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FOREWORD 

A United Nations Inter-regional Seminar on  Industrial Research 
and Development Institutes in Developing Countries was held in Beirut 
Lebanon  m December 1964 for the purpose of seeking ways and means 
to strengthen existing and future industrial research and development 
institutes in developing countries. 

In the course of the deliberations it became apparent that of the 
many problems faced by such institutes in developing countries,'that of 
fiZTT¿ Y Pa;a,m0Unt imP°rtance. The problem stems primarily 
from the difficulty of finding persons for appointment as institute managers 
or directors who have the training and experience pertinent to the peculiar 
requirements of industrial research institutes. 

To be sure, high-level manpower in general and in the technical fields 
in particular is hard to come by in most countries, especially so in the 
developing ones As far as industrial research institutes are concerned, the 
difficulty of finding qualified technologists, engineers and industrial econ- 
omists and sociologists, great as it is, is even exceeded by that of finding 

stanSnt" ma"ager ^"^ fr°m ^ * íeChnÍCal a"d an administr^ive 

The ( nited Nations Centre for Industrial Development, guided by 
the views of the Beirut seminar, decided soon afterwards to undertake the 
publication of this manual as a means of providing practical guidelines to 
institute managers and others in the field of industrial research, a step 
which received the endorsement of the Committee for Industrial Develop- 
ment, a subsidiary body of the Economic and Social Council, at its Fifth 
Session m May 1965. 

The primary objective of the manual is the raising of managerial 
efficiency in industrial research institutes. While it is difficult to over- 
emphasize the importance of proper management to the success of such 
an institute, the potential usefulness of the manual is not limited to this 
area nor to the related one of training industrial research personnel, including 
future managers. The manual will find applications also in the hands of 
executives and policy-makers connected with the conduct of industrial 
research both in government departments and ministries and in private 
industrial and commercial enterprises. Economic planners and adminis- 
trators, chambers of industries, technical assistance experts on international 
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bers of the Centre for Industrial Development including Azmi A. Afifi 
Chief, Industrial Institutions Section. 

The consensus of the comments received from various countries 
indicated that the manual should be kept simple and should deal in a ele ir 
and practical manner with the actual needs, problems and conditions 
existing in developing countries. These objectives of simplicity and practi- 
cality are reflected throughout the manual. Wherever examples from 
developed countries have appeared, their purpose has been merely illustrative 
and the underlying consideration regarding the need for adaptation to 
local requirements is always implied if not expressed. 

The manual covers all of the major areas that involve manaecrial 
decision and action in the conduct of industrial research. 

Chapter 1 examines the role and significance of an industrial research 
institute as a national technical resource. It points to some of the historical 
origins and gradual evolution of institutional industrial research and its 
growing impact in developing countries. Some of the advantages of indus- 
trial research within an institutional framework are examined ~The chapter 
stresses the need for flexibility on the part of research institutes if they 
must be capable of serving economies that are by nature always changing. 

Chapter 2 discusses the scope and variety of services that an industrial 
research institute may provide. These are treated under four categories • 
routine services, techno-economic services, general technical services, and 
research and development. 

In chapter 3 the various institutional patterns and organizational forms 
are discussed. The need for freedom of action for the institute within the 
over-all national policy is emphasized. The roles of the board of manage- 
ment, the institute director and other senior research and administrative 
officers are examined. Three forms of organization are identified, namely 
the simple form, suitable for a small institute; the more complex form' 
suitable for an institute with broad coverage of many specialized areas' 
and the type of organization which employs the multi-discipline project- 
team approach in dealing with research problem:.. 

Chapter 4 deals with the planning and control of research programmes 
Special attention is given to the basic principles involved in project planning, 
evaluation and execution, whether the projects are initiated by the institute 
itself or requested by clients, the various stages of research from idea to 
commercialization and other types of technical as well as economic and 
management activities to be found in an industrial research institute. 

Financial administration is the subject of chapter 5. Points dealt with 
include sources of institute funds, the administration of capital and operating 
budgets and working capital, estimation and evaluation of costs of projects 
and the control of technical effort. 



Chapter 6 deals with personnel administration in its various aspects, 
such as recruitment, training, assignment and supervision of responsibilities,' 
service contracts, staff evaluations, and renumeration and superannuation! 

Chapter 7 discusses the relationships between the industrial research 
institute ?nd its clients. It devotes special attention to the subjects of clientele 
development, contractual relationships, the selection of areas of operation 
and the media for external relations. 

Finally, in a work of this nature a certain amount of repetition is ines- 
capable, perhaps desirable. In a few cases, some concepts and principles 
mentioned at one point in conjunction with related concepts and principles 
for the purpose of completing an over-all picture, have been re-introduced 
in their proper setting for an individual and more thorough treatment so 
as to accord them their proper emphasis. This procedure is not inconsistent 
with the didactic intent of the manual. 

Any questions pertaining to the manual as well as comments, criticisms 
and suggestions may be addressed to : 

The Industrial Institutions Section, 
Technological Division, 
Centre for Industrial Development, 
United Nations, 
New York, N.Y. 10017, 
U.S.A. 
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Chapter 1 

THE INDUSTRIAL RESEARCH INSTITUTE 
AS A NATIONAL  TECHNICAL RESOURCE 

More than ever before, the view has become widely accepted within 
the last decade that the availability of certain basic technical and investi- 
gative services, easily and readily accessible to a broad range of users 
within a country, is as essential to successful industrialization of the country 
as is the availability of investment capital. In theory these services could be 
provided in a variety of ways vvhich have been evolved over the centuries. 
But, logically, the developing countries wish to avoid repeating the painful 
process of evolution and, in the light of advanced practice in the indus- 
trialized nations, to organize these services in such a way as to make the 
most effective use of the available and often very limited technical resources. 

The accepted instrument for this purpose today is generally called 
an industrial research institute, although its work is by no means limited 
to research. As defined for the discussions that follow, an industrial research 
institute is an organization for rendering locally various technical services 
and for carrying out scientific, engineering, economic, or socio-economic 
investigations on industrial projects believed to have ultimate practical 
significance, whether such projects are initiated by the organization itself 
or proposed by individual establishments, investors, industry associations 
or government agencies. The clients, including government agencies, asking 
these services of such an institute may pay part or all of the cost. 

HISTORICAL DEVELOPMENT 

The concept of the industrial research institute is relatively recent. 
The history of such institutions goes back only to the first decade of this 
century. Well before this time, however, a few privately established technical 
organizations had demonstrated successfully the merits of carrying out 
research and development under contracts with clients, who sponsored 
and supported specific assignments. Also, in some countries close working 
relationships had been developed between university faculty members and 
industry for conducting research on important industrial problems. 

Originally it was thought that institutions of applied research could 
best be organized within the complex cf a university. The popular belief 
was that this relationship would provide a ready-made pool of technical 
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talents from amone the faculty  momlvr,   „,(,,      •.-, 
aching activities, could at ,hLZZÌ mkêÎLTn h"""1,'";"8 "*' 
work undertaken on behalf of client,  F Ih      P a,Ppl,ed rCscarch 

Such an arrangement, however   usuallv IMH« •„ ,u 
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and consultative, and should be impartial and above all non-political. 
The institute does not determine industrial development policy. Its job 
in industrial development is simply to find answers to practical research 
problems and to provide needed technical services and information, con- 
fidentially or otherwise, as may be required by its clients. It is the ability 
of an institute to do this competently, independently and without bias that 
determines its capacity for effective service to any national programme 
of development. 

ADVANTAGES OF INDUSTRIAL RESEARCH INSTITUTES 

Conservation and Efficient Use of Diversified Talents 

An industrial research institute is a valuable national asset that is 
likely to grow as the economy expands. It has that element of permanence 
that is lacking in ad hoc research schemes and investigations which rely 
mainly on the short-term assistance of an expert. Being essentially an indi- 
genous institution, the institute enjoys the support and participation of 
the various sections of social and economic life. This enables it to be sensitive 
to the practical needs and problems faced by the local industry and to identify 
itself with the over-all economic aspirations of the government and 
country. 

A most important factor to be realized is that a diversified technical 
organization has a greater potential for problem solving than individual 
units or specialists operating separately. This superior efficiency is attributed 
to a phenomenon often called " cross-fertilization ". It has been recognized 
that the lone scientist or engineer, or the too narrowly specialized group 
in a single field, however competent and valuable for certain purposes, 
is not the ideal answer to solving complex technical problems. 

The industrial research institute, therefore, offers the effective scientific 
milieu for a collection of technologists, engineers, industrial economists 
and sociologists to work simultaneously in a co-ordinated manner rather 
than separately. This enables them to view and deal with all aspects of a 
given problem in such a way as to achieve the practical solutions which 
are continuously demanded by the large variety of industrial activities. 
The variety in types of problems suggests the need for a diversity of disci- 
plines to be represented, to the end that though the institute may operate 
on the principle of assigning one man full-time to a particular problem, he 
is nevertheless in intimate contact with a group of colleagues with a wide 
range of backgrounds and experience. Furthermore such a staff member 
has access to the senior administrative staff for advice in diagnosing his 
problem and planning the approach to its solution. In sum, a researcher 
tackling an assignment within an industrial research institute enjoys the 
benefit of being in a technical community which affords him advice, consul- 
tation, stimulation and encouragement. 
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For , country with a limited supply of technical personnel, such an 
«nslitunona arrangement is the most economical way of utili/mg what 
MJc stali there is and avoiding possible undcr-utili/ation of some capable 
individuáis in isolated and narrouly conceived research undertakings. 

Sharing of I.ahur a tory ¡aalitics. Equipment and Library 

I he accumulation of the technical facilities required for a given problem 
is quite cosily. , he investment that exists in a well-equipped laboratory 
ölten.approximates the total annual operating costs of the organization 
In other uords ,1 lh, yearly budget for operations is, say, one quarter 
of a million dollars, or its equivalent, then the investment in buildings 
laboratory Jurniture. basic laboratory equipment, and special instruments 
und apparatus may well be about the same ligure also. 

Although aS already pointed out, the sharing of facilities between 
the acmi íes of an industrial research institute and the altogether different 
(teaching) activities of a university presents serious difficulties, the situation 

wil C,h    Tí rh, rTCV° SharÌng °f fadlitieS b* the various activities vu hm the institute. In fact, because the combined facilities of an institute 

^.ihhi       b-yiUmer0US Pr0JCClS' the Widc variety of instrumentation 
available constitutes very valuable assistance to the progress that can be 
made on an individual project, to say nothing of the financial economy 
t would be very dir.icult to justify for the use of one man, in the separate 
aboratory o   an individual industrial establishment, the wide range of 

^urLntwhlch he necds t0 be Ädto «* - * -* 
Flexibility and Diversity of Services 

Another important advantage of industrial research institutes is that 
they are able to employ their staff in a manner that successfully meê s thè 

A^r:« rjec,srolv,,nrarious ,cchnicai ,n^ ««^4« As an example, if an industrial firm decides to go into a quite different 

SAM,"* ,0 CXPi0re thC P0,emi:" '" ,e•S °f SCi•   « requirements, it would incur a considerable expense to recruit, train and 

Further. thee would be an .rnphed commitment to keep them employed 

o.; zi::,1, :isis m,",c area °rihcir ^^^- • '*»>* •* ^ 
The indu    i"       T Sa"0n m'ghl ame lhc •»»S<•nt to lose interest. 
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whichridóCJS,i;'1
l

1
S,i„,l,'í CXPCriCnte ,hal lhOSC ma•r»c'"¡"8 establishments 

do maintain their own teams of technical staffare confronted from 



time to time with very heavy overloads of work. The pool of technical 
talents in an industrial research institute, however, provides a means of 
taking care of temporary excess demands for technical services. 

Training of Specialized Personnel 

fn a developing economy the industrial research institute offers a parti- 
cularly valuable venue for the training of young scientists, engineers and 
economists in the practical aspects of research work. The great importance 
of this is clearly evident from the historical development of institutes in 
the developed countries. In the first decades of this century, few enterprises 
had their own research and development departments. Apparently the 
prestige of working in industry had not been established in the minds of 
trained scientists. Research facilities available in industry were not impres- 
sive, particularly when compared with those in universities. Research staff 
were generally smail and did not provide anything like the same degree 
of intellectual stimulation to their members that modern scientific commu- 
nities provide to theirs. The industrial research institute offered a half-way 
house between the university atmosphere and the laboratory of an industrial 
establishment, and young research personnel could rise to high positions, 
such as that of Director of Research and Development in the research 
departments of companies that had sponsored the projects that formed 
the basis of their training. 

In developing countries this aspect of providing a means of entry into 
industrial research and development is of even greater importance than it 
was to the now developed countries when they were in a comparable era. 
Scientists and engineers who have completed their advanced training, 
especially those who have done so in universities of the advanced countries. 
are sometimes at a loss to know how they may fit into the industri; 1 world 
of their home countries. Frequently opportunities are lacking and have 
to be developed by educating the managements of industrial organizations 
as to their needs for an internal organization to generate new technology. 

Obviously in developing countries the start must be slow, extending 
over a number of years. This means that the new researcher in one such 
nucleus of a research unit would be almost alone in a strange world, without 
the benefit of contact with other researchers. Further, he would probably 
have had little contact with applied science during his period of training 
and might not know how to go about establishing himself in this new atmos- 
phere. And while there may be a great opportunity to accomplish important 
work for the benefit of the country, the prestige of industrial science may 
not have developed sufficiently to give him the professional gratification 
that is needed. Finally — and this is an extremely important point the 
executives of the industrial establishment may not have the particular 
background, understanding and sympathy for research and development 



which are necessary to equip, motivate and guide the young scientist who 
has joined them. 

In summary, then, the scientists, engineers, economists and other 
professional technical staff in an industrial research institute have the 
benefit of a stimulating and congenial environment within which to make 
a contribution to the advancement of their national economy. The younper 
staff will receive advice and guidance from their senior colleagues. The 
facilities will be good and the library adequate. The executive staff will 
provide training and direction, and there will be a sympathetic atmosphere 
fo pro essional growth. All in all, the surroundings approach the ideal 
for the transfer of professional talents from an academic background into 
productive work in applied science. 

Keeping Industries Up to Date 

h»Jo°r the„eXPfn fn °f thdr induStrial °Perati°ns, the newer economies 
have generally rehed to a considerable extent on information and know-how 

excdl nt IT adrced„countries- The industrial research institute is an 
fr• ,n Í
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K? 

CO,,eCt,ng ,nduStrial and topological information 
from all available sources, domestic and foreign, and disseminating it to 
oca industrialists and other users. Frequently the necessary equipment 

for these new operations is also purchased abroad. This is, of course a 
sound practice for speeding up the progress of the economy, and is preferable 
o tahng the much longer course of generating a technology internally 

that ,s already available from other sources. In fact, the same practices 
often found ,„ mature industrial economies, whereby a company or establish- 
ment will go to outside sources to acquire the processes, products, inform- 
ation, equipment and new skills required to make a more rapid entTy 
into a new type of business. P y 

ationFrrt,y wWeVer'the neWer C0UntrieS may not take into ^nsider- ation the necessity for continuing improvement and change in technology 

and lT!2Tn1 fT ab,r0ad; The neW Plant may have been -stS 
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sooner or l^r111"1116 * * °imaximum •*** ¡« the economy! it must 
sooner or later face new requirements, such as the adaptation of new types 
of raw materials that are available or modification of produc s n orde 

or !::??Vdy the needs of customers. If this necessity for improved 
or new technology in the installed plant is not recognized soon enough 

"TT*! °f the °Perati0n gradual,y dimi^hes until a pZis 
reached at which something fairly drastic must be done rapidly. 
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many months or even years. Therefore, the requirements of the future 



must be recognized well ahead of the time when they become imperative 
needs. This means the advance programming of research and development 
activity in an orderly sequence that takes into consideration the time- 
consuming nature of technological progress. 

The important research and development projects in a given establish- 
ment can rarely be undertaken satisfactorily on an accelerated schedule 
merely by engaging a scientist or engineer, even though he has had extensive 
background in the particular industry. The many reasons that support 
this conclusion have been observed in their effect over the years in the more 
advanced industrial countries. For one thing, when an establishment first 
employs a scientist or engineer, normal experience is that there are many 
immediate short-range problems on which he is likely to be used. The 
major problems for which he was engaged constantly suffer for lack of 
attention because of these other demands on his time. Until he was available, 
the handling of such matters was probably done in a less satisfactory way. 
However, as soon as he can be called upon, he begins to find a constant 
demand for advice, experimentation, and assistance in a series of day-to-day 
assignments. This is certainly a very useful service to the establishment, 
but it is not getting the research and development done. 

Recognition of this course of events frequently leads companies to take 
one of two steps : either they may very carefully segregate the individual 
supposed to be doing research and development so that he is not continually 
diverted into the short-term service type of work or, alternatively, they may 
decide to place the research in an external laboratory or organization 
which, because of physical and organizational separation, can more success- 
fully concentrate on the main task — and incidentally bring to bear upon 
the problem a larger staff and superior facilities. 

The Institute as a Channel for Utilizing Foreign Technical Skills 

In developing countries the use of foreign consultants and contractors 
is of great importance in accelerating the transfer of external technology 
to their economies. A broadly based industrial research institute can offer 
effective and discriminating channels for contact with foreign organizations. 

Because of the institute's range of activities with various industries 
within the country, its staff will naturally become well acquainted with 
many foreign scientists, technologists and engineers. It can provide clients 
with general assistance in diagnosing their problems and the types of 
technical skills which may be obtained abroad. It can aid in assessing the 
various sources of information and in serving as a liaison for adapting 
foreign knowledge and experience to local conditions. 

These general services may be rendered to sponsors as an additional 
advantage outside the scope of a particular project. Out of them can arise 
specialized assignments to carry out specific investigations on the means 
of obtaining and implementing foreign skills. 



Chapter 2 

SCOPE OF SERVÏCES OF INDUSTRIAL RESEARCH INSTITUTES 

„ , h'r 0"; numcrous developing countries where thev have already been 
established, expenence shows that industrial research ¡ns.it s nía£ 
caHed upon for a w.dc range of services to individual establishments and 
pub e agences. In fact, the scope of services now being offered by some 
insu utcs ,n i he .ewer economies already parallels those o S in some 
highly industrialized countries. This is not surprising, since the requiremems 
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seckingttntiallV;;,ndÍt!0nS,';0lWÍ'hS,1ndÍn8' a" deVeloPin* rou"<•* «>• -ecKing c.sentially the same things in their industrialization Drocrammes • 
more ,ocal manufacturing, greater diversification of product", more effiden. 
production and a better competitive position. All are seeking Zïn 

r^'cr' forf th7urpre Ld mni ^ÄC ar a, pos,.b,e. All are faced with essentially the same handicaps and for 

„:!"• :nï. t^r bci,;g mainly in degw- °* "° memore, im. ¿ups to be filled are also similar. 

The particular technical and techno-economic services needed hv 
governrnents, investment and development agencies, and ex Ung d poten- 
tial mdustr.es m these countries have been identified many tiLs throul 
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tions and the like); economic plant location; efficient factory layout; 
scheduling, handling and storage of materials; increased productivity; 
development of industrial standards and spécifications; testing and quality 
control; technical trouble-shooting; emergency production aids; production 
costing systems, and the full modern spectrum of production engineering 
and technical management counselling. A more exhaustive list might include 
certain other items, although in fact most of them would prove to be 
offshoots or combinations of the foregomg. 

Whatever its selected pattern c f services, the over-all role of an indus- 
trial research institute is to assist the industrial sector of the economy, 
in a consulting and advisory capacity, toward the ultimate goals of industrial 
development on a national, regional or local level. For this purpose its 
services should be readily and equally available to all types and sizes of 
industry embraced by the economy — public as well as private — and 
to government departments, planning bodies, financial institutions and 
other public or private agencies having a part in the development process. 

The decision of a particular industrial research institute to provide 
some or all of the services mentioned depends upon the stage of development 
of the country, the availability of human and material resources, the orga- 
nizational structure and aims of the government, and to some extent 
whether any part of the needed services may be already provided adequately 
by other existing local organizations. It is important to note, however, 
that while certain of the listed services are individually separable, many 
are so integrally involved with others tnat they cannot be performed effec- 
tively in isolation. Thus in selecting the limits of its work such an institute 
does not, in fact, have a completely free choice; for in order to render 
certain of the enumerated services effectively (or in some cases to render 
them at all) it must equip itself also for certain others, whether it chooses 
to offer these others as direct services or not. 

In practice, the activities of an industrial research institute do not 
necessarily break down precisely as listed above, especially as the majority 
of actual industrial problems require combinations of various services for 
their solution. For discussion here it may be more useful to review briefly 
a number of the most common services, examining certain categories of 
work in slightly greater detail and including mention of a few special 
services supplementary to the basic list. 

ROUTINE SERVICES 

Information services are generally among the first to be offered and 
the first to be used, and are essential components of any such institute. 
An extensive and up to date library of industrial technology and applied 
science must be maintained for the purposes of the institute's own work 
in any case, and its value is enhanced if it is made available for use by local 
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Contact with Foreign Technology, not only in respect of patents but 
through general liaison with sister institutes and other organizations abroad 
on a wide range of technical matters, can often prove to be an invaluable 
added contribution of an industrial research institute to the progress of 
the entire country. 

TECHNO-ECONOMIC SERVICES 

The value of an industrial research institute in a developing country 
is measured to a large extent by its ability to reduce its technical findings 
to practical matters of cost, finance and business considerations, and thus 
to assist industry in its usual problems involving simultaneously both 
technical and economic aspects. The ratio in which these two factors are 
involved varies greatly. Strictly speaking, there are very few such institute 
operations in which a distinct separation of technical and economic features 
is possible without loss of the institution's practical orientation. As distin- 
guished from those which are primarily technical, however, there is a wide 
range of customary services often categorized as techno-economic, of 
which some examples may be given here. 

Feasibility studies represent a most important function of an industrial 
research institute in a developing country for they require a combination 
of technical and techno-economic work of a very practical sort. In connexion 
with proposals for new or expanded industrial projects, or applications for 
industrial loans, such studies extend into process comparison, raw material 
problems, local production conditions, market estimation, pro-forma costing 
and the like, and are called for by development banks, private investors, 
industrial firms and government agencies. 

Marketing studies represent an integrated process involving more 
than mere selling. It affects production and is meanwhile affected by it. 
An industrial research institute can, for instance, develop and improve 
marketing functions for a single establishment or an industry. It can assist 
in determining the potential market : who is the potential consumer, what 
and when will he buy, and how much is he expected to buy? Through 
market research this data can be gathered, analysed and put to work for 
the industrial enterprise in planning its production. The institute can assist 
the management of a factory in the planning so as to offer the right merchan- 
dise in suitable quantities, at convenient prices, and at the right time and 
place. It can advise on packaging, labelling and branding of products, 
as well as on creating the desire of the consumers to buy a particular product. 
It can also advise on many other problems connected with marketing, 
such as storage, transportation and marketing finance. 

Techno-economic analyses by an industrial research institute provide 
top management in industry with comprehensive or long-range information 
on which to base plans for expansion, optimum use of resources and 
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improving economic «eturns. The function is concerned primarily with 
analysis ol «Mouth opportunities for :,.i enterprise, takinu into account 
(»ends and socio-economic conditions, and alertina the mam-emcrf of 
un „U,us!r> to neu or developing triors that may ulicet i.s loniMerm policies 
or production programme. Similar information and idvison services hv 
t.ic ..iM.tutc m:.\ he provided at the request ola national economic plannin" 
hod> nom tnne to time, Because a well-organized industrial research 
inMiiuic has an integrated stali uith a wide range ol skills, it ,\ well suited 
U> assist the government in carrying out assignments of this type which 
require, for best results, joint inputs from the scientific, encineering and 
economic disciplines, including the social sciences. 

