because the fiscal system can be organized

80 as to encourage and even canalize expenditure on R and D in those directions
which will have the greatest beneficial effect on the economy.

11. Technology has been defined as the science of the useful arts and the
technologist 1is, therefore, one who applies scientific principles to the invention,
realization and production of products and services required by the communit&
Jointly end individually.

12. The nature and complexity of the problems vary very considerable from area to
area. Weather and atmospheric conditions, water and fuel supplies, rich deposits
of mineral resources or dependence on agriculture may all vary from one country to
another, depending on geographic location and set of particular conditions. In
some countries tradition, religion, social structure or other factors are more
conducive to technological change than in others.

13. For these reasons no generally applicable pattern can be set forth which can
be used everywhere to bring about the benefits of R and D, but general principles
can be derived from experience elsewhere, and systems which have worked
successfully can be described, so that the experience of others can be used,
appropriately modified where necessary, to initiate in new countries those practices
that have contributed so successfully to the industrial growth of the advanced
countries.

General requirements

14. The translation of scientific or technical ideas into productive and

profitable industriel operations depends, of course, not only on good R and D but on
the availability of raw materials, transport facilities and other segments of the #
national infra-structure, and the availability of a wide range of people with the
necessary technical and administrative skills. Above all, what is required are
people who can realize the potential of some natural resource and who can bring

R and D and, later, productive skills to its economic exploitation. The problems
of R and D are basically twofold: the selection of the right problems and the
selection of the right people to solve those problems. The old saying, "Necsssity
is the mother of invention", is very true. The recognition and evaluation of

necessities can, therefore, be a primary step in the direction of good and
rewvarding research.
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I, INSTITUTIONAL RESEARCH

15. The traditional picture of scientific research is that of the gifted and
dedicated philosopher assisted by a number of devoted followers delving into the
secrets of nature or into the supposed secrets of nature, as was the case in the
search for the “"philosophers' stone".

16. The present-day picture is necessarily different, if only because of the
tremendous volume and high cost of research. The application of its results in
the advanced countries has, however, had a dramatic effect on the standard of
living and the health of their peoples.

17. Research and development require the employment of highly trained persons
working in specially designed buildings and using equipment that is often complex
and expensive. The day of the lone researcher has ended, and we have entered,
especially during the last half century, the era of the research organizetion or

. regearch institute. In research institutes many skills must be blended together
to achieve the desired goals, and the instilutionalization of R and D is a matter
to which much study is being devoted at the present time Many elderly scientists
hanker for the patriarchal system, but even they recognize that institutionalization
is inevitable.

Cat_egories of research

18. Research may be divided broadly into categories., First is the fundamental
work whose object is purely that of extending the boundaries of knowledge without
reference to any practical application. Second, there is basic work, sometimes called
"basic applied”, "oriented basic" or "objective basic": research aimed ot providing
the fcundaticns cn which applied research can bte tuilt. Third, applied research,
using the results of fundamental and basic work, is aimed directly at the solution
of practical problems. It may include, for example, the utilizetion of the natursl
resources of a country or the production of substitutes for imported materials.

19. Development is the application of the results of applied research to the
direct needs of industry, either by the introduction of new processes leading to
the production of new products, or by the improvement of existing processes or

*

/0‘0
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products; or by other forms of application. Since the results of this work are
directly applicable to industry, this type of work is often carried out by
industry.

20. Research can be either an individual effort or the work of a team, but
develorment work is almost invariably team work. Developing countries in a very
early stage of industrialization will mainly need development work that adapts
known technology to local materials and conditior.c.

Importance of basic_applied research

21. Over the last forty years much has been done to put traditional industries
on a scientific foundation, and this has involved the carrying out of a large
amount of basic applied work, in order to establish the scientific principles of
traditional practices. This has, sometimes, led industrialists to say that much
research is unproductive, but they have failed to realize that it is not possible,
in general, to evolve a new process or improve an cld process until s:ientific
understanding of existing practices emerges.

22. The leather industry is a case in point. In the last four decades great
improvements have been made in the production of leather, but only as a result

of the basic work carried out in various countries to determine actually what
happens when skin or hide is tanned into leather. In the same way, fifty years
ago many processes in the iron and steel industry were carried out by rule of
thumb, and the successful production of steel, for instance, depended on the personal
skill of one man, who judged temperatures by eye and who made other decisions by
equally imprecise methods. Industry demands steel in large quantities with
Predicteble properties, and these properties can be obtained and meintained only
by strict ascientific control of the stee) -making process.

Inter-disciplinary work

23. To achieve these ends study and research by scientists of many disciplines
are necessary, since many advances in industrial preactices lie along lines which
do not fall within any one of the traditionsl scientific disciplines, but fall
across them. The value of & resesrch institute is, therefore, that it brings
together engineers, technologists and scientists of various disciplines who can
pool their knowledge and skills in the solution of such problems.
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Types of research required

2k, 1In developing countries it is seldom that completely new technologies are
required. The requirements are usually for the adaptation of known technology

to local products and conditions.

25, Basic applied research may be needed in addition to deyelopment work but it
is most unlikely that any fundamental work will be required. Even in actual
production and manufacturing processes, developing countries can frequently obtain
considerable technical help from advanced countries, either frgely or under
licence, and this aspect will be dealt with in a later chapter.

26. In general, therefore:

(a) Work should be done on the development of new processes and the
improvement of existing processes;

(b) Work should be done on the development of new products and new
uses for existing products;

(c) There should be a survey of local raw materials and their possible
develorment;

(d) Attention should be paid to the improvement of industrial productivity
80 a8 to recduce, if pcssible, the price of the products;

(e) Regard should be peid to the economic and sociological aspects of the
processes being developed. Obviously, little of value will accrue

from the develorment of processes which cannot rake a financial profit
and from those processes which, for one reason or another, prove
unsuccessful, either because the type ot lebour required is not

available or because the product, when produced, is not acceptable to

the local population and finds no ready export market.

Importance of home market

27. It is highly desirable in the development of products that there should be
a home market as well as a potential export market. The home market is then able
to buffer the fluctuations of export market prices. Too often, the produce of
developing countries has been used purely for export, and when the price falls
the economy of the producing country is in danger. These effects would not be
nearly so serious if there were a home market for some of the produce.

/o
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28. A case in point here is cocoa production in Ghana. Ghana produces &
significant proportion of the world's cocoa, yet consumption of cocoa in Ghana

is very small. Cocoa originated in South America where it was one of the
important foods of the Aztecs, and it would obviously, therefore, be an advantage
in the feeding of the people of Ghana if cocoa, surplus to export requirements,
could be processed locally so as to provide an acceptable and economic food-stuff.
The fact that in the developed countries it is used mainly for the production

of chocolate and confectionery does not mean that it must be used in that way

in the producing country.

Standardigation

29. The organization should have regard for standardization. It should study
standards in force in other countries and should be able ~to advise local
marufacturers on how their products rate in regard to the requirements of the
export market. It should also develop standards for use in the home country.

Equipment services

30. It should be able to advise on processes and on the instruments and
equipment necessary to carry out and control those processes. It should know
vhere such equipment and instruments can be obtained and should be in a position
quickly to determine the current cost.

!‘mibilitl studies

31. It should provide a technical-economic consulting service on scale of
operation. This is very import nt, In many developing countries there are
factories operating uneconomicaily and some that are not operating at all, simply
because the scale of operation was wrong. Instances are known where good advice
wvas given to the countries concerned, but they decided to build for larger
production, and for various reasons were never able to attain the larger scale.

Infra-structure

32, For a factory to work economically it must be assured of supplies of suitable
rav materials, electric power, water, and such facilities as are adequate to keep
it ruming for most of the year. If this cannot be done, the operation becomes
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uneconomical. There must therefore be means of determining the adequacy of
these supplies and services.

33, Coupled with these should be studies of siting and location. These again
“are important: an industry must be sited near its source of raw material, or the
infra-structure mst be such that the raw materials can be brought to the
factory with reasonable ease and the finished products conveniently transported
from the factory to the points of use or export.

Market research

3l,, If possible, the institute should be able to carry out market research.
This should cover not only potential demands but questions of quality, mode of
packing, and public presentation.

Extra-mural work

. 35, If funds are available, the institute should make grants-in-aid for the
establishment of studentships and fellowships and for scientific research
carried out, perhaps, in local colleges.

Sponsored research

36. It should be prepared to carry out sponsored research for industry,
government departments, and other interested bodies, and in connexion with this
work it should also be prepared to carry out .analyses and tests.

Development work

37. When possible, it should carry its work through to the pilot plant stage

or to initiate pilot plant runs for industry on a repayment basis.

38. Tt might alsc act as a focal point for the setting up of industrial research
associations, and such associations could, in the early years, be centred on the
cazpus of the institute.

Bxtension services

39. It should provide extension services for clients, that is, it should provide
advice on such matters as the progress of processes or quality control, and it
should visit factories and plants so as to determine whether improvements, either
in processing or organisation, are calhd for.




|

ID/CONF.1/B.14 )
English
Page 12

4o. It should, if possible, be in a position to advige on matters such as factory

lay-out, selection of machinery, production costing, and the general principles of
factory management.

L;g;m gervice

b1, It should maintain an up-to-date technical reference library which can be
consulted by local industrialists, and government departments; and it should
provide, for a fee when appropriate, technical literature » l\marie: and
bibliogrephies, when requested by local industry.

Activities of nev institutes

42, It is not, of course, suggested that a new institute can carry out all the

functions mentioned in the preceding paragraphs, but these are the functions and
there are others, which should be the ultimate goal.

43, However, in new institutes the immediate goal: will be to start a technical
library; to provide a general advisory service; to _work on adaptation of materials
or processes and to study local conditions. It can allo, at a very early stage,

advise on standards of performance and quality and cen provide a simple testing
service for industry.




ID/CONF.1/B.1k4
English
Page 13

II. TYPES ARD FUNCTIONS OF INDUSTRIAL RESEARCH INSTITUTES

L, Types of industrial research institutes are meny and varied. Some institutes
carry out research in any scientific field as long as the work falls ..thin the
competence of its staff: these are sometimes called "divergent" or "multi-purpose”.
Then there are two types of specialist institutes: those which practise a
particular scientific discipline, such as physics or chemistry, and those where the
work of the whole institute is aimed at a particular product or process and where
a number of disciplines are used in achieving this end.
45, For instance, a rubber resesrch institute might have sections dealing with the
growth and selection of rubber trees, the tapping and collection of rubber latex,
the treatment of the latex and possibly the compounding and moulding of rubber
into usable products. Such institutes are sometimes called "unipurpose” or
"convergent", because all the activities of the institute converge to ome point,

. although the spread of interests may be very wide. These are also sometimes called
"commodity" institutes.
46. There are also industrial research institutes which cover not only the
scientific disciplines but also the human sciences, such as economics and sociology
and vhich also advise on non-research subjects such as management and marketing.
These could, perhaps, be designated "comprehensive”.

Choice of type of regearch institute

4. Tt is very difficult to say, without a study of all the circumstances, which
type of institute is required in any particular instance. It is perfectly clear
that every country or group of neighbouring countries needs at least one multi-
purpose institute. It is usually in these institutes that nev industries or
activities are born, because these are frequently inter-disciplinary.

48. It may well be that when a particular activity of & multi-purpose institute
becomes of such a sise and complexity that it creates imbalance in the institute,
this particular activity should then become a specialist imstitute.

49. An example of this in the United Kingdom is the National Pysical
Laboratory (NPL) which was founded sixty-six years ago. There are now in the
United Kingdom a National Engineering Laboratory, s Roed Research Laboratory, &
Building Research Station and a Hydraulics Research Laboratory; but the scieatific
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work on all these subjects started in the NPL which thep branched off into separate
institutes as circumstances demanded, thus leaving room and facilities at the
parent laboratory for new developments.

50. This does not mean that these developments would never have taken place in
the United Kingdom unless the NPL had existed, but it ig quite clear that they
would have been much delayed but for the existence of a large multi-purpose
laboratory. For this reason, such institutes are regarded as the seed beds of new
technologies. '

Specialist research institutes

5l. With regard to specialist institutes, probably only large and wealthy countries
can afford to have institutes devoted entirely to single scientific disciplines,

but in a country or group of countries where the economy is largely dependent on a
particular crop or mineral resource, it may well be desifable to establish
institutes to deal with this product alone. Thus we have the Rubber Regearch
Institute in Malaysia, the International Rice Regearch Institute in the Philippines,
the Commonwealth Cotton Corporation serving the British Commonwealth nations, and
similar bodies. There are also numerous national specialist institutes such as

the Coconut Research Institute and the Rubber Research Institute of Ceylon; and
multi-purpose but specialist institutes, such as the various organizations devoted
to R and D on agricultural machinery. It will be seen, therefore, that the pros and
cons for specialist institutes can be determined only in the light of the activities
and requiremerts of a particular country or area of the world or in the light of
the requirements for the development of a particular crop or other natural product.

Comprehensive resgearch ingtitutes

52. Institutes of comprehensive type have grown up in the United States and are now
spreading to other countries. They differ from the normal natural science regearch
institutes in that they provide a comprehensive service to industry or Government.
While bagically concerned with research in divers fields, such as chemistry,
engineering, physics and mineralogy, they also advise on econcmics sociology and
other human sciences and act ag consultants on management, organization and related
problems,
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53. These institutes have the ability to reduce their technical findings to
practical matters of cost, finance and market requirements and they can thus

agsist industry in its usual problems involving technical and economic considerations

simultaneously. These types of combined services are usually known as
"techno-economic",

54, It may, of course, take a long time to build up a sufficient range of staff
to cover all these aspects of a priject but the availability of these types of
services is of very great importance in new countries. In due course, they can
advise on marketing, packaging and branding of products, for which, indeed, they
can often help to foster a market.

55. Techno-economic analyses by an industrial research institute can provide
industrial managements and Governments with information on which to base plans

for expansion; so can surveys of raw materials. The latter can cover all the
natural resources of the country, or they may pe confined to cne or two resources
which appear to offer commercial possibilities,

- 56. It is clear that a broadly based institute with the necessary range of
professional staff can assist industrial development in many ways and each country
must determine the nature and extent of the assistance it needs and the extent to
which it can allocate funds for the purpose.

57. Industrial Research News-l-/ has published an interesting table setting forth the
services offered by a range of seventeen industrial research institutes in fourteen
countries, both advanced and developing. The table is produced in annex I, and it
is interesting to note how many of these institutes offer services such as
feasibility and productivity studies and other services normally associated with
industrial management, as well ag the traditional services on raw material

utilization and process development.

Subjects for studx

58. Having considered in outline the main general types of industrial research
institutes, consideration should be given in someWhat more detail to the functions
of institutes as applied to problems in developing countries.

1/ Centre for Industrial Development, Industrial Research News, (United Netions
publication, Sales No.: 66.II.B.6$.
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59. In the first place, the research organization should initiate and carry out
research for the promotion of industry in general - both primary and secondary
industries. In this connexion it will pay special attention to the utilization
and processing of indigenous products, either for use and sale at home or
especially for export. It will also be'concerned with the production at home

of products which would otherwise néed to be imported,

60. One point which is sometimes overlooked in developing countries, in the
preparation of products for export, is that export trade can be built up only

if the products exported are of the highest possible quality and of consistent
quality. Importers in the advanced countries will not repeat orders unless
they are sure that they are going to get products which will be at least as good
as any similar products obtainable elsewhere.

/..
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ITTI. THE CONTROL OF RESEARCH ORGANIZATIONS

61. The setting up of an R and D organization is an expensive matter; therefore,
the first problem to be considered after the need has been established, is how the
institute is to be financed. In a later chapter the various ways of financing

R and D institutes will be discussed fully, but a basic consideration is whether
there is any organization, or group of organizations, in the area concerned willing
and able to invest the necessary capital. In many developing countries the only
organization that could contemplate the setting up of an R and D all-purpose
institute, as a long-term development, is the Government. For many types of
activity this applies also in the advanced countries.

62. There has been much argument about whether industrial research institutes
should be publicly or privately controlled. Public control ensures that the work
of the institute will be relevant to the economy of the country, and it also
assures greater continuity in the work. But countries are controlled by politicians,
and political requirements are sometimes subject to rapid changes; such changes
can be inimical to scientific and technological requirements. Public control,
therefore, should not be of the direct and detailed kind which interferes with the
day-to-day work of an institute.

63. Private control achieves significant independence from rapid changes due to
the vagdries of politics but does not ensure that the organizetion will be more
concerned with the economic well-being of the country than with the earning of
private profits. However, the choice as tetween private and public control is

not normally determined on this consideration but on the much more mundane

problem of who can supply the necessary finance.

64, If an institute is publicly controlled, this does not necessarily mean that

it must work wholly on problems set or approved by the Govermment, since the
institute can carry out repayment work for private industry. An organization which
can work for the Government and for industry real'y has the best of both worlds,
provided that Government does not interfere with thé technical work carried out and
trusts the director and staff to use their resources gainfully and not in any vay
that might militate against the over-all policies and requirements of Government.

Joee
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65. It may well be, of course, that ag the industrial economy of the country
develops, local business and industrial organizations will be prepared to finance
some or most of the work of the institute, but in countries in the very early stages
of development, there are few, if any, such entrepreneurs.,

Government sponsorship

66. The position is arrived at, therefore, that the first steps in R and D in
many developing countries must be sponsored by the Government, or by a group of
Governments and, even then, it is often necessary for a signilicant proportion of
the capital requirements and early running costs to be provided by a world-wide
organization, such as a member of the United Nations family, or by wealthy
foundations in the advanced countries. However, these external organizations eannot
usually undertake the complete and continued financial responsibilities; and this
almoat inevitably means that the local Government or dovernments must be financial
partners in the project and that they will, in due course, become the mador source

~ of its funds.

67. Government participation in the financial arrangements means, of course, that
the Government will have a say in what the institute does and how it doeg it.
However, as hag been said earlier, long experience has shown that politics and
science do not mix well, It becomes necessary, therefore, to devise means whereby
the Government can be assured that it is getting value for public money invested,
without the research insgtitute becoming a pawn in local politics so that its growth
and possibly even its existence devend entirely on the whim of the Govermnment of
the time. Pressures should not be brought to bear upon the institute with regard
to its work or organization in order to achieve rarticular political ends of an
ephemeral nature. The means whereby reasonable government control may be exerciged
without government interference will be outlined later.

anfgovernment R and D

68. Many industrial research organizations are not government esgtablishments. The
cammonest type of these is the research and development division of a large
commercial company, K but this confines its interests to the products and processes
used by the company. There are some such organizations in developing countries,
but they normally serve large foreign comapnies or local subsidiaries of such
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companies. These organizations are usually corcerned mainly with cortrol problems,
mogt of the real research being done in the main laboratories of the company,
usually in an advanced country.

69. Occasionally, laboratories are set up by local chambers of trade to provide
services on a repayment basis to members of the chamber. These laboratories
frequently are concerned mainly with testing to specification. Their work is
mainly analytical in character and the laboratory also serves &s a technical

information centre.

Sponsored research institutes

70. In some advanced countries there are sponsored research establishments,
although this type of establishment is more common in the United States of America
than elgewhere., Some of these have opened branches or subsidiary establishments in
other countries and sometimes in developing countries. These establishments are
staffed, in part, by people from the parent laboratory and they have the great
advantage of being able to call upon the knowledge and experience of the parent
organization, but because their work is sponsored, the results may be available only
to the aponsors.

Industrial research associations

71. Another type of industrial research establishment is the industrial research
association, a type of orgenization pioneered in the United Kingdom almost fifty
years ago and of which there are now fifty-fonr in that country. Most of these

are state-aided financially, but some are not. In this type of organization the
member firms of a trade or industry subscribe money to set up and meintain
industrial research laboratories to study the problems of their industry, to provide
technical information centres and to provide advisory gervices to members.

72. When this movement began the Government gave significant financial support,
with the intention that this should gradually diminish until the associations would
be self-supporting. However, while the proportion of government support varies
widely from industry to industry, the current intention is that some measure of
government support will be maintained indefinitely.

T75. It wae originally thought that assoclations of this type would be mainly
ugeful to smaller firms which might be unable to maintain their own research
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divisions. In fact, this has not been so. Big companies which spend large sums on
R and D are often the main supporters of the Research Associations, and this is
due mainly to two reasons: first that big companies are probably big because

they support R and D and second, that the research-oriented firms employ trained

svaff whc can appreciate and adapt the results of the work of the Res.arch
Associations, whereas the small firms » often having no such staff, are unable to
absorb and benefit from the research results.

Government controlled institutes

T4. It has been said earlier that even in advanced countries much of the cost of
R and D is met from government funds and that in many developing countries the
Government is the only organization able to uhdertake the financial responsibility
of setting up and maintaining industrial research organizations. Even in a
moderately important project, the R and D element may well occupy several years,
ana it can be carried out efficiently only against a background of financial
stability and continuing policies, '

75. Some means, therefore, must be found of canalizing sovernment funds into the
R and D organization and of seeing that government requirements are given adequate

attention in the crganization, while at the same time the effoirts of the staff

remain planned and systematic and do not degenerate into mere trouble-chasing for
political ends.

D. board

76 The best means of achieving government participation and stability of policy
is for the Government to set up a body, & "regsearch and development board" on
wvhich it will be adequately represented but which also includes representatives
of various aspecte of the national life, such as learned societies, chambers of
trade, development bankers, investment corporations and educationalists. This
can be quite an extensive grouping of all elementsg of the community having an
interest in R and D and in the betterment of the country's economy .

TT. This board will serve not only the purpose of giving over-all support and

direction to the organization but should serve the purpose of ensuring the support
of all aspects of the country's life represented on it.
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Membership of R and D board

'78. The board should have ag its chairman a person prominent in the business

or academic life of the country and its terms of reference should normally call
for an annual report on the operations of the organization to be addressed to the
Prime Minister or to an appropriate minister., Even in the early, days of the
organization's life, this board should meet perhaps twice a year. Later, when

the orgenization is established and on an even keel, once a year will probably

be adequate, although the director of the organization should of course be enabled

to appeal to any member of the board on any particular subject that may arise
for help and advice,

Executive coumittee

79. From this board there should be elected a very much smaller executive committee
which should meet more frequently and be the main source of support for the director
and staff. It will be the autkority in whoge neme the day-to-day activities

of the organization are carried out. In the very early days of the organization
this executive committee may need to meet monthly and later it should, perhaps

have three or four meetings per anpum.