Raw material surveys needed by developing countries may involve 
only a specified material for a particular project; or they may be compre- 
hensive investigations of a country's raw materials generally _ organic 
or mineral - with a view to using them most advantageously for socio- 
economic development. The studies required are techno-economic in scope 
They must mclude characterization and assessment of volume, location' 
accessibility, economy of collection and transportation, and evaluation of 
quality m terms of direct marketability or utility as raw materials for 
processing. Obviously an industrial research institute with a staff of broad 
competence is well suited to carry out such projects. 

Management and production engineering services include a broad 
complex of uork involving some of the functions already mentioned, as 
»el a. adv.ee on organizational structure, factory manning, economic 
factors sitmg. efhc.em plant layout, raw material and production scheduling 
accurate cost accounting and many other aspects of successful industrial' 
pl..nt operation, boy industrial development these elements arc no less 
important than the choice of product and the decision to manufacture it. 
In major industrial countries many such services are readily obtainable 
from speuah/.d consulting firms. This is seldom true in a newly developing 
country   however, and it devolves upon the industrial research institute 

ulrl A n h""1 T° y arC intCgra,ly linked With most of the Perils undertaken by such an institute. 
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duC'ivi'y imP•"-•«< ". of course, a basic aim of much of the 
»ori or an industrial research institute. It is not, therefore, a separate 
type of service but ,s concerned equally with every factor tha enters into 
indu ,nal producen, whether technological, economic, sociologica   Òr 
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vcr"f P•bl• "f industrial productivity must be clearly distin- 
gu.shcd from that of labour productivity, which is only one «fits va  ous 
components and no, necessarily the one mos, in need of imp ovemen, 
Ihus the role of a broadly staffed research institute is to app oach the 
p.ohlem ,n „» c„t,a,y; for when productivity is measur.d only in   erms 
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of labour productivity — as it sometimes is — there is a double danger. 
In such a limited concept the tendency to blame labour for a low rate of 
industrial output may not only obscure the real interrelated factor causing 
the low output, but may also place labour in an unfair situation which 
can lead to serious conflicts. 

GENERAL TECHNICAL SERVICES 

In a developing country especially, an industrial research institute is in 
a unique position to offer industry a multitude of special services on the 
broad line between routine services and research. They are largely of 
a technical nature, often urgently needed and often unavailable from 
other sources. A few examples of these will suffice. 

Production standards and specifications are necessary for the main- 
tenance and development of markets, for meeting competition and for the 
rational administration of import and export trade. They are concerned 
with the uniformity of composition and measure and the safety and quality 
of merchandise, all designed to protect the consumer. Work in this field 
includes both the studies necessary to establish reasonable standard speci- 
fications for local conditions and constant testing by a neutral laboratory 
to see that the products conform to the specifications. Many countries, 
to save the dual cost of a separate standards laboratory, find that these 
services can very well be provided by an industrial research institute. 

Quality control, which a research institute can help to put in practice 
within the factories themselves for operation by their own personnel, is 
concerned with the systematic use of analytical techniques and inspection 
methods and procedures to ensure that raw materials, intermediates and 
finished products meet required specifications. Quality control results may 
be incorporated in programmes directed toward analysis of efficiency of 
production operations. 

Equipment evaluation can be an especially useful service to a developing 
country. Very often there will be dominant industrie in one or two tradi- 
tional lines involving numerous similar plants. For these an industrial 
research institute can serve as a central facility in which new or improved 
equipment is tested in collaboration with representatives of the industrial 
establishments concerned. 

Trouble-shooting covers many varied services, often of vital importance 
economically, which may be extended by the institute to assist industry 
in solving its physical operating problems. The problems may require the 
knowledge and experience of a scientist, engineer or technologist, but 
often call for relatively short-term work to put things right. However, if 
they cannot be solved readily, arrangement may be made to conduct a 
more thorough research study involving the services of a team of several 
disciplines. 
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RESFARCH AND DEVELOPMENT 

Research of several major types is. of course, among the primary 
functions of an industrial research institute and, as the activity indicating 
the highest technical level of the institution and often accounting for the 
largest single portion of its budget, is the function from which the institution 
derives its name. The work is generally of a longer-term nature than tfvit 
of the other services. It is further distinguished by the fact that, although 
advanced technical knowledge is an essential tool, highly specialized expe- 
rience of the "' expert " variety is frequently less of a requisite than imagina- 
tion and ingenuity. The reason for this is that, since research is exploration 
into the unknown, no expert knows the answer to a research problem — for 
if he did it would not be a research problem at all. 

It is appropriate to note here that what is commonly known as funda- 
mental research is not ordinarily one of the primary functions of an indus- 
trial research institute. The term generally describes the search for new 
knowledge without immediate regard to its practical utility. It is the historic 
type of investigation, often  called  " pure research ", conducted in an 
academic atmosphere. It is mostly carried out in universities and similar 
institutions, which are its proper venue, for the purpose of advancing the 
frontiers of man's knowledge generally, for satisfying the scientific curiosity 
of the investigators and for developing theories to explain natural pheno- 
mena. It is the classical tool for training advanced students in the logic 
and methodology of scientific inquiry and analysis. It is often the source 
of new technological breakthroughs, but these are usually worked out 
subsequently by other scientists oriented toward practical problems, who 
make use of this new scientific knowledge in any manner that has a bearing 
on the solution of some industrial or everyday problem. 

With this preliminary qualification - which itself is not to be regarded 
as a rigid exclusion - it will be useful to touch briefly on the more pre- 
dominant types of research normally undertaken by the institutions dealt 
with here. 

Basic research, which is more aptly called " oriented long-range 
research in many industrial organizations in advanced countries, denotes 
the use of scientific methodology for development of new knowledge in 
selected fields of present or potential practical interest to the clients But 
even here the work is not primarily concerned with immediate commercial 
objectives. It is conducted not only for the results it may itself yield in the 
future, but also to maintain effective contact with the world of science 
from which pertinent information may be obtained to solve the problems 
of an enterprise, industry or national economy. Oriented long-range research 
projects are normally rather similar in character and theoretical content 
to fundamental research ". but they are slanted toward specified areas 
of potential industrial interest. Five years or more of sustained effort is 
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often required before the results of such work are implemented on an 
industrial scale. There may be valuable interim by-products of knowledge 
from such projects, however, and they may have utility in solving current 
applied problems. 

This type of research is usually supported, even in highly developed 
economies, only by the largest companies in science-based industries. In 
such enterprises its magnitude may amount to 10 per cent or more of the 
total research and development budget. In developing countries, where the 
industries are not yet accustomed to major investments in speculative 
research, such projects are most commonly sponsored by government, if at 
all. or they may be undertaken on the institute's own initiative as discussed 
in a later chapter. 

Applied research, often termed " product-directed " or " process- 
directed " research, is concerned with the evaluation of existing knowledge 
originally evolved through fundamental research, whether carried out 
within the particular organization or elsewhere, for adaptation to specific 
commercial products, processes or innovative development. This form of 
research and the subsequent stages of final development for commerciali- 
zation ordinarily represent the greater part of the research conducted by an 
industrial research institute. Its specific objectives, some of which have 
already been mentioned, include the development of new or improved 
products and processes, adjustment of existing processes to special local 
production conditions or to the particular characteristics of available local 
materials, reduction of production costs, development of special preserva- 
tion and packaging methods and of new uses for local raw materials, and 
the recovery of by-products. 

There is sometimes a popular tendency to give disproportionate 
attention to the last of these. Considerable glamour surrounds investi- 
gations to create new and unsuspected uses for locally available materials, 
to recover useful values from industrial or agricultural wastes or to upgrade 
the form, properties and utility of by-products. 

New uses for local materials are well worth looVing for, but seldom 
does the industrialization of a newly developing country depend on finding 
them. If the country's technical resources are limited, it should keep such 
an effort in balanced perspective, lest too large a percentage of the resources 
become dissipated in the hope of discovering some wholly new and hitherto 
unheard of industry, while the more promising opportunities of more 
familiar forms of industrial production are left untouched. 

There are many examples of projects for using waste materials which 
!ìave attained notable success. Often the recovery of these values contributes 
to the economic advantages of the primary process from which they were 
derived. Utilization of wastes often counteracts the expense of disposal 
and may be obligatory in order to eliminate nuisances. Similarly, improving 
the properties of and economic return from by-products which hitherto 
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were sold in low price ranges, for example, as basic fertilizer components 
or animal feeds, increases the total income of the establishment both 
through greater monetary return and an enlarged scope of operations which 
tends to reduce overheads. 

There are. unfortunately, a great many more examples in which the 
technical work has been wasted because of failure to evaluate the economic 
aspects thoroughly. The volume of waste or by-product may not be large 
enough to justify the expense of recovery or upgrading, a situation which 
should be, but often is not. revealed by undertaking an engineering analysis 
of the proposal. There may be an opportunity for improving the primary 
manufacturing process, which will reduce the quantity of waste or by- 
product below economic level. Finally and this point is often over- 
looked — if the recovery is put into operation, the wastes are no longer 
to be regarded as having zero value when they enter the new process; 
sound accounting practice requires that they bear their share of the plant 
overhead expense. Furthermore, their recovery will often necessitate changes 
in the primary process which will add to their cost. 

When a study for waste recovery is under consideration by an industrial 
research institute, the management would therefore be well advised to 
suggest a preliminary analysis. This should cover not only the technical 
feasibility of the concept, but also the projection of economic factors con- 
cerning the volume of material available, the impact of recovery on the 
primary process and the competitive situation of the markets which are 
contemplated. Only if these are favourable should the proposed research 
and development be financed and carried to completion. 

Development, in the present context and as a service of an industrial 
research institute, is a term generally referring to any pre-commercial study 
to determine the technical feasibility of laboratory findings when transferred 
to equipment approaching full-size plant in general design and operation. 
When carried out on a semi-plant scale, such work provides data needed 
for the design or adaptation of commercial-scale plant and permits con- 
firmation of engineering and economic estimates. Projects of this type 
usually require two to five years before their results are introduced into 
commercial operations. 

In a wider sense, the term includes both process and product develop- 
ment, and what has just been described is mainly the former. Product 
development most commonly refers to work, on laboratory or pilot-plant 
scale, undertaken toward the introduction of new, better or more economical 
products, their manufacture from new materials or by new methods and 
so on. It may often be the type of activity involved in shorter-range projects 
for expanding existing product lines of a given industry. 
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Chapter 3 

INSTITUTIONAL  PATTERNS AND ORGANIZATION 

GENERAL CONSIDERATIONS 

Industrial research institutes can be government organizations, private 
organizations or something intermediate between the two. 

Numerous privately operated industrial research institutes exist in the 
developed countries and a smaller number of similar institutes will be found 
also among the developing countries. In the latter countries, however, 
the initial support will almost inevitably come from the government, 
although as the institute develops an increasing proportion of its financing 
may well come directly from industry. 

Experience has shown that the normal government administrative 
practices are sometimes inconsistent with the requirements of an industrial 
research institute. It is desirable, therefore, that some mechanism should be 
devised to provide for continuity in the financing and operation of the insti- 
tute and to assure stability of staffing, while enabling the institute to work 
within, and in aid of, the over-all government programme of industrial 
and economic development. 

Because the operations of an industrial research institute do not 
fit well into strict government administrative systems, a device which has 
been used very successfully is for the government to appoint a council 
or board of management. This board and the chief executive appointed 
by it are given different designations in different places. The former is 
sometimes known as the council of industrial research, the governing body, 
board of governors and the like. The latter is usually called the director. 
Powers are vested in the board by the government and the board in its 
turn is responsible for the technical, financial and administrative operations 
of the institute. Its policies are executed by a director who is appointed and 
may if necessary be dismissed by the board. 

The terms of reference of the board normally provide for representation 
on it of those sections of the community which may be affected by the opera- 
tions of the institute. Thus the government, industry, science, management, 
iabour and so on may have representatives on the board which may well 
have a total membership of ten to fifteen. It will normally be a requirement 
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that the board shall meet periodically to transact its business. In the very 
early days of a new institute it mav be necessary tor the board to meet 
fairly frequently      perhaps six times per annum      but experience in many 
countries has shown that at a later stage the number of meetings can well 
be reduced to three. At its meetings the board will, in addition to selline 
broad policies, consider the ¡stuffing of the institute, the expenditure of 
money available to the institute, and the programme and progress of the 
institute's technical work. Normally the board will report annually to the 

/appropriate minister of government, giving a full account of its stewardship. 
The legal structure and internal financial operating procedures of the insti- 
tute must be compatible with the particular social and  political system 
of the country. Probably the most ¡mportanl function of the board will be 
to receive from the director, for annual review and approval, a programme 
oí work for the institute. 

The director occupies a key position ¡n the institute and the board 
will need to search for a man with the many qualifications necessary to 
hold this position. In the tir.,t instance, the director should have a scientific 
or engineering background and should possess a sound record of achieve- 
ment. His work and interests should be directed towards applied research. 
Ft is important that he should be a good judge of men. particularly for their 
technical qualifications and capabilities, and he should be an able organizer 
with some business acumen and administrative skill.  He should have a 
co-operative attitude  towards people outside the organization and the 
ability to inspire his own staff to action rather than to talk. At times he 
should be prepared to make unpleasant decisions when such arc necessary 
in the interest of the institute, if he has technical achievements to his credit, 
so much the better. It is important that he should be prepared to delegate 
responsibility, but also to hold people accountable for the delegated respon- 
sibilities. He is expected to protect the research workers from unjustified 
criticism or interference from any member of the board of management or 
from a source outside the research institute. Though he is essentially a 
technical man, he should have also the ability to talk and write about 
technical matters in a manner understandable to the layman. 

When the director has been appointed by the board, he should, in the 
first instance, be supplied with a small stair to enable him to organize the 
operations of his institute. The circumstances of his appointment will 
indicate whether his institute is to be multi-purpose or specialized. In many 
developing countries the first requirement is for a multi-purpose institute, 
and the director will first survey the region and determine in which areas 
technical assistance is most urgently required. He will also bear in mind 
the longer-term requirements of the area, and these considerations will 
enable him to determine the number and disciplines of the staff he will 
require. It will also enable him to determine what facilities he will require 
in the way of buildings and equipment. 
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in all probability, the early technical work of the institute will be 
advisory and will include the provision of industrial information together 
with some laboratory work, such as materials testing. As the institute 
gains in experience and becomes better known, requested research pro- 
grammes will be introduced. The director will need to be able to persuade 
government or local industry to use and develop the results of the work 
of his institute. He should also be able to introduce and adapt to local 
industry processes and techniques developed elsewhere. 

Where a private industrial sector is to be served, the institute must 
be able to carry out investigations on a confidential basis. Complete con- 
fidentiality is not always necessary, however. Sometimes an industrial 
organization will need work to be done in which the institute itself is also 
interested as an " in-house " project. In this case, sharing the cost of the 
investigation can be arranged, and the result of the work will be available 
to both the client and the institute. Sometimes the industrial client wishes 
merely that the specific applications of the investigation be confidential to 
him. but will allow the institute to publish any technical methods developed 
during the work. Here the client normally pays for staff time, special mate- 
rials requirements and an element for overheads. But if the client wishes 
full confidentiality, then he should pay the full cost of the project, and the 
institute should be empowered to maintain complete secrecy of the results. 
The institute should carry out investigations based on the director's survey 
of the local economy, and in the first instance these investigations should 
be aimed at the speedy satisfaction of local requirements. 

It is sometimes necessary, for technical reasons, for some part of an 
investigation to be subcontracted to another research institute having the 
special skills or equipment required. In all cases, the director must be 
prepared to terminate those investigations which show little chance of 
success or of assisting the economy of the area. This is most important. 
The history of research institutes shows that it is extremely easy to start 
investigations and extremely hard to terminate them. 

To aid its information and advisory work, the institute will build up a 
technical library but will also obtain assistance from die numerous other 
institutes in the world with longer experience. 

Although, as already pointed out, the director will have over-all 
responsibility for carrying out these functions, he will, of course, select 
a staff of capable people to assist him. The members of the board of manage- 
ment can also provide a valuable service by making the institute and its 
potentialities known as widely as possible. 

ORGANIZATIONAL STRUCTURE 

In a new institute it is important that the organization shall develop 
I rom the scope and nature of the work. It is not appropriate that a scheme 
of organization should be laid down and the work made to fit the scheme. 
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Also, in the early days Libels should not be attached to particular members 
of the staff. As the operations of the institute develop, those members of 
the staff most capable of taking control of sections of work will demonstrate 
their ability, and it is only when the staff reaches such proportion that 
their work cannot be supervised adequately by the director that a more 
formal organizational scheme will need to be developed. Even then, rigid 
sectionalism must be avoided because it is most important that the talents 
of all the staff shall, as necessary, be brought to bear on any problems 
being investigated. Even when sections are created for management pur- 
poses, every effort must be made to instill into all the staff that their loyalty 
is to the institute as a whole and not to some small section of it. The project- 
team system is of great assistance in this connexion and this method of 
operation will be discussed later. 

Chart J.   SIMPLE FORM OF ORGANIZATION OF AN INDUSTRIAL RESEARCH INSTITUTE 
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Institutes of various types, whether uni-p-rpose or multi-purpose, 
exist "will be required in various countries. Fortunately, however th 
orgànltional patterns of most types of industrial research msftu.es will 
be essentially similar - at least in their early years. 

During this period, while the institute is operating in a somewhat 
HmitS. a simple type of organization will suffice^Suc an' °=< 
is illustrated in chart I. It should be emphasized here that the charts ana 
con m m wh"ch follow are purely illustrative. It is realized that deve op- 
men^Tn varòus countries are unlikely to follow exactly the same, p,.tern 
«every stage because the social, legal and industnal conditions w,ll differ. 

Each institute must, therefore, become a part of its immediate erraron- 
men. and must develop with it. Institutes, like living orgamsms, must adapt 
themselves to their environment or perish. 

Chart 3.  SCHEME OF OPERATION OF MULTI-DISCIPLINE PROJECT TEAMS 
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As an mshtutc grows, its fields of ¡merest will expand and a somewhat 
more sophisticated organizational pattern will be evolved   CI a,   "it , 
example of such an organizational structure. The description „f fc nr,'„. 
cte w,ll. of course, vary with .he requirements of ,he ac,u.„ worÍ „f Z 

Finally, mention should be made of the trend toward the use of multi- 

pSmSrShTo^ " rk forces ",o providc a coi,ec,iu" °f^• proressjonal skills in order to give a more comprehensive answer to -m 
assignment  the pattern of organization suitab.e for such   n aim t    io 
• s illustrated ,n chart 3 and discussed in detail in a later section 

SIMPLE IORM OF ORGANIZATION 

This form of organization is typical also of research and development 
departments m private industrial companies, in which case the ' usu- 
are the vanous operating and staff departments in the establishment whfch 
request help from the research and development department 

nr J«?35 !"*" emPhasized that " * advantageous to have the individual 
professional men who are working on a project (or the project leaders if 
he team approach is adopted) maintain direct contact wi.Ku      lit * „* 

genera, liaison with users. Ä cortn^h ¡h^^ 
and only ,„ an unobtrusive way on the details of the work l„ thVwav he 
can maintain suitable relationships with the managements of the estlhhsh 
ments that support the individual lines of work and leave mos, di cus ion' 
of technical matters to the project personnel. discussion 

As the work of the institute expands, one or more assistant directors 

2"eli aP|°:òerk 'TIT '" "V"? """"^ "* Sha"ng «n*Ä? technical work. The areas of technical responsibility are usuallv snlit 
up among the assistant directors in accordance with their res«« ve field 

I mterest and experience and along the lines of seien fie dtópline, of 
g oups of s,m,lar technologies. It is then logical ,„ organi« the ci " or 
technology groups under one assistant direct and the deveLpmen Tmnm 
under a second. With further expansion, the work may be7uZ•"XZ 
m a paralle manner and often the larger-scale work, such a desig md 
operation of P,,ot plants, wi,l be placed under a third assistant d.Veclor 

deal whh tLadVeLrnsSnf"HÌnSthU,C V* *"*" Sh°M "0t ** «P««l -o «..it with the details of administrative requirements such as the purchase 

rZT^ and ma,t'rialS'  «o^PinS and  inventor" cc-nfro     he 
i; n    ' 8   K    ,ma'n,enance of ""¡Mings, accou„ti„8 and so forth   Th,e 
unu on, should be entrusted toan administrative officer who wil7be Jpcm 

v   sc, o„ I'?"" AS the inStitU,e grOWS in »«• s° «i« 'he alnZÍ 
"^ *u,on.bu, great care should be taken no, ,0 allow ,he adnunistra.ive 
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section lo i'.nnv out ol propon ion to ¡lie technical section. At all times 
the administrative functions should b kept as simple as possible II should 
always be i\nicmbe;vd that the administialivc functions are merely a tool 
to ussiti the technical work of the institute MK\ must not be regarded as an 
end in themselves. 

I ven a small institute will require elementary workshop facilities for 
metal-working, wood-working, electrical wiring, glass-blowing and the 
like. In the ven early days, many of the simple workshop operations may be 
carried out bv the technical stali. But as the institute grows, the workshop 
may well divide into separate shops for the different types of operations. 
In a large institute lucre may be a system of central workshops, but even 
then each technical group should have available to it a small shop in which 
simple jobs can be done by the technicians or even by members of the 
technical staff. These small shops are often called preparation rooms. 

In the larger institute it may be necessary to set up a design and 
engineering-drafting office. In this office detailed engineering drawings can 
be prepared for the construction of more elaborate equipment. Although 
the general management of certral workshops is often regarded as a function 
of the administrative division, as in the chart, great care must be taken 
to see that technical staff have direct access to the workshops and can discuss 
their requirements directly with the technicians. In some institutes the 
technicians assist the technical staff in the use of the equipment they have 
helped to construct, and this enables the technicians to feel that they are 
personally involved in the investigational work of the institute. In some 
institutes the really skilled technicians are given a status similar to that of 
technical staff. 

In the preceding paragraphs the organization has been discussed in 
terms of technological and engineering programmes, but even an industrial 
research institute which concentrates in the areas of economics and mana- 
gerial subjects follows a similar pattern. The groups that may develop are, 
for example : marketing economics, manufacturing economics, management 
controls, such as operations research, and economic development. 

ORGANIZATION OF AN INSTITUTE WITH BROAD 

COVERAGE OF MANY SPECIALIZED AREAS 

Some of the larger industrial research institutes expand their com- 
petence to offer to users professional services in a wide range of categories. 
They will carry out studies in areas of science and technology such as long- 
range research, product and process development and the like. They offer 
competence in engineering activities, such as pilot-plant development, 
engineering, economic analysis and production management. They are 
also prepared to give assistance in many areas of economics and business 
administration. 
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The form of organization that this type of institute may adopt is 
illustrated in chart 2. ' 

The board of management and the director lia ve the same ccneril 
responsibilities mentioned earlier. The director, because of the broader 
scope of adivines, has still heavier demands on his time for relationships 
with potential and present users; for this reason, the chart indicates the 
addition of a staff assistant to help him in various ways such as organizing 
lists of contacts, providing the background for speeches and other activities 
directed toward establishing a fruitful relationship with key fibres in the 
industrial community and the government. 

Because of the wide variety in disciplines represented, each of the tire- 
divisions of technology, engineering and economic studies is in effect an 
industrial research institute in itself. Each could be headed by an assistant 
director, and in fact they may be subdivided further by having more than 
one assistant director in each of these three general fields, each with respon- 
sibility for organizing staffane supervising activities in his designated area. 