Ebershig of executive committee

80. On the executive committee should be concentrated those¢ members of the board
with scientific, technical or economic interests, if possible with experience

in research and development, for whom it is often useful to become associated with
those aspects of the operations of the organization in which they are expert. They
can do this by occasional visits to the laboratories and by discussion with the
prpject groups working there.

81, The executive committee will, of course, devolve upon the director all the
necessary managerial functions, but the director will report to the executive
coomittee on all major activities of the organization and will look to the
executive comnmittee to support him, especially in the matter of raising funds.
This committee will report to the ressarch and development board annually, and im
its constitution there should be some provision for rotation of membership. A
useful provision is thet mambers serve on the executive cammittee for a period of
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three years and then be ineligible for re-election for a period of one year.

With & new organization, this would mean that the original members of the

executive committee would have to be appointed for 1, 2 or 3 years so as to get

the system running smoothly. This rotation of membership provides against the
possibility of the building up of vesgted interests.

82, Experience has shown that sometimes when an executive committee has remained
unchanged for a number of years, the members tend to favour c2rtain projects and
react against proposals for change. The three-year rotation of membership provides
for continuity of control, and also for the introduction of new blood, leading to

s changing outlook, 30 as to meet the changing requirements of the country.

Iii‘
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IV. ORGANIZATION OF INDUSTRIAL RESEARCH INSTITUTES

83. Within the present century, scientific research has changed from a craft to
a large-scale industry, and it has had to learn such lessons as it can from
industry and adapt them to its purpose. Since this is mainly intellectual, they
may indeed have as much to learn from considering the principles urderlying the
administration of such institutions as universities, schools and hospitals, as

from industry.

The small institute

84. In the new and small industrial research institute the director will guide
and supervise all the work and the few gtaff will report directly to him; but as
the institute grows in size the director will have many duties and interests
connected with, though outside, the institute itself. An organizational pattern
will then emeige.

85. The "emergence" of an organizational pattern is referred to because it is
quite wrong to adopt ap organizational chart and then try to fit people and
problems to this chart. The pattern of organization must be based on the nature of
the work and the abilities and perscmalities of the staff. Also, in the early
days, labels and titles should not be attached to members of the staff in any
permanent sort of way. As the operations of the institute develop, those members
of the staff possessing the necessary attributes of leadership will demonstrate
their ability, and these are the people who will be the division heads or group
leaders of the future.

The larger institute

86. When the institute becames of such size that the director cannot, himself,
control the whole organization, an organizational pattern will develop, and this
will probebly follow the lines, at first, of a civision between the technical
work and the non-technical administrative work. Thus, we have a pattern as showm
in chart 1, annex II.

87. The object in forming divisions and groups is to facilitate the work, but it
must be impressed upon all members of the staff that their loyaltiss are to the

[oee
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institute as a whole and not merely to one gection or group. This means that
their skills and abilities must be available in solving problems brought to the
institute and not merely the problems assigned to their own group.

88. The setting up of divisions can be either along the lines of scientific
disciplines or along the lines of the purpose to be served. Thus, in an

institute there might be a division of chemistry and a division of engineering; or
there might be a process development division involving both chemistry and
engineering. The types of divisions should be determined on the basis of
convenience of work, apd most successful research institutes have in their make-up
& measure of each type. In addition to the formal divisions, there will need to
be project groups, having attached to them members of various divisions, either
whole or part time, during the period the project is active,

Project groups

89. The creative individual is the key to most of the really important scientific
discoveries. Increasingly, however, the small grcups or teams of research workers
have assumed added importance in the production of technical change. These
groups have made possible prompt, frequent and easy exchanges of ideas and
questions. )
90. Groups are a powerful means of introducing the inter-disciplinary approach
to research. It is not necessarily the case that research has become more
complicated hbecause at each stage it has to be as sophisticated as current
knowledge and ability will permit. It is, however, true that the more extensive
foundation on which present-day research is based not only permits but requires
that several disciplines combine in order to solve problems more quiCkly. While
among the many means of producing technological change team research has become
80 important, the freedom of the individual researcher within the team must not
be restricted, and his creative opportunities must be encouraged in every way.
91. It has sometimes been argued that there should be no formal divisions in an
institute and that all staff should be regarded as & pool from which members of |
project groups may be drawn as required. In practice, this has not proved very
successful. It has been found that staff are happier if they feel that they have
a particular and permanent niche in an organization. They do not mind being
seconded from their permanent place, provided that they feel they are going to
return to it when their part of the special job is completed. ;

/..
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92. An argument against divisions organized purely on the lincs of disciplines is
that cross-fertilization is diminished. On the other hand, an argument against
the retention of permanent prcject groups is that once the members of the group
have reacted on each other further reaction becomes slow. This imeans that the
best results are obtained by a constant but gradual change in the personnel of
such groups. Numerous changes are, of course, difficult in a snall institute,
because the nuaber of people available to chance around is small, but even here
the value of change should always be borne in mind by the mana;enent,

95. In the small institute with just one organizational division, and that
between technical work and non-technical administrative work, it will probably

be necessary, as shown in chart 1, for an assistant director to be appointed to
co-ordinate the technical work. He will report to the director, as will aliso the
administrative group leaders.

94, The director will spend much of his time on public relations and in
negotiations with users of the work, but the assistant director will also have
contacts with the users, though at a much more detailed level than does the
Id.irector.

95. As the institute grows, the pattern will become something as shown in
chart 2, annex II. Both chart 1 and chart 2 are taken from the lManual on the
Management of Research Institutes in Developing Countriel.'y

The comprehensive institute

96. In chart 2, which is the orzanization plan of a comprehensive industrial
regsearch institute, there are now several agsistant directors, each in charge of
group activities such as technology, engineering and economic studies; there is
also an assistant director for administration, including the library and personnel
administration.

97. Whilst these charts show possible organizational schemes for a small and a
large institute, it should be repeated that the schemes must be based on the
nature of the work and the abilities and personalities of the staff. An industrial
research institute is a living organism and the same biological law applies to it
as to any other: the organism must adapt itself to its environkent or perish.

98. As an institute grows, the scope of its work will increase. It will start
purely as a technical institute probably dealing with problems mainly in engineering,

1/ United Netions publicstion, Sales No.: 66.II.B.3. /
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chemistry and economics, but, as it expands, it will cover other scientific
disciplines such as biology, physics and geology and technologies such as
metallurgy and mineral processing.

99. It will necessarily be concerned with economics but may also extend into the
field of sociology. The larger the institute the broader will be the coverage that
can be given to projects and the more necessary it will become to use the "project
team" or "task force" approach. When this principle is employed it is not essential
that all members of the task forces should be members of the staff of the institute.
Scme special aspect of a problem could be dealt with by a consultant or temporary
research fellow especially recruited to contribute to its solution. The operation
of these teams, crossing the usual formal orgaaizational lines, requires adjustment
on the part of the professional staff and puts new demands on managerial skills.
This is because the varied professional skills and experience required to reach

an optimum solution are brcught to bear simultaneocusly on the problem.

Project group staffing

100. The system makes use of the total pool of technical talents in all parts of
the organigation and, therefore, avoids the tendency in specialized sections to
build up large staffs in order to handle all facets of the problem internally.

It also tends to inculcate a very much stronger sense of responsibility in the men
of the different disciplines, because instead of working with others of the same
discipline, they may well be the only representative in the team; this puts on
them individually the onus of providing the contribution of their discipline, while
enlarging their knowledge and experience of the contributions mede by other
disciplines. This has a valuable effect in the development of staff, although, as
has been said earlier, working exclusively in project teams is probably not to be
encoursged. It is good for every specialist to work with others of his own
discipline from time to time, since they can, when necessary, criticize his ideas
and, if necessary, counter any tendency towards inflated opinions of his own
ability.

101. Whatever the general scheme of organization, it is important that a1l merbers
of the staff should have horisontal contacts with staff in other divisions or teems,
80 that they vill have a fair knovledge of other problems and projects being
investigated in the institute and can, if required, comtribute to those also.
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General gg,_g_agement

102. Manegement of research is different from management of most other human
activities. In research, management involves no rigid comtrols, no disciplinery
restrictions. It should always be regarded as an enabling process, that is, 1t
provides the money, facilities, and all else that eneble the research to proceed,
smoothing the way and creating the right climate; and ultimately furthering the
implementation of results.

103. The understanding of research management has progressed rapidly in the last
twenty years but still has far to go. It can greatly assist the productivity of
research. Good management stimilates creativity and retains faith in the ultimate
return on wise investment, even though the return msy not be immediate.

104. Individual creativity is an important comtributor to research productivity,
but a combination of the creativity of meny people is vbhat makes the successful
research organigation.

105. Some ten years ago there was something of a divergence of opinion between
leading research directors in the United States and the United Kingdom. It wvas
then thought by many in the United States that the most desirable characteristic
of & scientist was that be should be & good member of a team, vhereeas the United
Kingdom maintained faith in the creative individual. It was felt in the United
States that in some instances the really oreative scientist tended to be an
{ndividualist snd vas sometimes an "oddball" who did not fit well into a team.
Since that time American directors have found that creativeness is essential for
many types of work and that creative people will, on the whole, co-operate
adequately in a tesm. In the sams period, more directors in the United Kingdom
have learned the value of the team spproach. There still seems to be rather more
emphasis on the {ndividual in the United Kingdom, but the differences in
Wﬁmormmhmthmmunmmtmmnm.
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V. THE DIRECTOR

106. Cervantes has wisely said: "When the head aches all the body is out of tune."
The most important appointment in a research organization is that of the director.
On his knowledge, experience, foresight and energy the success of the organization
will largely depend. This is especially so when the organization is new and small,
because then he will be laying the foundations of future scope and methods of
working, of future personnel policy and of the imege which the organizetion will
have in the minds of government, business imterests, the local population and
sclentific organizations elsewhere. He should, of course, preferably have no
direct affiliations or private relations of any kind with any type of industrial,
commercial, financial or political organization.

107. As with all those employed in the organization, the director must know to
whom he is responsible - whether to a board of management, government department,
or minister. The duration of his appointment, length of notice to quit it (on
either side), salary, allowances, length of leave periods and any special terms of
appointment must be clearly set out in his contract, as must also his powers in
regard to appointment and dismissal of other staff, the extent to which he can
commit the organization financially or contractually and when and in what menner
he must report to the board of mansgement, executive committee, minister or other
superior authority.

108. These matters can be set out in a Job description, but the comtrolling
euthority should always be prepared to negotiate on them with a suitable person.
No effort or time should be spared in finding & suitable man; it may, of course,
not be possible to find onhe having all the desired qualities, but only then should
someone else be appointed.

of ¢ ' t

109. In the early days of a research institute the director will be the director
of research, the director of the institute, the administrative officer, the
money-getter and the money-spender. He is the reservoir of much technical
knowledge and experience and the chief staff selector. He is the main contact
with the outside world of science and technology, and often he has to be, in
large measurs, his own architect.




ID/CONF.1/B.1k
English
Page 29

110. As the institute grows the director will not be able to concern himself with
all detalls of the work and, thus, the direction of research will pass to his

. assistapt directors. He himself will find his time very full dealing with those
who provide the finance, clients and those who can use the results of the
institute's work. While his contacts with junior staff will become less (though
not, of course, ceasing altogether) he will be in close touch with the assistant
directors, the personnel manager and the head of the finance section. Technically,
bis most important function will now be as arbiter vhen differences of opinion
arise, as they are bound to from time to time, between his assistant directors.

He will also be chief assessor of priorities in regard to projects, staff, money
and facilities.

111. In the small institute the director should preferably be something of an
expert in the matters being investigated but in the large institute this is not
necessarily the case: what is needed is a person well trained in science and of
the right experience, temperament and breadth of outlook. There is, in fact, a
school of thought that holds that the director of a large organization should not
be an expert in any of the subjects studied in bis institute, for fear that he will
bave an emotional attachment to one branch of the work, which may cloud his
judgement and cause him to allocate more money and facilities to that branch than
are justified. There is much to be said for this point of view.

The director as staff selector

112. Among the many qualities of tbe director is that of being a good selector of
staff. There bave been several organisations which were quite unusually successful
though directed by men of no great technical eminence: but these men had the
inestimable quality of being able to attract good men to their institutes, even
though they were already of greater technical eminence than the director himself,
and of being able to choose those whose subsequent performance fulfilled their
earlier promise and the institute's requirements.

The director's relations with staff

113, The director will be not only the person who will advise on or initiate the
general personnel policy of the organigation; be vill assume the duty of
implementation of the policy for the rest of the staff. In this he must de
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sympathetic yet firm: ready to give decisions when required but not officious,
ready to delegate responsibility and ready to hold people accountable for the
delegated responsibilities. He must pay due regard to criticisms of his staff but
should always be ready to defend his staff against unjust criticism. At times he
must not flinch from making unpleasant decisions and, above all, where his staff

are concerned, he must ever be ready to give credit for good work well done.

Expatriate directors

114, Almost inevitably at first, in many new, developing countries, the director
will need to be an expatriate, because very few developing countries have men of
sufficient experience to set up an institute, although indigenous people can be
trained to take over from the expatriate in due course. This process should not,
however, be hurried. In several developing countries, for understandable reasons,
expatriate directors have been replaced by nationals of the country at too early a
stage, and highly productive institutes have, as a result, fallen into mediocrity.
115. The desire to have a country's research organization under the control of a '
‘natlonal must be very great and is commendable, ﬁut good directors cannt be
produced in a year or even two years and it is, therefore, a wise country that
decides not to try to replace the expatriate before it is quite certain that an
equally good replacement has been found for him.

Scientist or administrator?

116. The director of a research establishment must be a scientist, and there has
been much argument as to whether his skills should be primarily in science or
administration. In the small establishment, as has been said, he will be the
director of research, and here his scientific skill will be paramount. In the
large establishment his administrative abilities will be very much more importent,
and scientific ability will be supplied mainly by members of his staff. It is,
however, felt by many that the director should be of such scientific stature that
his steff will respect and follow him for this reason. The scientific ataturé of
the director, no doubt, has an effect upon the morale of the scientific staff, but
it is not so certain that in the large institute, administrative ability does not
have an even greater effect upon the success of the institute and, therefore,
upon staff morale.
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The director as administrator

117. In the larger establishment the director has necessarily to spend much of

his time dealing with matters of personnel and finance and he cannot possibly be
familiar with the details of all the scientific work that is going on there. This
is particularly the case in a multi-purpose or comprehensive establishment because
the director will be scientifically eminent only in one discipline and his staff
will cover many disciplines.

118. As the research establishment becomes institutionalized the number of

people reporting directly to the director must be kept to a minimum. Many
experienced laboratory administrators feel that this number should not exceed five,
but a great deal depends upon the length of time that the director has been in the
organization and it depends even more especially, on whether It has grown up under
him.

119. Where an orgenization has grown up under a director, experience has shown that
he can control much more of the detail of the work of the establishment thah can

a director who comes into the organization when it is fairly mature. In fact, in
some advanced countries, some of the tragedies of research establishments may be
seen in directors who have aone tremendous work in building up establishrents which
have then reached such size that the director can no longer direct in detail; but
by that time, he has reached an age when he finds it difficult to alter his ways of
working. At that stage the original director can become & hindrance to progress.

Administrative help for the director

120, Directors are frequently chosen for their scientific abilities rather than
their administrative abilities, and it is unfortunately the case that the qualities
required for eminence in science are not those required in administration.

Eminence in science has usually been achieved not only by the exercise of & creative
and inventive brain but by meticulous attention to detail. The administrator of

a sizable organization who concentrates on detail becomes an encumbrance.

121. He must be able to devolve detail upon others or he will never get a real

grip on the broad problems of the establishment. It is desirable, therefore, that
the eminent scientist should have at his right hand someone who can assist him with
administrative problems and who can act as a sort of general manager of the
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organization. This arrangement has worked excellently provided that the director
i1s willing to be guided by his administrative colleague on matters of administration.
The administrator can ‘e a non-seientist but it is preferable that he should have
been trained as a scientist even though he may later have turned his abilities to
adminicstration.

122. The larger the institute the further the director is from the details of the
scientific work being carried out, but this does not mean to say that he does not
have a powerful influence on this work., Lees and Leermaker have said "The research
director does not direct research, he protects the scientists from those who wish
to direct them". By this they meant that it is the director's Job to approve
objectives, allocate priorities, and to see that the scientists are no. subjected
to undue interference., The scientist himself is the only person who can determine
the pattern and course of his experiments.

123. A novel point of view about the main functions of a director was put forward
by Bronowski who said that the director's principal function was to be a provider -
of foresight. He believed that the other major activities of directors vere really
those that assisted him to assess the way requirements were likely to develop, and
he derived hence the power to direct them rightly. Certainly, the ability to see
ahead is extremely valuable. Major research projects take some years to matuve,
and the director must endeavour to determine what the requirements will be several
years ahead rather than what they are at the immediate moment.

124, If the organization of the laboratory is well founded, the personality of the
director, while very important, will be rather less important in the large
institute. Broadly, all that he can do is see that conditions are crested in which
good research can be done ; but in the large institute it is the group leaders who
set the pace of discovery rather than the director himself.

Devolution by the director

125, Directors of all establishments will spend considerable time on work outside
their own walls, attending boards and committees or lecturing; they may travel
extensively. A director will be the principal ambassador of his organization.

Other members of the staff will also have considerable dealings with outside bodies,
and it is most important that they should be able to rely on the director's support
of their actions. The more he is engaged away from his laboratory, the more must
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he be prepared to leave its internal administration to others. No institution can
function efficiently if all decisions must await the personal approval of someone
who is frequently not available. Some decisions must, of course, be made by the
director in person, but he should be prepared in other cases to support any
reagonable action taken by his deputies in his absence.

126. Despite the difficulties, several directors of large laboratories still
continue to engage in research. This is undoubtedly a good thing in the sense
that to suffer themselves the frustration and delays inherent to experimental work
helps to allay in them any undue impetience they may feel about the progress of
the work of their staff. On the other hand, there is always the tendency for such
activities by a director to grow and to distort the belance of work within the
organization. There is a danger that the work in vhich the director is himself
exper’ vill seem to him of greater value than the other researches. If this view
is allowed to effect his decisions on priorities he will fail in his futy as
director of the laboratory, however good his leadership in research.
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VI. STAFF ADMINISTRATION
127. The productivity of an industrial research organization will depend on its
ability to recruit able staff and to employ them on projects which are, and which
the staff themselves feel to be, rewarding, both technically and economically.
128. Industrial research organizations employ a wide variety of staff and the

over-all terms and conditions of employment will no doubt be agreed by the

employing authority whether government, industry, or private foundation, in the

light of national and local requirements and standards. In the personnel field the
most important function of this authority will be the appointment of the director -
the man upon whose judgement, initiative, and ability to select and keep able

staff and maintain high morale by means of sound personnel policies, the

productivity and success of the organization will largely depend.

129, Industrial research organizations employ many types and grades of staff, many

with their particular ways of working. Some are skilled and some are not so skilled,
but ell must contribute to the productivity of the organization. A well-founded
personnel policy must be moulded to this end.

Professional staff (scientists, engineers, technologists, economists)

130, The most important group of staff is the professionals, the scientists,
technologists, engineers, economists and others. They are the people with the
knowledge and ideas and to them falls the duty of supervising the work of the
assistants, technicians, and secretaries. They will also maintain contacts at the
working level with others of their own discipline, with other research and
commercial organizations, with government departments and with potential users of
the results of their work.

131, The professional staff will be university trained and should have a bias
towards applied rather than basic research. They must have high standards of
ethical behaviour and an ability to get along with other people, because they will
have dealings not only with their staff but with those from whom funds are received
and with those who will use the results of the work. They should have an interest
in the economic and sociological conséquences of their work and should be prepared

to tackle any problems within their professional competence.
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132, A mistake sometimes made is for industrial research organizations to spend a
lot of money and trouble trying to find creative recruits. Quite apart from the
fact that most really creative scientists are happier when engaged on basic
research, many industrial problems call for an analytical approach rather than
creativity. When choosing staff it is necessary for a clear idea to be formulated
about the types of work to be done and, therefore, about the types of scientists
needed to fulfil the requirements. "Analytical® in this context does not mean
chemical analysis, but the study of materials, properties, processes, and products
gso as to enable a reformulation of products or processes, thus overcoming product
deﬁ.ciencies or production difficulties. Much trouble-chasing in industry is of
this type.
133. The professional staff, especially the pi.ysical scientists, will usually be
profession-oriented rather than organization-oriented and will tend to be
individualists needing reasonable freedom from detailed supervision in carrying out
their work. Particularly, they should have freedom, when the nature of the work
allows, to consult experts within and outside their own organizations. Normally
they will plan the details of the work themseives. They tend to be impatient of
delays occasioned by "administrative" requirements, the reasons for which may not
be entirely clear to them. They are, however, dedicated workers and should be .
allowed to publish the results of non-confidential work in the scientific press.
This not only enhances their own reputations but also that of the organization in
which they work. They should also be encouraged to become members of professional
societies, and it is sometimes the case that the organization will help with the
payment of the necessary fees.
134, Such people are in short supply in most countries and particularly in the
developing countries which will often need to recruit them from advanced countries,
at least during the earlier years of the organization's life. In these cases the
objective will be that expatriates will, in due course, be succeeded by nationals.
In some instances local "counterparts” are assigned to be trained for the job but
1t is doubtful whether this is wise in the very early days of an organization. It
is often better to wait and see if a leader eumerges from the local staff and to

ve him every opportunity to develop his abilities to the take-over point. To
attach an inexperienced and possibly unsuitable "counterpert” to a director cannot
but be frustrating for both of them and is bad for the organization.
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135. Also, during the formative years, it will be necessary to cover as wide a
range as possible with a small staff and it is often preferable » therefore, to
recruit staff with subsidiary knowledge and skills in addition to their main
disciplines. Thus engineers or chemical engineers may have studied industrial
management and/or statistics or economics. Chemists may have studied geology,
botany, pharmacology, ecoaomics or statistics, as well as the more usual physics and
mathematics., All scientific staff will need to have a working knowledge of
electronics. The scientists will not only have basic university degrees but, often,
higher degrees. Generally, the possessors of higher degrees are more desirsble

as recruits, but this is by no means always the case.

136, Most directors of research establishments adopt the "open-door" principle in
personnel matters, that is, any member of the staff who has a serious matter to
raise with the director can do so. The director mﬁst see that this privilege is
not abused and his cwn time wasted by trivial or "try on" matters, and he must

also see that the concession is not used as a means of by-passing group leaders or:
section heads with whom the matter should properly have been raised. He will
always, however, remember that matters which to him do not seem very serious may
appear to be of the greatest importance to an inexperienced junior.

157. It is quite a good plan in larger establishments for some rather older member
of the staff to be "big brother" to specified Junior recruits. He can "show them
the ropes", and a recruit can be encouraged to discuss with him his doubts or
difficulties. Again, experience has shown that young people making the change from
university studies to industrial research tend to worry over matters and thereby
iwpair their efficiency, when a short discussion with a colleague of greater
experience could resolve the difficulty or doubt in a very short time, This a.pplies
particularly to young people starting work in a new country. '

Research fellows

138. There is a growing practice in research laboratories to appoint research
fellows. These are usually young Ph.D's, who are appointed for a period of two or
three years to work on a specific research problem. They are not permenent members
of the staff and are not, therefore » expected to teke part in the more routine work
of the establishment, nor are they diverted onto short-term tasks and trouble-chasing.

/...
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The personnel manager

139. The types of staff normally employed in a research organization have been
described briefly above. In the very small organization the director will be his
own personnel officer. He will know each member of his staff personally and will
soon learn their capabilities and limitations and will allocate the work accordingly.
140. The director has, however, many other matters to attend to, and he will
necessarily spend much of his time dealing with those who provide finance and with
potential users of the results of his work. As the organization grows he will need
to devolve more and more and it is very important that he should be able to devolve -
a process that does not come easily to scme technically trained people, who are much
more inclined to deal wholly with a matter or to divest therselves completely of
responsibility for it.

141, Another important personnel matter that falls to the director is to see that
his scientific staff keep in close touch with each other and use to -he full their
joint expertise in solving problems. This does not happen automatically, because
many scientists have a natural tendency to want to solve all their own problems.
Experience in a large laboratory with a total staff of about 1,500 demonstrated
constantly the necessity of devising means of bringing the scientists together so
that they would keep each other informed about their problems because it often
happens that a development in one discipline can lead to a solution of problems in
an apparently unrelated field in another discipline.

142, As the staff grows the director will need to devolve much of the detailed work
regarding personnel upon someone specially chosen for this work. In some countries
it is the practice to appoint people trained only in personnel work, whereas in
other countries it is more usual for an older scientist, who is interested in people,
to take over this type of work - often on a part-time basis. The latter course is
preferable for dealing with problems relating to professional staff, although a
professional personnel officer is often better ir. his dealings with junior
assistance and technicians. However, it is only in a large organization that one
officer can be allowed to spend full time on such matters.

143. In lerge organizations the personnel officer will need to be assisted by a
welfare officer to help staff - usually juniors - in their various problems. When
staff are drawn from a large area the welfare officer will spend much time

arranging accommodation for new meuwbers, and she (for welfare officers are usually

women) will have a general supervisory function regarding canteen, wash rooms,
/...
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women's rest rooms, and so on. She will also be able to assist in solving minor

problems of incompatibility of temperament which may arise.

Personnel records

1Lk, In a large organization the personnel officer will be supported by the usual
office staff, and although his section will constitute part of the administrative
division, it should have a separate room or rooms and its correspondence and files
should be handled and stored separately from those relating to the general business
of the organization. This ensures that personnel matters are dealt with
confidentially and that private matters concerning members of the staff do not
become public knowledge. There should also be provision for confidential interviews
with members of the staff.

Staff salaries

145, Salaries and wages paid to all staff must be based on an adequate Eystem of
payment and awards and should be related to gsneral levels of salaries in other
professions and trades in the area. Only in this way can a stable staff be
recruited and retained. Salaries which are too low will either not attract staff

at all or will attract only those who have failed to find employment elsewhere,

When possible, salaries should be flexible so as to reflect the value of the
individual to the organization. The term "when possible” is used because many
research organizations are government establishments and, in these, normal civil
service payment rules apply and often do not allow for flexidility.

146, In some organizations annual salary increments are granted at a fixed rate,
subject to satisfactory service, but in others no automatic advances are made, but
all additional payments are based on evaluation of the work of the individual. Even
in some government organizations a measure of flexibility is achieved by the
director having power to grant double or evea treble increments in recognition of
outstanding work. Alternatively, the director may have power to grant increments

at less than yearly intervals for specially valuable service. In some organizations,
salaries are confidential between the employer and employee, but in others,

especially government-controlled establishments, they are known publicly or at

least to the rest of the staff.

foee
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Overtime

147. In the matter of overtime vork, any payment should be in accordance with local
custom. If overtime is paid to junior staff it should be a strict rule that all
such work should receive prior sanction. It is seldom that overtime is pald to
professional staff but it is useful for the director to have power to make ad hoc
payments in the unusual event of a job requiring many extra hours of work over
periods of weeks or even months, but, even in these circumstances, the case is

often met by the granting of extra leave on the "time in 1lieu" principle.

Patent payments

148. Although patents granted in regard to discoveries and inventions made by an
employee during the period of his employment and related to matters which are the
subject of his duties will normally be the property of the employer, as laid down
in the terms of employment, some organizations do pay, as an act of grace, a
proportion of royalties received to the employee wvho made the discovery.

Pensions and a%rannuation

149, Most organizations of any standing have arrangements for staff pensions or
superannuation. These are usually contributory, that is, the employee pays perhaps
5 per cent of salary and the employer, perhaps 10 per cent, and the proceeds go to
the purchase of an annuity, the size of which is usually, in current practice,
related to the employee's salary on retirement or to his average saiary over his
last three or five working years.

150. If the employee resigns he is normally entitled to receive at least his own
contribution with interest, and sometimes - but not often - he also receives the
employer's contribution as well. In some cases therc is only one set of benefits,
and in others the contributions are peid to an insurance compeny and the employee
has some choice in the form of superannuation. In snother scheme a wide choice of
insurance companies and benefits is given to the employee. However, the usual
provision is for the contributions to buy an endowment assurance for men and a
deferred annuity for women.

151. Some industrial research organisations are government owned and operate as
part of the civil service. In some such cases pensions are non-countributory and the

[oos
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employee may get nothing if he resigns before reaching retirement age. This is
understandable and even reasonable for some types of civil servants, for example

tax inspectors, whose value and experience are gained as a result of their work;

but for scientists it is inappropriate in view of the great need for scientists to
be mobile between universities, research establishments (whether government or not)
and industry. One concession to this need is made by at least one Government. If

a civil servant wants to change his job he may submit a request, and if the proposed
change is judged to be in the national interest, his accrued (non-contributory)
pension rights are put into "cold-storage": that is, when he reaches retirement age
he can then draw the pension appropriate to the period he spent in the civil servi:e.
152, This matter of transfer is very importaant in industrial research establishments,
because it may well be desirable that a scientist who has developed e process should
transfer with his process to the organization which is going to develop it
commercially. He may then, when the process is well established, return to the
research organization and will be all the more valuable for his period of industrial
experience.,

leave of absence

153, The number of days' holiday per annum is laid down in the contract of service,
and in wost industrial research organizations employees are allowed to take leave
within an agreed limit at any time convenient to the organization. In some
organizations the amount of annual leave increases with years of service up to, in
the case of some countries, six weeks per annum - thirty working days.

154, It is invariably the case, however, that leave entitlement is subject to the
exigencies of the organization, and in some there is no provision for the
carrying-over of leave from one year to another. In other organizations,
sccumulation of leave is allowed, and this is of great convenience especially to
expatriates who can thus accumulate sufficient leave to take & holideay in their
home country or to tour laboratories in other countries. However, there is
usually a limit to the period during which leave can be taken, and any leave not
taken by the end of that period is lost. In one country, leave not taken because
of the requirements of the organization is accumulated throughout a scientist's
vorking life and vhen he retires he is paid for those periods.

foes
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155. The granting of sabbatical leave will be dealt with below, in discussing
older scientists. It is a powerful means of stimulating somewhat jaded workers.
There is usually a provision in regard to sebbatical leave, that at the end of the
period an employee shall return to his home base for & minimum period of one, or
sometimes two years.

156. Usually, provision is made for the granting of special leave, with or without
pay. OSpecial leave with pay is usually granted in the case of the death of an
employee's wife or husband or other close relative, and special leave without pay
is granted for domestic or social reasons which justify the employee belng absent
but which do not justify payment of salary. Special leave with pay is sometimes
granted to employees who are, for private reasons, visiting another country and who
can, while in that country, visit scientific institutions doing work of value to
that of the home institute,

Older scientists

157. One of the biggest problems in research organizations in most countries is the
problem of the older man., Tnis is much more of a problem in basic research than

in applied research, In a symposium 6n the Direction of Research Establishments
held at the National Physical Laboratory near London ten years ago,l/ representatives
from research establishments in seventeen countries felt this to be the major
personnel problem.

158. As scientists get older they increase their knowledge and experience but their
power of invention usually decreases. The optimum age varies with different
professions, but for fundamental work in the physical sciences the peak age is
thought to be about thirty to thirty-five years. In industry the problem is not so
great because many researchers transfer to such fields as process control or
technical sales. In universities the emphasis is on new knowledge and the constant
stream of young, inquiring minds maintains progress. Research establishments,
which are not an intrinsic part of an industrial firm, are usually more static in
their numbers and movement of personnel.

1/ 26-28 September, 1966.
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Technical obsolescence

159. With the present-day exponential growth of science and the rapid development
of new ideas and new techniques, scientists can quite guickly become somewhat

out of date. This is known as "techhical obsolescence". It is now felt by some
employers that scientists and engineers should return to university at intervals
of not longer than ten years to bring themselves up to date.

Sabbatical leave

160, Another means whereby professional staff can bring themselves up to date is

by teking special courses in new technology at universities, by carrying out
research in another institute where they can meet and discuss new ideas and
techniques with a wide range of other scientists or by taking part in a study

tour which will enable them to see what is being done and hear what is being talked
about in other institutes. In order to enable them to undertake such activities,
sabbatical leave of up to one year should be granted on the recommendation of the
director, vho will assure himself of the value to the organization of the proposed
activities,

Maintenance of productivity

161. The reasons vhy many scientists become less productive in their researches as
they grow older are not esasy to elucidate fully. Young people are naturally more
venturesome mentally and physically. Also, not having a reputation to maintain,
they are not so afraid of suggesting or trying something which other people will
ridicule. Then, perhaps above all, they 4o not generally have many of the domestic
precccupations of older men., Sir Lawrence Bragg, & Nobel Prisewinner at
twenty-six years of age, and son of a Nobel Prisevwinner, has said "The greatest
enepmy of research is preoccupation.”

162, Whatever the reasons, this situation has to be faced by directors of research
establishrents, wvho must ever be watchful that members of their staff do not get
into a rut and that they take every opportunity of keeping themselves up to date
technically by reading, attending scientific meetings when possidble and by taking
part in symposia and seminars. "In house" seminars must be arrenged where staff
members can expound to their colleagues iwportant nev developments in their
disciplines or submit accounts of their work for comment and criticiem.
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163. When possible, scientific specialiste visiting the ares should be persuaded
to address the staff. The director and senior members of the staff should also be
very careful not to dampen the enthusiasm or in any way ridicule idess of their

young colleagues. The practice of "brain storming” no doubt grew out of this very
need,
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VII. RECRUITMENT, APPOINTMENT AND EVALUATICN OF
PROFESSIONAL STAFF

164. Candidetes for appointment are normelly obtained by invitation, advertisement
or recommendation, and where the number of cendidates is sufficient, choice is made
after a study of the cendidate's university and employment record, followed by an
interview when geogrephicel considerstione allow.

Invitation

165. Staff obtained by invitation are usually senior people such as directors or
deputy directors. It is not uncommon for the appointing suthority to survey the
field, and if this indicates some particulerly suitable individual, a confidential
spproach is mede to determine whether he would be interested in the post. This type
of approach may then involve negotiations with his present eaployers concerning his
release. There sre novw consultant firms vhich apecialize in this type of activity.
166. Recommendation is employed both for senior and Junior posts. The director will
write to other directors and especially to professors known to him, expleining his
requirements and ssking them if they have any mewber of staff vanting or needing a
change or any likely students about to finish courses who will then be wvunting posts.
This method is particulerly appliceble when the organization is contemplating
expanding into a new field of endeavour, beceause the directors or professors
approached will be thoee who have had experience of the nev field.

Advertisement

167. The commonest method of obtaining steff is by public sdvertisement. The
Journals and newspapers to be used must be chosen carefully as being those likely to
be seen by potential applicants, snd present competition is such, that in some
countries the better class of nevspapers cerry seversl pages of display
advertisements for techrical staff, meny of them inserted by personnel and mbagement
consultant firms on behalf of clients. Gone are the deys of two-line advertisemsnts
in small print, which appeared mainly to be of value in testing the power of the
reader's eyesight but which gave little, if any, informstion about the job.

168. Applicetions sre usually made on s form to be obtained from the organisation.
Applicetions should be dealt with as expeditiously as possible and sll applicants

[
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should be informed when the appointments are filled. It is bed public relations to
leave applicants in doubt for long periods.

Interview

169, The interview wmust not be regarded as a test of the candidate's technical
knowledge, since this should have been esteblished beforeshand from the particulars
given in the written epplication, but rather as a means of asssessing such qualities
as hie personality, general intelligence, alertness, and sdaptability. Many
organizations have obtained better resulta from slert, intelligent, co-operative
scientists wvho had no previous knowledge of the subject on which they wvere required
to work than from men already ~xpert in the field but lacking those characteristics.
170. In some countries it is now the prectice for a psychologist to bs a member of
an interviewing body but experience has shown that there is good correlation

betveen the anssesaments of experienced scientific interviewers and subsequent
performance. The presence of a psychologist cen, at times, be useful but in many
countries is not considered et sll necessary.

171. Interviews may be organited in various vays. The usual errengement is for the
candidate to meet s panel or boerd vhich should consist of st leest three and
preferably not more than five psople including the chairmen. The director and, in
the larger institutions, the heed of the division or teem in which the vacency
occurs, should be members of the panel. The other mesbers might be the chairwen or
e mewber of the executive committee, the semior sdministretive officer to deal vith
the Juestions of salary, snd an expert in the ceandidete's discipline, for exsmple

& professor from & locel university.

172. The mewbers of the panel should be fully briefed beforehend on the requiremsats
of the post, and the cendidates should also be supplied beforehand, iam vriting, vith
all norwml information so that time is not vasted at the interviews by repeating
mmerous details to eech cendidate.

173. Mewbers of the pamel should emdeavour to elicit ell relevemt informstion about
the candidete and should freme their questions so that the candidate can express
knovledge, views or opinions in his replies. Questions vhich require just Yes or
No for en snswer should, in genersl, be svoided. Penel mesbers ahould not use the
interview as & meane of expounding their owm views: the cendidate should do neerly .
all the talking.
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174. It is not uncommon to find after a series of interviews that there may be scme
confusion in the minds of the interviewers between various candidates , and to avoid
this it is a good plan for each member of the panel to be provided with a form to be
completed about each candidate during the interview or immediately after the
candidate has left the room and before the next candidate is admitted. This applies
whether one candidate is to be chosen from a batch or whether all those vorthy of
appointment are to be offered posts. A possible form is given below and is basdd on
one suggested by Anstey and Mercer: '

Name . Age. Sex.
!
Present job and pay.
Date of interview Please tick the appropriate boxes
X Y.
X Tendency | Aversge | Tendency T.J
Applies to X to Y. Appli
1. Good Unimpressive in
bearing and bearing and
address address
2. Expresses ‘ : Bas difficulty
himself in expressing
clearly snd his thoughts
concisely
3. Quick on ' Slow to gresp
the uptake the point
L. Bound Gave vrong
technicel ansvers to soms
knowledge ! questions
5. Good Barrov interests
renge and ond little
depth of culture
interest
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Even without the use of such forms the unanimity of experienced penel members is
usually striking.

175. A variant on merely putting ticks on the above form is to award merks: four
marks for X down to zero for Y, in each of the seven criteria. The highest possible
mark is therefore twenty-eight for a candidate outstanding in all respects, and the
lowest is zero for someone utterly unsuitable. Only those candidates with fourteen
marks or more should be considered.

176. The other fairly common method of interview is the series interview. In this
method the candidate visits in turn three to five assessors whose opinions are
collected and collated afterwards. This takes up more of the candidate's time, but
is said to eliminate the effects of the interaction of the panel members on each
other. , ;
177. The basic function of the interview is: ¢

(2) To determine that the candidate has all necessary information about the

Job;

(b) To check the basic facts about him;

(¢) To observe the candidate's outward appearance and manner;

(d) To test the candidate's ability;

(e) To test his persomality;

(£) To persuade the candidate, 1f necessary;

(8) To give the candidate a chance to cleer up any doubts snd uncertainties

in his own aind.

and students
176, It is very useful for the professiomal staff of industrial research institutes
to give some time to teaching at local universities or technisel colleges. In the
first instance this brings an air of prectiocelity to the tesching, and in the second
it brings mubere of the staff imto contact vith students end enables them to see
vhether any of these are likely to make desireble recruita for the research
organisation.
179. In somswhat larger research organisations it 1s a very good plam for the
organisation to receive vacation students. Whese are university and techatoal
college students vho may wvish to wvork on subjects ellied to their studies during the
long vacetion. Receiving such students cen be somsvhat time-consuming Wt experience

!
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shows that many of them can make a real contribution to the work of the organization.
Unless the students live near the institute it will be necessary to pay them an
allowance to cover their extra out-of-pocket expenses, and if a small salary can be
paid on top of this so much the better.

180. This has been found an excellent means of recruitment of Junior members of

staff, since the group leaders get s chance to see and work with a student over a

period of four to eight weeks, possibly for two or three years in success'ion, and
can choose from these vacation students those with the right ocutlook and abilities
to ernable them to work productively in the institute.

Contract of service

181. Gocd personnel relations depend to a significant extent on the employer and
employee knowing just where they stand in relation to each other. The principel
matters in this connexion are best dealt with in a contract of service which should

ccver the following points:

(a) The parties to the contract should be stated clearly. For instance, it
should be clear whether the employee is a servant of the institute, the
government or any other body, and whether he is engaged to work only at the
institute or wherever else his duties msy require;

(b) There should be a broad description of duties, and this should make it
clear that the employee is expected to assist the work of the institute in
every vway poseible and not only in his perticular discipline;

(c) The period of the contract should be stated, thet is, whether the
sprointment is for a fixed number of years or for an indefinite term, and this
clause should also state the length of notice required either for the institute
to terminate the employee's contract or for the employee to terminate his
appointment. It should also state whether there is a probationary period;

(4) The tnitial salary payable should be stated and also the frequency of
payment, that is, vhether weekly, fortnightly, monthly and so on;

(8) It should be stated vhether the employee is expected to give his vhole
time to the post or whether he may undertake private work with the permission
of the institute;

(f) The employee should be required to observe any reascnable vorking
instructions given to him by his supervisor;

(8) The employee should undertake %o observe trede or other secrets of the
institute or its clients;
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(h) He should undertake, on leaving the employment of the institute, to return
to it any property of the institute, including records of his work;

(1) The terms of engagement should provide that rights in inventions and
discoveries made by the employee during the period of his employment and
relating to matters which are the subject of his duties should belong to the
employer. For this purpose he may be required to sign documents implementing
this requirement;

(J) BSome statement should be made about payment of salaries during illness;
(k) The length of holidays should be stated;

(1) If the employee is required to work away from the institute for any
significant length of time, some statement should be made as to whether the
institute will pay the expenses involved, such as, for instance, the expense
of the employee being accompanied by his wife and femily and the possibility
of needing to move his home;

(m) Some statement should be made sbout sickness, accident and fringe benefits
" and about superannuation provisions in vhich the employee can share,

182, In addition, contracts or service sometimes contain a restrictive clause which
provides that the employee may not enter cther employment in the area on any of the
subjects on which he has worked at the institute without the approval of the
management of the institute. The attempted enforcement of such a clause can, hovever,
lead to legal difficulties in some countries.
183, It is quite useful to incorporete the conditions of service together with *
general staff rules in a booklet, & copy of which is given to each recruit vhen he |
Joins the staff. This booklet should be brought up tc date periodically.
184. Item (e¢) above is very important in some countries vhere, beceuse of poor pay,
it has bscoms the practice for many professional people to have two jobs. In some
{nstances it has been found that even when asdequate salaries are paid, the
employee takes another job as if from force of habit. This 1s strongly discouraged.
185. Another matter of come importance in some countries is the survival of the old
belief that a man of learning does not work with his hands. A physical sciemtist or
enginesr vhe does not use his hands a8 well as his head often canmot pull his weight
in the organisation. This belief will, no doudbt, die out but its survival in some
areas has been & minor esbarrassasnt.

foos
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186. Another unfortunate metter met with in a few countries is that staff have been
appointed as a result of political influence rather than technical ability. Although
the director, if backed by his governing body, can do much to mitigate this evil the

real cure rests in the hands of the politicians or those who exert the influence.

Probation

187. In many research organizations it is usual to have a probationary pgriod on
appointment. For professional staff this is sometimes two years and for more junior
staff one year. If there is such a period this should be stated in the contract or
terms of employment. 1In the case of a two-year probationary period for professional
staff, it has been found convenient and helpful to review the recruit's progress
after nine months and then after eighteen or twenty months. If, at the end of nine
months, the recruit is meking insufficient progress he .should, if possible, be moved
to other work under a different division head or group leader in case his
unsatisfactory progress is due to some incompatibility of termperament. The final
review should be after eighteen to twenty monthé ' service, so that the recruit can
have reasoneble time to find another job if the decision 18 that he should not be
kept. This system is very good when operated properly but in periods of staff
shortage its operation tends to be lax with unfortunate results for the organization.
188. In some countries the period of probation is, in effect, laid down by labour
law, since after the period laid down an indemnity entitlement is incurred. For
assistants one year on probation is adequate and for junior clerks the period could
be as short as three months.