An additional aspect is involved in many broad project assignments 
namely, the necessity for cross-co-ordination of the skills of these three 
major sectors. An important project may involve, for example, not only 
the laboratory formulation of a product, but also the development engineer- 
ing for perfecting process and estimating investment in plant and operating 
costs, together with a study of the market outlook for the material or 
device. The cross-fertilization among these diverse activities is indicated 
by the dotted oblong labelled " Consultative relationships ". 

Because of the expansion in administrative functions necessary to take 
care of internal matters by providing services to various different groups of 
disciplines, the staff activities under the assistant director, administration 
have expanded, although the üst of major functions under him is the same 
as those in the simpler chart. 

MULTI-DISCIPLINE PROJECT TEAMS 

The most recent trend in management of technical activities, in private 
enterprise and government organizations ¿t, well as in industrial research 
institutes is to effect an integration of a range of disciplines into a co- 
ordinated attack upon a problem. In essence, this approach requires the 
use of project teams made up of individuals with diversified backgrounds 
and experience. The scheme has demonstrated its effectiveness in accelerating 
the movement of projects from inception to commercialization and is a 
useful means for limiting the number of formal divisions in the institute 
this system also facilitates the participation in a project of experts from 
outside the institute. 

The operation puts new demands on managerial skills. The setting up 
ot a system which crosses the usual formal organizational lines involved in 
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structures such as shown in charts 1 and 2 requires adjustment on the part 
of the professional staff. 

Advantages of Multi-Discipline Project Team System 

This managerial philosophy has as a major advantage the injection of 
specialized information from a collection of professional specialists and 
makes for optimum timing and emphasis instead of relying on communica- 
tion from echelon to echelon upward and crossvvays, as in a formal organi- 
zation. The major change is that, through the operation of a project group, 
the varied professional skills and experience required to reach an optimum 
solution are brought to bear simultaneously in an appropriate mixture. 
If the project starts as a laboratory investigation, views are concurrently 
expressed from engineering development personnel and from marketing 
specialists to assist in guiding the small-scale work in appropriate practical 
directions. This makes for increased efficiency in planning the work at 
earlier stages, so that the programme is adjusted to the economic necessities 
for success. 

Difficulties standing in the way of progress in the solution of a problem 
are brought to the surface at earlier stages ; this speeds up decisions regarding 
the future programme including decisions to discontinue or change direction. 
The fact that both those involved extensively in earlier phases and those 
to be involved later are all co-ordinated in the team expedites the transfer 
of background and information from step to step. Because participants 
from other groups who will have primary responsibility in later stages are 
part of the team, they gain an early acquaintance with activities which they 
will have to carry out. 

The system makes use of the total pool of technical talents in all 
parts of the organization and therefore avoids the tendency in specialized 
sections to build up large staffs to handle all facets of a problem internally. 
This method of operation leads to more effective use of technical manpower 
in the organization because of the built-in pressures on the administration 
for evolving managerial skills in deploying the total resources of trained 
personnel. 

A major benefit comes about through the stimulus to the morale and 
professional development of the staff because the system gives them contact 
with a wider scope of technical activities and makes them feel a greater 
sense of responsibility for the success of the projects and deeper satisfaction 
in professional achievement. A project-team approach leads to a technical 
organization with fewer administrative echelons; it therefore encourages 
the dynamic use of technical personnel at the working level instead of 
placing them in a pyramidal structure. All parts of the staffare more closely 
knit together by the impetus to unite their joint efforts in carrying a project 
through from inception to successful commercialization. 
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Pattern of Operation 

It is modern managerial practice to consider that the best organization^ 
structure for creative professional work consists of two parts : „*,, a'form 
pattern as illustrated in the preceding charts, to provide channels of com- 
munication and authority on administrative aspects involved in establishing 
the place of the individual i„ the structure as a whole; secondly, an inform aï 
pattern by which this group of individuals carries on the actual technical 
work on the projects assigned to them. "nnitai 

A schematic outline for project-team operation is shown in chart 1 
In actual practice this scheme is superimposed on the formal pattern of 
charts 1 or 2, which express organizational relations; the major difference 
from them 1S,„at instead of giving one individual or group sole respond 
b.l.ty for work within a specialized sphere of competence and background 
a senior member of the professional staff is assigned responsibly Tor 
enlisting participation of a diversified group over whom he does not have 
direct administrative control, but who are associated with him in the actual 
work of carrying the project objectives forward. 

The merits are shown by considering a team that might be drawn from 

or ZTst 2t°l m Chart 2- Here'inStCad °f a Pr°^ct *ro"P ^•« ,. first phase of an investigation only from, say, the technoloey- 
onen ed staff the team leader would bring into direct participation    di vid. 

dtisÍT Ëv n°   y that dÍVÍSÍOn bUt aIS° fr0m the e^"-ringPand economi divisions. Even in an organization based entirely on a science group, such 
as a basic research programme, this scheme would lead to the inclusion of 
scientists from more than a single limited discipline. 

Principles of Organizing Task Forces 

out 7« firSt fP ÍS í°ueIeCt a Pr0ject leader with responsibility to carry 
ut a major phase of the investigation. He should participate in defining 

afS PTr7u the JUStÌfiCatÌOn f0r the Stud* outliningPthe progranZ 
of attack, setting the target date, classifying the types and amounts of vario« 
professional skills needed and preparing a cost estimate of the work ! vol- 
ved - procedures discussed in greater detail in chapter 5. 

When this project outline has been prepared and agreed to by those 
concerned, the director, in consultation with the team leader, then mak s 
arrangements for the amount of time required from the individua s having 

ed^r"sedteChn,Cal,fIIS that Were incorPO-ted in the outline. Th   ^ 
•o "ome sun am0n^°ther *WU^ each ^nm in the formal organization 

b s sTnd tr°
r"     7 SreTCeS WHI °ften be required <""* °" » Part-time 

• side 2 PPr0Val °f the SUperi0r in their *rouP is ^»^d for setting 
de the appropriate amount of their time for each particular project e res   OÍ their time Jg ^^ ¡n ^ ^ Pj 
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The scheduling of manpower utilization under this means of operation 
requires alert managerial practices. Where the individual project system 
is used, the full time of one or more members of the staff is rather rigidly 
allocated to this work. When the project-team system is introduced, this 
demands a sophisticated form of scheduling of the programmes of all 
technical personnel throughout the organization, in order that the total 
time available from each may be distributed to best effect among various 
projects. 

Tili-" system of team organization bears considerable resemblance to 
that used in many large engineering offices. In a structure similar to that 
shown in chart 3, the stall* in a particular section consists of a supervisor, 
senior project engineers, engineering specialists (in fields such as structures, 
electrical systems, piping, plant layout, materials handling and so on), and 
a pool of designers and draftsmen, corresponding to the block labelled 
"Junior Professional Staff". These latter are assigned in accordance with 
the needs of différent individual projects by a chief draftsman. This total 
staff is then deployed, under genera! supervision, in accordance with the 
fluctuating needs of individual projects and the requirements for injecting 
with proper timing and emphasis the professional skills that are requisite. 

Techniques of Supervision 

In order that all involved may be kept informed, adequate communi- 
cation of results and their interpretation must be provided. The question of 
reporting to users will be treated in a later chapter, but here it should be 
stated that for a working group and for those in supervisory positions some 
suitable form of written summaries should be prepared for circulation at 
time intervals appropriate to the nature of the problem. These written 
reports should be supplemented by oral presentations and discussions, 
including internal meetings of teams when a project task force system is 
used, and by further review with supervisors at higher level at less frequent 
intervals, in order that comprehensive judgements may be formed on the 
progress toward the objectives. 

Concurrently a check must be made on the rate of progress in terms of 
utilization of budget. Similarly, the rate of progress at various time intervals 
must be evaluated in terms of the schedule of performance developed for the 
internal programme to comply with the terms of agreement with the client. 

28 



Chapter 4 

THE PLANNING AND CONTROL OF RESEARCH PROGRAMMES 

G TiNL R A I.  CONS! Df ; R ATIONS 

An industrial research institute can operate effectively only through 
careful planning and control of its research programmes, both those initiated 
externally (sponsored programmes) and those generated internally r in- 
house programmes), the latter being those supported by the institute with 
funds from its general budget for the purpose of creatine new knowledge 
and professional competent in important problem areas. An institute 
soon realizes that its most valuable asset is the time of it; technic d sfdf 
and, unless this is utilized fully, the potential of the organization will not be 
realized. The planning and control of the programmes will reduce the 
wastage of this valuable human resource. 

In an efficiently operated industrial research institute, about two- 
ih.rds of the time of technical staff is usually available for project work 
I his ligure omits time spent on exploratory work, general readme of liti 
erature, information service, attendance at scientific meetings, conference 
with visitors or any other time not directly applied to a specific project 

o achieve this level of time utilization the technical staff frequently must 
<!»• tribute effort and time on a number of programmes carried along simul- 
-••ncously. This is particularly true for those above the technician level. 

The output of the institute can be further increased by assienini» res- 
possibilities for all the projects to supervisors. Most frequently, .Cponsored 
programmes are a responsibility of an assistant director or a senio- member 
ol lus group Whereas the responsibility tor the initiation of sponsored 
programmes falls mainly on the client, that for in-house programmes IVIls 
uinrcy on the institute itself. Here, organization of programmes must be 
Planned on a broader basis and proposed projects should be diseased at 
ivnodic meetings of the director with senior staff members. Following each 

••»eh meeting, the director should decide what programmes are worthy 
o. internal support. On some occasions available funds will be insufficient 
"> underwrite all the worthy projected programmes; on others more funds 
may be available than there are worthy ideas. In the latter case, it is sound 
Poney to retain funds until well-conceived programmes luve been 
lormulated. 
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Once annually all authorized programmes, both " in-house " and 
sponsored, should be reviewed at a meeting of the director and senior staff 
members to determine if the over-all operation is in harmony with the broad 
objectives of the organization. 

OUTLINES FOR PROPOSED STUDIES 

A careful analysis and review of the individual projects on which the 
institute is engaged should be carried out periodically to ensure that the 
skills of the staff are being used effectively. Frequently the analysis takes 
the form of concise statements of the object of the work, its potential value 
and the amount of research effort estimated as necessary to carry it to a 
conclusion. A typical project evaluation outline is shown below. It con- 
sists of : 

Title 
Objective 
Justification summary 
Plan of work 
Personnel required 
Facilities required 
Estimate of duration and effort required 
Assignment of responsibility 
A uthorization 

A project evaluation outline (form 1) should be drawn up for all 
major projects requested by a client or proposed as internal projects by 
the institute. An outline of this kind is necessary before a formal proposal 
can be submitted to a client, but in this case it is often only for internal 
use in framing a proposal for authorization of the proposed work. Similarly, 
for internal projects, a description of the contemplated investigation is 
needed so that the director can judge it on its merits in comparison with 
other proposals for expenditure of staff time and other resources. 

IN-HOUSE PROJECTS 

In addition to doing sponsored work for outside clients, most industrial 
research institutes conceive, plan and carry out investigations of their own. 
The judicious selection of these programmes is vitally important to the 
ultimate development and success of the institute, as they will form the 
areas of competence for which it will become recognized. 
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Form 1 

PROJECT EVALUATION OUTLINE 

Title  

Objective 

Justification summary 

1. Technical 

Date 

No. 

2. Economic 

3. Value to client or institute 

Plan of work 

Personnel required 

Facilities required 

Duration 

Estimate of effort in technical time and cost 

Assignment of responsibility 

Authorization 

Signature Date 
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In-housc programmes should be related to the industrial environment 
of the country and should be selected to yield results that can be reduced to 
commercial exploitation in a relatively short time, possibly within two to 
five years. Preferably the programme should not be on an isolated subject, 
but one that lends itself to expansion into a broader area of industrial 
research. In this way the experience gained from one programme may be 
carried into future programmes, thereby enabling l!ie institute lo establish 
technical depth in a particular research area. 1 or example, the instil ule 
may decide to work on a programme on extractive metallurgy on one ore 
common to its country; later this competence in extinctive metallurgy muy 
be applied to other minerals. This establishment of areas of competence 
by in-house programming is in accordance with the fundamental principle 
for the operation of an industrial research institute, namely, that to be suc- 
cessful the institute must specialize in particular areas of research rather 
than attempt to be a "jack of all trades and master of none ". 

A controlling feature in the selection of an in-house programme is the 
availability of qualified staff and of equipment. The selection should be 
done by research men with creative ability and should be oriented towards 
applied research. A lack of equipment, on the other hand, is likely to create 
difficulties and delays in carrying out projects. 

A very desirable feature of an in-house programme is the element of 
novelty. Sometimes the novel idea for solution of a problem comes before 
the progianime is started, at other times after the programme has been 
commenced. In any case, areas of research which have been thoroughly 
worked over using conventional techniques are not likely to be fruitful 
and should be avoided. 

Research proposals for in-house programmes should be drafted along 
the following guidelines : 

{a) Statement of the problem. What are the goals to be achieved? 
Arc they feasible? Are novel ideas involved? 

(/)) What is the potential value of the results to the following? 

(i) The national economy 
What is the value of the proposed project to the industrialization 
programme of the nation? 
Doesitcall for the exploitation of the country's natural resources? 
Does it improve the country's balance of payments position 
and conserve foreign exchange? 
Does it require the development of new types of manpower 
skills and training? 
Does it furnish new employment opportunities? 

(ii) The research institute 
Does it assist in establishing an area of continuing research 
competence in the institute? 
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[e) What programme of work is required to meet the objective? 
(d) Is there any close relationship between the proposed project and 

other work being done at íhe institute? 

(c) Has the same research project been proposed to the institute before9 

VV li y \va -. i i r ej ec ted ? 

if) What are th- manpower requirements by category? Can they be 
me! by the i.i titule? if not, should they be met through recruitment 
or by securing ouiside assistance? 

{<.:) Does the proposed project need special equipment which is not 
available in trie institute? 

(//) What are the raw materials needed and can they be acquired? 
(/) What is the tentative over-all cost of carrying out the project and, 

ií punible, the projected cost of a commercial operation? ' 
«'./) What are the tentative completion dales of the major stages 

involved? 

Research proposals can have different degrees of detail. But the uncer- 
tainty of research work makes it more advantageous for research proposals 
to be as short and concise as possible, it avoids burdening research workers 
and supervisors with a mass of details. A further simplification is the 
standardization of research proposals so that they have the same form 
and degree of detail. 

An in-house project should be budgeted and cost-accounted in the 
same manner as sponsored projects and should be evaluated periodically 
to determine if it should be continued, expanded, reduced, postponed or 
terminated. Depending on the size of the project, evaluation should be 
done quarterly or semi-annually. 

The in-house programme should not be regarded as a " fill-in " pro- 
gramme for spare time of technical people. Once it has been approved it 
N.iould be assigned for study and carried out expeditiously. This does not 
mean, however, that one investigator may not also work on sponsored 
projects during the period he is carrying along an in-house project. Very 
ollen the in-housc projects are of longer dur lion, so that he may work on 
many shorter-term sponsored projects during the period of an in-house 
project. When this procedure is followed the investigator should complete 
i.'ie sponsored projects as quickly as possible. 

Distasteful as it may be, it is extremely important to terminate an 
m-nousc programme whose results look discouraging. It is the nature of 
•vseareh that some programmes will fail no matter how capable the tech- 
mea! staff. 

Nie number of in-house projects in progress at any one time will 
depend to a large extent on the amount oí' stali time available. However, 
n^ carelul selection and initiation of a few, say live or six projects, will' 
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çiu' a much greater return than several projects that have been hastily 
approved ami are casually evaluated during execution. 

A statT member should be assigned to each project and the member 
should be responsible for supervising the work, reporting and overseeing 
the financial aspects. 

MAJOR STAGES IN RESEARCH PROJECTS 

To illustrate the character of work and the nature of evaluation feasible 
in both sponsored and in-house projects of different types, a generalized 
case history is presented in the following sections, tracing the course of 
research and development from original concept to commercialization. The 
following stages are discussed : 

Exploratory research 
Applied research 
Product development 
Process development 
Field evaluation 
Market testing 
Re-evaluation before commercialization 

An industrial research institute may undertake, either on the request 
of a client or as an internal project, one or a combination of some or all of 
these stages of research. For example, to determine what use can be made 
of an existing raw material, the work might start with exploratory research 
aimed at establishing its major constituents and their potential value. As 
promising results are obtained, the successive stages of product and process 
development might then ensue, culminating in a recommendation for com- 
mercialization. On the other hand, the objective may be to adapt known 
technology to local requirements for the purpose of developing a modi tied 
product or process. Or, a field evaluation may be required to determine 
the potential utility of an existing product for a new practical application. 
Finally, the institute might be asked to collect, analyze and co-ordinate ail 
available information on a proposed operation and offer a technical, 
manufacturing, marketing and economic evaluation. 

Exploratory Research 

This type of research requires the same scientific imagination and ana- 
lytical ability as does academic research, but is distinguished from it by 
having a clearly defined objective. It may, for example, be concerned with 
exploration of a new chemical reaction or a new physical phenomenon, 
but the goal of the work is to determine its applicability to practical 
problems. 
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Applied Research 

Let us suppose that an idea for a new product or process has been 
lormed from a study of the literature or been developed out of exploratory 
research carried out in the laboratory. If the idea promises practical utility 
lor a client, or warrants support as an internal project, the concept is reduced 
into the form of a project proposal. This is discussed with the management 
and manufacturing staff of the client, or with other appropriate groups 
including those responsible for marketing. A similar type of evaluation 
should be carried out on internal projects. 

It should be emphasized that the idea has not really been translated 
into a specific pioduct or does not represent more than a general notion for 
a process. It is a concept which needs to be examined in detail before its 
specific utility can be determined. Some small-scale exploratory work may 
have been carried out to make sure that the idea has been tested by experi- 
ment. If the conclusion, after a critical examination, is that there is i 
probability of success, a project is set up to carry on applied research. 

This project is established to determine the range of applicability of 
the idea or phenomenon and to define its potential utility. If the goal is 
the development of a new product, a small-scale laboratory method of 
preparation must be developed; if it is the development of a process or 
phenomenon, the range of conditions for operation must be explored 
Next, a series of compounds, products or devices is prepared and evaluated 
by screening methods that have been selected or developed for this purpose 
After scrutinizing these products or processes for their comparative potential 
advantages, one or more products or one or more variations of the process 
arc ready for further development. 

Product Development 

When the decision has been reached to undertake the development of 
a product, the amount of effort and cost involved should be confirmed 
by a technical and economic evaluation. 

The project then involves the following : 

(a) The general performance requirements should be defined by pre- 
paring preliminary specifications for the product and the appli- 
cations it must meet. 

(b) The availability of necessary raw materials should be checked 
including quantities which can be obtained, their composition, their 
suitability for the proposed process and their cost in commercial 
grades and quantities. 

(c) Confirmation of the practicality of manufacturing the product 
should be carried out by making small samples of the preferred 
compositions from representative raw materials to provide evidence 

35 



that the proposed process will yield a product in satisfactory 
quantity a.id quality from the starting materials which are considered 
to be most suitable. 

id) Screening methodology was proposed in the preceding phase of 
the work, and thoe techniques should be used in improved form 
iov initial confirmation of the suitability of the product for the use 
that lias been specified. 

(e) Preliminary economic screening should then be carried out, but 
the evaluation cannot be conducted in depth because sufficient 
information is not available. In this analysis, specialized experience 
should be obtained as necessary from other sources, such as market 
research or an engineering evaluation group in the industrial 
research institute, or these same groups in the organization of the 
client. The estimates should relate to : 

(i) Market size, type and estimated selling price 
(ii) Distribution system 

(iii) Rough estimate of factory cost of product in relation to the 
range of selling prices 

(iv) Competitive situation, both as to existing types of products 
on the market and marketing strengths of companies already 
in this field 

(v) Patents, licenses or other restrictive factors 
(vi) intimation of minimum economic size of plant and volume of 

production 

Preparation of representative samples for evaluation. 

The raw materials should be selected with care and in such a way as 
to ensure that they are representative of those available on a commercial 
scale. The method oí preparation should be examined for manufacturing 
feasibility, and for this scrutiny a laboratory scientist would be well advised 
to call for the consultative assistance of a process engineer, either from 
within the staff of the institute or from the sponsor. 

Examination of the samples should include determination of their 
stability under conditions of use and storage. Techniques for controlling 
quality on a manufacturing scale should be considered. The product may 
be marketed in a package rather than in bulk; therefore the preliminary 
requirements for packaging should be determined at this stage. 

During the steps of trying various raw materials, carrying out the 
preparative steps and making small samples for evaluation, the original 
process for manufacturing will probably have been modified. Even though 
no modifications have been developed, a final review should be made of 
the projected operations to confirm their suitability for commercial-scale 
production. The preferred process details should then be incorporated in 
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a programme for the preparation of representative samples of product for 
intensive internal evaluation. 

Internal evaluation of product. 

The test methods which were originally developed for screening pur- 
poses and subsequently refined as the work progressed should be thoroughly 
reviewed; they should be looked at not only from the point of view of 
suitability for quality control purpose, but also from that of determinine 
whether or not they reveal accurately the characteristics of the product 
that arc important to the customer. A comprehensive evaluation of the 
representative samples prepared in the preceding steps should then be 
carried out by the methods finally selected. If the product still seems to 
meet the requirements of marketability, that is if it satisfies the imcds of 
customers, it is ready for a more thorough engineering and marketing 
examination to determine cost of production and marketability on a om- 
mercial scale. 

The cost of production as adjusted to process experience with different 
available raw materials and more refined processing methods should be 
reviewed, preferably with the co-operation of an experienced engineering 
evaluator. The market potential should again be evaluated with the assist- 
ance of either the market research group in the institute or a similar group 
in the client's organization. The evaluation should be as objective as possible 
the advantages and disadvantages of the product should be weighed and 
its potential demand compared with that of competitive materials already 
on the market. 

Even though all factors still favour pressing forward with the work on 
this new product, consideration should be given to other evaluations of 
special nature, such as dangers which may be experienced in storage 
shipping or use. There may be specifications for this type of product which 
are established in the consuming industry, if it is an industrial product 
or there may be an entrenched pattern of consumer acceptance, if it is an 
item for sale to the general public. There may be regulations on com- 
position, use or method of distribution established by public authorities 
These factors should be considered at an early stage and not be permitted 
to bar commercialization later. 

If all the internal evaluations stilt indicate the success of the product 
semi-final specifications should be written up, together with a detailed 
process description. 

Process Development 

The preceding stage has given a much fuller knowledge of the product, 
its qualities and properties and its potential success in the market. It has 
also established a preliminary process description which can be translated 
into a tentative flow sheet for carrying out the steps of manufacture. 
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The stage o\ process development involves : 
(a) Carrying out large laboratory or small pilot-scale processing to 

reconfirm technical and economic feasibility 
(/)) Evaluating the customer acceptance of the product by carrying 

out tests in actual small-scale operations in customers' factories, 
or, if it is a product for the general public, by testing with consumer 
groups 

(c) Working with the sponsoring agency to develop a preliminary 
marketing outline, including re-checking of proposed selling price, 
method for introducing the product into the market place and the 
general pattern of distribution that will be followed. 

The programme should be based on the following information : 
(a) A concise summary of information on the product and process 

from earlier work 
(b) A description of the activities planned for large-scale process 

development 
(c) Estimates of the amount of effort, cost and time for completion 

of the following phases : 
(i) Evaluation of alternative process steps to permit final selection 

of the preferred sequence of operations 
(ii) Completion of work to confirm the technical suitability of the 

process 
(iii) Preparation of samples of the required size for field tests, 

which will be carried out either through trying the product 
in the manufacturing operations of customers, or by consumer 
preference tests in the case of a retail product 

(iv) Estimates of the type of semi-works or large pilot plant that 
might be needed for further confirmation, or, if an intermediate 
stage can be omitted, semi-final estimates of the cost of instal- 
lation of large plant, cost of production, and time required 
for installation. 

Information from large laboratory or semi-pilot scale preparations of 
the product should be re-evaluated by the development engineers in terms 
of technical feasibility, materials of construction and dimensions of equip- 
ment, confirmation of the flow sheet, re-checking of estimates of operating 
costs and plant investment when projected to commercial scale. 

The required pilot-scale equipment should then be assembled and the 
tentative process should be conducted on this equipment with careful 
evaluation of performance throughout; in some cases only selected steps 
need to be examined in this way, provided that evaluation is to be made 
only of production engineering aspects. If, however, the equipment is to be 
used for preparing samples for field tests, the entire operation will, of 
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course have to be carried out. As a result of work on this scale, experience 
may show that improvements in various steps can be incorporated in the 
final process design. 

Work on this scale permits a higher degree of accuracy in evaluating 
technical and economic feasibility. It should be carried out with the care 
and attention to practical detail warranted by an operation that appears 
io be destined for commercial scale. 

As a result of this work the process has been defined, and after beine 
carried out according to specifications, has been demonstrated to be capable 
of producing products of the quality required for marketing. 

Preparation of samples for field testing in customers' plants or on 
consumer groups is the next procedure. A warning should be raised how- 
ever, against using a pilot plant for routine preparation of material 
for a longer period because of the high cost involved in this scale 
of operation. 

Field Evaluation 

The internal evaluation procedures mentioned in a preceding section 
need further confirmation by practical tests by selected potential customers 
o establish a sounder basis for believing that the new product will success- 

fully find a market. Internal testing has been conducted, in most cases, 
by laboratory techniques or with small equipment, but the results of such 
tests have limited validity as criteria for determining performance on com- 
mercial scale Further, those responsible for the development of a new 
product nearly always take an overly optimistic view of its merits The 
results approach more nearly the reality of the market place when the 
evaluations are carried out critically by those who are potential purchasers 
The procedures for industrial products and for consumer items are quite 
different in nature. Therefore, these two types of products will be treated 
separately in the following paragraphs. 

Industrial products. 

The first step is to lay out a schedule of the tests required to confirm 
the supposedutility of the material or process in actual practice. What 
arc the most likely uses that it will find? What potential customers are most 
progressive in their attitude toward trying new things, and how many 
establishments of this kind should be approached in order to make the 
Programme of evaluation comprehensive enough to give reliable answers? 

hrough prehmmary discussions with a few of them, an idea can be devel- 
oped of the number and size of tests that will be needed to establish utility 
Horn this information the amount of test material that should be produced 
in the pilot-scale operation can be projected. The product offered for testing 
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should be as nearly identicil with that expected on a commercial scale 
as it is possible to make it. Further, the cost of producing this amount of 
material on a pilot-scale operation should be scrutinized to determine 
whether it is justified when compared with the potential benefits from intro- 
ducing the new product directly into the market on a trial basis. 

In order that the customers selected may carry out the plant triads 
effectively, written information about the product, its specifications, the 
anticipated advantages and directions for use should be written up and 
checked with one or more of them. Special precautions should be included, 
such as safety and regulatory provisions. 

All is ready for trials, preferably on the smallest meaningful scale, 
in the plants of customers. If more thin one customer is involved in the 
programme, it is advisable to make the trials first in one plant and to 
sha -pen the directions for use from the information gleaned in this series 
of tests. This sequence oi~ customer trials will permit emphasis in later 
tes.s on those properties of the product which give it advantage in the 
market. 

From analysis of all the data obtained in these evaluation procedures, 
a detailed review of the tentative product specifications and a reconfirmation 
of the merchandising concept should be made. The pertinent information 
should also be incorporated in preliminary drafts of technical bulletins, 
labels, containers, shipping requirements and the like. 

If all tests have been favourable, the information should be in shape 
for making a final review preparatory to commercialization. 

Consumer items 

For products of this type, the methods for field evaluation take a 
different direction. In general, the techniques used for internal evaluation 
are not adequate to give a reliable idea of how the individual customer 
will accept the product. While a certain amount of preference testing may 
well have been done during the course of development, the scoring obtained 
in this way is considered to be influenced by bias because of the interest 
of the personnel concerned in the furtherance of the project. 

To obtain a more objective evaluation, it is customary to use panels 
representative of the average consumer. The product is often tested by 
" blind " comparison with some other product of similar character which 
is already on the market, but all samples have identifying marks removea 
and are coded by symbols which conceal the source. Many specialized 
testing techniques have been developed for food products, items of wearing 
apparel, household equipment and utensils and the like. The range of pro- 
cedures is too extensive for discussion in a report of this length, but there 
is a great deal of information on them available in the literature. 
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Market Testing 

A still more definite type of confirmation of market acceptance is to 
oder the product in a test market, either to a selected group of establish- 
ments <br an industrial product, or for retail sale in the case of a consumer 
product, the customer being asked to pay for the material which he is 
going to use. Because of the high cost of producing large samples on a 
pilot scale, the selling price has to be set on the basis of expected cost of 
commercial-scale production, not on pilot-plant cost. 

The establishment of a commercial price, of course, necessitates a 
very thorough review of costs, based on estimates for large plant operation 
a* the planned volume of production. Both the investment in plant required 
and the cost of manufacturing, which can be estimated with more confidence 
at this stage, have to be taken into consideration. This gives the factory 
cost, which in turn must be adjusted for the expense of selling, the overhead 
costs of the establishment for administration and the like, and a margin 
of profit or economic return, so that the enterprise has sound justification 
for embarking on the risk of undertaking construction of the plant and 
production and marketing of the new product. 

Re-evaluation before Commercialization 

The results obtained with the new product, as produced in pilot scale, 
should be given a final detailed and comprehensive review by all key per- 
sonnel who have been involved in all stages of the development. This is a 
vital precaution to be taken under the direct supervision of the managing 
directors to make sure that no important factor which might interfere with 
success has been overlooked. 

Assumption of responsibility for making such a review with recommen- 
dation for implementation of commercial operation by the sponsoring 
establishment represents a considerable risk to an industrial research 
institute. Unless it is convinced that it has within its staff full competence 
to assess manufacturing requirements, marketing potential, production 
costs and the adequacy of financial return horn sales, it should be very 
cautious about making a commitment for such an assignment. Failure of 
a recommended commercial operation can have severe repercussions on 
the reputation of the institute. This is not to say that competence to perform 
this type of service is impossible, but it is a very serious responsibility. 
Also to be taken into consideration is the ability of the staff of the sponsoring 
establishment to carry out the necessary manufacturing and marketing, 
in accordance with the final plans. When there is a skilled staff in the organi- 
zation of the sponsor, everything should move forward in accordance with 
»he projections; if some of these skills are deficient, the timing and economics 
of the operation may be drastically affected. 
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This final review and confirmation of a recommendation for commer- 
cialization should take into consideration the following : 

(a) Has the technology been fully confirmed and is it free from any 
new threats from scientific or technological developments that have 
arisen since the original concept was worked out in earlier stages 
of the project ? 

(/>) Have the engineering requirements of the plant been adequately 
detailed, together with the necessary manuals of procedures by 
which operations are to be controlled? 

(r) Have the data for investment in commercial plant and those for 
the operating costs been adequately verified to justify installation 
of the commercial operation? 

(d) Have the field or market tests confirmed the acceptability of the 
product for commercial use in terms of utility, selling price and 
performance in comparison with competitive materials, and have 
they established a sound basis for projecting market volume? 

(e) Is the marketing plan realistic, and have the programmes for 
introduction of the product on a commercial scale been worked out 
with realism, taking into account all the promotional features that 
may be required? 

(/) Finally, have the integrated estimates of manufacturing costs, 
selling and overhead costs, together with expected marketing 
revenue, provided economic justification for taking this weighty 
step of proceeding to final design of plant, installation of facilities, 
and initiation of marketing? 

Then come the ultimate decisions for selecting the site, size and exact 
details of the plant, negotiation of firm sources of raw materials at economic 
prices, transportation arrangements for both raw materials and the shipping 
of finished product to the market, questions regarding waste disposal, 
analysis and projection of availability of and plans for training labour and 
specialized staff, provision of utilities, and, where necessary, living quarters 
for employees and other general facilities. 

When all these factors have been taken into consideration, and final 
decision to erect the plant and start operation has been confirmed, the time 
required for installation of the plant and starting up operation leaves 
opportunity for the detailed preparation of the sales programme. This 
involves the establishment of relationships with middlemen who may be 
involved in getting the product into distribution channels to individual 
customers, although in the case of industrial products this will usually 
be done by the establishment itself. It may mean the negotiation of sales 
agreements and contracts with individual large or intermediate size cus- 
tomers or agents. It may involve a training programme to enable tht men in 
the sales department to carry out their functions effectively. It may require 
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ine development of specialized literature either for industrial customers or 
for background material for advertising or promotion of consumer products. 

CONVERSION OF LABORATORY INFORMATION INTO COMMERCIAI, OPERATION 

This array of steps and stages in carrying a new product concept from 
small-scale experimentation in the laboratory or model shop to full commer- 
cial operation may well sound as though it were unnecessarily complicated. 
This sequence of procedures is, however, being successfully followed by 
industrial establishments throughout the world. Those with most gratifying 
records realize that they must make their mistakes on as small a scale as 
possible, in order to weed out doubtful ventures, and move forward with 
aggressive pace on those that show real promise. They realize also that 
failure to take into consideration all the factors listed in preceding sections 
may bring about catastrophic failure when commercialization is attempted. 

The seriousness of such failures is even more important in developing 
countries. Most of them have to delay other major projects of socio-economic 
development, because of limitations on capital funds, to finance a new 
industrial operation. If the investment of technical, managerial and financial 
resources turns out to have been wasted, it is a calamity to the forward 
movement of the country toward its goals. And if an industrial research 
institute has participated in a major way in the final decisions for an un- 
successful venture, its prestige as a vital force in national development 
becomes tarnished. 

CONTROL OF PROJECTS 

It is vitally important to the success of an industrial research institute 
that the director, with the advisory assistance of his senior staff members, 
maintain effective control over the programme as a whole. In order to do 
this, he must also exercise general control over all the individual segments 
of the work. 

The procedures which are most useful for the control function are the 
following : 

(a) Keeping the definition of objectives up to date 
(b) Periodic reporting of technical progress 

(c) Control of costs, technical effort on and duration of projects 

(d) Periodic evaluation of progress in terms of technical objective and 
also of administrative status, that is, budgetary and schedule 
performance 

(<?) Decision as to future course of action, that is, continuance, termina- 
tion, expansion or reduction. 

It is essential that this control of projects apply not only to those 
undertaken for clients, but also to those internally initiated. Unless the 
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kitter arc subjected to the same type of periodic re-evaluation they can use 
up much technical effort in directions that lead to no useful results. 

Definition of Objectives 

The stated objectives ol' the work, as embodied in the project outline, 
should be reviewed from time to time. The original objective may have 
been forgotten, at least in part, with the passage of time, and the work 
may have veered away from the initial rlan. In some cases the directive 
should be revised or sharpened to take account of accumulated information 
and experience. 

Periodic Reporting of Technical Progress 

Because some of the questions included in the project proposal can 
hardly be answered or even predicted with reasonable accuracy, it is ex- 
tremely important for the director of an industrial research institute to know 
what progress each research project has achieved, what stages have been 
finished and what work is planned for the future. He is then in a better 
position to decide on matters such as whether a research project should 
be continued, elaborated, subcontracted in whole or in part, held up or 
even terminated. In addition, he can rate, encourage and reward the per- 
formance of rcsca;chers and research teams. 

Individual researches or group leaders are required to submit progress 
reports. Progress reports contain different degrees of detail according to 
the use to which they are to be put. They usually state briefly what progress 
has been achieved in carrying out a project during the period it covers and 
what operations are still in process. Depending on the type of research 
undertaken and the type of organization in the research institute, progress 
reports may be requested at definite time intervals : monthly, quarterly, 
semi-annually or annually. Progress reports in more detail are often required 
after the completion of each major stage. 

The choice of the reporting system should be made according to type 
of research projects undertaken and the importance of the progress reports 
to the institute's management in decision making. Research workers should 
not be overburdened with report preparation. When they think that their 
progress reports are not given the proper consideration by the management, 
tension arises between the two and researchers may become careless in pre- 
paring such material. The progress of some types of research projects, such 
as long-range research, is often recorded at less frequent time intervals. 
The ability of project leaders to prepare written presentations of their work 
varies, and often there is need for systematic training of staff on report 
writing. 
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Control of Costs on Projects 

The type of administrative summaries depends on the types of research 
projects undertaken. A running recount of the costs for each project must be 
maintained. The costs involve items of supplies, equipment, travel, adminis- 
tra tive overhead and labour. The last-named is usually the largest item and 
is calculated from the amount of time each researcher spends on a project 
:md his hourly salary rate, preferably corrected for the appropriate over- 
head expenses. 

It is customary for each researcher to fill out a time card each day. 
signing his time against projects. The cards may be collected weekly, 
Mini-monthly or monthly for the purpose of deriving costs on project.-,. 

I he costs on each project should be referred to the project supervisor as 
<K)ii as available. Maintaining the cost of the project within ihe estimated 
cost is his responsibility. 

Periodic Evaluation 

The frequent evaluation of work in process helps to relate the various 
projects to each other and to determine their priorities. To assess the real 
value of projects, a committee consisting, for instance, of department 
heads can carry out this evaluation more advantageously than one person. 

For reviewing the progress of a research project at selected times to 
decide whether it should be continued, abandoned or altered in priority 
or amount of effort, the following criteria may be used : 

(a) What progress has been achieved during the period under review? 
(b) Is this progress heading toward the desired goals? 
(c) Has the work resulted in new ideas or prospects that should be 

explored? Should the work procedure be changed? Should the 
stated objectives be modified? 

(d) Is the progress of the programme being retarded? 
(e) Do the potential benefits of the project justify economically the 

anticipated cost and the continuing effort required to complete it? 
(/) After the project has been completed, are the goals still technically 

feasible? If not. is there any definite c idence? 
(g) Are the goals still important to the sponsor? 
(/?) How much more effort does the budget permit? 

If a committee is assigned to carry out project evaluation, it should 
call on the head of the project and others who have been engaged in the 
•Aork. They are better acquainted with the results of the research than the 
members of the committee and they may offer valuable ideas and suggestions 
w hich should be taken into consideration. In addition, in case the committee 
may decide to curtail or terminate the project, they have at least attended 
or participated in the discussion. This will reduce the tension or reaction 
from the researcher's side. 
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Decision as io Future Action 

After major stages of research projects have been completed, they 
should be evaluated. Information on the total time required and the total 
cost incurred during the undertaking of the project, together with the 
results achie\ed, is needed. Here project reports are especially valuable. 
Criteria used for final evaluation of research projects may include the 
following : 

(a) Have the project goals been achieved? Has any economic reason 
or technical problem developed which makes the goals impractical 
or tht results unusable? Are these goals still important? 

(b) What long or short-term contribution will the research results 
provide to : 
(i) The national economy (in terms of import substitution, em- 

ployment opportunities, conservation of foreign exchange and 
so on)? 

(ii) The client (in terms of increase in productivity and profit- 
ability)? Is the application of research results still feasible? Are 
there some hazardous working conditions involved? What are 
the types of manpower skills required for application? What 
are the other facilities needed? How much should be invested? 
How rapidly will the investment be recovered through earnings? 

(c) Have all alternatives (work methods, processes, products and so on) 
been considered ? 

(d) Have the research results been properly reported? Are they ready 
for commercialization? 

(e) If new processes or products are developed, have the product 
quality and reliability been investigated and measured? Has the 
quality control system been worked out? 

(0 Did the work result in some ideas that should be investigated 
further? Can they help in solving other problems in other areas? 

(g) What are the serious problems that have arisen during the course 
of the work? Is management aware of them? Can this experience 
be used in solving other problems? 

(A) Have the time and budget estimates been met? 

Some organizations use a form to record appraisals, such as the fol- 
lowing (form 2) : 
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Form 2 

APPRAISAL RECORD 

1    Project no. Date of this review 
Project title : Date of last review 
Laboratory : 
Investigation unit : 
Investigation head : 
Project leader : 
Date of initiation : 
Extensions : 
Level of effort : 

Professional man months as of  

2. Value and significance of results 
a. Technical value 
b. Practical value 
c. Comparison of results with original objective 

3. Status of work 
a. Work originally planned and : 

i. Completed 
ii. Not completed 

iii. Not yet started (for on-going projects) 
iv. Not carried out (for finished or terminated projects) 

b. Work not originally planned but undertaken and : 
i. Completed 

ii. Not completed 

4. Industrial development 
Accomplishments achieved which are : 
a. Already under commercial development. 
b. Now under development or should be considered for future development on a 

pilot-plant scale. 
c. Now under evaluation or should be considered for evaluation by industry or 

some other government agency. 

5. Publications and patents 
(Published, issued, submitted and planned) 

6. Recommendations 
That the line project be : 
a. Continued, and the research effort be used : 

i. Along the same lines 
ii. Along the following lines : 

b. Extended for  months, and the research effort be used : 
i. Along the same lines 

ii. Along the following lines : 
c. Discontinued, and a new line project be developed along the following lines : 
d. Temporarily suspended and the research effort be used to : 

i. Augment effort under the following line project(s) : 
ii. Implement research along other lines considered to be of higher priority and 

incorporated in the following research proposal : 
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Chapter 5 

FINANCIAL ADMINISTRATION 

GlNIKA!    CONSiD! RATIONS 

In considering the esiüblMwient of an industrial research institute, 
it is of utmost importance to provide for a firm basis of financial support 
for a reasonable period of years, until the organization has had an oppor- 
tunity to establish itself in the national community. Any attempt to set up 
the operation without such support may lead to failure, and such an out- 
come will be a handicap to any new plans that may be proposed later on 
for a fresh start. 

initial steps in organizing the institute 

After the board of management has been appointed, has set the broad 
objectives and policies ¡' the institute, and has selected a director, the 
latter becomes the key ligure in proposing a programme, an organization 
and a budget for the board's consideration. 

First, the director begins recruitment of a very small group of senior 
technical personnel selected on the basis of major types of planned activities. 
He will need a secretary and a minimum number of other service personnel. 
He will lay out plans for future recruitment, which can only be tentative, 
because the personnel required later on will depend on the directions of 
work that show most promise. Experience shows that it is difficult to set up 
programmes and train staff effectively at too fast a rate. After the initial 
group of senior men have been recruited, it is advisable to expand the 
organization only as fast as the director feels that new employees can be 
assigned to useful project work. However, the staff will sometimes consist, 
in part, of persons from other organizations who will be absorbed into the 
new institute, and this will influence the rate of expansion that can be 
carried out effectively. 

As a matter of convenience and speed, institutes often start in temporary 
quarters, such as laboratory and office space in an existing building or 
facilities remodelled to accommodate the staff for an initial period. Until 
the organization has been in operation for a few years, it is difficult to 
project future space needs in a realistic way. Furthermore, the planning of 
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.:n entirely new facility takes much time away from project work and is 
therefore best postponed until the programme has been well started. 

Purchase of equipment is most effectively done by stages, rather than 
in trying to project all future needs for a long period. If the items are 
¡cquired to accommodate more immediate needs, the selection will be more 
practical. 

SOURCLS  Or   FUNDS 

In many developing countries, industrial research institutes are financed 
chiefly by the government, which alone may have funds adequate for the 
•uiipose, both with respect to money for establishment of the institute, 
including facilities and to provide a schedule of support for operating 
expenses over the years. This support may be authorized by an individual 
item in the general budget, or it may come from other government depart- 
ments which establish allowances in their respective budgets to pay for the 
services the institute provides for them. Sometimes provision for support 
may be made in a comprehensive national plan (a five-year plan, for exam- 
ple), and it should include escalation to permit growth of programmes. 
Unexpended funds should be carried forward from year to year to give 
the institute a more stable financial base; this provision should apply to 
all types of financing. 

In some cases the governments may provide only the funds necessary 
to maintain part of the activities, in order to give support to the basic 
in-house programme. Responsibility then falls on the institute itself to 
obtain from other sources (for example, industry associations, individua! 
industrial establishments or other government agencies) additional financing 
for expansion of activities. The government should continue to contribute 
illese general funds for in-house projects in order that the institute may 
expand its areas of competence. As its budget increases through projects 
for clients, the percentage coming from government may be a decreasing 
part of the total. 

The government may enact legislation by which financial support is 
provided from industrial associations or establishments on some pro rata 
basis. The rate of payment may be based on turnover or volume of produc- 
tion; in at least one country it is tied in as a small p rcentage of any loans 
extended by a development bank. The legislation may make the contri- 
butions compulsory or it may involve optional decisions on the part of 
those who wish to participate. 

Financial support from industry may be obtained either through 
individual establishments or through industry groups. It may be in the 
nature of fees for specific projects or for participation in general programmes 
tor an entire industry. 

In some cases funds for part or all of the programme, at least for an 
initial period, may be made available through philanthropic foundations, 
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either local or foreign. As has been mentioned earlier, some industrial 
research institutes become entirely self-supporting through contracts with 
clients, but this is difficult except in highly industrialized countries. They 
may be operated either privately or as public organizations. 

BUDGET CONTROL AND ADMINISTRATION 

in this discussion we shall distinguish between budgets for the routine 
operation of the institute — operating budgets — and those for the acqui- 
sition of major items of equipment and other large facilities — capital 
budgets. 

Operating budgets 

General principles 

To establish a basis for forecasting financial requirements for the 
operation of the institute and a framework for controlling expenditures, 
the director of an industrial research institute must prepare a budget, 
usually for an annual period, for approval by the board of management. 
This is best done by synthesis from estimates of major expense categories 
obtained from those responsible for these activities and then adjusted 
according to priorities to fit within the expected total of available funds. 
An operating budget includes the following types of items : professional 
salaries, non-professional wages and salaries, materials and supplies, utilities, 
books, periodicals, and library supplies, travel for project work, technical 
meetings, building expenses, administrative expenses, purchased services. 

It is normal experience that, because of uncertainties regarding the 
volume of support to be received from clients in the form of payments or 
inter-departmental transfers of government funds, the budget must in 
practice be flexible. It will require periodic review, preferably at quarterly 
intervals at least, to make those adjustments necessary because of the 
differences between projected income and the attendant variable expense 
to provide staff and operating necessities for the projects that are authorized. 

As time goes on, historical perspective and increased size of the orga- 
nization will give trend lines for income and expense which will make 
the budgeting process simpler and more meaningful. But because the size 
of operation may depend in part on the requests for service received from 
clients, there will always be fluctuations in the variances between forecast 
and performance. 

Major categories of expense 

The differences between costs of operation in various countries will 
of course be considerable. Unfortunately there is no comprehensive inform- 
ation about the expense of operating industrial research institutes in 
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developing countries. Even within highly developed countries there are 
wide variations between individual organizations, but the figures available 
are valuable for comparing the costs in one organization against average 
experience. 

A breakdown of operating expenses by major categories, taken from 
a case history of an institute in a developed country established several 
years ago, is given below. This institute has a total staff of eighty-five. 