Periodic evaluation

189, Questions about staff recommended for increments or promotion cannot, in larger
institutes, be settled just from the persoml knowledge of one men. A system has to
be devised so that all staff can be considered fairly and, just as important, feel
that they are being considered fairly and that advancement is not due to chance or
nepotism. MNost sizable organizations have an evaluation or assessment system vhich
1s brought into full operation usually once a year, although in some organizations
assistant staff are evaluated every six months, junior professional staff once a
year and more senior professional staff every two years.
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190. Some vystems nre siuple, and some arc more complex, but all should aim at
recording the peneral score ot each employee's work, the manner in which he has
tackled this work #nd with vhat success or otherwise and should indicate his future
potenti<!ity. In short, the system should discover which men sre most responsive to
the particular environment provided and are, therefore, capasle of wider
responsibilities and further advancement. It le necessary to list all the
qualities needed in somecne 2ble te do first.class work end then to determine which
of these qualities #nd to what extent staff members already possess these and which
staff members require improvement either by counsclling or training. The advantages
of a systematic approcach to this matter lies first in the fact that the assessment
is comprehensive: it is very easy to overlook some virtue or fault which may not be
very relevant at the time but which may prove .aportant later; second, it is carried
out at regular intervale and therefore provides a valuesble record of all employees'
progress; third, it ie as revealing sbout the reporte-s as about those reported on;
and above all it ussures the employee that his progress and achievements are
considered fully and that advancement is based on total performance, not on some
chance happening which may have come to the notice of the director.
191. The characteristics of staff on which informetion is required faull under the
following general headings:

(a) Sclentific or technological ability;

(b) Judgement and common sense;

(¢) Initiative and drive;

(d) Speed, sccurucy and method;

(e) Pover of expression both orally and in writing;

(f) Leadership and personal relations.
192. The order of importance of these qualities will, of course, vary vith the nature
of the duties of the employee and in certain posts special requiremsnts may ariese.
These should be provided for in the report form used.
195. An important aspect of any reporting procedure should be that the person
reported on should himself provide informition about nev qualifications and
experience gained since the last report, and in some organizations he is informed
vhich people will be reporting on him.

oo
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194, In many systems only adverse reports are communicated to the employee, but the
practice is growing of discussing the report with the employee in a friendly and
constructive fashion in whet is celled a "counselling interview". This is a most
desirable development because quite often a young man may exhibit minor deficiencies
which become of greater importance as he grows older and assumes greater
responsibility for the work of others., Friendly advice cen often correet such
tendencies before they become set habits, because the people corzerned are often

not aware of them or are perhaps not aware that they might have a detrimental effect
on their careers.

195. Many other types of evaluation have been used over the years. Other systems
have been based on reports by three people each in day-to-day touch with the
reportee, but this system can be employed only where very large staffs are concerned
and vhen they are engaged on comparable and fairly routine types of work, as with
drawing assistants in a large engineering drawing office. In this system, formerly
used in & very large firm in the chemical industry, the merkings can be reduced to

8 numerical value.

196, Another system aske the supervisor to report on the reportee's reaction to a
nusber ¢f situations and if these situations have not arisen in fact, to predict
reactions. This system may be satisfactory in the hsnds of trained psychologists
but is not necessarily successful when opereted by physicsl scientists.

197. In most reporting systems there is provision for appeal by the reportee if he
does not get the advancement he thinks he deserves, and in his appeal the reportee
can set out, in a memorandum to the director, his cace which he may think was not
adequately dealt with in the report. It must be remewbered, hcwever, that the first
law of promotion is that there is elvays someone on the other side of the dboundary -
if Mumber 1 of six people is promoted Number 2 will feel aggrieved and if Numbers 1
end 2 sre promoted Number 3 will feel aggrieved and so on. The director must be on
the alert to see that promotions and pey increments go to those wvhose performence

has earned them snd to see that there is no injustice owing to favouritisa or
persomelity clashes.

Promotion

198, An aspect of promotion which is very often overlooked by candidates snd is
sometimes overlooked by t.uose making the choice is that the cendidate must be Judged
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on his suitability for the more senior job and must not be Jjudged solely on how he
does his present job. Past performence is, of course, often a good guide but most
promoticns involve a widening of responsibility, especially for the work of others
and it is sometimes the person who is not really good at his present work who has
the temperament and ability to lead others. This must be borne in mind despite the
general probability that a good men will be gccd et anything he sets his hand to.
199. It is because so many scientists do not take kindly to managerial work, or are
too interested in their technical work to be bothered with such metters, that meny
research establishments now have two ladders of advancement - the organizational and
the scientific or "special". The organizational is the normel, and as the scientist
rises in the hierarchy he increases his responsibility for the work of others and
necessarily becomes more and more involved in administrative and managerial
functions. He is, therefore, less involved in actual scientific and technical work.
200. In the case of the man who climbs the "scientific" ladder, he is promoted
purely for his scientific excellence and, except perhaps for one or two assistants,
he has no supervisory functions. In the United States such people are sometimes
called "consultants” end in the British Scientific Civil Service they have the same
titles end renk &8 others but with the word "special" added.

20l. Under this system it i3 possible to have » scientist attached ror
admimistrative purposes to a group led by a Jjunior person and this hes not yet

led to any difficulties. It slso answers the criticism forwmerly mede ogainst the

larger research establishwents that they merely turned good scientistes into second-
cless sdministretors.

Dismissal

202. Directors should not hesitate to dismiss unsuitable membders of steff although
this course is seldom necessary in view of the careful screening of staff members
before appointment.

205. Hovever, it sometimes happens thet a staff member suffers a serious morel
lapse, vhen dismissal is justified. Dismissal for professional incompetence should
be resorted to only after the employee has been tried in two positions under two
graip leaders, since it is often found that epparent incompetence is due to
incompatidbility of temperement in the first sssigmnment.

/ou




1D/CONF.1/B.1k
English
Page SHu

VITI. AIMINIOSTRATIVE ARD SUVPORTING S0

Administrative staff

20k, Tie work and econditions of ewy loyment of sapretaptal . clerfeal ot oacecornting
y

staff are essentially similar to thoee In tuciness o overneent fepartments i b

aren,

205. In the very small crpanization, cre mar with woee sinting experienc and o
typist can probubly cope, tut = the o= rdatton prows the sdndnictrative wor
will bte subdivided so as to rre fde o oo or peieral wdpdvd ot tier, coeourts,
procurement of equipment and suppltee. 1 reoonel motters cnd ocure ol majptenanes

of buildings. The library will ..o 17 wrd 4ated with thic prour.

20€, 1n n new and <rwll orpmuiz: ticn the Jit vy may wee'll be tended by o cderk oor
even a typist, but as it yrowe & librarian will neea to be sppoiut~d who may
either be « professicnsl librarinn or = seientist who has taken o coeurse in
librurionsnip and who can also, theretfore, answer minor technieal inquiries. The
decisions as to which heoks snd Journsls are t o be rohesed for the library ic
one for the professional staff to muke. To I« inatituticns there Is often =
library committee under the chairmanshi; «f © conior memter of the stoff and having ,
on it representntives of the varioue dlsciplines employed it the institute,

207. It must be understood by all non-technical people that their function iz to
help the technical staff, Some administrators get the ider that their function is
to control events, and this .r guite wrorg i a research orpanlzation, bdeienticts
are often impatient of administrative requirements, and any manoperial attitule
adopted by non-scieatific staff can . con lead tc trouble, This does not mean
that most scientists object to reascneble guidance and even contrc]l but being
profession-oriented they expect this tc come from peovle whom they regard as their

professional superiors,

208. In some research orgenizations there is a "we and they" attitude; that is, the
professional scientific staff resent any measure of control assumed by
non-scientists, and the administrative ataff repard the scientists as rather
feckless people who must be guided appropriatelv. This sometimes shows up in the
matter of ordering equipment and stores. To the non-scientist a spectrometer 1is

a spectrometer, but to a scientist one spectrometer can be used for certain purposes

/...
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and another spectrometer may serve a very different range of requirements.
Specifications of equipment and stores must always, therefore, be by scientists
although the processes of ordering and payment are purely non-scientific functions.
If the non-scientists regard their function as being to assist the scientists to
do their job, the result can be a harmonious relationship in which each person
contributes to the productivity of the organization.

Technicians and assistants; supporting staff

209. In addition to the professioanal staff many other supporting staff are employed
ir. an industrial research orgsnization. Some of these will have minor professional
qualifications and some will be studying in their spare time to attain full
professional status. Often, the organization will help such people by giving them
time off, sometimes one day a week with pay, to attend classes and by lending them
certain necessary textbooks.

210, These assistants, as they rre usually called, carry out experimental and
observational work within guidelines delin-ated by the professional staff. Where
most of the observational work is rather repetitive and routine, girls often make
better assistants than boys, with the added advantage that after some years they
vill marry and resign; new girls can then be appointed in their place and trained
for new types of jobs, this frequently being easier than re-training older
assistants. Assistants will frequently have their homes in the vicinity of the
organization, and they are frequently recruited direct from high school. Many
research organisations maintain a close liaison with high schools in their area so

as to be in a detter position to recruit suitable assistants from thea.

211, Many research organisstions in developing countries are wcrking on the
utilisation of matural plant and animal rescurcss, and this often requires
facilities for blological teating and the employment of treined biologiesl
assistants. '

212. In addition to assistants, industrial ressarch organisations ewploy & variety
of teshniciass - mechenics, carpenters, glass-blovers, electriscel and electwouis

m,ulﬂha, mwﬁlwdmmﬂa ‘umm
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213. Every research organization needs a workshop and the number and types of
people employed in it will depend on the types of research carried out. In a
purely chemical laboratory there will need to be facilities for glass-blowing,
simple woodworking and metal-working, electric and electronic wiring; but in
organizations carrying out engineering investigations a wider range of
constructional and engineering wor< is called for, together with some skill in
precision work. As the organization grows, wider ranges of technical skills are
required and a possible splitting up of the workshop into woodworking, métal-working,
glass-blowing, and such activities may be called for, together with the setting up
of an engineering drawing office and design office.

214, At first, however, the requirement is for one or two technicians able and
villing to turn their hands to any job that comes along. These people must be
intelligent and with some technical school training. An important part of their
work will be to assist with the maintenance of buildings and equipment and the
carrying out of minor modifications to the plumbing and other small repahfs. At a
somewhat later stage a valuable addition to the workshop is a trained instrument
maker who can service many of the instruments used in the insiitute.

215, Workshop all-rounders are becoming increasingly scarce in many countries,
because industry, the main source of technicians, is increasingly training and
employing specialist turners, grinders, welders, and others, so that the all-round
mechanic who, after teking a short training course in glass-blowing, would then
meet most requirements of a small laboratory is becoming rare. In some large
research organizations, training and apprenticeship courses have been instituted
to train young men to meet laboratory requirements.

216, In the small organization such supervision as is required in the workshop
vill be given by the scientific staff, but in a larger shop employing six or more
technicisns & foreman will be required. It has been found very productive to
regard technicians as part of the research team. The men then feel personally
involved in the success of the project, and if allowed to take part in the proving
of equipment they have made often make valuable suggestions for its use and
improvement.

/.. ..‘.
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Support ratio

217. The ratio of the number of professional staff to those who assist them 1is
known as the "support ratio". This varies with the type of work and the main
disciplines pursued and also varies from country to country. In advanced countries
it varies in general between one and three and is often an indicator of shortage
of professional staff, because when such staff are hard to obtain it becomes
imperative that their skills be used to the utmost by providing them with as many
assistants as they can gainfully employ.
218, The following current analysis of a large British research laboratory,
established about sixty-five years ago, may be of interest:

275 scientific officers; 2u research fellows; 426 experimental officers,
50 per cent with professional qualificetions; 2UO scientific assistants;
294 clerical staff; 405 industrial staff, porters and gardeners, etc.
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IX. THE SOURCE OF PROBLEMS AND FACTORS AFFECTING
THEIR ECONOMIC SOLUTION

219. It is not possible, of course, to list specific projects that an industrial
reseaerch organization should work on. These will depend upon the general economic
and sociological conditions of the country or area concerned, on tbe nature of
the agricultural and mineral products available or potentially availabl.e , on the
existence or otherwise of entrepreneurs, on the number and skills of the
population, on the numbers and skills of the staff of the research organization
and on many other factors.

¢20. In view of the fact that industrial research is intended solely to be applied
in industry, this objective must always be kept in mind, and the work must be
carried out against the background of industrial conditions and the economics of
the industries concerned. Therefore, among the many factors to be taken into
consideration will be:

(e) The importance of the objective in relation to consumer preference
and sales;

(b) The importance of the objective in the reduction of manufacturing costs;

(¢) The timing of future developments within the industry and the manner

in which the desired newv knowledge would fit into them.
221. The scientists must decide whether it is practicable to carry out research
on the selected objectives and must also decide on the lines of research to be
followed. Thuis estimate of practicability, or chance of success, coupled with an
estimate Of the cost of the research effort, will be set against the forecast
of financial rewvard before the decision to proceed is taken and priorities
allocated.

s of re h

222. Research organirations can work in any part of the R and D spectrum - composed
of fundamental research, basic applied research, a)plied research and development.
In developing countries it is highly unlikely tha! there will be money Or time
available for fundamsntal work. Pundamental work is normally published fully in
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the scientific Press and in the sdvanced countries some 10 to 15 per cent of the

total R and D effort is on fundamental work, usually in the universities and

research institutes. The results of this fundamental work are, therefore,

available to the developing countries, which will be more interested in adapting

these results to the technological requirements of the local economies.
223. Sometimes application can be direct, but often basic applied research has to
be done so as to convert the more fundamental ideas into commercially practicable

processes and so as to make these processes relevant to the raw materials available

and the requirements of the country.

ool . In a number of industries, especially science-based industries, such as
electronics. chemicals and instruments, competition takes place not only through
the price of existing products but also through the speed with which new or
technically better products can be brought onto the market.

225. Typically, a science-based firm spends some S to 10 per cent of its turnover
on R and D, and, as has been stated elsewhere, there is a "threshold" which must
be crossed or exceeded befcre R and D becomes viable. Therefore, this

5 to 10 per cent of turnover must be taken together with the value of the R and D
"¢ hreshold" which determines the minimum necessary production to assure economic
viability.

026. This is generally true of industry, but must not be taken to mean that no
small firm will ever make a profit. There are numerous instauces of small firms
employing just two or three scientists doing successful business making
specialized scientific products.

227. An important factor in all industrial scientific research is what has become
known as the "lead “ime", that is the time required to take a new idea from the
initial decision through research, development and design to first commercial
production. A short "lead time" is highly desirable, because this more quickly
produces profits on the investment in research and also enables those working

on the subject to get onto the market ahead of possible competitors.

228. Much of the success of R and D in the United States seems to be due to the
short "lead times" achieved there. They are often 20 to 30 per cent shorter
than in the United Kingdom. This ability to translate research results to
commercial production with little delay has been a most potent factor in
i{ndustrial development in the United States. All other countries, therefore,
investing in R and D must endeavour to keep the "Jead time" as short as possible.
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Iransference of advanced technology

229. One of the many difficulties met in transferring Western technology to
developing countries is that of scale. In the advanced countries with their
need to economize in employment of labour, industry has been operating in
ever-larger units. Smaller units mean 1nc'reaseci cost, and this can be a serious
drawback to their operation, yet in developing countries there is no market

for the products of large units, while the higher-priced product of a small unit
stands but little chance of success in thé export market. '

230. It has been said earlier that the f(mdmental problem of industrial research
1s the making of two choices: choosing the right problem and the right people.
Choosing the right problem may fall to the institute itself or the problem may be
posed by a local industrisl organization. The institute should be prepared to
work on the latter type of problem for an appropriate fee.

Criteria for choice

231. The abilities required in the research orgnniution 80 that aub,jecfl may be
selected which will actually pay off and the estimate of the amount to be spent
on, or invested in, such work is not reducible to an exact science. Until it is,
"hunch" is bound to play a significant part in making the choice of subject for
investigation. However, factors involved in the suéceaful management of research
and development are:

(a) Broad technical knowledge;

(v») Commercial sense;

(c) Imagination to foresee needs;

(d) Imegination to foresee applications;

(e) Ability to size up actual or potential staff, both for technical
adequacy and for qualities such as tenacity of purpose and intellectual
honesty;

(f) Strength of character to undertake calculated risks and abide by the

consequences, to know when to admit defeat and terminate an unsuccessful
or unprofitable line of work;

[
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(g) Ability to convince laymen (who usually control the finance) of the
desirability of a given proposal and of the probable utility of the results;

(h) Ability to secure teamwork and co-operation between specialists of |
different disciplines.

The institute's choice of problems

232. Every institute should have provision for carrying out research of its own
choice but often this research will be of the type which no single commercial

organization would be prepared to finance. For instance, a country might have
special problems concerning the corrosion of iron and steel and although a local
manufacturer may be prepared to sponsor work directly affecting his operatioms,
the over-all problem is of such wide effect that the Government would need to

support it.
gponsored work

233. The question of the payment of fees by sponsors must now be considered. If
work to be curried out is to be wholly confidential then the sponsor should pay
the full economic cost of the work. If the work, whilst of concern to the
sponsor, is also of concern to other sections of the economy, then a somewhat
reduced fee may be charged. Where, as has happened sometimes, Government had
been intending to carry out research on a problem raised by industry, there could
be a sharing of costs, provided that the results can be published.
234, These points must be stated clearly in a contract, which in all cases should
set forth, inter alia: '

(a) The parties to the contract;

(b) The nature and description of the problem;

(c) Wnether the work is confidential to the sponsor;

(d) If not confidential, whether the institute may publish the results;

(e) The ownership of any patents arising from the work.

(f) The extent and mode of payment for the work. *
235, In some cases it may also be necessary to deal with the ownership of any
special materials or instruments purchased by the institute purely for the
pursuance of the investigation.
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236. The rigning of e form of application for tests or investigations by the

client constitutes the contruct,

237. On receipt o1 an appiication for an investigation to be carried out there
should always be 4 full and trank discussion between sclentists of the research
organization and representativec ot the sponsurs, s0 that the scientists will

know exactly what the sgonsors want, It is sometimes found during such discussions
that what the sponsors originaily asked for i+ not what they really want to know.

The objective must be clarified and mutually agreed upon before a contréct is

entered into.

238 . The method of payment ror work dcne must be adapted te circumstances. In
the cases of tests or standard chemical analyses, predetermined fixed fees can be
charged. Where investigations are involveda, it nay be possible to charge a
definite fee or to charge on the basis Of cost incurred plus a rixed fee.

239. If the agreed objective is such that the inbtitute cannot give any firm
estimate of the co.t 0 the work, 2 sum oOf money should be agreed upon as a first
limit. When the expenditure of this sum is being approached, the institute should
inform the sponsors, providing at the sarme time a statement of progress sO that
the sponsors can decide whether the work ic to continue and the new limit within
which they are prepared to continue their sponsorship.

2L0. It is sometimes mutually convenient for an industirial concerrn tO puy a
retainer to the research institute. Such arrangementc help to stabilize the
finances of the institute. The clienl then has a call o1 the services of the
institute up to the value of the retaining fee and also pay. any extra which may
arise, The client cften receives somewhat advantageous terms under such an
arrangement, as do clients who submit large numbers of samples all requiring the
same type of test or examination. In this latter case, the fixed test fee is
abated somewhat, because the test equipment can be left assembled and the staff
(usually assistants) who do the tests become really proficient and therefore
guicker at the work.

241. In the case of sponsored work it is sometimes advantageous for members of
the staff of the sponsor to supplement the staff of the research institute, and

it is sometimes necessary for members of the staff of the institute to work at

/...
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the sponsor's premises. In fact, this collaboration between institute and

industrial staff is greatly to be encouraged because it leads to a quicker

commercial application of the results of the research.
242, Any money earned by the institute should go to the organization to enable it
to purchase more equipment or engage more staff. This may seen self-evident,

but it is mentioned because in some countries money earned by a basically

governmental establishment must go to the State in order to reduce the amount of

financing required by the institution. This is undesirable, because the director
and staff of the institute find that by taking paid work they are merely working
on clients' problems rather than on their own, with no compensating advantages.

§pectalist or product research

243, It is rather unlikely that in a developing country sufficient funds will be
available immediately from industry for the setting up of a specialist industrial
research institute unless that country happens to possess an industry of world-wide
significance, such as the rubber industry in Malaysia; even so, the work of such
an institute would normally be confined to the problems of that industry.

2khk. There are, hovever, in a number of the advanced countries, institutes

operated by private foundation, and in some instances these organizations have
established laboratories in developing countries. These are operated purely as
sponsored research establishments, as in the United States, and frequently the
local government is the main customer. There is, however, at least one instance ‘;_
of an international product research institute supported financially by a privete ;

foundation.

work paid for b rnpent

245. The board of management and director of aa industrial research institute oan |
often see problems, the solution of which is important to the economy of the =

country, when these problems sre not realized by, or of major concern to,
individual units in industry. Also, in order to maintain the scientific creativity

of the institute's staff there must be, s stated earlier, some provision for
them to work on problems of their own choosing, provided that such problems are
approved by the director as being vithin the objectives of the institute,

/l'l
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246. Not all technology is directly derived from science, although in most modern
industries it is. It may well be necessary, therefore, to study the scientific
aspects of traditional processes 80 as to devise means of improving them, by way
of products or of productivity. Sirce traditional processes are frequently
operated by indiviauals or families with little, if any, capital, work on these
will probably need to be done at government expense.

Economic and sociological studies

2k7. In a developing country economic studiee must parallel those in the natural
sciences. In the economic field it will be necessary to study the economics of
proposed investigations and of the industries concerned, so as to determine whether
the investigations wiil, if successful, improve the economic state of the industry
either by enabling it to improve its present prcducts or to make new, salable
products.

24B. A full technological-economic investigation can often show that productivity
of an industry is reduced in certain sections of the process employed. An economic
study, therefore, of the cost of an industry, followed by the technological study
of those sections of the process that are unduly costly, can often improve the
economic viability of the whole industry.

2k9. Coupled with the economic exaxination should, if possible, be a sociological
examination, because here again it is sometimec found that psychological or
sociological inhibitions or difficulties tend to make an industry unecomomic, and
a proper study of these can possibly overcome them.

250. Many industries, especially the traditional ones, use methods the reasons
for which are now lost in the mists of antiquity. A sociological study, as well
as a technological study is extremely valuable in such cases because experience
has shown that nothing is more difficult than to change the habits of people, and
these habits cannot be changed successfully except on the basis of a full
understanding of the sociclogical factors.

251. What is required, therefore, is a combined examination of economic,
sociological and technological factors. But a research institute in its early
days may not have staff to undertake all these examinations. Nevertheless,
physical scientists employed in the institute should be avare of these factors,
and they can often make valuable suggestions.

DSl
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Follow-up work

252. In this conuexion, when improvements are introduced in an industrial process
it is often important that the scientists follow these up and see that they are
used, and if they are not being used, to find out vwhy. Even in advanced countries
it can happen that a few months after an improvement has been introduced into a
manufacturing process, investigation reveal: that new equipment is lying idle and
that the workers have reverted to their old ways. Although this is essentially
a problem of industrial management, the scientist can often greatly facilitate
the adoption of nev ideas, and serves a most valuable purpose by helping to train

staff destined to work with new ideas and new equipment.

253. The introduction of improvements often involves the retraining of staff, and
it is important above all that modificationms should be explained carefully to the
workers in terms they can understand, so that they can see the value of the
modifications. ‘

Feasibility studies

254, One of the most important functions of a multi-purpose industrial research
institute is that of making feasibility studies. Feasibility study confirms not
only that there is adequate technological knowledge to operate a project but also
that other factors essential to ecomomic production are available.

255. Pirct, there is the guestion of the adequacy of the infra-structure, including
the availability of roads, treasport, electrical power, water and of suitable types
of plant.

256. Then there is the question of the possible costing of the processes and, above
all, of the potential market for the product.

257. Other fimsncial sspects of & project are the investment requirements and
finance and pay-back arrengements. Too often in developing countries small
industries have been -tutﬁnndh‘wtmwtohummma.c!m
of sufficient quantities of rev masterials, water and otber shortages, or lack of
facilities for getting the rev materials to the factory or the finished produces
avay from the factory to the poimts of use.

foos
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258. A feasibility study, therefore, is essential before a new industry or a new
factory is established. Part of the feasibility study will probably need to include
advice on the types of machinery required, their cost and where this machinery can
be obtained. Here again, it is very important to secure the right ;nnchinery and

tc make certain that people and facilities are available for maintaining and
repairing it. This is very important because equipment in developing countries
sometimes lies idle ‘simply because some part of it has broken down and there are

no local facilities for repairing it and no foreign currency for 1mporting spare
parts.

259. There is, of course, a series of further Bteps that can be greatly facilitated
by the institute, such as drawing up specifications and issuing a book of tender
for squipment; building and civil engineering works; the supervision of equipment H
and the manufacture, erection and supervision of plant construction, start-up

and commissioning.

Information service

260. Another functicn of an institute from the first stages of its existence is

to provide general technological information. For this it will need to establish
& technical library; but sometimes it will not have the information itself and one
of its important functions is knowing where to obtain' the necessary information,
which it will do by means of its contacts with other research institutes, with
scientists in other countries and with specialized libraries.

Teoting and standerdising gervices

261. The institute should also be able to provide testing and standardiszation
services. For this purpose it will need to be equipped with simple physical
testing machines and with the fa .lities for carrying out chemical analyses. It
should also have in its library sets of standards specifications, particularly those
of the countries to which it may be hoping to export local manufactures. The
institute should be prepared to carry out tests to ensure conformity of the product
vith these specifications. Nothing is more important for a country that is
attempting to build up an export trade than to inspire confidence in foreign
purchasers that the materials or products they will dbuy willi, in fact, be usable
and will coaform to the generslly accepted standards.
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Equipment advice

062. Another service which the institute can perhaps provide is that of valuatiom
of a plant and its equipment. It should, therefore, collect in its library
catalogues and other information frcm plant manufacturers vhich will enable it to
advise on the purchase of plant, and this will alsc ve essential in the study of
the econcric feasibility of the processes.

Relative economics

263. Of course, in many developing countries the economic factors differ from those
in sdvanced countries. In advanced countries there is a constant move towards
mechanization and autcmation so as to lower labour costs, vhereas in meny of the
developing countries capital is scarce, but labour is cheap and plemtiful. BSuch
countries tend, therefore, to adopt labour-intensive processes, vhile the sdvanced
countries tend to adopt capital-intensive processes.

264, However, the availability of relatively cheap labour in developing countries
can be misleading. It is sometimes the case that labour is used to such an extent
that although each individual receives only a small salary, the total cost is
greater than would have been the case in an advanced country where much less labour

would have been employed. However cheap the cost of labour, a labour-intensive "
industry cannot always campete economically with a highly automated capital- ‘
intensive industry.

265. Por instance, a short vhile ago in a sugar-producing country, in order to

make work available, the Govermment banned the importation of harvesting machines.

The sugar-growers stated that in two or three years they would be out of business,

because, even on the low wages prevailing in their country, they could not possibly

compete vith the mechanized industries of other countries.

266. There is snother factor: in some factories, so many people are employed that

they get in_each other's way, and this leads to over-all inefficiency.

Sociological factors

267. To achieve econcmic viability, sociological factors must be studied. In some
developing countries there are deep-seated traditions concerning the types of work
various members of the population can undertake without losing face. Sometines,
these factors are based in the earlier colonial life of the country, and they
manifest themselves in unusual wvays.
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268. For instance, in a factory erected for the processing of a root crop the
output was only 30 per ‘cent of capacity - partly because sufficient supplies of
fresh water were not available, but mainly because the factory could not get an
adequate supply of roots. Apparently the old men of the area were prepared to
dig the roots, but the young men were not. They said that this was peasant work,
and that now they were a free country they were no longer peasants and were
therefore no longer going to dig roots. Factors of this sort must be studted and,
where possible, education of the population must remove such inhibitions.

Techno-economic surveys

269. Techno-economic analyses provide industrial management with information on
vhich to base plans for expansion, optimum use of resources and the improvement
of economic returns. The function is primarily that of ane’ysing growth
opportunities for the project, taking into account the socio-economic conditions
and thus giving management a guide to new or developing factors that may affect
its long-term programmes. This sort of information is required not only by
individual industries but also hy national economic planning bodies, ministries
of development and the like.

270. The provision of these services does presume, however, that the necessary
range of skills is available in the research institute. A broadly staffed
institute can approach the problems in their entirety, looking not only at
technical efficiency but at all the other factors affecting the over-all
productivity of the enterprise.

Choice criteria

271. The industry to be developed must be carefully chosen and in the early stages
of a country's development special attention will no doubt be given to timbder,
textiles and such semi-handicraft industries that appeal to the treditiomal,
social and economic characteristics of the local workers and which do not
necessarily follow the pattern of imported foreign products. This is important

if indigenous and appropriate lines of development are not to be inhibiteq,

since the products of local industry must euter into mutual competition with
imported articles vhich may have, in t.hé early days, such additional advantages

oo
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as brand names, appearance, price. Industrial design and the various aspects
of marketing must also be considered so that the home product will not be

thought to be inferior by the loca. population and may prove suitable for export
as well,

A R,

272. When a laboratory or research group is newly established, quick results will
be more desirable than in the case of an organization or group with positive
results to its credit. This would indicate that short-range problems should be
attacked first, so that results show quickly. In order to publicigze results of
the institute's work, it is a good plan, other factors being equal, to vork on the
development of products that can be sold at a low price.

273. Creating a moderate profit on a product that sells in large quantities cen
confer a rich reward for the research effort. Within classes of goods, metals,
Plastics, textile fibres, and others, there appears to be a direct correlation
between the selling price of the products and the volume of their sales. This
merely means that every major product is in competition in & free market with
several other products; but it means also, for the research director, that work
on low-priced products can more easily engender industrial growth end in the long
run large profits. It is said of a large chemical manufecturer ia the United
States that for years they operated on the philosophy that they would develop a
low cost material and that others would then find uses for it.

oo
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X. TFIRANCING RESEARCH ORGANIZATIONS

2T4. Consideration will now be given to the financing of research. As has been
said above, in most developing countries, only the Government has sufficient
resources to undertake the establishment of the organization even if help has dbeen
received from advanced countries, from established research organizetions elsewhere
or from some member of the United Nations family.

275. 1f some business group or foreign research foundation is prepared to set up
and finance an industrial research organization, this will no doubt be very helpful;
tut ¢ time will inevitably come vhen the Govermment of the country considers that
there should be s pudblicly operated industrial ressarch institute. In order that
the institute can begin to become effective in a reasomable time, the Government
may vell consider the advantage of having & financial stake in the institute right
from the beginning. It nov remains for comsideration to be given to the various
means vheredby the necessary finance can be provided or reised.

276. Most countries work on an annual budget, and uafortunately 365 days is too
short & period for the initiation and completion of most R and D projects. The
difficulty arises, therefore, that since funds are voted for a fiscal year, the
ressarch organization is never quite sure if it is going to contimue to get funds in
the succeeding years, 50 as to complete the projects. In many instances the
finencial arrangmments of the Govermment do not provide for the sarmarking of funds
for subsequent years. To get over this difficulty, in some countries the research
orgaaisation budgets for three or four yesrs ahead under an agreement with the
Goversment that, vhile funds can be voted only for ove year, the future funds will
be forthooming, subject, of course, t0 any vatiosal crisis. This is sometimes
knowa as & "rolling-estimete” becsuse it is always reaching forward beyond the
strict periocd of bhudgeting.

ZT7. A rolling estimate neans that the budget is drews uwp ammually agaiust o
forecast for a further two to four years, tims isdicating that expansion may de
undertaken duriang those yeare. The smoust of expansion wvill a0 doudbt de related to
Whe estimated economic growth of the country emd vill also bear relation to empected
availability of staff.
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Carry-over of amnually allocated funds

278. In meny countries any surplus of allocation of funds over expenditure is
sutomatically absorbed by the national exchejuer. A
279. This is unfortunate because i1t sometimes leads to directors spending funds,

perhaps rather rashly, towards the end of the fiscal year wvhen much wiser

expenditure could be made later. The surplus of funds might have such causes as

the non-availability of staff or late leliveries of equipment; if provision can be

made for the carry-over of funds, such provision often leads to true economy.

Budget syb-beeds

280. Public funds allocated to the research organization may well be divided under

the usual sub-headings such as equipment, staff, consumable materials and so on.

The sub-divisions under vhich funds are allocated should be kept as few and as

flexible as possible, again so as to achieve true economy. The director, in

consultation vith his executive committee, should be left to decide vhether the

objectives of the organization will better ve achieved by spending more on =
equipment, perbaps, rather than staff. He should also have wide discretion in the B
gredes of staff employed; for instance, in some cases two qualified scientists and

four assistants may not only be cheaper but more productive than three qualified

scientists snd two assistants. This may involve the director being suthorized to

reallocate fusds under the general heads or sub-heads of his allocated funde.

Ialanced sxpenditure

261. Generally, experience sppeers to shov that laboratories in developing countries
Mwhw-mm,ht,onmothrhﬁ,thﬂmmm‘:hmehcnm
lavishly equipped that there has been insufficient finance for the esployment of
sdoquate ST to use the equizment. Instamces are known of elaborete bduildings with
neither staff seor oguignent in them. This applies particularly to elaborate library
mm.nwaetm,mmummm~m. All of this is,
of oouree, shourd. Desutiful buildings cen be functiomal also, but books and
mmmmmummammm,mpumu

is often doms in @uite simple duildings.
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Income from sponsored work ) r

282. In many countries, both advanced and developing, government research
establishments are enabled to carry out sponsored work for payment. In some
countries, money so earned is used by the research institute for its various
purposes. In other countries, money so earned goes to the central treasury and 1s
offset against the research budget.

283. As bas been stated earlier, the latter system, which is quite common, is to
be deplored because it gives very little incentive to the research institute to
seek and carry out sponsored work. This system could mean that the institute might
be engaged in relatively unimportant work which is paid for, when it might better be
doing some important work at government expense. This system has little to
recommend it, except for the consideration that the staff of the research institute
might have government security of temure. Extre staff employed to cope with
sponsored work might, after a while, find themselves with no sponsored work to do,
which would leave the Government with a staff responsibility. However, methods can
be devised for overcoming this difficulty. :

28L. Another reason devised by some Governments for adopting this method is their
concern for the over-all employment of scientists. They contend that if the

research institute has a government grant and can also use all the money it earns
from industry, it might attract to itself an undue proportion of the country's
scientific talent which might be required in some other field.

al es

265. Some countries have used considerable ingenuity in raising money for research.
For instance, one Buropean country paid for its research for many years by a tax
on football pool betiing. Then, at least two South American countries have put a
tax of one fourth of 1 per cent on commercial investment to finance their research
progremmes. This hu the advantage thet as commercial activity increases so do the
funds for research, but it has the great disadvantage that when commercial activity
decreases, which is just the time vhen more research is required, money for
researxrch decreases.

/...
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286. Many of the commodity research institutes of the world are supported by taxes

on the product they investigate; for instance, the Coffee Research Station of India.
The Jute Research Station of India is financed by a voluntary levy on the out-turn
or production of jute manufactures, and the Tea Research Association is financed by
a voluntary levy based on the acreage of the contributors' tea gardens - half of
the necessary money being raised by the industry and half contributed by the
Government. A research cess of 0.875 per cent is levied on every pound of rubber
exported from Malaysia. The cess is collected by the Customs Department and is
paid over to the Malaya Rubber Fund Board which makes the necessary disbursements
to the research and development units under its control, including the Rubber
Research Institute of Malaya.

287. This matter of tax on producers is quite common for commodity research
institutes, but in some countries certain imported productes are processed on a
large scale, and in a number of instances research on the processing is paid for

by a levy on the imported product. In some countries the levy is statutory and in
others it is a voluntary levy besed on the volume or weight of the product imported.
288. Some developing countries are now considering & special 5 per cent tax on
industrial profits to finance industrial research.

Effect of planned economies

289. The fact that most research in developing countries is govermument financed
does not prevent the founding in those countries of sponsored research institutes,
which obtain all their finance from clients. However, most developing countries
have planned economies, and these are held by proponents of national planning to
favour research and development, which are regarded as important elements in the
national economic development. Many of the larger industries are state owned or
state controlled and their research budgets will, therefore, be part of the
national budget and will be treated as normal govermment expenditure.

290. On the other hand, the opponents of planned ecomomies say that industry in a
planned economy is sheltered from competition, and this removes the incentive to do
research vith, for instance, the objective of reducing prices.

/oo
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Development plans and research

291. Most countries have development plans and in some of these the need for and
provision for research is made specifically, but in many development plans, while
the need for research is often stressed, no provision as such is made for 1t.
However, some development plans operated by development corporations make provision
for the carrying out of feasibility studies and comment upon the shortage of
technical staff as being the major problem. In these countries the need f'or the
employment of expatriates is stressed and provision is usually made for nationals
to receive technical and scientific scholarships.

292. In some developing countries in Africa the development plans, in so far as
scientific research is concerned, are centred in the universities or in institutes
operated in close collaboration with the universities. In Kenya the sum of
approximately $75,000 is to be used each year in the first three-year plan for the
carrying out of small industries research and the training of managers and
entrepreneurs. In this case it is hoped that a.fter three years the 1nat1tute will
be self-suprorting.

293. In many developing countries the principal industry is agriculture, and
traditionally, development of agriculture has been regal_'ded as a government
responsibility. Industrial development in these countries has, in many instances,
tended to centre on food processing or the processing of agricultural products. -
294. A survey, therefore, of the financing of industrial research tends to show
that in the advanced countries about 50 per cent of industrial research is carried
out and financed by industry. The balance is financed by Government, though it is
not always carried out in govermment controlled organizations but may well be
carried out by industry at government expense.

295. Of course, in the advanced countries, quite a significant proportion of the
total fundamental and industrial research is carried out for defence purposes, but
such research often has an important "fall-out" for industry. Some years ago, a
survey in a large laboratory, engaged not only in industrial research but in defence
research, showed that 60 per cent of the defence research would need to bave been
done for purely industrial purposes had it not been required for defence purposes.
A proportion of the defence research expenditure in advanced countries can,
therefore, quite reasonably be regarded as normal industrial research.

/oo
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Staff costs

296. Needs and costs vary so considerably over the world that it would be imposeible
to give any general estimate of the cost of operating an industrial research
institute in any particular country. The cost of the same research varies
considerably from country to country. Thus, at the moment of writing, the exchange
rate between the pound sterling and the United States doller 1s 2.8 - calculated

as being about 6.5; thus research in America costs two and one third times as much
as the same research in Great Britain. The cost per qualified scientist or
engineer in two countries may differ by a factor of ten. It will be seen, therefore,
that it would be idle to try to forecast, on general grounds, the cost of research
in any particular country since this can be determined only by experience.

297. Another factor in which discrepancies occur is in the career prospects of
scientists. Thus, in the United Kingdom, a scientist, if good, may expect to be
earning 2.5 times as much money after twenty years as vhen he started work after
university, but in the United States this factor is probably about 1.5.

298. There is, however, an important factor in research and that is that €0 to

86 per cent of the running costs of research establishments, omitting the original
capital cost of buildings and amortizationm, but including the cost of equipment, is
spent on salaries and wages. Salary and wage rates are, therefore, very important
factors in determining the cost. This is quite important also in organizing research
because staff time ie the most expensive item in the institute's budget.
Orgenization must, therefore, aim at saving time, even at the expense of somewhat
enhanced costs of other items, provided these items save time, especially of the more
expensive professional staff. The British Commonwealth of Nations includes some
twenty developing countries, and the pattern of research in the Commonwealth can,
therefore, be regarded as somewhat symptomatic of the general case.

299. In these countries, research in primary industries was, originally, conducted
by ministries or universities and was supported entirely by public funds, them
mainly supplied by the United Kingdom. This continues %o be the pattern so far as
production for local use is concerned, but vhere export staples are concerned,
particularly those cultivated on a plantation basis under expatriate control, meny
of these countries have commodity research organizations vhich are, in part,
supported by a levy cn the product, usually on exports, but sometimes on production
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plus a levy on exports. The emphasis on export levies is largely because such ievie
are much easier to collect than ere production levies. The rest of the cost of the
research institute comes from public funds, and in many instances the support from
these two sources 18 50 per cent each.

300. Often the institutes are concerned with both the production and the processing
of the crop, and by some standards, thereiore, may not be regarded as purely
industrial research institutes, but as agricultural research institutes in part.
However, agriculture is a productive industry as far as the economy of the country
is concerned. Thus there are commodity institutes in various countries for such
products as rubber, tea, cocomut, tobacco, sugar, bananas and coffee.

301. As far as secondary industry is concerned, the research association system
has not flourished greatly in the developing Commonwealth countries, although it
has been developed in the advanced members of the Commonvealth and in India.

302. Most of the purely local firms in the developing countries do no research at
eli. They nomally employ well-known techuniques and A0 not seem to need any
involved research. What is really important for these industries is the
availability of efficient information services.

303. Again, in the United Kingdom the present Ministry of Technology, formerly the
Departaent of Scientific and Industrial Research, control sume twelve laboratories
engaged on both basic and industrial research. This pattern has been followed in
the more advanced countries of the Commonwealth and has been attempted in India,
but here it has run into difficulties because the general circumstances of the
industries do not enable the results of co-operative work to be absorbed readily.
Also, there has been difficulty in industry saking its research needs known to the
institutes, and it has been found that work carried out in some of the research
institutes is too advanced for assimilation by local industry.

J0k. One of the problems encountered in & mumber of countries really turns on the
evailability of fimance. In research, as is vell known, there is a threshold in
magni tude of effort, and until this threshold ie passed research is usually mon-
productive. It is considered by some experts that the threshold fur an institute
is ten professiomal scientists plus their supporting staff and that an institute
smaller than this vill be umadble to maintain sufficient activity to emeure progress.

/...
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305. The effect of reasomable size is shown in some of the very successful

institutes, such as the International Rice Research Institute in the Philippines

which receives support from the Ford Foundation; the Rubber Research Institute
Malaysia and the Tobacco Research Institute in Rhodenia. These inctitutes are
financed on such a scale that they have been able to make real and valuable
contributions to their industries.

of

306. In the colonial ers, a number of research institutes vere set up in various
parts of the world (for exsmple, Bast Africa) vhich served several colosies in sn
area; but unfortunately, as these colonies became free, the federations broke uWp

and each colony insisted on having its own share of the research organisations.
The result wvas that potentially valusble research organisetions heve ceased to

exist in their origiml form and are nov serving oaly one couatry to the cost of
their former partners. Bcieutific research is mot bounded by political boumiaries,
mztxumtnwummmtpnumwmmmn-

research situation in this vay.

dooo
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X1. INVENTIONS, THEIR PROTECTION AND LICENSING

307. It will be clear that inventions may arise from various sources. The institute
may itself engage in work leading to invention, or it may be empowered to acquire
from third perties vithin the territory or in a foreign country the right to make
use of inventions in the industry of the territory. Of course, individuals or

companies in the territory may make their own arrangements to acquire such rights,
but since this will, where the patent-owner is outside the territory, noﬁllly
involve the transference of funds by way of royalties, there may be fiscal barriers
to such private transactions.
308. The procedure to be folloved will largely depend on vhether the territory has
s pateut law and an effective system of granting patents. If it has, then the
institute should itself protect any invention it may make, both in the territory and
in such foreign countries as may in the particular circumstances seem appropriate.
The decision to protect am invention in foreign countries vill depend on a number of
factors, including the walue of the invention as a means of protecting the export
msterials of the territory in the patented article, or as a means of obtaining funds
by wvay of royalty licences granted undur the foreign patents obtained. A deterrent
to such pateating abroad, at least on a large scale, will usually be the cost of it.
309. It should be remembered that & patent lav is a two-edged weapon in that if
there is a patent law in force in the territory, individuals and compenies vithin
the territory, and in foreign countries, may obtain patents in the territory vhich
{n the sbesence of any overriding considerations such as those mentioned bdelow will
be a8 enfo ceable against the institute as against & third party.
310. The law, however, may provide overriding considersetions of which the following
are quite customary and are recommended :

(a) It may bs provided thet in reletion to invemtions concerming food or

ssdicines the patemtee great a licence to amy in the territory whe
ssehs to wvork the 1§ o in the territory amd ces shov that he is able
so. Buoch a compuleory licence will normally require pagmnent of a royelty
x:‘nmuwwammmm.uuhmmw.m
tridumal ;
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(b) It may be provided that if an invention which is the subject of a patent
in the territory is not being actually worked in the territory by actual
manufacture, the patentee must grant a licence to a party seeking the same in
the territory subject to the royalty premise referred to under (a).
311. Item (a) obviously protects the territory against undue monopolizing of basic
requirements for health. Item (b) in various modifications is included in the
law of many countries and serves to prevent the demand for a patented product from
being met solely by importation from sbroad to the detriment of the economy of the
territory.