PERCENTAGE BREAKDOWN OF OPERATING EXPENSES per. 
cent age 

Professional staff salaries  50 
Non-professional staff salaries and wages  12 
Administration     6 
Expenses, including supplies, minor equipment, travel, communica- 

tions, etc  25 
New equipment   5.5 
Amortization of building  1.5 

If overhead in a given institution is defined as all expense other than 
professional staff salaries, the figures given above would represent an over- 
head of 100 per cent. 

The next example, with a different type of breakdown, is based on 
the experience of an industrial research institute in a developing country. 
The figures are for the institute's fourth year of operation, when the size 
of its staff was fifty, about one-half of whom were of professional grade. 

EXPENSE BUDGET 

(In U.S. dollars) Per. 
cenlagt 

Administration     27,000 10 
Research plant operation and maintenance   13,000 5 
Continuation of government research projects already in 

progress    40,000 15 
New government project   40,000 15 
In-house project     30,000 11 
Reference library  20,000 7 
General equipment  15,000 6 
Public services   23,000 9 
Client projects   60,000 22 

270,000     100 

In addition, out of funds being provided by the government, 175,000 per 
year was set aside in a sinking fund for a new building, and at the end of 
the fourth year the total in this fund would have reached $300,000. 

The ratio of professional to non-professional salaries will show con- 
siderable variation from country to country and from institution to insti- 
tution. It will also be influenced by the pattern of projects, because some 
types of research and development need high inputs of professional skills, 
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while others are customarily earned out with the help of larger numbers 
of technicians and other sub-professional assistants, further, criteria for 
classification into professional and non-professional categories show much 
variance in different organizations and countries. 

The following table indícales a slightly different sort oï expenditure 
relationships in fourteen gownimcni research laboratories, all under one 
general administration in a developed country. It shows for ll)5l 5?. and 
1952'53 what percentage of each laboratory's gross expenditure is accoun- 
ted for bv salaries alone. \vaee< alone, and salaries and wanes combined. 

PROHOkJIOWM   1\I'!M>1H Kf   ON  SMAKUS  ANO  V. \GI S o|   M 11 CTfcD 

;USF\R(I!   ORliAM/Ml! SS   IN   A   01 \ I I Ol'l íi   CirtMHV   ¡OR   1 MS Ï   52   AM)   1952 53 

Organization 

Stilarie s as 
percentage of 

gross expenditure 

195152     19S:jJ 

Wages as 
percentage of 

gross expenditure 

¡951,52      1952Í5J 

Total of salaries 
and wages as 
percentage of 

gross expenditure 

¡951152      ¡952153 

National physical laboratory 64 3 63.3 
Building research station  59.9 68.9 
Chemical research laboratory 73.8 71.9 
Fire research organization .. 63.3 60.9 
Food investigation    57.8 52.1 
Forest     products    research 

laboratory     70.3 66.4 
Fuel research   48.5 48.3 
Geological survey and mu- 

seum  57.1 58.5 
Hydraulics research associa- 

tion    38.4 42.0 
Mechanical   engineering   re- 

search organization  27.2 25.6 
Pest infestation research board 65.7 66.9 
Radir research organization 50.0 75.7 
Road research laboratory ... 53.2 53.3 
Water    pollution    research 

laboratory     68.2 65.2 

AVERAGE 57.2 57.1 

15.7 
14.2 
7.2 

17.1 
15.3 

18.4 
23.3 

8.2 

8,2 

10.0 
7.4 
7.3 

24.3 

10.7 

15.0 

16.3 
14 8 
7.7 

15.6 
14.2 

18.5 
23.0 

8.3 

12.5 

13.1 
7.6 

11.3 
23.7 

11.5 

15.5 

80.0 
74.2 
81.0 
80.4 
73.1 

88.7 
71.8 

79.7 
83.7 
79.5 
76.5 
66.3 

84.9 
71.3 

65.3 66.8 

46.6a 54.5a 

37.2a 38.7a 

73.1 74.5 
57.3a 87.0a 

77.5 77.0 

78.9 76.7 

72.3 72.6 

» If these figures arc omitted, the averages become 76.7 and 76.1 respectively. During 
these years the hydraulics research organization, mechanical engineering research laboratory 
and the radio research organization were establishing themselves as separate entities, and their 
figures therefore represent a different set of circumstances from those of the other stations 
here listed. 

Care should be taken not to interpret " salaries " as used in this 
tabic as consisting of the remuneration of professional staff only and 
" wages " as consisting of that of all non-professional employees. The 
source of the table does not indicate the types of personnel included under 
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each classification. Practice on tins point varies : in some institute«, certain 
non-professional categories, such as senior artisans arc paid salaries, in 
others wages. 

iccounting p.actlces 

The purposes of th.' accounting system in an industrial research institute 
are twofold : (a) keeping records of receipts and disbursements for financial 
control, the practices of which must conform to standard procedures of 
the country; (/>) analysis of financial data to provide the management with 
information necessary for controlling operations in accordance with the 
plans and budget. 

The accounting system should be operated in such a way as to interfere 
as little as possible with the performance of professional activities. The 
most important asset of an industrial research institute is the time of its 
technical staff. If accounting involves reporting in excessive detail costs 
associated with the work, it becomes an irritating nuisance to professional 
personnel and interferes with the use of their skills in project work. Instead 
of making them directly responsible for small items of expense, the best 
procedure is for the detailed records to be kept only as a means of accounting 
control and to distribute the costs to various technical activities, including 
sponsored projects, on a pro-rata basis in proportion to the largest item, 
which is professional salaries. Large individual items are, however, usually 
charged against the specific project for which they are incurred. 

Capital budgets 

In addition to the operating budgets discussed in the preceding section, 
good management of an industrial research institute requires the establish- 
ment of capital budgets for the cost of large items of equipment for general 
use, major building changes and new facilities. Lurge items of equipment 
or supplies for individual projects, which are to be paid for by the sponsors, 
are not necessarily included in this budget, but are considered as items in 
the budgets of the respective projects. 

It is customary in beginning the preparation of a capital budget for 
the management to request from the various individuals in the organization 
the items which they feel are needed for the continuing work of the institute. 
Experience shows that nearly always the total of all items represents an 
expenditure considerably greater than can be taken care of from funds 
available during the budget period. Accordingly, it is necessary to review 
these carefully and to establish priorities among them. Some items will be 
postponed indefinitely, while others may be held over for consideration 
the following year. The composite of all items included in the final budget, 
which requires approval of the board, should therefore be in line with the 
financial resources that can be counted on during the year. 
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It should be emphasized that Mie inclusion of the various items in 
the capital budget does not constitute an authorization of the individual 
expenditures themselves, but merely helps to define the relationship between 
anticipated expenditure and available and/or anticipated funds. It is often 
the case that some of the items will not be needed at the beginning of the 
year, but are to be delayed for a few or several months, or even into the 
next budget period. 

When authorization for purchase of an individual item is sought, 
most organizations have some formal procedure for a written request 
to be submitted through administration channels which describes the 
purpose of the item, the amount and the justification. Often there is a 
gradation in the manner in which final approva! may be obtained. For 
small amounts within a certain cost range, one of the senior members of 
the professional staff may be able to give approval. For larger amounts 
it may be necessary for the director to authorize the expenditure. For 
still larger amounts, it may be necessary to obtain approval of the governing 
body or board of management. 

Working capital 

Just as in the case of an industrial establishment, an industrial research 
institute has need for working capital to carry the expense of current 
operations. Further, it needs to provide capital for expanded facilities, 
including buildings, equipment and special instruments, which will represent 
a major item in planning for future financial requirements. This problem 
is similar to that faced by industrial establishments in setting up reserves 
for the acquisition of new or replacement plants and equipment, as weii 
as for current expenditures 

ESTIMATING THE COSTS OF PROJECTS 

Once the nature and scope of a proposed project has been mutually 
agreed to by the institute and the client or has been defined as an in-house 
project, it becomes necessary, as pointed out earlier, to make an estimate 
of the manpower required, the time allowed to complete the programme 
and the cost of carrying out the study. Even where all costs are met by 
government, similar procedures should be followed. As stated earlier, 
skill in preparing these estimates is acquired through experience in similar 
situations, and it is to be expected that the projects undertaken by the 
institute during its initial period of organization and operation will often 
be based on budgets which are too low. The management must be prepared, 
therefore, to face occasional deficits in project funds during its early history, 
and this is one of the reasons why its financial plans must be realistically 
worked out to have sufficient working capital available to tide it over such 
demands on its resources. A precautionary measure which is often helpful 

54 



is to subdivide a proposed programme into a few major phases, each one 
of which is susceptible to better estimation of effort and cost, vith the 
understanding that after the completion of one phase the next can be 
defined and estimated with more certainty. 

Methods for calculating project costs 

It is obvious that there must be some method of arriving at an accept- 
able cost on which to base agreements between an industrial research 
institute and its clients where the institute charges for its services. Similar 
procedures should be used for in-house projects. Various methods ca.i be 
developed to fit an individual situation, but in the rest of this section certain 
general principles will be described. In order to make the example more 
meaningful, the figures are expressed in Swiss francs, as a representative 
international currency. 

It should first be noted that salaries, when they include those of both 
professional and non-pi ofessional personnel, will normally represent some- 
where in the neighbourhood of two-thirds of total operating expense for 
laboratory projects When pilot-plant work is involved, depending on the 
method of charging for the larger-scale equipment being used, the salary 
ratio will usually be less. The salar es of the professional staff in conventional 
types of laboratory work will represent 40 to 60 per cent of the total budget. 
These figures will vary quite widely because of different ratio* of profes- 
sional to non-professional personnel encountered in different countries. 

By total budget is meant, as stated earlier, the sum of all the costs 
involved in the operation of the industrial research institute. This includes 
not only salaries of all the professional and non-professional staff, but 
also the cost of supplies, equipment, services, utilities and administration. 
Sometimes a figure representing rental value for the space occupied is 
added, whether this is actual rental or an amortization charge for the 
building. 

The most usual form of calculating the cost of a given piece of technical 
work is to base it on the salaries of the technical men involved. As a rough 
approximation, the total cost will normally amount to at least twice the 
salaries of technical staff when all overheads are assessed against the cost 
To give a practical example, we will assume a project involving the full- 
lime services of one technical man for one year. If his annual salary is 
Sw fr 20,000, this will be equivalent to a total cost of Sw fr 40,000 for a 
year of his time when the overheads are included. Procedures for calculating 
overheads vary; figures as high as 150 to 200 per cent of professional 
salaries on net time allocation can be considered realistic, depending on 
: he methods of computation. 

To calculate the cost of one day of his time, we must deduct time 
away from work. Allowing two days each for week-ends in the fifty-two 
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weeks, i h ree weeks vae.ilion of u.e working days eaeh (totalling fifteen 
days), and an average allowanee for illness of eleven days during the year 
and fifteen holidays. 145 da\s must be subtracted from 365, lea\ing net time 
available for work ol' 22i) da\> on an annual basis. 

If we use Sw lr 40.000 as the total cost ol a year's time, including 
100 per cent overhead, we reach a figure of Sw fr 180 per day. This represents 
over Su fr 20 per hour if the institute operates on an eight-hour day. 

This is only an e\ample to ¡¡lustrate the case in which the full time of 
a man is charged against the project. As has been mentioned eariier, pro- 
jects are often carried out with part-time participation of several people. 
Moreover, experience has shown that the average amount of time devoted 
to project work by all professional technical personnel, if the allocation 
of their time is objectively analyzed, normally amounts to about two-thirds 
ofthat available. This may be defined as " the technical salary equivalent ". 
The rest of their activities, so far as the institute is concerned, will be devoted 
to administration, attendance at technical meetings, internal staff meetings, 
discussions and miscellaneous. 

In considering the total income that the institute can derive from the 
services of its professional staff, a figure representing the average input 
in reimbursable work should be used. The overhead assessed against 
projects must realistically take into consideration the fact that only about 
two-thirds of the potentially useful time can be recovered through the cost 
assessed against clients 

In a later section procedures will be described for collecting time costs 
for professional personnel. This ^vsîem will also provide a basis for calcu- 
lating the coi-.t of projects when multi-discipline task forces or project 
teams are used. 

The management of the institute is almost certain to encounter resist- 
ance to making estimates of allocation of time and associated cost of work. 
particularly on the part of less experienced members of its technical staff. 
These men will insist that it is not feasible to forecast the progress of techni- 
cal work and that therefore they cannot comply realistically with requests 
for preparing such estimates. As they become more experienced and learn 
from specific cases that they can make reasonable forecasts if they prepare 
systematic outlines of the work to be undertaken, with a projection of the 
amount of technical time required to complete each phase of the assignment, 
they will gain confidence in their ability to perform this task. As time goes 
on, this will become the accepted way of organizing the work. 

Estimation of a one-man one-year project 

To demonstrate the procedure involved in a relatively simple case, 
we may choose the example of a proposed investigation of the recovery 
of a useful constituent from an agricultural raw material. The client is 
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willing to support a one-year project, requiring the full-time services of 
one technical man. A programme is laid out jointly by the institute manage- 
ment and the staff member who has been appointed to undertake the work. 
This is reviewed with the client's represe ntative to obtain his concurrence. 

This programme is then evaluated in terms of the progress that can 
be expected in one year, because the client has expressed interest in rapid 
implementation of manufacturing and marketing the product if the results 
of the project justify this course of action. U is the aim of both the institute 
and the client to make enough progress to warrant continuation of the study 
for an additional year in the direction of development studies. If, however, 
critical review of the likelihood of a suitable degree of success from the 
one-year study is doubtful, the management would do well to explain its 
opinion frankly to the client and to decline acceptance of the assignment 
unless he is willing to support the work under these conditions. 

The cost of this project is relatively easy to compute, since it represents 
the total expense of the professional man who will carry out the work for 
a period of one year, including not only his direct salary but other expenses 
and the overheads the institute has adopted as general accounting practice. 
To be concrete, if the man's salary is Sw fr 20,000 (the same figure that 
was used in an earlier illustration), and if the total of other expenses and 
overhead is estimated at 100 per cent of direct salary, the project will cost 
Sw fr 40,000 for a period of one year. 

The first step is to select one of the senior technical men, preferably 
one who has previously carried out projects for development of new pro- 
ducts of this general type. He should be chosen in time to permit him to 
participate actively in laying out the total programme, and he and the 
management of the institute should be in agreement that a reasonable rate 
of progress during the course of the one-year period will bring the study 
to a well-rounded stage for decision as to further steps. 

Method of operation of a project team 

In organizations which have developed skill in managing multi-discipline 
teams, the inputs of effort by the various technical specialists are not fixed 
throughout the life of the project, but fluctuate from week to week or 
month to month according to the judgement of the team leader as to their 
proper timing. All members of the team not fully engaged in a project 
devote the remainder of their time to other projects and duties under a 
similar flexible system of management. 

The team leader and the director of the institute develop a schedule 
of technical manpower requirements such as the following. Most of the 
details of product development work will be conducted by a junior techno- 
logist, but it is believed that one-half the time of another technologist of 
the same qualifications will also be needed. Considerable analytical work 
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of a specialized nature will be required and it is estimated that one-third 
of the time of a chemist in the analytical department will be necessary 
during the year. Certain properties will require determination by specialized 
physical-chemical methods from time to time, and therefore the team leader 
foresees the need for one-tenth of a professional-man-year for this type of 
work. Examination of the suitability of the product in the proposed uses 
is also a specialized function and the institute has a staff competent in this 
area, one-half of this man's time will be required for a period of a year. 
Finally, the consultative services of a chemical engineer and of a specialist 
from the market research group will be advisable, and it is felt that one- 
tenth of a technical-man-year will be needed from each of these two areas. 
The team might also utilize the services of outside consultants, not included 
in this estimate. 

In this example, the initial work will be concentrated in the hands 
of the two junior technologists in demonstrating the feasibility of process 
for making the required samples; the team leader also participates heavily 
at this stage and may be spending more than one-third of his time during 
this phase. The analytical chemist and the product evaluator are not yet 
involved in more than selecting or adapting methodology, and the other 
team members need only to keep themselves informed of progress. 

At the end of four months, many samples have been prepared; the 
analytical chemist and the product evaluator begin an active programme. 
The other members of the team make a thorough study of the information 
that has been obtained from their special points of view, formulate their 
comments and suggestions for the course of further work and then reduce 
the extent of their involvement. 

At the end of, say, eight months, the process has been defined, the 
most promising candidate products have been selected and the scene is 
set for more intense effort by the rest of the team in order that a well- 
rounded summary of all aspects of the work can be incorporated in a final 
report at the end of the year. 

Estimation of cost of a project team 

We arrive, therefore, at the following estimate of technical effort for 
this example : 

Technical- 
Typt of Man Man-Years 

Team leader  1/3 
Junior technologist   1 
Junior technologist   1/2 
Analytical chemist     1/3 
Physical chemist    1/10 
Product evaluator  1/2 
Chemical engineer  1/10 
Market research expert     1/10 
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The total of technical-man-years required from this tabulation is 
2.97, which we will round out to 3.0. Assuming again that Sw fr 20,000 is 
the average salary of the professional staff of the institute, and using the 
same figure of 100 per cent of direct professional salary for other expenses 
and overhead, we reach an estimate of three times Sw fr 40,000 per technical- 
man-year, or a tota! of Sw fr 120,000 as the cost of this team effort for 
one year. 

In practice, as the managerial techniques of the institute are refined, 
the estimating procedures used in developing costs for a project will reflect 
the pattern of actual salaries represented by the different team members. 

CONTROL OF TECHNICAL EFFORT 

Since, as already emphasized, the performance of an industrial research 
institute depends upon effective deployment of the technical skills of its 
staff, good managerial practice dictates that use of this major asset should 
be measured and controlled. The procedures described below for distri- 
buting time of professional staff against projects and non-project activities 
are based on the systems in use in well-managed technical organizations in 
many parts of the world. 

Reporting of professional time distribution 

As an initial step, many organizations ask each professional member 
of the staff to report weekly the number of hours he has worked on each 
technical project assigned to him. The same procedure may be followed 
for non-professional employees, but it is often felt that these are likely 
to be used on various types of work in rough proportion to the professional 
effort on each. 

This reporting of time distribution should not be considered a burden 
by scientists and engineers. They should be made to realize that it is of 
advantage for them to know how they are spending their time, as well as 
necessary for the management of the institute to have the information. 
If there seems to be considerable resistance to introduction of the procedure 
on an hourly basis, accounting for time even by whole days or half-days 
is a start in the right direction. It should be added that some organizations 
have practised this system for many years on the basis of fifteen-minute 
intervals. It must be recognized that the data obtained are not rigorously 
accurate, but the system is the best that has been devised for controlling 
the directions in which technical effort is applied. 

The scheme of time reporting is often extended to in-house projects, 
and even to non-project activities and situations, such as administration, 
professional development activities, illness or other absences, contacts 
with potential sponsors and the like. The director and other senior staff 
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members would also do well to account tor distribution of their own time 
as a means of analyzing the expenditure of effort on various administrative 
matters. 

Translation of time distribution into costs 

in comparing the expense of work on projects against the budgets 
established in the agreements with clients, the accounting department 
uses some form of cosi per professional-man-hour as a factor. It is advan- 
tageous to reline these costs by having them calculated on the basis of the 
actual salaries of the professional men engaged, or, for convenience, there 
may be an average for certain groups of employees, for example, senior 
technical specialists, intermediates and juniors. 

Cost control for multi-discipline project teams 

Where use is made of the procedure of carrying out projects by means 
of a group of specialists with diversified backgrounds, many of them 
working on a part-time basis, keeping control of the input of professional 
effort becomes even more important. Unless there is a regular system by 
which «he project-team leader can be informed, preferably on a weekly 
basis, of the amount of time spent by the various members of this team, 
obviously he can encounter severe difficulties in programming the work 
in such a way as to maintain the desired rate of progress and still keep 
within budgetary limitations. 

Good practice is to collect the weekly time cards of all members of 
the professional staff, prepare listings for each project of the number of 
hours spent by each team member, translate these into costs and transmit 
them as rapidly as possible to the respective team leaders. The latter can 
then regulate the composite of activities by comparing the cost of the various 
segments of work with the projected progress. 
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Chapter 6 

PERSONNEL ADMINISTRATION 

GENERAL CONSIDERATIONS 

The success, reputation and acceptance of an industrial research 
institute will depend primarily on the quality and ability of its staff. 

In an earlier chapter the qualities and characteristics of the director 
of the institute have been discussed. Now, the general requirements of the 
rest of the staff will be considered. 

First comes the professional technical staff. They will carry out or 
direct the investigations of the institute under the general guidance of the 
director. They must be of sound technical background and must have 
high standards of ethical behaviour, because they will frequently be in 
contact with the people from whom the institute derives its funds and with 
those who will use the results of the institute's work. They should be per- 
sonable in appearance and manner and have ability to get along with 
others. They should be alert, adaptable and flexible and should be prepared 
to tackle any problems within their professional competence. 

Technologists, engineers and scientists are often individualists. Their 
work is profession-oriented rather than organization-oriented and they 
tend to regard as their superiors those who are their technical superiors 
rather than those who merely have organizational seniority. They need 
reasonable freedom in carrying out their work and are unused to, and may 
well resent, strict supervision. They should have freedom to consult col- 
leagues and experts in their subject in and outside the institute and should 
in general be left to plan the details of their work themselves. They should 
he allowed to publish results of non-confidential vork in the technical 
and scientific journals because their reputation will largely depend on 
such publication. Due to their technical training they will have a critical 
attitude to proposals and to solutions of problems and will be quick to 
detect weakness in general proposals. Having been trained to think in 
a logical fashion, they will not accept administrative dictates blindly and 
are therefore sometimes liable to resent administrative decisions when the 
reasons are not clear to them. Also, they are often impatient of systems 
which involve considerable paper and reporting work and feel that technical 
work should receive priority over such " office " activities. 
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Although \vc have discussed UK general characteristics of the profes- 
sional technical staff, it must not be overlooked that research institutes 
employ other types and .crades of staff These m:iy be technical assistants, 
technicians, secretarial and clerical assistants, and (hose who deal with 
the administrative or maintenance side of the work. 

Sound personnel policio: must be established in regard to all types 
and grades of staff, but when the institute is young and small, these matters 
will be dealt with primarily by the director who will know each member 
of his staff personally. As the institute grows, an organizational system 
will grow with it and the general administration of staff matters will then 
rest with other officers but subject to over-all surveillance of the director. 
The director will, of course, report important personnel matters to the 
board of management, but the board will devolve on him the details of 
carrying out the personnel policies. 

The ratio of professional staff to staff who assist the technical work- 
is usually known as the support ratio, and this ratio varies with different 
types of technical work and in different countries. However, in general, 
it appears to vary between one and three non-professional staff to one pro- 
fessional staff. In some developing countries not only are professional 
staff scarce, but the support staff are also scarce — especially trained 
technicians, and it may therefore be necessary for the institute to set up 
training procedures for such staff. 

The morale of a research institute is a very precious thing and it will 
be one of the main considerations of the director to maintain it on a high 
level. This will not be attained unless the personnel procedures are not 
only fair to, but are seen to be fair by, the staff. Remuneration must be 
adequate and there should be some means of giving special recognition 
for good work. 

In the larger institutes some systematic procedures of staff evaluation 
will be required and this system will not only be of great assistance to the 
management of the institute, but will also assist greatly in enabling staff 
to see that salary advancements and promotions are based on merit and 
not on nepotism, favouritism or mere length of service. 

In the larger institutes it is fairly common now for two ladders of 
advancement to be used. First, there is the normal organizational ladder. 
As a man mounts this ladder, he will become responsible for the work of a 
larger number of staff and will have greater administrative responsibilities. 
Secondly, there is the ladder of scientific or technical excellence where 
a man can be promoted for this reason alone without having his adminis- 
trative responsibilities increased. 

Professional staff should be as close as possible to the practical technical 
work and any tendency on their part to retire to an office chair should be 
discouraged. 
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Employment on the technical staiT of an industrial research institute 
is excellent preparation for a mature career in many other types of work. 
It is therefore very important that the management of the institute recognize 
their responsibility for providing opportunities for development of younger 
staff members, either in the hope that they will expand into broader oppor- 
tunities within the institute itself or that they will move into other outside 
positions in which, as alumni of the organization, they will join a circle 
of loyal friends who will be spokesmen for its value in the community 
or nation. 

Because of its importance we repeat the statement made at the beginning 
of these general considerations — that the whole success of an institute 
depends upon the quality and ability of its staff. Quality must not be con- 
fused with the mere accumulation of academic diplomas or degrees, but 
must be regarded solely as describing the value of the work done. 

Research is aimed at the production of new ideas. Organizational 
sophistication alone will not produce a single new idea. The success of 
the institute will depend on having on its staff people capable of producing 
new ideas and actually producing them. 

RECRUITMENT OF STAFF 

In a new industrial research institute the professional technical staff 
will be small in number — probably somewhere between six and ten people. 
It is possible that suitable qualified people will not be available in the 
country where the institute is being set up, and applications for appointment 
will therefore have to be sought over a larger area. The director will no 
doubt obtain advice about suitable people from local sources, universities, 
other research institutes and from international organizations, and in his 
initial appointments will attempt to obtain as wide a range of skills and 
abilities as possible. 

A major question is the interest of an individual in working on projects 
that have defined objectives for practical application. Many younger men 
just leaving the academic atmosphere of universities, either local or foreign, 
after obtaining advanced training, are highly oriented toward "pure" 
research, that is, scientific investigations carried on without constraint in 
areas of the individual's own choosing. The nature of operations of the 
institute should be clearly explained to the candidates by emphasizing that 
in selecting goals and conducting the work the guiding principle is to make 
a direct contribution to technological advances in the operations of the 
clients. If they do not give evidence of comprehending and agreeing to 
this policy, the disillusionment on both sides which results when they begin 
their work m¡"' be traumatic. 

A second major question is the matter of versatility. Again, younger 
men who have just completed academic training are strongly motivated to 
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continue work along the lines in wl.ich they prepared their theses or at 
least to keep on working in related areas in which they have developed 
experience and knowledge. The varying nature of problems that are likely 
to be assigned to them in an institute dictates that a man can rarely hope 
to keep on working in the original field of his choice to the exclusion of 
everything else. It may be that he will find himself fortunate enough to be 
engaged in projects related to his thesis work, if this happens to have 
been carried out in an area < f rapidly developing technology pertinent to 
national development, but he cannot count on this as ; ,1 enduring situation. 

Along somewhat the same line, there is the additional requirement 
of the ability of the prospective employee to work on more than one subject 
at the same time. This becomes especially important where the task force 
or project-team scheme of operation is to be used, because he will frequently 
be a member of more than one team. Some scientists find that this is not 
a congenial manner in which to work, because their pei sonai bents are to 
concentrate on a single subject for extended periods of time to the exclusion 
of other interests. 

When apparently suitable staff have been located, they will no doubt 
be interviewed before appointment. In the interviews the director will 
probably be assisted by technical members of the hoard of management 
or by technical experts from other organizations by invitation. 

Finally, the candidates should be interviewed also by the individuals 
who will be their direct supervisors if they are offered positions. It is demor- 
alizing to have all discussions regarding employment conducted with senior 
members of the management of the organization, only to find that when 
the candidate begins work, he has to deal not with the executives whom 
he has met, but with other men at lower echelons. 

Great care will need to be taken to see that the staff appointed have 
suitable technical abilities and that their activities are oriented towards 
industrial work. They will normally have academic qualifications and, 
generally speaking the higher the academic qualification, the better the 
individual. But this is not by any means always the case. A sound record 
of achievement should always be preferred to the mere possession of aca- 
demic diplomas. In the new institute the initial staff will probably consist 
of an engineer, a chemist, a chemical engineer, a socio-economist and 
possibly one or two people skilled in the main industrial activities of the 
country. In making appointments, some form of contract will be required 
and this should cover 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 
and whether he is engaged to work only at the institute or wherever 
else his duties may determine. 

(b) There should be a very broad description of duties, and this should 
make it clear that the employee is expected to assist the work 
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of the institute in every way possible and not only in his parti- 
cular discipline. 

(e) The period of the contract should be stated, that is, whether the 
appointnv.Nit is for a fixed number of years or for an indonnite 
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. 

id) The initial salary payable should be stated and also the frequency 
of payment, that is, whether weekly, fortnightly, monthly and so on. 

(t) It should be stated whether the employee is expected to give 
his whole time to the post or whether he muy undertake private 
work with the permission of the institute. 

{/) The employee should be required to observe any reasonable 
working instructions given to him by the director. 

(g) The employee should undertake to observe trade or other secrets 
of the institute or its clients. 

(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. 

(/) 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) Some statement should be made about payment of salaries during 
illness. 

(k)  The length of holidays should be stated. 

(/) 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 expenses of the employee being accompanied 
by this wife and family and the possibility of needing to move 
his home. 

(m) Some statements should be made about sicuness, accident and 
fringe benefits and about superannuation provisions in which 
the employee can share. 

In addition, contracts of service sometimes contain a restrictive clause 
which provides that the employee may not enter other employement 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. 

All the provisions set out above apply mainly to the professional 
^aff of the institute, and it is good policy to have these matters ciearly 
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understood before an employee jon.> the stall rather than to have argu- 
ments on tlicm afterwaaK 

In addition to ine profe»sio:ial siali there will be supportimi stati', 
many of whom will have lesser professional qualifications and experie ice. 
These stalT will work under the direction of the professional staff and will 
assist generally in carrying out the investigational work. In many instances, 
the supporting st- If can cam out a complete investigation within the guide- 
lines set by the professional staff. 

A small staff o( maintenance and shop personnel will also be required 
to maintain the premises and equipment and perhaps operate a small 
workshop. Various types of abilities will be required in even a very small 
institute to use simple machine tools, wood-working and metal-working 
equipment, in addition to skill at glass-blowing and the laburatory arts. 

Another general group of staff to be considered is the administrative 
or office staff. At first, one man with accounting experience can probably 
carry out the necessary functions, but as the institute grows it may be 
necessary to have an accountant, a steward who will supervise maintenance 
of buildings and grounds and someone — preferably with a scientific 
background — to deal with staff administrative matters. The librarian, 
a very necessary service to the inst tute, may also be associated with th? 
administrative group. 

As the library grow s. a librarian will be required and a decision will 
need to be made whether this function should be allocated to a trained 
librarian or whether it should be performed by a technically trained person 
interested in information work. In the latter case the library can also 
deal with those minor technical inquiries which do not need to be referred 
to the professional staff. 

In all the types of staff mentioned above and, especially with the 
professional staff, it is a sound policy to have a probationary period, 
the appointment of the individual being confirmed at the end of this period. 
For top professional staff, the probationary period is sometimes as long 
as two years, the period diminishing with the level of the staff, but perhaps 
it should never be less than six months. During the probationary period, 
the man's progress should be reviewed, it may be desirable to give him 
an opportunity to work with different groups or in different areas within 
the institute, as it is sometimes found that a move within the institute will 
convert a doubtful employee into an asset because his early difficulties 
may have been due to incompatibility of temperament, rather than lack 
of ability to carry out the duties assigned to him. If, however, after at least 
two tries an individual is found to be unsatisfactory, he should be asked 
to find other employment as soon as possible and the institute should 
assist him in doing this. 
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HANDLING OI   PERSONNEL SEPARATIONS 

The existence of a mislit who is not carrying hi.«, weight ^ a dcu-rrent 
to proper morale. Continuing such an employee indefinitely appears to his 
associates a sign of weakness in administration. The situation should be 
handled with kindness but firmness. It shoult' also be viewed as unfair 
lo the rest of the staff who are making a proportionate contribution to the 
success of the institute. 

The management, by finding a position elsewhere into which the man 
will fit better, is doing a service to him, to the rest of the staff and to the 
success of the institute. His experience in the institute, in spite cT the fact 
i hat he did not live up to expectations, will usuali; have been of real benefit 
in giving him professional background for other types of work. 

ENCOURAGING CO-OPERATION AMONG PROFESSIONAL STAFF 

While the institute will not undertake to employ staff on particular 
types of work, they will, of course, take into consideration the natural 
abilities of the employees, because staff do the best work when they are 
engaged in problems to their liking. An outstanding characteristic of 
professional scientific and engineering work is the personal involvement 
of the investigator with his problem. This sometimes leads to a reluctance 
to consult other experts or to devolve those parts of the assignment which 
can be carried out by lower paid staff. The director must always be alert 
to this characteristic of professional staff. It is sometimes the case in larger 
institutes that one will find professional staff working on some aspect of 
a problem, the answer to which is already known in other parts of the 
institute. 

it is essential that all administrative and secretarial staff shall regard 
themselves as providing a service to assist the technical work of the institute 
and should not regard themselves as controlling the institute. All admin- 
istrative processes must therefore be designed from this point of view. 
In no circumstances should technical procedures be regarded as subservient 
to the administrative procedures. 

It is highly important that all staff should lake pride in the institute 
and its work and that they should feel that they are part of the institute 
and not just people doing a job for pay. 

REMUNERATION AND SUPERANNUATION 

Although it is often said that professional staff find their greatest 
satisfaction in the content of their work, such staff, like other members 
of the community, need to be freed from immediate preoccupation with 
the problems of maintaining themselves and their families. This position 
can best be achieved by the adoption of an adequate salary structure. 
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Salaries arc the most tangible rewuid for individual performance, and 
on their adequacy will depend the stability of the stati. This is essential 
for good productive work, fluctuations in level of technical employment 
should be kept to a minimum, and the salary structure should be flexible 
so that salaries can be related to individual effort. 

In the smaller institutes the director himself can judge the value of 
the service of each member of the staff and he should have power to make 
adjustments so that productivity is recognized. In the somewhat larger 
institutes he will consult the senior memoes of his staff on these matters, 
and in the still larger institutes it will be necessary to set up a systematic 
evaluation process. This will be dealt with later in this chapter. 

Salaries should be related to the general levels of salaries in other 
professions in the area, and in some institutes annual salary increments 
are granted within a predetermined limit. In other institutes no automatic 
advances are made but all additional payments are based on an appre- 
ciation of the work of the individual. 

In addition to adequate remuneration some acceptable form of super- 
annuation should be adopted. If the institute is supported by government, 
superannuation may be by the government system of the country and may 
not involve the employee in making any contribution; if the employee 
leaver the institute he may lose all benefits. On the other hand, the system 
may involve a contribution by the employee (often 5 per cent of salary) 
and a counterpart contribution by the institute (often 10 per cent of the 
salary). These sums are used to purchase a suitable superannuation policy 
from an insurance company. If the employee resigns he recovers his own 
contributions, but after a certain number of years' service he may be allowed 
to receive some or all of the institute's contributions as well. 

Conditions throughout the world vary so greatly that no indication 
can be given here of actual salary scales; each institute will need to deter- 
mine these in the light of local circumstances. 

In some institutes the salary paid to individuals is regarded as confi- 
dential between the employee and the institute, but often in institutes 
which are supported by the government the salary scales are required to 
bear some relation to those in other branches of government and are known 
publicly. 

EVALUATION OF STAì-F 

In the small institute, evaluation of staff is a matter for the director, 
but in the large institute there must be a periodic examination of the technical 
work and personal potentiality of each member of the professional and 
supporting staff. This operation is normally carried out annually, but 
sometimes twice annually. On the basis of the evaluation advancements 
of salary and promotions are determined. The system frequently adopted 
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is to have a staff evaluation form, at the head of which is entered the name 
of the employee together with other particulars such as age, qualifications 
and so on. It is important that any new qualifications or experience obtained 
by the employee during the period under review should be recorded here, 
and it is good practice for the employee himself to fill in this part of the form. 

The form should then go to somebody more senior than the employee 
being evaluated and who is, if possible, in day-to-day contact with the 
employee. Those sections of the form to be filled out by the evaluator 
call for an assessment of the following characteristics of the employee : 

(a) Scientific ability : This should be taken to include both the man's 
academic qualifications and his capacity to expand existing know- 
ledge. 

(b) Judgement and common sense : This is a personal quality rather 
than a matter of technical expertness and is largely a result of 
temperament modified by upbringing and experience. 

(c) Initiative and drive : This should cover the energy put into his 
work together with a sustaining interest in the work. 

(d) Speed, accuracy and method : This is particularly personal, but 
is also much influenced by the man's experience and knowledge. 
It therefore gives a closer measure of a man's potential than some 
of the preceding requirements. 

(e) Power of expression : This is particularly important in senior 
staff. Some people have a natural gift for this and it is largely 
a matter of education. For those members of the staff who are 
poor in this connexion, the institute should make every effort 
to help them to develop the art of communication. 

(/) Leadership and personal relations : Here we come to the qualities 
which above all mark out a man for promotion. It is essential to 
see that the description is treated as a whole and that it is not 
just a measure of geniality. These characteristics are due less to 
education and experience than any of the others. A bad mark 
under this head may indicate that a good man is for the time being 
a square peg in a round hole. 

Some evaluation forms call for an adjudication of an employee under 
five heads, such as very good, good, normal, poor and bad, and these 
degrees are marked for each of the characteristics mentioned above. 

When the form has been filled in by the immediate supervisor, it 
should then go to the division head in the large institute and ultimately 
to the director. At each stage comments should be added if the employee 
and his work are known to the more senior staff. 

A characteristic of systematic evaluation procedure is that it throws 
as much light on the judges as it does on the judged. It is sometimes very 
easy to see that some supervisor is out of sympathy with some members 
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of his staff, whereas the judgement 01 the director may differ from that 
of supervisor. This will therefore tend to show up not only the qualities 
of the employees but incompatibilities of temperament. 

When the periodical assessment has been completed, some senior 
member of the staff should discuss the results with those assessed. He 
should praise the good qualities before he deals with those which are not 
so good. This interview should be designed as a means of helping the 
employee and should not in any sense be merely a vehicle for criticism. 

These evaluations will tend to show up the potential leaders in the 
institute. In the junior ranks it must be remembered that it is not always 
those who arc most adept at manipulative work who have the qualities 
of a good leader. Sometimes those people who are technically most profi- 
cient may be so interested in detail that they are unable to take the broader 
view required of a leader. 

As a result of the periodic evaluation, salary advances may be deter- 
mined or it may be possible within the discretion of the board of manage- 
ment or director to make ad hoc financial awards for good work. 

For supporting staff, the evaluation forms will be simpler because 
many of the characteristics required of more senior professional staff will 
not be shown or even expected of supporting staff. When technicians, 
for instance, are evaluated the form will be very simple indeed because 
here skill and productivity can more easily be assessed and these are the 
principal requirements of such staff. 

The higher the staff member, the less easy it is to assess his productivity. 
With professional technical staff the final product of their effort is ideas 
and it is often almost impossible to assess the value of an idea until some 
considerable period has elapsed. However, in those institutes where publica- 
tion of papers in journals is allowed, some measure of the productivity 
of the senior staff can be gained from the number and quality of publica- 
tions. Even here, however, it must be remembered that some staff members 
may be engaged on projects regarding which publication is not possible, 
so this yardstick cannot be used to the exclusion of other considerations. 

In large institutes one of the great values of a systematic evaluation 
system is that it shows the staff that they are receiving fair consideration. 
From the standpoint of management, it is valuable because it provides 
for a consideration of all aspects of an employee's character and work. 
Without such a system, judgements might be made on some recent but 
trivial activity of the employee. 

A specimen evaluation report (form 3) for the professional and suppor- 
ting staff of a large institute is illustrated below : 
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Form 3 

SPECIMEN  EVALUATION  REPORT 

Reporting 
officer's       , 
initiais 

Establishment 

Grade : 

INDUSTRIAL RESEARCH INSTITUTE OF   . . . 

ANNUAL CONFIDENTIAL REPORT 

(Professional and Supporting Staff) 
Year ending 

Section I 
* The officer who is being reported upon should check the entries in paragraphs 1 to 5 

below and complete paragraphs 6 to 11 before signing at the foot of the page. 

1. Surname (in block capitals) 

2. Other names 

3. Age on           Years       Months 

4. Length of service at    (a) In grade (6) In I.R.I. (c) Other govern- 
              Years      Months    Years      Months ment service 

Years      Months 
5. Increments above minimum on    

6. Degrees or other technical or educational qualifications (including membership or 
fellowship of learned societies, professional institutions, etc.). 

7. Qualifications gained and publications and unpublished reports during the last 
twelve-month period (state if no opportunity). 

8. Foreign languages 
Proficiency 

Language Verbatim Written without Working 
translation dictionary knowledge 

9. Further education in progress (if any). 

10. Type(s) of duty in which the officer concerned has had experience, including the 
year under review. 

11. Remarks by the officer, including type(s) of duty and work on which he wishes'to 
gain more experience. 

* Signature   

Section // The reporting officer 

1. WORK on which engaged during year 
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AssFssMiNT or PiRioRM<\\<r (in rclai.on \o age and grade). 

Put a blue or black tick after the appropriate description oí each quality which you 
have reason to hv able tu i migo. 

(a) Professional qualities 
(i) Scientific and.or technical knowledge 

Exceptionally wide, thorough and up to date     a 
Considerable breadth or depth of knowledge  h . — 
Sound within his Held  c ..— 
Rather narrow or oía oí date d ...  
Inadequate   e .... -— 

(ii) Originality 
Always ful! oí good ideas    a  
Makes contributions of unusual value h .— 
Usually able to sec a way   c ..— 
Seldom produces constructive ideas d ...— 
Fails to respond usefully to a new situation e ....— 

(iii) Interpretation oí data or experimental results 
Brilliant use of data and results  a — 
Reaches good conclusions with ease  b . — 
Makes satisfactory use of his data c ..— 
Not good at interpreting results d ...  
Fails to use data effectively c ....  

(iv) Experimental ability 
Exceptionally skilful a — 
Very good ¿ .  
A sound practical man c ..  
Not particularly good d ...  
Unsuited to experimental work    c  

(v) Reliability 
Distinguished for reliable and thorough work a — 
Maintains a high standard b .  
His work is generally sound   c ..  
His reliability leaves something to be desired d ...  
Unreliable and/or careless in his work   e  

(vi) Output      quantity 
Outstanding in the amount of work he docs  a  
Gets through a great deal of work b . -  
Output satisfactory c       
Works rather slowly d ..  
Output regularly insufficient  e  

(b) Personal qualities 
(vii) Personal relations 

Highly regarded and respected  a  
Is well regarded /,     
Gets on satisfactorily with others e    .-  
Not easy in his relationships d ...  
A very difficult colleague e          

(viii) Leadership 
A born leader    a  
Able to guide others well ¿     
Exercises adequate control     c       
Does not control others well d     .-  
Cannot control staff  e 
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(ix) Organizing ability 
An exceptionally effective organizer  a - - 
Shows considerable skill at organizing work    b .— 
Plans and controls work satisfactorily  c ..— 
An indifferent organizer  d ... — 
Without organizing ability  e  — 

(x) Judgement, common sense and discretion 
Displays exceptional wisdom, foresight and discretion a - — 
Sensible and discreet  b . — 
Handles most situations adequately  c . — 
Inclined to be erratic in judgement or indiscreet d ...— 
Judgement definitely faulty   e  — 

(xi) Self-reliance 
Takes and carries responsibility at all times a — 
Very willing to carry responsibility     b .— 
Accepts responsibility when required of him   c . .— 
Inclined to rely on others    d ...— 
Seldom trusts his own judgement e  — 

(xii) Quality of expression (oral) 
A brilliant expositor  a — 
Expresses himself clearly and convincingly  b ,— 
Puts his point adequately  c ..— 
Not an effective talker  d ...— 
Obscure, diffuse or inarticulate  e — 

(xiii) Quality of expression (written) 
Exceptionally good  a — 
Written work clear, concise and well arranged   b .— 
Expresses himself adequately     c ..— 
Written work hardly good enough  d ...— 
Cannot express himself on paper   e  — 

3. OFFICIAL CONDUCT 

Satisfactory     a/c — 
If less than satisfactory explain why in item 4 below. 

4. GENERAL REMARKS (including the noting of any special qualities of performance, 
under normal or special conditions, which cannot properly be recorded in any previous 
section). 

5. OVER-ALL ASSESSMENT FOR DUTIES OF GRADE IN PAST YEAR 

(Marking should be made in the light of the individual's age and incremental position 
in the grade.) 

An exceptional officer outstanding in all respects  a — 
A very able and effective officer  b .— 
A competent officer   c ..— 
Fair d ...— 
Indifferent e ....— 
Unsatisfactory  /  — 

6. DEGREE OF FITNESS FOR PROMOTION 

(Including class-to-class promotion) (See notes) 

Delete one of the following : 
1. Fitted 1    .    . 
2. Not fitted   Í   for immed,atc Promotion 
Remarks (if any) : 

73 



7,  O RíMICA ri 
In my opinion the conduct and standard of efficiency of this officer arc as stated 

above. 
Reporting Officer's Signa:ure :  

Grade : Date : 

Section 111 The countersigning officer 

1. Do you agree entirely with the above report? 
Yes, No    (Delete whichever does not appiy.) 

2. If noi. what adjustment <.',o you propose? (Revised markings can be indicated by 
blue or black crosses following the appropriate items.) 

3.  Have you any other observations? 

4.  CHANGE or WORK : If you regard this officer as better fitted for other duties, state 
what you think he should do. 

5.    DlGRU   OF   F1TNTSS FOR PROMOTION 

(Including class-to-class promotion) (See notes) 

Delete all but one of the following : 
1. Highly fitted    i 
2. Fitted .    for immediate promotion 
3. Not fitted        ' 

Remarks (if any) : 
Signature :         Date 

Section IV 

Remarks by Director : 

Signature :         Date :   

(Before this form is handed to the officer concerned, the reporting officer should initial 
it in the box provided on the front of the form.) 

NOTES 

The report is divided into four sections, the first of which contains factual inform- 
ation relating to the officer reported upon, who should check the entries and complete 
paragraphs 6 to 11, signing at the foot of the page before any entries are made on the 
remainder of the form. 

The second section is the responsibility of the reporting officer, the third that of 
the countersigning officer and the fourth that of the director. 

The opinions expressed in each section of the report should be genuine personal 
opinions of the officer concerned. Such opinions may differ as between the reporting 
officer, the countersigning officer and the director. Where this is so, it is essential for the 
success of the reporting scheme that the difference should not be concealed or glossed 
over. 

Section li : The reporting officer. This section should be completed by an officer, 
designated by the director, who is in close contact with the person reported upon and 
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who is at least one grade senior to him. The report should refer strictly to the period 
specified at the head of the form and should not be based on earlier observations. Normally 
it is intended that one officer should complete this section of the report, but in cases 
where there has been a change of reporting ofiker during the year, the director should 
obtain a report from the reporting officer with the greater experience of the reportée 
during the „ear, or when appropriate, a joint report from both. Although it is expected 
that officers will exchange views in order to assist in the development of uniform stand- 
ards, it is intended that a reporting officer should record his own judgement and not 
consult others about reporting upon individual cases. The report should therefore be 
based on the reporting officer's own observations of the officer under report, though 
occasionally where the officer being reported upon is engaged on two or more distinct 
jobs, the collaboration of two reporting officers is desirable. The " General Remarks " 
section offers an opportunity for any apparent inconsistency in markings to be explained 
or for disagreement between two reporting officers in the case noted above to be recorded 
and commented on. 