Licensing

312. In the event that a particular invention is required for industrial use in the
territory and is not available by vay of compulsory licence, as under (a) or (b)
ebove, it will be necessary for the institute or some other body to negotiate for a
licence. In doing so, attention must be paid not only to the amount of the royalty
to be paid and the dbasis of its computation, but to the method of payment to bde
adopted, for instance in what currency.

313. Where the institute has a patented invention in the territory, or abroad, this
say be licensed to third parties on any acceptable terms. It may, in some cases,

be possidble to effect cross-licences with parties owning patents of interest to the
institute, vhereby the actual payment of royalties may be offset or entirely avoided.
31k. It is to be observed that inventions mede by employees of the institute will
generally be the property of the institute. If the employee is paid a salary which
takes into sccount the prospect that he may meke inventions, no special recompense
to the inventor in respect of any invenmtion will normelly be necessary. However, it
is usually desireble to afford the director of the institute a limited dis:retiomn to
make some payment to inventors, especially if the invention is made by somcone not
normally engaged in research.

75. In grenting licences to third parties it is gemerally prefersble that the
licence should be nom-esclwsive, s0 that. & aumber of different third parties may de
licensed. If the prospective licemcee asks for am exclusive licence and it is
dscided to gramt it, the tesms of the licemce agresmeat should comtain some
GIAEIEtes °f o ninimm voyelty, paysble to the imstitute, thereby to emsure thet the
iavestion is actwally worked.

,'lC
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316. In some cases the institute may decide to adopt the policy of freely licensing
the nationals of the territory to operate the invention. This does not, however,
eliminate the desirability of patenting the invention, since the patent will remain
effective against extra-territorial companies and thus serve to protect the

domestic industry.

Proceeding in absence of patent law

317. If the territory has no patent law, there is no practical way of protecting

the results of the institute. But analogously, no third party can obtain a patent
effective in the territory against the institute. Inventions patented in other
countries would be freely available for use in the territory; but it should be
appreciated that the descriptions of inventions contained in patent specifications
are rarely sufficiently detailed to enablz a manufacturing use of the invention.
There is almost always a body of knowledge, generally referred to as "know-how",which
must be acquired and this may be as valuable, or even more valuable;, than the patent
right itself. N

318. Even when negotiating patent licences the would-be licéncee should see to it,

if possible, that the licensor undertakes to convey not only the patent right bdut
also his know-how on the invention. And when there is no patent protection involved,
the licencee may still need to acquire know-how.

Research development corporation

319. There are many problems in the industrial exploitation of inventions that are
not the sort of problems scientists are normally able to tackle. The exploitation
of an invention can need commercial expertise and an expert knowledge of
international patent law. To meet this situation, a number of countries have

nov set up special organizations. The first of these, as far as is known, vas
the National Research Development Corporation, set up in the United Kingdom in
1948, and sbout the same time a somevhat similar organization was set up in
Canada; and another in Indie.

320. Although the functions of such a corporation will necessarily need to be
devised to meet local conditions, it is perhaps of interest to note that those

of the British corporation are as follows:

/..0
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(a) Securing, where the public interest so requires, the development or
exploitation of inventions resulting from public research, and of any other
invention as to which it appears to the corporation that it is not being
developed or exploited or sufficiently developed or exploited,;

(b) Acquiring, holding, disposing of and granting rights (vhether gratuitously
or for consideration) in connexion with inventions resulting from public
research and, where the public interest so requires, in connexion with
inventions resulting from other sources;

(¢) Promoting and assisting, where the public interest so requires, research
for setisfying specific practical requirements brought to the knowledge of
the corporation where they are of the opinion that the research is likely to
lead to an invention;

(d) Assisting, vhere the public interest so requires, the continuation of
research vhere it appears to the corporation that the research has resulted in
sny discovery such that the continuation of the research may lead to inventions

of practical importance.

321. The 1966 Annual Report (18th) of Canadian Patents and Development Limited has
just been published and quotations from this should be of interest to any country
concerned with the problem of applying industrial research to the benefit of the
national economy:

(a) Canadian Pstents and Development Limited acts both as a clearing-house and
as & sponsor for inventions. It obtains patent protection on ideas that sppear
velusble and licenses them+to industry on aroyalty basis. The bridge across the
@ap betveen the invention of a scientist end its use by others is oftem
blocked at both ends: the scientist might not wish to digress from his
research to develop the idea, vhile industry might be unwilling to consider

it without more evidence of its value. When this situation arises the

Company spends its royalties on contracts for the development of inventions;

(b) Canadian Patents and Development Limited is a Pederal Government Agency
set up to encoursge the use of ideas from the Natiomal Research Oowuncil end
from the lsborstories of other govermment departments. Under ocomtract, its
services have been extended to provincial research organisstions amd to scae
universities. It even imports idess from the United Kingdom, Awstrelis, Indda
and South Africe under exchange agreements. It does not, however, handle

the ideas of private citisens.

Cansdien Pstents and Development Limited collects ideas, evaluates them, and
files patent cations on cases considered valusble. A few cases havwe beosa
licensed on o -how" basis decsuse they are wmpatentebls, or bessuse the
Mminmmmﬂldmwmmmiﬁﬁwﬁm
patent costs. Mwmlmthwtoﬁtm%wm:
mm&mmtummmmqﬂwu

soney developing a nev product or process;
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(¢) 1In licensing, Canadian Patents and Development Limited acts as liaison
between inventors and businessmen. This is not Just a matter of carrying and
translating messages, dut of imagining uses for nev ideas, and publicising
thea and bringing them to the attention of prospective users. Since industry
is being asked to risk its own money, it is important not to oversell.
322. Some research vorkers are quick to see commercial possibilities in their
inventions but meny are not, and it should be the duty of the management of all
industrial research institutes to be alive to the possibilities of exploitot}on.
vhether by patent or not.
323. In » large institute it is worthwhile for one member of the administrative
staff to become skilled in patent matters and for him to assume the auty of
keeping in touch with developments in the institute, wvith a view to obtaining patent
cover on any likely discoveries. If a research development board exists in the
country he can liaise with them, but if there is not suck e board be can advise
the director on patenting requirements and can also advise members of the research

staff on aspects of their results which Bey affect the possibility of patenting.
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XII. EXTERNAL TECHNICAL ASSISTANCE

324. In most developing countries it will not be possible for the industrial
research organization or for other sections of the community to supply all the
technical and managerial expertise necessary to solve all problems, and special
assistance will be required. This will, in general, be obtained from advanced
countries. A note on the various channels whereby technical assistance flows to
developing countries may, therefore, be not inappropriate.

305, Most sdvanced countries have accepted the principle of aid to developing |
countries. Some chsnnel their aid wholly or mainly through the medium of the 3
United Nations Orgenization which in turn administers aid mainly through its various | *
sgencies. Bome countries, however, also have extensive systems of bilateral aid. |
The United States apart, this applies mainly to the former colonial Powers which
have, for various reasons, continued to give special help to their former colonies.
This help can be finsncial, technical and/or managerial.

~,",'f,‘;,‘_;mw‘w. i e

ited on t encie

joad

326. Much technical information is passed to or gathered by the United Nations ¢
agencies and is made availsble in various vays to the countries needing it. Mach
is carried by consultants underteking advisory or other visits to the developing
countries on behalf of the United Nations, and much is cerried back by nationals
of the developing countries who make paid esducational or training visits to the
advenced countries, such visits being arranged by United Nations agencies.

327. Again, very valuable means of commanicetion ere the various seminars srranged
by United Nations agencies on regional emd international bases.

326. Certainly, mmmummmamﬂmmmmmm
mnwa.ummwwummww {
Orgamisetion in the mear future. The trensfer of technical inforwstion end Imoviedge |
will, no dowbt, be & major ecmcern of UNIPO.

Rirest tecknical aid

”“Md“h“ﬂﬁmmm

scientiste in the advencel end doveloping cowtvries, ond teshmelegical “Mmew-hev
mmunu:wxmmuwmaﬂ
M“ﬁtﬁ:»!hhﬁ!‘.&ﬂfh“‘dhﬂﬂhm '
countries aleo help ia the flow of imformmtion.
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330. Some advanced nations have set up special government-controlled organizations
for assisting developing countries both technically end in other ways. Two
examples Of these are the United States' Agency for International Development (AID)
and the British Ministry of Overseas Development, but similar orgenizations also
operate in France, West Germany, Sweden and Holland.

331. A number of countries have expefixnental organizations devoted to the solution
of scientific and technical problems arising in the tropics and semi -tropics, where
most of the developing countries are. This is especially so in France, the'
Netherlands and the United Kingdom.

Iwinning

332. Many scientists, technologists, economists, and other trained personnel are
recruited in the advanced countries for service in the developing countries, either
directly or through the United Nations, and there are close ties between many
universities in the advanced countries and those in the developing countries.

There are also close ties between specialist research institutes in the varidus
countries; and a development which shows much promise is the "pairing" or "twinning"
between an established industrial research institute in an advanced country and one
in a developing country. This is also sometimes known as interinstitute
co-operation. .

333. The established institute can ascist in the early days with the direction or
management of the new institute and also with such matters as the choice of problems
to be worked on, loans of staff and equipment and especially with collabaration

on projects. It often happens that in the course of an investigation advanced or
specialized techniques and equipment are needed, unavailable in the developing
country, but available to the institute in the advanced country. Also, the advanced
institute may have been established many years and possess a backlog of krowledge,
experience and literature that can be invaluable to the new organization.

Internstional experts

354. Development of industries in the developing countries can be greatly assisted
by international experts. These experts often go to the developing countries on
behalf of United Nations agencies or of their own Governments as part of bilateral
eid or by direct recruitment. They usually serve for a limited number of years,
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varying frcm cne to three, with possibilitles of extensicn of contract, if this is
necessary. A development of this, particularly in one country, is that recently
retired experts are recruited to serve in developing countries for a small number
of years, and this has proved very successful because it has brought to the
developing countries the accumulated experience of people who have been involved
in the growth of similar industries in their own countries.

Secondment of experts

335, One of the difficulties arising with regard to experts going to the new
countries is that they have often, in the past, been uncertain of their futures
when their contract in the new country expires. It has been found neceesery in
many instances, therefore, to base these experts in organizations in their own
countries, so that they can return to these organizations in due course.

33 . Thus the British Ministry of Overseas Development employs experts who serve
abroad but who are regarded as members of a British institute on secondment. It is
this uncertainty about the future that has, in the past, militated against many
experts going abroad.

337. The other difficulties are, of course, personal ones, such as the education of
their children, since many of the developing countries are unable to offer
educational facilities of the type required. Unless some special financial
provision is made to cover this matter, it means that experts sent abroad must be

relatively young or of such an age that their families are pest school requirements.

Univergities and international firms

338, Of course, many experts go to developing countries from international firms
as part of their normal duties in the firms. Meny go on secondment from
universities in the advanced countries. A number of these universities now have
complementary posts to cover service abroad of a specified number of the menbers
of their faculties. | ‘

339. Many students from developing countries attend universities in the sdvenced
countries and there teke degrees in various scientific snd technical subjects or in
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the human sciences. It is perhaps regrettable that the training they receive is h
the same as that given to nationals of the advanced countries, because they often
find that jobs of the type for which they have been trained do not exist in their
own countries. It is stated that about 80 per cent of the students from developing
countries, trained in the United States, do not, in fact, return to their own
countries.

340. Often, what is required is & form of training specially geared to the
requirements of their home countries, and this usually is not available. For
instance, when the United States of America was a developing country, land grant
colleges were established, the so-called "cow colleges", and most of these have now
evolved into sophisticated universities. Despite these difficulties, university
training in advanced countries.can be a considerable help; still, what is of

even greater help is specific training in the problems of the developing country
concerned, and this type of training is usually provided in specially arranged
seminars or in specialized institutes. Here again, difficulties arise, because
nationals of developing countries who have succesgfully undertaken a training
course in an sdvanced country and then have returned home are often quickly

promoted, with the frequent result that a few months after their return they are
not doing the work that utilizes the results of their training. This situation is
fairly widespread and will, presumably, continue until the supply of trained people
in the developing countries approximates to the demand.

341. Another quite popular form of training is the granting of fellowships to
nationals of developing countries so that they can study special subjects in

one or more advanced country. This is, perhaps, one of the most productive types
of training, because the choice of subject studied during the fellowship will
normally be made to fit the requirements of the home country.

Some difficulties

342. In general, the relationship between industrialists in advanced and developing
countries in the matter of technical development is good, even though the industrial
advances of the developing country mey have an adverse effect upon established trade
in the advanced country. A cese in point is the oil-seed industry. Most oil-seeds
ere grown in tropical and sub-tropical countries, and past practise was for the

seed to be exported to certain advanced countries which then processed them for the
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production of vegetable oils and cattle-feed. Now, many of the developing countries
naturally wish to process their own products, both for home consumption and for
export of the processed products. Export will in the main be to countries that
formerly processed the seeds themselves, and in those countries certain firms

will have a large capital investment in the processing plant. This readjustaent

of a world trade is bound to create difficulties on the export side, even though

it leads to expanded trade in consumer products in the developing countries.

34%, In some instances, this type of difficulty has been met by firms in advanced
countries establishing processing plants in the producing countries; this means the
transfer of expertise and "know-how" to the new country. The real requirement

is to determine what needs of the advanced countries are not at present being
filled and then to establish industries in the developing countriec to supply those
needs. Even then, in order to make ‘he industrislization process economic, care
must be taken to develop industries, utilizing those products that can best be
produced in that particular country,

34k, For instance, in recent years numerous developing countries have tried to
establish industries for the processing of citrus products. The world xarket for
citrus products is large, but finite, and some of the developing countries do not
grov the right type of fruits to meet the demands of the western countries. In such
countries, therefore, the development of a citrus product industry is doomed to
failure unless the product is for home consumption only. These types of
difficulties can be avoided by consulting the international organisations und

market experts.
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XIII. BUILDING FOR RESEARCH

345, Most scientific research needs housing specially adapted or built for the
purpose. As a matter of fact, the erection of specially designed buildings for
sclentific work, commonly called laboratories, deates back less than fifty years,

but during that period there has been a vast advance in design and techniques. It
would be impossible in a report such as this to deel at sll effectively with building
for research from the architectural and engineering standpoints, but there are
certain aspects of resesrch buildings which affect the organization and management
of research carried on in them, and it is proposed here to deal only with these.

Site

346, The first problem in building for research is to choose a suitable site. This
should not be near the centre of a city because many laboratories produce noxious or
annoying fumes; yet it should not be too far from a city, or there may be difficulties
in housing staff memberc and particularly in recruiting junior members. Also, if an
industrial research institute is too far from a main centre of population, business
people, visiting scientists and other interested persons will then find it difficult
to visit the institute, and the mutual exchange of information and ideas will thereby
be reduced.

347. In the case of specialized laboratories, it may well be necessary for them to
be sited near the source of the product with which they deal or, alternatively, near
the point of consumption of the product. Por instance, much research on wool is
done in the wool farming areas of Australia and also in the great wool manufacturing
centre of Yorkshire in England. However, a multi-purpose laboratory should
prefernbly be within reasonably easy reach of the main acedemic and cultural centre
of the country, because this will emable members of the staff to meet other
professional people and visitors and thereby maintain touch with new idess and
developments elsevhere.

348. The site should be much larger than the immediate requirements, because
laboratories have a strong tendency to expand and there is often a need for open
space in which special experiments or pilot runs can be carried out. Water and
electricity should be available and also gas: the latter can, if necessary, be
supplied to thae laboratory in cylinders if there is no town gas system. The site
should be pieasant and, if it is not, should be made so by landsceping and
gardening vhere this is possible.

|
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The first building

34,9, The type and size of building to be erected first will necessarily depend to
some extent on the nature of the work to be carried out, but msinly on the amount
of money available. In any case, the building should be cepable of expansion both
in floor area and in height.

350. The first building to be erected vill probably contain chemical and
enginrering laboratories, workshops and offices for the director and administrative
staff. It should also, if possible, contain a lerge roos capable of being used as
a lecture room, and canteen facilities, vhich should prefereably consist of &
cafeteria for the junior workshop staff and e small dining-room for the senior
professional staff when they vish to entertain visitors. At other times, it is a
good plan to encourage all levels of staff to lunch together because their talk will
largely be "shop"”, snd communsl lunching is a poverful means of keeping mewbers of
the staff of a research institute aware of each other's problems; also it is s
poverful forum for cross-fertilization. In addition, there should be a smll
private dining-room in vhich the director may entertain important vigitors vhen he
vishes to discuss confidential business vwith them. At other times the director
should use the general facilities.

Library and service location

351. Another "must” is the librery, and this should preferably be somevhere near
the eating srrangements, &s should also the general stores. As a research institute
grovws snd some of the laboratories and vorkshops are necessarily some distance from
the centre, s significant amount of time of staff is taken up in walking to and from
the centeen and to and from the librery. If these two facilities are adjacent,
staff vill often combine the two and will get into the habit of saking visits to

the library just before or after lunch and will also, especially if the veather i
bad, visit the library sfiar lunch to see the latest jourmals, and this helps to
keep them up to date in their sudbjects.

352, A new feature of modern laboretory conatruction is the light and airy librery.
Book bindings are ususlly dark in colowr, and rows of them, combined with dark-
coloured shelves and furniture cam give an iwpression of dark caverns. There is mo
reason st sll why lightness and eiriness should not be combined with sciemtific
literery searches.
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354, Apnther matter affecting genernl organitation is the question of vhether
divisione should have their own libraries. It is nov generally agreed that {n &
large institute, although there should be a centrul library where all books and
papers in the institute should be catalogued, it is an advantage also to have
divisional libreries, or else much time is wasted by staff in going to the centrul
library to look up references. In fact, certain types of books are accommodated in
the actual wvorking laboratory - these being among the "tools of the trede”. Sisiler
erguments apply to the siting of other common services such as stores and central
workshops.

large buildings or sesll?

34, At a later stage in the growth of an institute it vill be necessary to decide
vhether each division or section shall have separete duildings or vhether large
buildings vill be erected vhich vill house & number of divisions. There is much to
be said for either arrangement. Sometimes, work of one division is inimicel to the
type of work carried "ut {n another division: for instance, vork in an engineering
testing laborstory, casusing vibrations or percussion, vwill affect delicete physical
apparatus in a metrological laborstory. Pumes from s chemical laboretory can cause
annoyance, and 80 on. On the other hard, having separate buildings for the different
divisions tends to creste divisiomsl loyalties rether than institute loyalties and
it {s more 4difficult to effect the desirable intermingling of staff wvhich the single
building fecilitetes.

ting and

355. Many developing countries are in the tropics or sesi-tropice and this poses
special problems for laboratory buildings, because not only may they have to de
heated at some seasons, as in the wore temperste parts of the world, but provision
has to be made for cooling the buildings in the hot season. Por sowe types of work,
sir-conditioning becomes essential.

356. Until recently, fev major studies had been carried out on the design and
erection of ladoratory buildings, although such work had been dsu in regard to
hospitals and schools, where the difficulties are similar in principle. Nowever, ia
the last six years several surveys have been mde, perticularly in the Divisiom of
Architectural Btudies of the Nuffield Poundation in the United Kingdom; the Division
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of Chesistry and Chemical Technology of the Mtional Academy of Sciences - the
Mmtiom] Research Council in the United States. Both have published excellent
reports on their work.

offices

357. Another probles to be decided when laborstories are Leing built is vhether
professiom] staff shall ave separate offices or vhether they shall be housed at
desks in the laborstories in vhich their assistants are vorking. There is a strong
tendency currently for staff to vant separste rooms, and this should generslly be
discouraged; s separste roos removes the professiomal mewber from direct supervision
of his sssistants and also encoureges s tendency to become "chair-borne”, which is
very undesirsble. However, in some types of laboratories fumes or noise make &
separste office essentisl. Admittedly, in the case of very senior officers, a
separste rooe is desirable, beceuse they vill often need to discuss businsss matters
vith sponsors, Or carry ot various types of private intervievs.

358. Jor the junior members of the staff who may, from time to time, vish to have
quiet conditiona, as for vriting reports, it is & good plan to have s series of
rooms attached to the library vhich a staff sember may reserve for a period of days,
if necessary. Por this period the room should be his, so that he can leave his
books and papers sbout vithout feer of their being disturbed.

Plexibility in buildings

359, The requiremesnts of science are unpredictabdble, and it is s common experience
emong those vho have been concerned vith large-scsle laboreatory construction to
find that they have to start sodifying one end of the laboretory buildings: that

is to say, the shell of the building my be of ferro-concrete but the intermal wlls
are often of light and movable comstruction, on a wodule, and it 1e @ mtter of
such discussion as to vist the module should be. Many organisations heve found
that s« module of sbout ten feet is adequate. This means that one can either ave
ome large laboratory thirty feet by ten feet; or one tvemty fest by ten feet, plus
oms ten feet by ten mt;ormuwnwnumunmwmw. fome
laboretories have been tuilt oo & smller sodule. Por instance, s famous plastics
mmmmmmu«:.m—mm 4n such vay that everything
withia the shell 1o movable {a unite of four feet. In this particular building,

o e T
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the wvindows and the cladding of the building are on a four-foot module, with the
result that even windows and fume cupboards can be moved, if desired.