Ticks should be inserted in the appropriate boxes, but all such markings should 
represent a definite assessment by the reporting officer. If the reporting officer is not in 
a position to pass judgement on any particular matter, the relevant boxes should be left 
blank and he should write before them in the margin NA (not applicable). Any charac- 
teristics not provided for elsewhere should be noted under " General Remarks ". The 
" Over-all Assessment " should be a general assessment and not an attempt to strike 
an average of the ticks in section II. 

In marking fitness for promotion, the reporting officer is required to give his personal 
assessment of the suitability of the officer under report for a higher appointment at the 
present time. In the absence of other explanation under " Remarks ", this will be inter- 
preted in relation to fitness for promotion to the next higher grade in the officer's present 
class. The marking should be based on the officer's qualities irrespective of age or length 
of service in his grade and be completely independent of the existence or otherwise of 
vacancies in the higher grade. 

Section III : The countersigning officer. The countersigning officer should be a 
senior officer, designated by the director, who is normally responsible for the work of 
the reporting officer and the officer reported on. He should record any matters relating 
to the officer under report which are not brought out adequately in section II, or any 
instance in which he disagrees with the section II assessment. An absence of comment 
will be taken as implying agreement with the section II assessment. 

Note 6 above concerning the assessment of fitness for promotion applies also to 
the countersigning officer. 

Section IV : The director. The director is asked to try to ensure that there is reasonable 
uniformity of standards between the reports on the various grades within his station. 
This section provides an opportunity for adjusting standards between reporting officers 
and also for adding any special comments on the work of the officer reported upon. 

General. Copies of reports may not be kept except by Heads of Establishments and 
in NO circumstances may reporting officers refer to previous reports when completing 
this form. The value of these reports is largely dependent upon strict observance of 
this rule. 

Communication of Adverse Markings. The following procedure for notifying 
officers of certain low markings will be followed except in the circumstances noted in 
paragraph 12. 

A marking under (<?) of any heading of section II supported by the countersigning 
officer will be communicated to the officer informally in such a manner as the director 
may deem appropriate. 

75 



An over-all " satisfactory " marking v.,»ported by the director v.iH be communi- 
cated by him to the officer in writing in duplicate. The otlicer will be required to sign and 
return one copy within four weeks with his written observations, il*any. This copy together 
with the officer's observations, will be attached to the report before the report is sent 
to headquarters. 

Adverse markings need not be communicated to the officer if : ii) in the opinion 
of the director communication is considered likely to affect adversely the officer's health; 
(ii) the marking is due to inexperience owing to less than one year's service in the grade 
(except in cases of unsatisfactory conduct, laziness and so on), or (iii) the weakness has 
already been notified, and it is clear that no useful purpose can be served by repeated 
notifications. 
(In such cases the officer should be advised of the proposal to discontinue future noti- 
fications to the same effect as those he has previously received. Any change for better 
or worse should be notified to the officer.) 

TRAINING 

It is often the case that the formal education and training of staff" 
are not quite adequate to meet the requirements of the institute. Even 
with people of high academic qualifications some specialized training may 
be required. Professional staff should be encouraged to welcome training 
rather than to regard it as a slight on their professional status. 

For professional staff, training may well take the form of leave of 
absence at universities or at other research institutes designed to bring them 
up to date with new ideas and techniques. For the junior staff, some or 
all of whom may already have undergone a programme of technical training 
in a technical college or similar institute, additional training can often be 
provided on the job through suitable apprenticeship arrangements designed 
to produce the well-rounded types of technicians required by the institute. 
Where necessary, institute technicians may receive further training at 
appropriate technical colleges or universities in the countiy or abroad and 
in some instances may thus acquire professional qualifications. 

In large institutes, some senior member of the staff is allocated the 
responsibility of supervising training programmes and of advising junior 
members of the staff on the types of training they should take. If it is possible 
to recognize successful training by suitable increments of pay, so much 
the better. 

For senior staff members, training may be given in such topics as 
management, communications, human relations and how to deal with 
clients' representatives. In particular, training in management is required 
for those members of the staff who are being promoted from purely technical 
activities to those which require the exercise of managerial functions. 
Many institutes in the developed countries offer training facilities and, 
in some cases, these institutes are prepared to send members of their staff, 
to institutes in developing countries so as to train local staff in special 
techniques. Many international programmes are also designed for the train- 
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ing of professional staff. Whether training is to be in-house or whether il 
must take place outside the institute will depend on, among other things, 
the availability of suitable experts within the institute to undertake the 
training functions. It also depends on the availability of suitable training 
facilities and programmes outside the institute. 

Within the institute, the holding of staff meetings, seminars, and 
the like can do much to expand the professional horizons of the technical 
personnel. Arrangements should be made to have all staff members parti- 
cipate actively by assigning them topics to prepare in advance for presen- 
tation and by occasionally holding programmes in which individuals are 
required to take p;«rt without preparation. This will improve the ability 
of individuals to organize their thoughts and to present them in an orderly 
and forceful manner. 

The institute can also, by the diversity of its fields of activity, system- 
atically expose individual members to various types of work by arranging 
for them to participate in a consulting capacity or as team members on 
projects in areas other than their main lines of activity. 

It should be the policy of the institute to encourage the technical 
staff to participate in the organizational and technical activities of pro- 
fessional groups. Sometimes a pattern develops of representation in such 
affairs only by senior men. A plan should be worked out which provides 
for a reasonable amount of participation by junior members. 

It is warranted to emphasize again one of the most important contri- 
butions that an industrial research institute can make to the national 
welfare in a developing country. By providing technical personnel with 
good training and opportunity to develop their ability to carry out research 
and development activities and by giving them experience in managerial 
aspects of technical programming, execution and implementation, the 
institute is aiding them in acquiring skills that make them particularly 
well fitted for taking senior posts in industrial establishments, industry 
associations and government agencies. 

MOTIVATION 

While staff should be selected on the basis of having appropriate 
qualifications, the climate created by the management philosophy within 
the institute must be such that these attributes are encouraged by the 
internal administration. There should be throughout the organization a 
feeling of purpose, and procedures should be aimed at fostering this attitude. 
This requires that the senior members of the organization should set an 
example of effectiveness in carrying out their responsibilities. 

The conditions of employment should be appropriate for the satis- 
faction of professional men of high calibre; even though they may not be 
ideal, they should at least be as good as can be achieved under existing 
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conditions. The scale of salaries and other benefits should correspond to 
these advantages for professional men in other types of occupations. 
Policies should be formulated and carried out for recognition of the self- 
respect of the individual. He should be made to feel that he is a vital part 
of the organization, not just another employee. 

The management must set a pattern of constructive efforts to obtain 
interesting and rewarding technical assignments. Individual staff members 
should be made to feel that they are a part of this effort. 

There must be recognition that there are two major facets involved 
in the handling of professional employees. The first may be called the 
organizational climate : this involves establishment of administrative 
channels which will define the relationship of the individual with respect 
to such matters as assignments of responsibility and authority in the chiin 
of command, remuneration and other benefits, and guidance and assist- 
ance in personal development. The second aspect is the climate for profes- 
sional work : this includes the method of defining assignments, establish- 
ment of a creative spirit, provision of opportunity for bringing into play 
individual technical abilities and recognition of accomplishment. 

In older theories of management these two aspects of administration 
of technical personnel were treated as one and the same; in other words, 
the administrative superior not only was responsible for formal relation- 
suip in the organization, but also directed work assignment and per- 
formance. More recent managerial practices, particularly when a multi- 
discipline team approach i> used on projects, treats these two channels 
of responsibility and authority in a different fashion by according to the 
individual much greater freedom in planning and using his abilities for 
reaching defined end results through collaboration with his colleagues. 
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Chapter 7 

RELATIONSHIPS BETWEEN THE INDUSTRIAL RESEARCH 
INSTITUTE AND ITS CLIENTS 

GCNLRAL   CONSIDERATIONS 

If the raison d'etre of an industrial research institute is that its help 
is needed by government, local enterprises and industrial development 
agencies, then its effectiveness must be measured by the extent to which 
these various undertakings really make use of its services. This will not 
take place automatically, nor can it be brought about just by offering 
services at subsidized rates or even free; the provision of research and tech- 
nical services involves more than merely making them available. An indus- 
trial research institute anywhere — especially a new one — must success- 
fully " sell " its services to the community if its value is to be felt where 
it is most needed. 

Before discussing relevant techniques, it will not be out of place here 
to stress once more that the institute must first have something sufficiently 
valuable to sell. By this it is meant that, irrespective of promotional tech- 
nique, what basically must be relied upon to sell technical services is the 
actual ability of the institute to return more than the investment in it — in 
other words, its ability to bring substantial gains to the user. Practical 
demonstration of this ability has to be the chief promotional tool. Thus, 
as already discussed elsewhere, the institute must have real competence; 
its staff, for instance, cannot afford to be in any sense of lower calibre 
than that of the organizations it hopes to advise, or the demonstration will 
inevitably fail. Likewise the institute's own position must be such as to 
assure clients of its capacity for impartiality and, where necessary, truly 
confidential treatment of information. 

STARTINO AND DEVELOPING A CLIENTELE 

Given these prerequisites, the successful development of a clientele is 
in itself a marketing research project. It involves an analysis of the types 
of services for which a demand may be created and a characterization of 
the industrial establishments, industry associations and government agencies 
considered likely candidates for sponsoring institute work. One of the 
early steps in organizing an industrial research institute is to decide what 
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technical areas the institute will emk.ivour to cover initially and what 
types of client are likely to be interested in the services to be offered. The 
decisions reached in this initial planning may eventually be modified and 
should not exclude the possibility oï exploring other types of clients or 
other professional fields of work. 

Criteria should he formulated for a systematic review of the range 
of operations, sizes, managerial attitudes and economic statuses of the 
potential clients to determine those that are likely to be most susceptible 
to the institute's appeal for sponsored work. Lists of proposed contacts 
may be assigned priorities and the original assumptions as to the most 
promising candidates tested against the roulis of trial calls on carefully 
selected representatives of major classifications. The reactions of the 
executives to the type of presentation made should be objectively analysed 
to improve the method of approach. The institute's management should 
continually be comparing its success in attracting projects in various lines, 
and accordingly seeking to adjust the scope of its professional proficiency 
in relation to the total community it seeks to serve. 

It should be borne in mind that time and repeated contacts will be 
required to convince many executives of the value of the institute's services 
to their organizations. But intuition must be used in deciding which of 
the prospects warrant additional attention and which are unlikely to be 
convinced no matter how frequently they are approached. 

In order to carry out successfully these explorations of types and 
areas of service, the senior executives of the institute should be acknowledged 
figures in the world of applied science, so that they can obtain entry into 
the managerial circles in which decisions will be reached on the need for 
outside help on technical or economic problems. They must be spokesmen 
for the broad aspects of the need of the industrial establishments, agencies 
and departments in their countries or communities for self-generated 
technology as the spearhead for future development and expansion of 
industry — indeed, even for its survival in the face of increasing competition 
throughout the world. 

The board of management of an industrial research institute can be 
of great assistance to the institute in facilitating direct contacts with key 
persons in potential client organizations. From this aspect the members 
should be leading figures in industrial and public affairs, and their selection 
should be influenced by the types of clients and areas of work that are 
being sought. If they are suitably briefed on the objectives, method of 
operation and general capability of the institute staff, they can contribute 
greatly to the prestige of the organization and to its acceptance as a useful 
institution by appropriate echelons in government, industry associations 
and industrial establishments. 

It is often advantageous to make contacts in the organizations of poten- 
tial clients at more than one level. This may be done, for example, at the 
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level of the managing director, and also with some of the technical per- 
sonnel. In this way both levels will become aware of the services the institute 
is prepared to offer, so that when the question of authorizing a project 
comes up for decision, the ground will have been prepared at both levels. 

A word of caution should be expressed on the size of establishment 
which may make use of industrial research institutes. Often institutes 
have been thought to be most useful to small industrial undertakings 
which cannot afford to have their own technical staff. Experience has 
shown, however, that the major sources of institute support are actually the 
establishments of medium and large size. The smaller industrial units, even 
though they might be able to afford the expense of a project, often will 
not feel that by themselves they have the resources to make sufficient use 
of the results of research and development to justify the cost. In many 
lines, rather than try to provide major research services to individual small 
enterprises, the institute management will do well to seek instead some 
means of handling common problems of a group of such units in the same 
industry. Less costly services, however, such as routine testing and trouble- 
shooting, can still be provided to the small individual enterprises. These 
observations about small industrial establishments do not necessarily 
apply to government agencies, for it is conceivable that small agencies 
may need to arrange for outside technical assistance and will be well able 
to justify the cost. 

These considerations emphasize the fact that the management of an 
industrial research institute must plan carefully the types of contacts which 
it wishes to carry out with potential clients. It should develop flexibility 
and patience in seeking support, until experience shows the sources and 
procedures that yield best results. 

Remembering, too, that the continued growth of an industrial research 
institute cannot be based on words, but only on inspired confidence and 
demonstrated successes, it is wise policy to discourage proposed sponsored 
projects — indeed any projects — which seem to have poor odds for success. 
This is especially advisable in the early years, no matter how urgently new 
clients may be desired. In such instances it is better to suggest to the pros- 
pective client a modest exploratory programme or som.- simple initial tests, 
emphasizing that the institute is not in business to make a profit but only 
to be of genuine service, and does not want to take the client's money 
unnecessarily. Not only may the institute thus be spared the likelihood 
of an unsuccessful project on its record, but the goodwill engendered by 
this tactic will in due course bring in many times the volume of work so 
rejected. 
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MEDIA FOR EXTERNAL RELATIONS 

Promotional literature 

One of the first requirements of an industrial research institute is 
suitable literature. This need not be elaborate, but its content and quality 
of reproduction should be first class to reflect an institutional tone of care 
and competence. It is often in the form of a brochure setting forth concisely 
the objectives, areas of operation, outline of provisions for project contracts 
or agreements, a brief description of facilities and summary of the back- 
grounds of the professional stati. As time passes there will be additional 
literature to go along with the general brochure, such as illustrated annual 
reports describing the institute's achievements, copies of speeches on the 
general subject of institut, mal research, socio-economic development pro- 
cedures and the like, all ol which can be an effective means of attracting 
attention to the merits of p'icing projects with the organization. 

Personal calls by institute staff 

Visits to potential clients should he arranged in accordance with the 
customs of the country or community, usually by an introductory letter 
requesting an appointment, stating the purpose of the discussion and 
enclosing whatever literature may be available to pave the way for an 
appropriate reception. After the meeting, the institute executive may pro- 
fitably write a letter expressing appreciation for the opportunity of having 
the discussion and, if possible, commenting upon some of the topics which 
appeared to be of most interest. Often some questions will have been raised 
during the discussions which will afford an opportunity for enclosing some 
preliminary information or for suggesting approaches to the problems. 

The importance of having the names of the institute and its represen- 
tatives well known throughout the community cannot be overemphasized. 
It has been the experience of nearly all organizations of this type that 
appreciable periods of time may elapse before the results of their initial 
promotional contacts bear fruit in the form of projects. But by diligent 
and courteous cultivation of a wide range of such contacts, the name of 
the institute will keep arising whenever an organization feels the need for 
external technical assistance. 

Presentation of addresses and attendance at meetings 

The executives of industrial research institutes who have primary 
responsibility for developing requests for service must devote major efforts 
to public appearances. They must accept invitations to present addresses 
before various types of industrial, government, technical and other organiza- 
tions. These addresses should be carefully prepared, and while it is suitable 
that in many cases the subject should be the need for technological develop- 
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ment of the country, the material should not be too general and high flown, 
but should deal with illustrative practical cases to excite interest, with 
tactful presentation of the services that the institute is prepared to offer 
for this worthy cause. The accomplishments of the institute should be 
touched upon. When possible, the talks should be prepared in written form 
and published or reproduced for distribution to potential clients. At the 
least, there should be copies available for the daily press at the time of 
presentation, or summary releases or abstracts suitable for publication in 
the newspapers or in other general periodicals. If the director of the institute 
is not particularly adept in writing such material, one of his first needs 
to promote the welfare of the organization may be to engage a public 
relations assistant to aid him in doing this. 

As the staff of the institute increases and the number of requests for 
representatives to deliver talks before various bodies grows, other senior 
men in the organization should develop their ability to help carry this load. 
As this type of activity expands, the usefulness of a public relations specialist 
will become more and more apparent. 

The senior staff of the institute should also be ready to serve on appro- 
priate public committees of a non-political nature and should be assiduous 
in attending meetings of industrial, government and social groups in wSiich 
they will come in contact with prominent executives in the organizations 
from which they hope to obtain support for projects. This they must do 
even when they are not called upon to be speakers. Often there is oppor- 
tunity for making comments from the floor after an address by someone else. 

It is perhaps as well to add that, in activities of this kind, the tone of 
speeches and participation in discussions should be carefully framed with 
respect to what is fitting in carrying out a programme of dignified public 
relations. Overdoing the attempts to be in the public eye or adopting an 
approach that is not quite acceptable may do more harm than good. Thus 
a director experienced in the techniques of public relations is most desirable 
and, failing this, a staff assistant so experienced is an especially valuable 
member of the staff of an industrial research institute. 

Institute periodical publications or bulli lins 

As an additional way of maintaining continuing contact with potential 
clients, some sort of regular mailing to a selected list of addressees is very 
helpful. Many industrial research institutes have printed bulletins issued 
monthly, quarterly or occasionally. These are often reproduced in an 
attractive printed form; for a smaller organization, however, a one- or 
two- page bulletin carefully prepared from time to time and duplicated 
on an office machine will serve the same purpose effectively. The contents 
may be essays on some timely topic, research news of local interest or 
abstracts of pertinent literature on technical or economic subjects culled 
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from the national literature and from nuei national publications. Whatever 
their nature, the main point is tlvit they cross the desks of potential clients 
with sufficient frequency to insure that the name and activities of the institute 
are not forgotten. 

Symposia end special meetings 

Industrial research institutes can fulfill a useful function in their 
countries or communities by organizing symposia or meetings at which 
papers on important topics may be presented. Naturally, some members 
of the institute staff may be included among the list of speakers, but it 
frequently creates a better impression if others are invited from outside 
the organization to participate. The assemblage of an important group in 
a symposium alTords an excellent opportunity for expanding personal 
contacts, but this does not take the place of personal calls upon selected 
individuals. Also, if manuscripts of the adresses delivered at the meeting 
are collected, these can be reproduced and distributed among the partici- 
pants or circulated to a wider readership. 

An inviting public image 

Finally, an industrial research institute must keep in mind that its 
clients often have to base important decisions and large financial outlays 
on its technical advice. They will not do this unless they feel that the institute 
is not only competent but critically careful in every respect. 

Accordingly, such an institute must strive to set a quality of excellence 
in everything it does. The typing of reports should be of first-class work- 
manship, the receptionist should be pleasant and well informed, the front 
lawn should be well kept and everything else likewise should suggest that 
the institute has high standards and can be trusted with an important 
piece of work. To be sure, such a policy helps any business; but for a research 
institute to let so much as a carelessly typed letter leave the premises can 
give the impression that a table of research data might be similarly full of 
inaccuracies and capable of causing the client's factory serious financial 
loss. In short, to develop a clientele an institute must not only be competent 
but must appear to be competent. 

CONTRACTUAL RELATIONSHIPS 

Before the industrial research institute undertakes a project for a 
client, a proposal of the projected investigation is prepared and submitted 
to the client for his consideration. When the project proposal meets the 
satisfaction of the client, an agreement is entered into by the institute and 
the client. In general, if the project is small, the agreement may take the 
form of an exchange of letters; if it is large, it is customary either to use 
a standard agreement form or to prepare a detailed agreement for the 
specific project. 
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The following paragraphs illustrate the provisions that are generally 
included in contracts or agreements. Typical wording is underlined, followed 
by comments and various modifications that might be preferred by an 
individual institute. 

SUBJLCT ; This agreement confirms the mutual understandings 
between ABC Industrial Research Institute (hereafter called the Institute) 
and DEE Establishment (hereafter called the Client) covering a pro- 
gramme of research and development on (subject) 

It is usual to employ a short identifying subject which facilitates 
reference in correspondence or other communication. 

Obligations of the Institute 

PROGRAMME OUTLINE : The Institute agrees to undertake on behalf 
of the Client a research and development programme to produce a product 
having the following characteristics... 

Sometimes it h preferable to attach a more detailed programme as a 
supplement to the agreement, in which case reference is made to it by 
including in the above statement the wording : " agrees to undertake the 
research and development programme described in detail in the supplement 
to this contract, which is acknowledged by both parties as a part thereof. " 

CONTACT RESPONSIBILITY : The Institute designates (individual's 
name) as having over-all responsibility for the conduct of this work. 

It has been found very desirable that both the Institute and the Client 
shall each designate a key individual who will make policy and day-to-day 
decisions on behalf of his party to the agreement. 

PERSONNEL RESPONSIBILITY : The Institute agrees to provide a 
qualified staff of professional personnel to carry out this assignment. 

In some cases the names of one or more professional people who are 
to take part in the work are specifically mentioned. It may also be advan- 
tageous to describe the qualifications of these men in an appendix to 
the contract. 

FACILITIES RESPONSIBILITY : The Institute agrees to provide labo- 
ratory (and/or pilot plant) space and general equipment needed for the 
carrying out of this investigation. 

Sometimes expensive specialized equipment or supplies beyond the 
normal type at the institute will be required. This possibility should be 
allowed for by indicating the estimated cost of these additional items, 
how they are to be paid for and the disposition to be made of used equip- 
ment or balance of supplies at the conclusion of the investigation. For 
example, the items may be retained by the Institute, they may be turned 
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over to the Client for his own use or thc\ may be purchased by the Institute 
at sonic fair price. 

RIPORTIVI KI SPONSIüü in : The Institute agrees to submit to the 
Client monthly reports describing the progress on the project. h will 
also maint din careful i ccords in the laboratory of details of all work 
carried out. At the conclusion of the project a final written summary 
of all work will he prepared. 

Reporti ng may. of course, be carried out on some other schedule, 
i-uch as quarterly, semi-annually or ar.iiually, as mutually agreed. The 
character of the reports should be such that they are useful to the individuals 
in the Client's organization who will receive them; in other words, if the 
reports 0.0 to a nontechnical executive, the language should be as simple 
and nontechnical as feasible, with due regard to giving all the necessary 
information and conclusions. 

To maintain the Client's interest in the work, it is advisable to have 
reasonably frequent contacts by means of reports, letters, personal meetings 
or telephone discussions. Experienced managers of industrial research 
institutes often find that there should be a general policy of at least one 
contact of an appropriate character per month with each Client. 

CONFIDENTIAL TREATMENT OF INFORMATION : The Institute agrees 
that it will keep confidential any proprietary information supplied by the 
Client, and that it will not disclose information obtained during the 
course of the work to ori side parties except in accordance with policies 
agreed to by the Client as follows : (Concise definition of policy.) 

The necessity for a stipulation of this sort will of course depend upon 
the situation within the given country. Where active competitive situations 
exist, either within the country or in the international field, it is likely 
that some agreement of this type will be required. The nature of the policy 
can, of course, be varied considerably. 

RIGHT OF PUBLICATION : The Institute is given the right for free 
publication of all results in the technical literature two years after the 
termination of this agreement. 