360. In some parts of the United States, there was a fashion a few years ago for
building laboratories without windows, on the grounds that this facilitated air-
conditioning; but it is believed that this might have had an undesirable
psychological effect upon the staff. Windows are now provided, except in those
rooms vhere they are undesirable, such as in dark rooms, or where it is necessary to
keep equipment at a particular temperature and/or humidity. In some rooms it has
been found useful to have removable sections of floors and ceilings. It is a common
thing in a laboratory of fixed construction to find that it becomes necessary to
build, for example, a fractiomal distillation column taller than a room. PFacilities,
therefore, for building tall apparatus should be available.

m services be centralized or nott?

361. Another matter that has received a lot of attention is whether laboratory
services should be centralized. Of course, services like mains water or electricity

must be centralized, but services like vacuum, standard frequency, distilled water or
special gases create difficulties when centralized. There is the difficulty, also,
that a breakdown in one part of the institute will affect the whole of the institute.
When services are arranged separately, this cannot happen and if there is a breakdown
in one room, equipment can often be borrowed from a nearby room to meet immediate
requirements. Thus, the use of a central vacuum service in one room may affect the
use of this in another room, and it is now generally considered better to provide
such services individually to the rooms. '

b n sh

362. It is very desireble in rooms requiring a lot of bench space, such as in
chemical laboretories, to have the plumbing arrangements adaptable and the benches
sovable o0 that they can be organiszed to meet the requirements of the moment.

Provision for amenjties

363. The lecture theatre should have provision for the showing of films. Some
institutes also provide for simultanecus translation because international semimars
are organised in them periodically, tut this can possibly be regarded as a luxury.

]
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364. In either the cafeteria or the lecture hall there should be facilities for
holding social functions, and if space permits, sports facilities should be provided
on the site. Social events and sports help considerably in emabling staff to mix
and in improving general morale. This is very important in some developing countries
vhere the research institute may house the only group of professional people in the
area, and the building up of a reasomably active social life, whose centre is the
institute, can be a big factor in assisting staff recruitment.

365. When money is short, it 1s often thought by the authorities that every available
cent should be spent on scientific requirements. This view 1is short-sighted. A
reasonable sum spent on staff amenities usually earns bigger dividends than an extrs a
piece of equipment or a few more feet of laboratory space. Not only do such 2
amenities assist in recruitment but they can be a significant factor in the building
of staff morale, and they also serve the very valuable purpose of bringing various
grades of staff together on an equal footing, with the consequent cross-fertilisation
and exchange of information and views so necessary in scientific work.

366. It 1s hoped that the comments above demonstrate that the type and layout of
buildings can have a marked effect upon the organization of the institute.

‘{..' )
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XIV. ENGINEERING DESIGN

Introduction

367. R and D is sometimes aimed directly at the design and production of equipment
and machinery, but more often the industrial realisation of the results of R and D
demands the design and construction of these engineering products.

368, A large research institute, especially one concerned with the physicel seiences,
will contain a design office, and this chapter describes, therefore, the mm
principles of engineering design.

General considerations

369. Engineering design is rather like an assembly process. The designer has to
assemble in his mind and then on peper certain factors in order to deseribe clearly
& machine, article or process vhich meets a particular specified need.
370. Mechanical engineering design was defined in 1963 by a commd ttee of the United
Kingdom Department of Scientific and Industrial Research (kncwn as the Fielden
Committee): '
+«+ the use of scientific principles, technical information and imagination
in the definition of a mechanical structure, machine or system to perform
pre-specified functions with a maximm economy and efficiency.
This definition, although limited to mechanical engineering design, does provide a
valusble guide to the needs of all designers.
3T1. The process is described in chart 3, annex II. Here design engineering is
seen as a process fed by four inputs:

(a) From research comes an ever-developing science. The mechanical designer
1s fed with new insight into problems of static and dynamic structure design,
nev means of improving system efficiencies, and so on, wvhile the electromic
designer is fed with new insight into circuit behaviour and complete nev media
in which to operste. The chemical engineer and the civil engineer are oQually
dependent on their research backing;

(b) From research also comes a steady flov of nev materials, components, and
devices. Again by way of examples, one should quote the mechanical designer's
need for nev structural materials such as reinforced plastics and cemsnte and
the electrical designer's need for nev components that might have sprung from
research into, for example, solid state physics; .

Jeoo
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(c) Prom the user vho may be the designer's customer or client, or even
snother department vithin the same undertaking, should come a clearly specified
need. This 1is probably the most neglected step in engineering design. Too
often do designers start straight into design hardvare with no precise
specification of the desired performance. Time spent clarifying performance,
cost and appearance specifications before any design work iz begun is time

vell spent,

(d) Again from the user, directly or indirectly, must come constraints in the
stape of limitations placed upon the designer's freedom of choice of means to
achieve his objectives. These construints can take the form of standards or
preferred components. For example, the purchaser of a chemicel plant my
specify directly that all pumps are to be of a given type or make. Publications
of standards or data sheets by matiomal dbodies are, {n effect, constraints on
bebalf of the public at large.
3T2. From the four inputs listed above the designer has 0 conceive and specify the
required product. In the course of his work, he my have to prepare various models
(physical or sathematical) on vhich 0 test the effect of the specified working
envirorment on the whole or on parts of the product concerned. This may be followed
by redesign and fresh prototype testing, and the whole cycle may be repeated many
times before a satisfactory solution is reached.
373. To illustrate this, ve can develop chart 3 intc a more elaborate representation
of the total process, as shown in chart &, amnex II,
3Th. With this pettern of the process in our minds, we can nov begin to clarify and
list those factors vhich can most contribute to iwproving the designer's

effectivenass.

Contact wit search

375. It is important that the designer maintains close contact wvith the researeh
wvorkers who provide him vith his basic science and design coneepte. If these
concepts come from other organisations or other countries, it may not be precticsl
to arrange close personal contact, dut the designer mmet at least have every
possible access to the publications containing the data he requires. A vise colpany
vill go further than merely provide sccess: it vill giwe the designer imstruction
in a suitable form t0 emure that he is comtantly wp tc date. A positive incentiwe
can be even more effective in encoureging this, as can de seen in an article in the
: rd Decopd of March 1966, entitled "A Results-Oriented Development Flmm",
vherein is meruod the practice of one compaty vhich gives time rether than money
as & bonus for good work. The employse can save Wp this time in & "Senk” wntil be
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has accumulated enough to be able to satisfy a need that he sees in himself, He can
then claim the "banked" time to go away from his firm to study the particular aspect
or science in which he needs more knowledge.

of n mterials and nents

576. A designer who contimues to specify treditional materials and components will
quickly be overtaken by his more enterprising competitors. The good designer must
be encoureged to study the advancing material technologies relevant to his
discipline. To this end, visits to exhibitions, other industries and suppliers of
materials are essential. Opportunities to experiment with new materialc and get
used to their peculiarities, properties and vorkability should be provided.

cons ts

3T7. All Qesigners should be avare of the great advantages that accrue to the user
E of equipment that conforms to as many standards as possible. Even should a user

‘ not actually specify standard components, a designer must continually strive to make
: the woet of them. Some of the advantages are:

(s) Base of mamufacture (few would novadays dnu of specifying non-standard
screv threads vithout very good reason);

(v) Base of access to spares;

(¢) Less need for special maintenance tools;

(4) Interchangeability of parts;

(¢) Reduction in mamufacturing and spares stocks;

(f) Meadily availadle design dats for stapdard parts.

Jor all these reascns, the design office mst be well supplied vith standard date
of all relevant materials and parts weed.

' J78. One of the prodblems, sdmittedly, is thot of choosing appropriate standards for
use in products that are to be axported as wll as used on the home mariet. The
variations in wvorld standards mbes this & problem but s little forethought and
ingemity (for exsmple, conversion kits) ean often overcoms difficulties.

J79. Under the generei heading of "user comstraints” must be menticned the vitel
mtier of cost. The ideal solution %0 the design prodlem 1s that which performs
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effectively at the lowest possible mamufacturing and operating cost. Cost
consciousness should be as much a part of a designer's meke-up as the ability to
calculate stresses and speeds. Furthermore, a designer must be brought to realize
that it is rare to achieve the optimum design the first time; continual redesign
with hindsight and assistance from others should always be encoureged. This is
sometimes known as "value analysis", a technique wherein each part of every product
is scrutinized carefully to ensure that its cost of manufacture is kept below its
value, the latter being defined as the value the part contributes to the whole.

The user specification
380, It may be necessary to carry out many tests and experiments to establish the

exact performance required of the device being designed. Average values alone are
useless, Precise definition of the whole population of possible values is necessary.
To 1llustrate this, imagine the design of a highly stressed component part of a
motor car suspension. Past experiments should provide date on the frequency of
occurrence of various values of load tc be withstood; such data can be shown in the
form of the familiar distribution diagram as shown in figure 1, amex III.

381, The need for information in this form will become clear vhen it is realized
that material properties also have a given distribution of values that can be
depicted in a similar way. Superimposition of the two diagrems will indicate the
frequency of occurrence of failures in service as shown in figure 2, annex III.

362. The shaded area indicates frequency of failure, Should this frequency appear
unacceptably high, improvement can be gained by redesigning the component to make it
stronger; also, by specifying higher quality material with less variance in its
properties and thus & narrover distribution disgrem. This example should indioate
the need for clear specification of the required product performance, including
limits of extreme performance required.

CORs

365. Design is an iterative process. Trial-and-arror is its most common ocomponent.
At the present time, & mmber of aids are appearing on the scens vhich should help
to reduce the tedium and the time taken in the process.

384, Computers can now be used to carry out somes of the more lengthy "datch”
oaloulations. Examples of this are:




ID/CONF.1/B.1k
! English
B Page 98

(a) Cut and £111 calculations for the civil engineer;

(b) Reliability calculations for the communications engineer;
(c) Heat exchange calculation for the boiler designer;

(d) Design calculation for the aero-space industries;

(e) Pipe work design for the chemical engineer.

385. Where aesthetics are involved and the designer must see a three-dimensionsal
model or at least a perspective drawing of the object he is creating, computers
linked to cathode ray displays are now being developed wvhich can show perspective
pictures created from relatively scanty information. Going a step further, it is
possible to make the perspective image rotate, come nearer or recede; or move
parts as, for example, when a car is shown opening and closing its doors.

386. However, such specialist aids will be slov of adoption anywhere except in the
most advanced countries. Before they become widely availabls, we are more likely
to see computers being used in the "good housekeeping” aspects of design, descrided
below, ‘

e of

3687. Onoce the designer has sketched out a part or a vhole of the product he is
working on, it is essential that he has the facilities to make it or have it made
and then to test it or examine it for suitability. If the part is simple, there is
much to be said for providing the designer with facilities for making it with his
own hands, assuming that he has the skill. Many mamufacturing problems will bere
come to light, because the designer vill automatically simplify to save himself
troudble. On the other hand, 1if the designer's skill is not up to the task, bhis
hand-made prototype cen lead to wrong conclusions amd test results. Iach case must
be examined on merit.

388. Whatever the method for mking prototypes,the overriding need is speed, for wo
YO880N8 !

(a) Each day saved in bringing & nev produet or prceess 1ato mmufecture will
usually provide an extre day's profit far ia excess of Whe cost of wrgeney;

(v) A designer who has to turn his attention to other projects while he waite
MpmwwW)nnnlmotWﬂ*NthMQ

in effectivenses.
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389. This argusent speaks also in favour of test facilities and equipment being
made available, Of course, very expensive test equipment ocannot be provided on such
a lavish scale that nobody has to queue for it, and such cases require careful
examination to reach the best compromise. In this examination, however, some
estimate of the cost of lost time for the reasons given at (a) and (b) adove

should be included.

Qood housekseRing

360. The expression "good househeeping” is intemded to cover those aspects of We
design process concerned vith keeping orderly tidy records of the product or prooess
as it is evolved. The whole problem of keeping parts lists "consisting of”
schedules, drevings, specifications and other such records in & manner st is
consistent and clear is & vest subject in iteelf. The mthods used to muber and
identify parts and materials reguire mch thought s0 as to gain the greatest
possidle adwvantage of standardisation and ease of use.

S
391. This chapter has not intemied %0 deal at lemgth with prodblems of designt
indeed, all the services svailable to the designer suwch as tw drwwing office, vest

dspartment, inepection, process plamming, cost accounting and parchasing would all
have % be explored in detail in order to clarify the iaterection betwesn them and

the domain of the Gesigner. Mather has it been atteupied t0 present some of e
conoeple of deeign procese fyom vhich design facilities might stem.

l‘ﬁ‘
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XV. THER DISSEMINATIOR OF RESULTS

Gepersl
3% . ZProblems involving the applicetion of research results arise mainly vith
regard to work done on the institute's own account or non-secret work dome on
behalf of Government for the general betterment of industry or public welfsre.
The application of work done for sponsors will, of course, be the respoasidility
of those who pay for it.

1 of

395. In developing countries, research and development vill be simed st the
econumic development of the country, and the results of the work sre, therefore,
of value only {inasmsuch ss they are known, and used in industry.

39%. Results of scientific reseerch should, es far as circumetances sllow, be
published in the scientific Press. This aot only makes the knovledge svailable
to those who vish to use it but is s velusble msens of esteblishing the reputetion
of individual workers and of the reseerch institute. It is the only vay by which
scientists end technologists can esteblish professionsl reputations, snd it should
therefore be the policy of the reseerch organisation to encourage its steff
ssmbers to publish the results of their work whemever possidble.

Dissemingtion of reeults io writing

395. Many industries, especially in developing coumtries, do not themselves hawve
treined staff, able to utilise the results of the work of the reseerch institute,
end the institute must, therefore, have s publicatiom policy suitable to the
potential users of its work. This vill call for some skill in the writing of
reports end brochures that the recipients can understand.

396. Some industrisl research institutes publish periodicsl “meweletters® ia
vhich they outline the vearious ‘nvestigations they hawve in progress. Theees ate
eddressed Lo potential users of the results of the work. Some send specielly
written latters to firms and entreprensurs, end some produce printed leaflete,
preferadly illustrated. Then, in sddition to these activities, articles in trede
Journals sre >ften quite productive, es are also short, ppmlarly written items

/
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in the deily newepapers. If it {s deeired to bring the work t— the notice of
people {n other coumtries, abstracts of scientific papers in the various
intermational sbetrect journmls achieve this fairly efficiently. though after
some delay in time.

S97. Abetrects are a possible means for the reseerch institute to eseist local
industry. Not only sbetracts of the ii._titute's own papers dut aebetrects of other
paperes lidely to Se of interest can be copled and circulsted.

35G8. The eye con trensmit either words or pictures to the drein. Paychologists
tell us that some words change inetantamecusly and involumtarily into pictures but
thet it is uncommon for pictures to chaage isvolumtarily imto words. T presemt
the ey with o picture would, tierefore., sees to be o more effective method of
compunicetion than to offer it worde. This s oo 1if immediste communicstion is
the sole object, but the drain often seems to wurk on the "eesy come, eesy go”
principls, ond vhet is remsmbered is f requently thmt wvhish costs same effort.
Thus s completely pictorial commmmicetion vill have sn imwdiste imgact If the
pictures sre wll chosen, bt to produce eay lasting ef’ect they vill probebly
noed writtem additions. The pictorial arthod seems to law even sore iapect with
unsophisticated pecple, end viere the subdject cen be presested in this fashions,
1t may be especially suitable for use in certain coumtries.

Wea of flime

399. The sound ond aotion picture precests s very velwble asdiwm for goiting
taformstion over, especislly vies the viewre we Ve givws ¢ statemsmt,
preforebly 11lustreted with "stills” from W film, vhich oy con tole swmy witd
them to study efterwssds. 1N Moo boon feund Shet Siw souni-Avech file is o
valusdle asens of caumunicstion, copeciolly Were offorts ste Belng &b %o
fatroduce sov teshniques.

N00. Oare sust Yo tehem, of coures, %¢ ew sound-4sechs avnilable is the
loaguage or loaguages beet wisretoed Sy W pebentdsl mafimee. N i alee o
MudMMdmdﬁ-ﬂﬁﬁmﬁ
vieitors'or ot symposte sal ccaferemsee Mold smy fran W tantttwie. Alse,
£1ins en Yo sest for chuutag ia pluses onf ot timse vhee 1t weuld oot o

#
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convenient tu send e member of the institute's staff. Nowever, it is slways
prefereble for a member of the staff to be present at a fila shoving so that
questions from the sudience can be deelt with.

Qrel communicgtion

Ml. Rxperience in advenced countries (and very little information sbout
developing countries is available on this point) is that moet techaicel iaformstion
is conveyed by word f mouth. This may seel surprising in viev of the vast amount
of technicel literature, but seversl inquiries have established this. People meet
in ffices end laboretories and outside; they meet ot conventions and sympos ia,
and most of their conversetion is o sort of "shop”.

MP. This principle points to the need for "selesmen” of techaicel jaforastion,
ond meny resesrch organisetions employ such people specifically for this purpoee.
Much of the communicetion is dome, of course, by the working sciemtiste in tie
mormel course of events, but specially chosen lisison officers hawe been fousd to
be marticularly effective. Oftexz, the director of o resserch ofgeaizetion will
"s011” on 1dse to top mamagement of & sshufeciuring compeny, and the lisisce
officer will follow up, getting the 1des or technique over "on the shop floor”.
Orgenisetions in several countries cem coafirs the velue of this type of activitry.

Gmeral swblicity

W03. Publicity should alec de cdteiued for the institute by orticles or aotes is
MMLM.MﬂMMmthMIWﬂ.ﬁomh
evaileble, by progremmes on the locel television.

Wh. These types of publicity sey well briag the resuits of the tastitute's wort
sﬂmmnamwmmanwnxuum“oﬁmu
mumzmmsmmmm.

0s. If ke 1aetisute 1o ougported by the Govermmset these Wypee of publiedty
uummmwmammammmmmmm
tnminmn!wﬁuunymemm;elhﬁdmm
te e tastitule.

W06. 1In %his comexiom 1t 16 resher iaportest Shet o mev imstitwle chould
mmmumetummmm.mmm
tole populer spprel, quite corly. The resuliting goodwill ces b mweh move
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valuable in the early days then the solution of s much sore important problem
after two or more years' work.

Development orders

bOT. It is sometimes necessary in order to get pruduction off the ground thet
government should guarentee orders for certain amounts of e product and it mey
well be, of course, that the govermment itself mey wvish to set up en industry
using the results.

W08. It is slsc necessery to get research results over to govermment so thet
these msy possibly be used in govermment pr.ductive establisiments, or thet
goverment may encourage their utilisation, hy specifying products and processes
utilizing theee results in its purchases.

%09. 4here is no fool-proof way of getting technicel imformstiom to the poimt of
utilisetion, ané ell wethods heve to Ve used, emphasis being placed om thoee
which best suit locel circumstances.

AO. The sbove camments apply s much to the imtroduction end adaptation of
foreign techmology ss to the introduction of mev processes and mev idees, the only
exception being thet sametimes the foreign techmology is subject to patemt and
other restrictions, in which cese megotiations will msed to be cerried owt for the
appropriste licencing.

~la hewes” mablicity

Mll. IS will be meceseary for the resserch iastitute o hold pericdicel ssmimre
umammmwmcmmnumuhmm-ﬁ
diocuceed, ond 1t vwill also meed %o hold pertodical st homse® or “open daye’
whore 1a8uotrialiote end other potest lally imtevected perecus oo Be iavited o
vistt the 1astitute and soe What 4o geing on Wheve. AL udd Simee thay e &otusv,
n.mm.umuqmmmdum,u
this sy Wil Meed %o epeusered encigmeute later ou.

A8, MEnver ¢ asv presess o asdifiesticn fo imtreduced, 1% Lo Mghly Gesimble
thet e ressereh institwie follow the pregrese of W tstvedustion and be vesdy

o ondaavour %0 solw eny protiems et evise. Sais 1o Gome by freoguewt visite
!
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from the staff of the research institute to the industrial organization; and is
helped by visits from the members of the industrial fimm to the research institute.
bl3. Trouble-shooting is very important, and may involve considerable work on

the manufacturer's premises or further research work at the institute or possibly
reference to manufacturers in other countries to learn how particular difficulties
were overcome. Prequently, these references to other countriee can better be

made by the research institute staff than by ataff of the manufacturer.

Mb. During this pericd, the staff of an industrial research institute is likely
to ecquire considerable informstion of o proprietary mature, and great care must
be taken about the disclosure of these and other such particulars. In order to
avoid unfortunate repercussions, use of data and informsticn should therefore be

in accordence vith policies established betwsen the institute mmnagement snd
clients.

Efect oo goreis

b15. The successful cammercisl epplicetion of the results of sn institute's work
18, of course, of grest imaportance to the inetitute es well as to the ssmufacturer,
boceuse it is Wy this that the repwtation of the fastitme is crested and maintained
and the sorele of the steff is tuilt up. Those drdicoted to cereers in opplied

science find their resl professiomsl setisfection in soeing the studies they have
conducted put (nto prectice.

iamesesastfel areiee’e
(37 % Inevitebly there are cesss vhes the resulte of o project loed %o
diseppointing comclusions. Nt nagetive results st et mscenserily weless '

resuits. m&mw‘cartmmnutuemm'nm*ah
uhiertaking work of his own on such ¢ projoet. In suth caces e tmstitwte will
mwwmamwmmumumu. Savtiane
It 10 4w 1o the cost of rev meteriels: tie wort Game may b of valus ot sem
future tiae, 1f ond vhon the cost of Shis asterisl Grye. Nertage e is
mwtahmmﬁﬁm:ﬁMﬁﬁhm
fully eo thet te cliont may. ot some Pubuse S480, b0 0sle 1o use the sresulte of
S vork should eay of the eireumstonses odeage.
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L17. It may well be that an advance in some apparently unrelated field and
recorded in the literature may enable the staff of an institute to return to a
previous project and bring it to a successful conclusion. This happens quite
frequently in scientific work and there have been numerous examples of "fall-out"
from defence research carried out in the advanced countries that has enabled
commercial operations to be initiated economically, though' previous work had been
unsuccessful.

418. Several countries have nov set up development institutes to study in deteil
the factors governing the development of their country. These are technological,
economic and sociological.
b19. A recent innovation has been a co-ordinated study in some advanced countries
of the factors affecting development, especially in developing countries. In 1966
the Ministry of Overseas Development in the United Kingdom established an
Institute of Development Studies in co-opsration with the University of Bussex.
The folloving is a quotation from e brochure concerning this Institute, published °
veory recently:
(s) The Institute's main purpose is to conduct teaching and research on the
prodlems of the developing countries and n imternetional co-operstion in
relation to them. Owe of its special characteristics is that it aims to

gather together ia one organisation experts in each of the main fields of
dovelognent studies.
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420. No doubt many of the subjects studied at the Institute referred to above and
at other institutes in other countries will cover many of the matters already
discussed in the present report and as a result of such studies, modifications to
the procedures and practices advocated in this report may become desiradble, in
order to bring them even more into line with the requirements of the developing

countries.
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Cone Lus ion

k21, It is nov well established that Research and Development are powerful factors
in the development of a nation's economy. They are, however, expansive processes,
and it is as easy to waste money on R and D as on any other activity., It is omly
by following proper practices that investment {n R and D can be made to pay. It
is therefore important, especially in the nev countries wvhi'h have no money to
wvaste, that their R and D efforte should be canalized along productive lines.
b22. The key to good research is good research staff, coupled with good
orgenization, and an attempt has been made in this paper to show tcv productive
research can be organirzed, provided that good staff can be obtained. Good staff
and poor organisation vill produce samething; good organization and poor staff
will produce little; but good staff and good organisation will produce much.

M23. In the sdvanced countries the scientific revolution of the last 300 years,
since the advent of the scientific paper, has gained continuous momentum, 50 that
the volume of scientific wvork in these countries is doudbling itself every tem %O
twelve yoars. Naturally, this cammot go on (nlefinitely, othervise ia countries
1ike the United States, the USSR and the United Kingdom, the position would soon
be reached vhere everydbody would be a scientist. However, in the developing
countries vith their preesnt very smal]l reserveoirs of skilled scientific wvorhers,
the expomential growth could soon be even greater than in the present advanced
countries. It certainly will not tahe the developing countries sore than a
small frectiocn of 300 years t0 reach the present standard of the advanced
countries.

ooe
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Introduction

1. Research and development (R and D} are now regarded as two of the most
potent factors in economic development. In developed countries this is well
{1lustrated by the fact that the amount of money spent on those activities and
the number of men engaged in them have doubled about every twelve years. The
growth pattern has increased to such an extent that in some of the most highly
developed countries it now appears that it will level off. In the developirg
countries the same growth pattern may be expected but with a steeper rise.

2. In some of the advanced countries 50 per cent of the funds earmarked for

R and D come from the Government even though industry carries out the work.

Very large sums spent on defence and space projects are unlikely to affect
significantly most of the developing countries. Sums spent in 1962 on R and D
in the majority of advanced countries ranged between 1.0 per cent and 3.1 per cent
of the gross national product.

3. It is not, of course, feasible for developing countries to spend such
amounts on these activities because of their lack of trained scientists,
technologists and engineers. But as educational systems develop, dependence

on and therefore expenditure on R and D will increase.

4. A feature of R and D even in advanced countries is the part played by the
government and, & number of Governments are the biggest single source of R and D
funds and the largest single employer of scientific and technical labour.
Therefore government policy has a decisive effect on encouraging investment in

R and D through fiscal measures.

5. he nature and complexity of the technological problems vary considerably
from area to area. Weather, natural resources, tradition and social structure
are some of the conditions that could influence technological change. Therefore,
no generally applicable pattern can be set forth. But general principles can be
derived from experience vhich, aprropristely modified, could be used to initiate
practices that contribute to industrial growth.

6. In addition to good R and D and the idemtification and proper evaluation of
the typs of R and D to be used, the availability of developed segments Of the
infra-structure and of technically end odmi 2istratively trained people are
essential for industrisl development.

v . /
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Institutional research

7. Research can be broadly divided into fundamental, oriented basic, applied
and developmental; it consists generally of team work. Those developing
countries that are in a very early stage of industrialization will neced mainly
development work, whereas others may also require applied research. However,
in the last forty years much basic research has been undertaken in order to set
traditional industries, such as leather, iron and steel, on a scientific
foundation.
8. In practice, studies and research by scientists of many disciplines are
necessary since meny advances in the industrial field fall across traditional
scientific disciplines. The value of a research institute is, therefore, that
it brings together people trained in various disciplines who can pool their
knowledge and skills for the solution of problems.
9. Developing countries seldom require .ompletely new technologies and the:efore
vork should concentrate on: .

(a) Development of new prccesses and improveme=t of existing processes;

(b) Development of new products, new uses for existing products and survey
and development of existing raw materials;

(¢) Improvement of industrial productivity with a view to reduction of price;

(d) Scrutiny of economic and social aspects of processes being developed.
10. It is highly desirable in the development of products that there should be
a home market as well as & potential export market. The former is then able to
buffer the fluctuations of export market prices. The position of cocoa in the
Ghanaian economy is a good example.
11. Among the activities of industrial research institutes in developing
countries, should be the organization of standardization progremmes, and advisory
services on the specifications, sources and costs of industrial equipment. They
should also provide technical-economic consulting services, including market
research and reviews of mationmally availabdle infra-structures.
12. Punds should also be sade Aavailable for extra-mursl research vork, and the
institute should cerry out sponsored research and development work, provide
extension and technical aervices to its clients, and maintain an updated
refere~~s library.

®
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Types and functions of industrial research institutes

13. Some industrial research institutes are of the "multi-purpose” type

covering a vide variety of fields, and others are of specialized types, either

in a particular scientific discipline such as physics and chemistry, or aimed

at a particular product or process such as rubber or silicate. Such institutes
are called "unipurpose" or sometimes "commodity" institutes. Institutes covering
additionally to the scientific and technological fields such other fields as
economics and sociology, management and marketing, could be designated as
"comprehensive” .

14. The choice of a type of research institute can only be decided upon after

a study has been made of all the circumstances. It may well start as @&
multi-purpose inetitute with a certain activity splitting off as a specialized
{nstitute whenever it reaches a certain size or complexity, for instance, the
Mationsl Physical Laboratory in England. When a country or group of countries
are dependent on a particular crop or mineral resource, it may well be desirable
for institutes to be founded to deal with these products.

15. Comprehensive research institutes have grown up in the United States and
are spreading to other countries. They have the ability to reduce their technical
findings to practicel matters of cost, finance and market requirement and can
thus assist industry in problems involving both technical and economic
considerations.

16. The main functions of an industrial research institute are to initiate and
carry out research for the promotion of industry. One point, often overlooked
in developing countries, is the proper preparation of products for export.

control of re h O sations
17. Whether publicly or privately controlled, an industrial research institute

should enjoy a large degree of autonomy. However, until the industrial economy
develops 80 that local business and industrial organizations are prepared to
financ= some Or most of the work of en imstitute, the first step must be
sponsored by the Government, thereby providing a large portion of the capital
requiremsnts and running costs, at lesst in earlier years of establishment.
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18. Much govermment research is performed by laboratories of large commercial
companies, or in sponsored-research establishments vith subsidiaries in other
developed countries or sometimes in developing countries. Generally, laboratories
set up by chambers of trade test to specifications and are confined to analytical
work. Another type is the industrial research association, state-aided or not,

in which member firms subscribe money to maintain research laboratories to study
their industry's problems, provide advisory services and operate as & technical
information centre.

19. As the R and D element of any one project may well occupy several years

even in a moderately important project, it can be carried out efficiently only
against a background of financial and policy stability. For government-subsidized
R and D, the best means to achieve this is to set upa Research and Development
Poard on which the Government and various aspects of the national life are
represented., From this board, a much smaller executive comaittee would be
elected, meet frequently and be the main source of support for the director and
the staff. Membership of three years' duration, on a rotation basis, is usual
for such a committee.

Organization of industrial research institutes

20. In a small new institute the director will guide and direct much of the
work until an organizational pattern emerges. When the institute becomes of
such a size that the director cannot control the whole organizatiom, an
organizational scheme is established, dividing technical from non-technical work.
While divisions are established, the team approach to the solution of problems
18 encouraged. The divisions might be set up along the lines of scientific
disciplines or in accordance with t purpose being served.

21. Small teams Of research workers have assumed more and more importsnce in
bringing about technical change. Groups are & poverful means of introducing the
inter-disciplinary approach \‘:o research, an approach that is required to cope
vith a complexity of problems and achieve fast results. Although the inter-
disciplinary approach is to be encouraged, it has been found convient, in
prectice, to organize divisions in such a way that staff members feel they have
s particular niche in the organization. However, it is sgreed that divisiomal
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organization diminishes "cross fertilization". Interaction between various
pembers Of a team requires that members be permanently charged lest further
reaction becomes slow.

22. Management of research is different from mansgement of most other humen
activities and must be regarded as a facilitating rather than a control process.
In spite of great development in the last twenty years, it still has far to go.
Good mansgement stimulates creativity, an important conmtribution to research
productivity. Some ten years ago a certain divergence of opinion existed as

to the most desirable characteristic of a scientist: & good member of a team
(nited States) versus a crestive individual (United Kingdom). As it stands
today, advocates of each of those characteristics have compronised and both
charscteristics are recogaized as important.

The director and the staff administration

23. The most important appointment in & research organization is that of the
director. On his knowledge, foresight, experience, energy and character, the
success of the organization will largely depend, particularly in the early

growth years of the institute. He must bave clear definitions of his authorities
and responsibilities and preferably no direct affiliations or private relations
of any kind with any type of industrial, commercial, financial or political
organization. No effort or time should be spared to find the suitable

person. His most important functions will be to act as arbiter when differences
of opinion arise; as chief assessor of priorities in regard to projects, starf
money and facilities; and as decision-maker and translator of the board's
decisions into actioms.

2s. mtumuuuueqmnuucr;nmutouamw
sclector and a good administrator. His scientific stature bas, mo doubt, an
effect upon the morale of the professional staff, but in & large institute his
sdministrative ability vill have an even greater effect upon the success of the
{nstitute and consequently upon staff morele. A director should be well assisted
by & competent administretive staff, and as directors have t0 spend much time

on work outside their own walls, mmumwwm
sdministrstion to assistants whenever ReCeSSary.

[qmt

it
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25. The professional category of staff such as science graduates, engineers,
technologists, economists and the like are the most important; they are the
people with the knowledge and ideas, and to them falls the duty of supervising
the work of technicians, assistants, secretaries, and supporting staff. They
are in direct contact with the clients and potential users of the results of
their work. It is preferable in the early years to recruit starf wvith subsidiary
knovledge and skills in addition to their main skills, who have a bias tovard
applied rather than basic research.

26. Other categories include the administrative staff, the technicians or
supporting staff and the worishop staff. In some research institutes a "ve and
they" attitude develops between the professiomsl and administrative staff, the
former preferring to operate without any administrative control and considering
such control superfluous. If the administrative staff regarda their function

as being to assist the professionals to do their job, the result cen be a
harmonious relationship in which each person contributes to the productivity

of the organization.

27. In s large research institute, all matters pertaining to personnel should
be handled by a personnel manager vho keeps the personnel records separste from
the general sdministrastive records. Salaries and wages paid to all staff must
be based On an sdequate system Of payment and awards. Overtime should be paid
to junior staff subject to prior authorization. Ad hoc payments to cover patents
or outstanding performance should also be possible. Arrangements for staff
pension or supersanuation 1s also a recommended prectice.

26. There should be provisions for granting justifisble leaves of absence.
Sabbatical leave is a powerful means to stimulate somevhat Jaded vorkers and
older scientists and it has proved very beneficial. Arrangements should be made
to ensure that employees will return to their home base for & certain ninimum
period of time. This arrangement should be one of other encouragements for
technical staff to prevent "technical obhsolescence”.

Becrui tmsnt, appointment and evaluation of muuoul staff

29. Staff are obtained by invitationm, recommendation or advertisement depending
on the level. After an application has been filled out & candidate 1s interviewed;

’
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intervievs must be regarded as a means to assess a candidate's personality,
general intelligence, alertness and adaptability rather than his technical
knowledge.

30. Interviews may be organized in such a way that a candidate meets a specially
selected panel of three to five members or meets the panel members individually.
Special score sheets have been devised to minimize the subjectivity of the
evaluation.

31. A contract is signed by a new staff member and the personnel manager
representing the institute. The contract should be as explicit as possible, and
should specify in detail all aspects of the engagement. The general conditions
of service together with staff rules are generally Iincorporated in a booklet
supplied to each recruit joining the staff. A period of probation 1is alvays
required of new staff members.

32, Professional staff, as well as other categoriee of staff, should be
periodically evaluated. VWhatever evaluation system is adopted, it should aim
to record the general scope of the employee's work, the manner in which he
tackles it, the success he achieves, and finally his potentiality. Characteristics
on vhich information is required are: scientific and technological ability,
judgement, initiative, speed, accuracy and method, power of expression, personal
~ relations and leadership.

33, An sspect of promotion which is often overlooked is the suitability of a
candidate for a more senior job. A promotion often entails managerial
responsibilities. As some scientists and technologists, prominent in their
field, do not possess the required aptitudes, it is better for administrative
purposes to attach such scientists as consultants to a group that 18 led by &
more junior person. Dismissal, though rare and unpleasant, should also be done
sviftly vhen it is required.
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Source of problems and factors affecting their economic solution

34. The fact that industrial research is intended for application by industry
makes it important that the work be carried out with reference to the economic
conditions of the industries concerned. Among the many factors to be taken into
consideration, the significance of the objective in relation to sales, the
reduction of menufacturing costs and the timing of future developments withirn the
industry are of overriding importance. In this connexion "the lead time" and the ;
desirability of having it as short as possible should be considered.
35. Choosing the right problem may fall to the institute itself; or the problem |
may be posed by a local industrial organization. The institute should be prepared

to work on the latter for a fee. The abilities required to select subjects that

in the last analysis are beneficial are not reducible to an exact science, and

"hunch" plays an important part in the choice. However, broad technical knowledge,
commercial sense, the imagination to foresee needs and applications and the ability

to take calculated risks and secure team work are the main factors involved in the

successful management of R and D. *

36. Sponsored work, which could be on a one-time contract or retainer basis, may

be in the field of product research, economic and sociological studies, follow-up

work in industrial plants, feasibility studies, information services, testing and
standardizing, equipment advice ani techno-economic surveys. Such work is generally

covered by a contract clearly spelling out responsidilities and fees.

37. Careful choice must be made of industries for develoment. In newv research

groups quick results will be more desirable than in the case of groups with positive

results already to their credit. Creating a moderate profit on a product that

sells in large quantities can confer a rich reward for the research efforts.

Financing research orgenizations

38. The prime responsidility of financing R ard D in dsveloping countries falls
to Governments. United Nations agencies or developed countries may contridute
financial assistance. In order to overcome the difficulties involved in financing
from public funds and by-pass delsys and political changes, some countries operste
on the "rolling ectimate™ principle vhich means that the buiget is drawvn wp
annually against a forecast for a further three or four years. Also it should de
allowed that any surplur of allocated funds can de carried over rather than
sutomatically absorbed by the national exchequer.




ID/CONF.1/28
English
Page 11

39. Funds allocated to a research organization may well be earmarked for equipment,
staff, consumable materials and similar other sub-headings, but such designations
should be kept flexible and as few as possible. Budget items should be well-
balanced, and extreme spending of capital investment for buildings and equipment
while neglecting staff, is as bad es neglecting to up-date equipment while devoting
the bulk of financial rescurces to staff improvement.

LO. Many institutes, though government sponscred, are allowed to undertake contract
research for a fee. Any accrued amounts from contract research should go to
improvement of the imstitute, including staff members' salaries, rather than to the
central treasury. Some countries finance research through special taxes, for example
1/k of 1 per cent of industrial loans or import taxes on certain commodities. It

is not sufficient in development plans to only stress the need for research;
provisions for it should be specifically made with all that is entailed in terms of
funds, facilities and personnel.

41. It is difficult to predict the emount of various budget items. Howvever,

60 to 85 per cent of the running costs (omitting the original capital costs of
buildings, equipment and amortization) is spent on salaries and wages, so obviously
these are of paramount importance. Some experts consider that the threshold at
which an institute becomes productive is when it requires ten professional
scientists plus their supporting steff. The effect of reasonable size on the degree
of success is shown in the International Rice Research Institute in the Philippines
and the Rubber Research Institute of Malaysia.

Inventions, their protection and licencing

42. Inventions, whatever their source, are generally covered by patents, if they
seem destined for any practical application. Individuals or companies may meke

their ovn arrangements to acquire rights to use such patents. Much more know-how
and technology transfer is generally involved in such arrangements than exists in
the patent. The research institute should be awvare of patents of interest to the
industrial effort of the country and it should sérve, in the absence of s
specialized organization, as & clearing bouse for the use of such pstents.
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43. The exploitation of an invention needs commercial expertise and a thorough
knowledge of international patent law. A certain number of countries such as the
United Kingdom, Canada and India have set up national research development
corporations which act as clearing houses and as sponsors for inventions. They
obtain patent protection for ideas that appear valuable and license them to
industry on a royalty basis.

Lk, The management of all industrial research institutes should be alive to the
possibilities of patenting findings and exploiting such patents commercially. It is
worth wvhile for one member of the administrative staff to become skilled in patent
matters and to keep in touch with developments in the institute, with a view to
obtaining patent coverage on any discovery.

External technical assistance

LS. Often, particularly in the formative years, developing countries cannot supply
the technical and managerial skills necessary for their own development, and
assistance from outside has to be relied upon. Such assistance is usually supplied
by the United Nations or any of its agencies, either by providing experts working
under international auspices, equipment and fellowships or by organiszing
interregional meetings and seminars. More will be domne in this connexion now that
the Centre for Industrial Development has expanded into the United Nations
Industrial Development Organization.

46. Much technical help is also supplied under dbilateral aid progremmes provided
by some advanced nations. A good practice is the "pairing" or "twinning™ of an
established industrial research institute in an advanced country with one in a
developing country, the former sharing wvith the latter its valuable knowledge,
experience and literature.

k7. Training should be geared to the requirements of the home country of the
trainee. This requires a particular schedule not common in the normal curriculum of
colleges and universities. Ordinarily, such training occurs in industrial
establishments of advanced countries vhich have reeched certain agresments with
industrialists from developing countries for an exchange of know-how and technical
assistance on a commercial basis.

l.'.
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Building for research

48. Scientific and technological research requires housing built especially for
this purpose. The site should not be near the centre of a city because of possible
obnoxious fumes emitted by laboratories, and yet not so far from the city proper that
clients and visitors would find it difficult to reach. The site should be very
much larger than immediately required because of the tendency of research institutes
to expand. All utilities and access roads should also be available.

49. The type and size of building to be erected first will depend on the sort of
work to be carried out. However, it will nearly always contain chemical and
engineering laboratories, workshops, offices for the director and his supporting
staff, a lecture room and library facilities. It is also good practice to include
cafeteria-style eating facilities. Early provision should be made for separating
buildings housing heavy equipment that cause vibrations from other buildings
designed to house high precision measurement instruments.

50. Decisions regarding the instalment of central heating and cooling systems

and the allocation of separate office space to individual professional staff
members should be made in the early construction stages. Cooling and heating should
be rrovided as a rule, and junior professionals encouraged not to be in separate
offices so that they do not become "chair borne"”. The library should provide a
quiet place for writing reports.

51. Buildings should be designed with as much flexibility as possible, removable
partitions have been found very practical for this purpose. Also plumbing and
wviring arrangements should be such that they allow reorganization of bench space

to meet further requirements and modifications as they arise.

Engineering design

52. A large research institute, especially one concerned with the physical
sciences will be active in the design and production of prototypes of equipment
and machinery. In this process, new science and nev materials issued from research
are combined with the requirements cof the user and with constraints in the shape
of limitations placed upon the designer’'s freedom of choice of means. From the
inputs mentioned above the designer conceives the required product.
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53. It is most important that the designer keeps close contact with the research
workers who provide him with his basic science end design concepts. He should

' also be encouraged to study the advancing material technologies of relevance to
his discipline lest his art becomes obsolete.

5S4, User constraints are important and generally consist of ease of manufacture,
ease of access to spares, less need for special maintenance tools, _
interchangeability of parts, reduction in manufacturing of spare stocks and readily
aveilable design data for standard parts.

55. The design process is an iterative process; trial-and-error is its most
common component. Computers nowadays are used in developed countries to carry out
the more lengthy "batch" calculations and to produce three dimensional end
perspective drawings of the object to be designed. Good housekeeping and tidiness
are also essential for successful designing companies.

The dissemination of results

56. The problem of the application of research results arises mainly in regard
to work done on the institute's own account or on behalf of official sgencies

for the general betterment of the industry. Results should, as far as possible,
be published in the scientific press and abstracts produced and circulated as a
possible means of assistance to local industry.

57. A research institute should have a publication policy suitable to the
potential users of its work, put out a periodical news letter print illustrated
leaflets and contribute articles to trade journals. Dissemination of pictorial
communications with good text will have an impact combined with lasting effect.
Movie films, illustrated with stills from the film, which the viewers could take
swvay with them has also been found to be an effective medium of dissemination.
Naturally sound tracks in the language best understood in the country would
enhance the value of films.

58. It is a fact that much technical information is carried by word of mouth snd
many communications are made orally in meetings in offices, laboratories,
conventions and symposis. Much publicity is derived from such commmications. But
articles or notes in the local press, short commentaries on the local redio and
programmes on the local television are also an effective means of publicity.

/
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59. Negative results on a project are not necessarily useless for they cen prevent
& client from wasting money and investing in unsuccessful projects. The institute
vill then carefully explain to the client why the results are disappointing. It may
well be that an advance in an apparently unrelated field may enable the staff of

an institute to come back to & project and bring it to a successful conclusion.

60. Several countries have now set up development institutes to study in detail
technological, economic and sociological factors governing their development.

A recent innovation has been a co-ordinated stvdy cof factors affecting development,
especially in developing countries.
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