This type of arrangement varies much in various organizations, depend- 
ing upon the situation in the economy, the policies of the Client, and the 
charter of the Institute. 

PATENTS : All patentable inventions made during the course of this 
investigation are the property of the Client. The Institute agrees to 
prepare the necessary memoranda and documents, a* the Client's expense, 
for filing and prosecuting patent applications. 

Here «gain the stipulations in different countries and in different types 
of Institutes will vary widely. In a given country, while internal patents 
may not have value, it may be felt that patents should be taken out in 
other countries. 
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Sometimes in industrial research institutes, the policy is for the Insti- 
tute to take out the putcntv and to negotiate with the Client cither a royalty 
arrangement for an exclusive license, or for a non-exclusive license; in 
the latter case the provKi-vi is often made that no other non-exclusive 
licenses will he «r;»nted n* competitors until a period of. say, three years 
has elapsed, in order to pive ¡he Client lead time in commercializing the 
invention. 

The stipulation " at the Client's expense " is included in the second 
sentence of the typical wording so that the Institute can recover the cost of 
preparing material for the patent application, which may not be requested 
until after the original project has been completed and the agreement 
terminated. 

Obligations of the Client 

FINANCIAL RESPONSIBILITY : The Client agrees to make available 
to the Institute for this work the sum of  
to be paid in accordance with the terms set forth in a later section. 

CONTACT RESPONSIBILITY : The Client designates (name of indivi- 
dual) as responsible for policy decisions and day-to-day contacts with 
the project. 

Just as in the case of the similar clause under Obligations of the Insti- 
tute, it is highly advisable to have one specific person mentioned in the 
agreement as the point of contact between the Client and the Institute. 

ACCESSIBILITY FOR DISCUSSION : The Client agrees to make its 
representative (or representatives) available with reasonable frequency 
for discussion either at the Client's place of business or at the Institute. 

This might be considered a superfluous provision, but it will be advisable 
to include it if there is any doubt on the part of the Institute regarding 
opportunities for reviewing the work with the Client. 

PROVISION OF INFORMATION : The Client agrees to make available 
to the Institute pertinent information necessary for the success of the 
project. 

Where it is known that the Client has information, obtained through 
its own efforts or from other sources, which would be helpful in carrying 
out the investigation, it is well to have a provision that this information 
be made available to the investigation. For example, the cost and availability 
of alternative raw materials, the type and cost of equipment and operations 
the Client is already using or market data and information on existing 
product lines may all be pertinent to determining the economic feasibility 
of the project. 
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General p; ; • > isions 

DURATION : This agreement shall take effect within (days, weeks, 
months) after the Client has authorized the project and shall remain 
in effect for (months, years). 

COST : The Client authorizes the Institute to use a budget of (sum 
of money) in carrying out this work during the period of the agreement. 

The stipulation of the cost can take many different forms. It may 
be a budget for ine entire length of the project. It may be a monthly or 
other periodic rate of expenditure. It may be based on a more detailed 
budget, specifying the limits of expenditures for salaries, supplies and 
equipment, overhead and travel of the personnel engaged in the work. 

METHOD OF PAYMENT : The Institute will submit monthly statements 
which the Client agrees to pay (stipulation of time period allowed before 
payment, for example, thirty days). 

Depending on the discretion of the institute with respect to the credit 
rating of the client, it may request part or full payment of investigatory 
costs in advance. In any event, it is highly undesirable to permit the accruing 
of large unpaid charges (for the method of estimating project costs, see 
chapter 5). 

CANCELLATION : Both parties to this agreement stipulate willing- 
ness to have it cancelled by either party on written notice of thirty days. 

It is well to include such a statement in the event that the Institute 
feels dissatisfied with the course of the work and wishes to terminate the 
investigation, or that the Client, for any reason, feels obliged to cancel it. 
Most Institutes find that cases of cancellations by either party are infrequent, 
but inclusion of the provision makes a good impression on Clients. The 
period of time before the cancellation becomes effective, after notice has 
been received, is optional. 

RENEWAL : This agreement may be extended for (a stated period) 
under the same conditions by mutual exchange of letters between the 
Institute and the Client. 

USE OF NAME : Both the Institute and the Client agree that they 
will not use the name of the other party in connexion with this work 
without the written permission of the other. 

This provision is a mutual protection that publicity or promotional 
activities regarding the project and its results will not be carried out without 
written permission. 

Other stipulations may be included in the contract, such as a provision 
for indemnity for personal injury or property damage, avoidance of conflict 
of interest with respect to other projects, and the rendering of the institute's 
co-operation to the Client's staff. 
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Authorization 

Authorization is usually accomplished through appending signatures 
of duly authorized representative/s of the Institute and of the Client at 
the end of the document. 

Assuming that the agreement has been prepared by the institute, 
it is signed and dated by its contracting officer with a notation of his title. 
Authorization by the Client is frequently accomplished by typing in the 
letter or Agreement the words " Approved by " followed by the authorized 
representative's signature, title, and the date of signing. 

Form 4 gives an example of a contract agreement used by a research 
organization in a developed country. The information relating to the 
specific project is entered on one side and the conditions covering the 
agreement are on the reverse side. Two copies of the form, signed by the 
institute, are submitted to the client for his signature and one copy is retained 
by each interested party. 

Form 4 

SAMPLE AGREEMENT 

(Name of Client) 
of  

(hereinafter called " the Client ") 

hereby appoints 

A.B.C. INDUSTRIAL RESEARCH INSTITUTE 

(hereinafter called " the Institute ") 
to perform the following services : 

(hereinafter called " the project ") 

The Client agrees to appropriate a total sum not to exceed $ for the project, 
and the Institute shall not expend more than this sum without first securing the specific 
written approval of the Client to do so. 

The Client agrees to pay $ in advance, and thereafter as invoiced, all charges 
for the services specified above. 

The Institute is authorized to commence the project forthwith upon the terms and 
conditions stated overleaf. 

Signed by : Signed by : 

The A.B.C. INDUSTRIAL RESEARCH INSTITUTE 

This      day of                             19           This      day of                             19 
Per        per   

Please sign and return one copy of this Agreement together with your Purchase 
Order if one is required for your administration. 
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Conditions of Contract 

1. Invoices shall be rendered by the Institute on or about the 1st day of each month 
for the charges and expenses incurred on behalf of the Client prior to the date of the 
invoices, and the Client will pay such invoices at the Institute's office within thirty (30) 
days after receipt thereof. Unpaid invoices bear interest at eight per cent (8 %) per annum 
after sixty (60) days from their date. 

2. In the event that the project sum is expended prior to the completion of the pro- 
ject, then ¡he project shall terminate unless the Client authorizes the Institute to continue 
the project. 

3. Any and all patentable inventions, applications for patents and patterns thereon 
relating to the subject matter of the project which may hereafter be made by staff members 
employed by the Institute on this project during the term of this project and as a result 
thereof, shall become the property of the Client, subject to the terms and conditions of 
this agreement. The Institute shall be entitled to the royalty-free use of any such inven- 
tions during the life of any patents thereon and the Client will pay to the Institute ten 
per cent (10 %) of all gross royalties, income or consideration derived from any dealing 
by the Client with such patents. In the event that the Client fails to apply for patents 
within six (6) months of being notified of such invention, the invention shall become 
the property of the Institute, which may apply for patents thereon free of any claim by 
the Client other than the right to the royalty-free use of such patents during the life 
thereof. 

4. The Institute shall keep records of its experimental work and research during 
the project and shall from time to time deliver progress reports to the Client. In the 
event that the Client desires to keep secret any matter relating to the project, including 
matters pertaining to the business of the Client disclosed to the Institute for the purposes 
of the project, the institute will use its best efforts to maintain the same secret. 

5. The Institute will not during the term of this project conduct investigations for 
others which would in its opinion conflict with this project. 

6. Until payment in full of all invoices rendered by the Institute during the currency 
of this agreement, title to all models, equipment, reports, data, diagrams, inventions and 
results, whether or not delivered to the Client, shall be and remain in the Institute, who 
shall also have a lien upon all property of the Client in the Institute's possession. 

7. The Client shall not directly or indirectly associate the Institute with any adver- 
tising or promotional material or publicity releases relating to the project or the results 
thereof without the prior written consent of the Director of the Institute. 

8. Special equipment required for the conduct of the project shall with the Client's 
consent be charged against the project. Such equipment is to become the property of 
the Institute unless otherwise agreed. 

9. The Institute shall be liable for and shall indemnify the Client only in respect 
of personal injury or property damage occasioned by the negligent or wilful act or omission 
of the Institute or its servants in the course of services performed for the project, but not 
otherwise. 

BASIC PRINCIPLES AND CONSIDERATIONS 
IN INSTITUTE-CLIENT RELATIONSHIPS 

Paramountcy of client's interests 

Successful liaison between the staff of an industrial research institute 
and its clients hinges upon realization by institute members that they are 
really functioning as an extension of the client's organization. If they 
adopt this attitude they will obtain a more effective discussion of project 
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work with client's representatives because they will be treated as colleague* 
carrying out a collaborative programme rather than as outsiders. 

The institute's executives and the professional personnel engaged on 
projects must endeavour to develop full understanding of the objectives 
of their assignment as interpreted by the client. I hey must eont.nuall> 
weigh their plans for work against the mutually agreed goals. If they feel 
that the objective should be modified, the situation should be explored 
in good faith with the client in an attempt to work out a suitable alteration 
or change in direction. If the difference of opinion suggests a lack of con- 
fidence in the institute's ability to attain goals, or if the institute believes 
that even though the results turn out as planned the client would not be 
able to use them, the best policy to maintain the reputation of the organwa- 
tion for integrity and sincerity — an extremely valuable »»net i* to 
terminate the project. 

Whereas this attitude may come more easily to the executives of the 
institute than to the professional staff at the working level, one of tne 
functions of the management should be a systematic endeavour to ttt«iff 
this philosophy thoughout the staff. In practice, therefore, the work should 
be guided and planned with a view to how we« it conform* to the chant* 
objectives and interests and not be permitted to follow p«rcry tec path nf 
scientific interest. 

Récognition of the reasons for sponaoeskip mf f*>4*tt* 

Communications between institute staff and Hit cbem at« m»pr«>v«i 
if the former appreciates the basic reason for the r*ro#*t Tin« permit* 
them to work more effectively on the programme The four dnH mmmm 
for assigning projects to an industria) research iiutrtutc art prtuntad and 
discussed briefly below : 

Acquiring skills that do not exist im the diem* ofgani/aimn 
Supplementing the resources of the cMettt» internal «tuff *H*n M 

becomes overloaded with work 
Obtaining an approach to the sottMtc»! of a pr«tMeni dinVem fhttn 

that used internally 
Obtaining confirmation of retatiti obtained internal!)  tnroug* it* 

appraisal of an independent group 

Acquiring new skills from m external snare* 

This reason for using an indu»tnal reataren in«Mute m t?»cmxUtv 
important in developing countries, becattte many of ine tüanttilinienf wtft 
not have their own research and development fauto«*  A> thrv IM in* 
need for new or improved technology, they wtM turn to m »tuina organ 
ization which has the background, experience and tain* far u»mluiim» 
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the necessary investigations. It is therefore incumbent upon the institute 
to conduct its work so that the client becomes convinced of the need for 
his own research department. Also, the experience that he gains while 
working with the technical personnel of the institute will assist him in 
organizing and using internal research later. 

The institute stafT, therefore, has a responsibility for the national 
welfare of the country to demonstrate how technical resources can best 
be expanded for the solution of industrial problems. Their success or 
failure will have a strong influence on the attitude of industrial establish- 
ment managers toward the use of research and development. If they show 
standards of performance, it is probable that many members of the institute 
staff will enjoy important new job opportunities by joining industrial 
organizations as technical directors. 

Supplementing client''s internal staff 

Frequently an establishment will have more work than it can success- 
fully carry out with its own technical personnel. Sometimes additional 
technical men can be rapidly recruited, but very often the overload of work 
is of limited duration and recruitment for a short time is uneconomic. 
An organization which can make personnel with the necessary skills avail- 
able on short notice is the practical answer. This course is customarily 
practised in large engineering projects for which it is too costly for an 
establishment to maintain large engineering design and drafting staffs to 
handle the peak loads. 

When an industrial research institute is requested to assist a sponsor 
in this way — and the range of projects may vary from exploratory research 
to assistance in helping to design and install a large plant — duplication 
of work may occur in the client's and institute's programmes. Both sides 
must endeavour to avoid this. Initially they must clearly define the assign- 
ment to the institute, with a careful explanation of how the assignment 
fits into the client's master plan. The two parties should hold frequent 
meetings and consider any apparent inconsistencies, so that parts of the 
programme do not diverge. From the institute's point of view, it should be 
given a major section of the project, which it can carry forward as a whole, 
rather than small sections which require very close co-ordination with the 
internal work of the client. 

Obtaining a different approach 

Managers of establishments frequently feel that their own personnel 
are too much influenced by time-honoured practices of their industries to 
see new, more advantageous solutions. In any case engaging a group of 
researchers with a fresh outlook is often a wise practice, to confirm that the 
proposed operation is the best that can be found within the framework of 
available technology. 
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When an industrial research institute is requested to undertake a 
project of this kind, the staff should make an imaginative and systematic 
exploration of ways for accomplishing the same general objective. Some- 
times, when they have been asked to do this without detailed knowledge 
of the nature of the client's own solution, they may come up with an iden- 
tical solution; this does not mean that their effort has been wasted. They 
have given additional confidence to the one available solution. 

This type of study is best achieved by making a systematic analysis 
of the objective in general terms and listing all potential methods for 
solving each major step. Whether or not these appear economic is not 
important at the time, but all reasonable routes should be included. These 
should then be systematically evaluated by consideration of how available 
raw materials or intermediate products produced in earlier steps fit into the 
goals in each case, what the technical feasibility of various operating pro- 
cedures may be and what economic justification can be provided. From 
this examination, criteria should be established for the most effective methods 
for the process. When the unacceptable steps have been eliminated, a still 
more critical evaluation of the remaining ones should be made. The com- 
ponent transformations should be considered in relation to preceding 
and succeeding steps and not merely on their own individual merits. Accep- 
tance of a step without considering its bearing on other steps might, for 
example, prove faulty if it involved a change in the specifications for raw 
materials at the start of the process. 

Independent confirmation of internal work 

Sponsoring establishments may decide that additional confirmation is 
needed for decisions based on work done by its internal staff. The size 
of commitments for new process equipment or plant may warrant having 
the data and information re-checked by an outside group. When an indus- 
trial research institute undertakes a project of this type, which bears con- 
siderable relationship to that described in the preceding section, it should 
obtain policy guidance as to whether it is merely to give an independent 
evaluation of the information supplied to it, or whether it should undertake 
a more critical examination of alternatives and, if so, in what depth to 
investigate them. 

The character of the study should be defined as explicitly as possible 
in the agreement or contract covering the assignment. Even so, 'ery frequent 
contact with the proper individuals in the client's organization is necessary 
to make sure that this independent investigation is following the proper 
course. 

This type of work calls for objective and analytical review, making 
sure that minor differences of opinion of the experts on the institute's 
staff do not overweigh the judicial nature of the assignment. Several possi- 
bilities for carrying out a series of operations always exist and, unless there 
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is very good reason to suggest alteration m the process, with the additional 
time and expense involved in production start-up, they should be looked 
at impartially, from both a technical and an economic standpoint. 

Frequency of contact with clients 

To maintain successful relationships in carrying out a project for 
a client, an appropriate level of communications must be followed. Many 
industrial research institutes have found by experience that it is advisable 
to see the client's representative personally once a month, to report the 
status of findings and to discuss the future programme. If this frequency 
of personal or written contact seems to be excessive, the institute should 
at least communicate either by letter or by telephone to assure the client 
that the proper attention is being given to the assignment. 

It is often the case that more than one individual in the institute will 
be carrying on contacts with members of the client's organization. These 
individuals may be at different levels of authority and the contacts made 
at the same or different times. For example, the director of the institute 
may have reason to call on or write to the manager of the establishment, 
while the project leader in the institute may be making separate contacts 
with a different member of the client's technical staff. When this situation 
arises, determined effort should be made to have each level of contact in 
the institute keep the other informed of the communications or discussions. 
Nothing is more disconcerting to good relationships than to have the top 
level of both organizations feel that excellent progress is being made, while 
at the lower level there have been discouraging results or upsetting 
differences in points of view between the client's representative and the 
project team. 

Unsuccessful projects 

There are inevitably cases in which the results of a project lead to 
disappointing conclusions. These can, however, be valuable to the client. 
This paradox is explained by the fact that a thorough study which fails 
to indicate promise of a commercial potential can prevent the client from 
undertaking additional work in his own organization or in some other 
outside group along directions which should be discouraged. 

In the final report of such unsuccessful undertakings, the broad impli- 
cations of the conclusions should be stressed. If, for example, the findings 
are unfavourable because certain raw materials are too costly, it should be 
noted that if the cost drops, the merits of the project should be re-evaluated. 
Or, feasibility may be unlikely because certain types of equipment cannot 
be had, but if these can be purchased at a later date, a reconsideration 
should be given. In other words, a careful analysis of the major causes of 
failure should be clearly pointed out, so that a change respecting any one 
of them can justify a re-examination of the entire subject. 
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General information not directly related to the project 

An industrial research institute, because of its diversity of skills and 
information, can cement its relationships with clients by continually pro- 
viding them with information of value to their other operations. Supplying 
the client with copies of a regular publication of the institute is a partial 
answer. Such copies should be sent to more than one individual in the 
client's organization, so that it may reach all the appropriate levels. There 
should be alertness on the part of the institute management and the project 
workers to provide other kinds of information that have a bearing on any 
of the client's activities or plans. 

These observations emphasize the fact that the industrial research 
institute should consider itself a part of the client's organization, not only 
for the purpose of the specific project, but in the general interest of his 
operations. 

Successful commercial applications as an asset to an institute 

Since, as already pointed out, the success of an institute hinges on its 
reputation for carrying out projects successfully, its management should 
welcome opportunities for participation in the application of the results 
to industrial production, or at least of maintaining information to the 
client on the usefulness of some of its experiments. This continuing interest 
on the part of the institute may be a stimulus to better use of its findings. 
Commercial application of results should, whenever permissible, be des- 
cribed in institute literature. 

Successful application also has a distinctly beneficial effect on the 
morale of the institute staff. Those dedicated to a career in applied research 
find their real professional satisfaction in seeing the studies they have 
conducted put into practice. 

Institute-client relationship with respect to type of problem 

The institute's ability to take a continuing interest in the use of its 
research results by the client may hinge on the attitude of the client's 
management and on the client's technical personnel strength. For example, 
the solution worked out in the institute may be passed on to a highly 
qualified technical staff in the client's organization, who may thus feel 
that they have all the information they need to carry the project forward 
internally and without further outside participation. Sometimes there is 
a resistance on the part of the client's management to disclosing to outside 
sources, even those that like the institute have been helpful, the exact use 
to which they propose to put research results. 

There is also the question of the type of information provided by the 
project. If this is only confirmatory, probably this is all that the client needs 
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to prepare the way for utilization. If the project is quite limited in scope, 
again it is only a part of the total of information that is fed into the commer- 
cial enterprise. 

Value of continued participation by both sides 

A consideration that should influence a client in encouraging continuing 
interest by the institute is the fact that it is always advantageous to maintain 
adequate involvement of previous participants at various stages in the pro- 
ject, because new information obtained within the organization or from 
outside sources may have an important bearing on the success of the 
commercial undertaking. This point may be lost sight of inside the organi- 
zation because of faulty communication. 

A scientist in the institute might, however, read in the literature or 
find out through continuing work of his own in some field, a new pheno- 
menon or fact that is related to the investigation in which he was involved 
a considerable period of time previously. A technologist who was engaged 
in the product development phase may learn of a new evaluation procedure, 
a new competitive product or a new use for materials of the general char- 
acteristics of the product, any one of which could have an important influence 
on plans for the new commercial operation. A market research expert 
may learn of changes in the market-place which warrant attention to some 
particular facet of the product's pricing, manner of distribution or extension 
into other markets. 

All these points are particularly important during the state of com- 
mercial introduction and shortly thereafter because they can have a bearing 
on the manner of handling the start-up of manufacturing or the marketing 
plans. It is advantageous for industrial organizations to set up a final 
review of a project before commercialization, in which all departments 
or groups involved throughout the various stages are assembled for final 
comment. Where an industrial research institute has been involved in one 
or more phases, it should be valuable to have the project participants take 
part in any review of this character carried out by the client. 

Advantages of continuing follow-up by the institute 

To conclude, an industrial research institute should have a policy of 
endeavouring to maintain continuing contact with the client as the project 
moves forward into commercial scale. This not only provides evidence 
of interest in the welfare of the establishment, industry group or govern- 
ment agency which placed the assignment, but can be a very valuable 
adjunct to the client for a considerable period after work at the institute 
has terminated. It can at times be a means of obtaining additional projects 
for later phases or for review of previous work which may need to undergo 
some alteration as a result of additional experience. 
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Discretion in the use of proprietary information 

During its contacts with a client the staff of an industrial research 
institute is likely to acquire considerable information of a proprietary 
nature. Disclosure to other parties can be the source of unfortunate reper- 
cussions. Any use made of data and information should therefore be in 
accordance with policies established by the institute management with the 
executives of the client. 

Explanation of programmes, costs and time factor to potential sponsors 

The stuff of an industrial research institute in a country in which very 
few managers of industrial establishments or government agencies have 
had contact with technical programmes often has to explain why projects 
take so long and cost so much. Many executives who have not been involved 
in such matters — and this is true even in highly industrialized economies — 
think that a new product is developed by a technologist in a few days by 
making some tests in the laboratory or by sketching a design at his desk. 

The institute staff, in approaching client executives whose difficulties 
arise from lack of exposure to the lengthy process of generating new tech- 
nology, have to make use of case histories. Often managers of establish- 
ments or agencies which have already made use of the institute's services 
can be of invaluable aid in this educational undertaking, if they will consent 
to serve as references. 

In most instances a description of the steps involved in the project 
is a good starting point. The material in chapter 4 on the sequence of work 
needed toconfirm technical, economic and marketing feasibility at successive 
steps may be useful as background. After the executive of the potential 
client realizes the amount of effort required, he will more readily appreciate 
the cost. 

The literature has much information on the time factors in research 
programmes. These discussions relate largely to experience in highly 
industrialized countries. They will therefore be less convincing in local 
situations than case histories of projects in developing countries. Institute 
directors will be well advised to collect as much data is possible on research 
time requirements in their own and other laboratories within the country 
or in other similar economies. 

There is also much information in the literature on costs of research 
and development. Again, this centers largely on the expense per technical- 
man-year in industrialized countries. Within the next few years much 
better information relating to developing countries will undoubtedly become 
available on this subject. 

As a basic principle, however, the cost in a given country per technical- 
man-year will tend to reach a norm applicable to industry, as well as to 
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industrial research institutes, provided that the figures are based on all 
expenses incidental to the work and provided that professional salaries 
have reached a common level proportionate to qualifications and experience. 

Therefore, the management of the institute can state truthfully that 
the cost of carrying out a project by its staff is roughly the same as it would 
be in the client's organization. 

The management of an institute should collect as much information 
as it can on the cost of technical activities throughout the country. A useful 
procedure is to organize a survey covering the experience of industry and 
other institutions. Available patterns which have been carried out in other 
countries can be used as guidelines. 
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This bibliography includes material pertaining to the administration 
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activities of his establishment. The bibliography is not by any means 
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