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"PLANNING AND IMPLEMENTATION OF RESEARCH PROJECTS"

1 THE DBASIC APPROACH
1.1 The BEackground

Nearly two-thirds of the world's population
resides in the developing countries with a total Gross
National Product of 12,5 per cent and having an average
annual earning of only § 135 per head. The remaining one-
third of the world's population is in the advanced coun-

tries enjoying an average annual income of § 1800 per
head and a total Gross National Product of 87.5 per cent.
By the time the developing countries procead to make up
this gap by intensive RAD, the gap would tend to become
wider pointing to the need for a still faster progress in
order to catch up. The growing €ap between developed and
developing countries in the amount of research and its
application, and in their levels of technology is one of

the major factore in the increasing disparity in living
atandards,

RAD, based on a scientific approach, offers
the best hope for assisting the developing nations to
speed up the pro-osses of their developmeut. There are,
hovever, certain serious bottlenecks within the develop-
ing countries in carrying out effective and intensive
RaDs insufficiency and imbalunce in supply of trained
menpover; lack of resources and institutions, lack of
attraction to the professional tare¢ers, attraction to
opportunities offered in highly developed countries thus
causing brain-drain, mnd lack of sociai and psychological
climate favourable to the adoption of the innovations are

some of the problems onec “aces in developing coumntries.




Any meaningful R&» work has, therefore, to
concern itself{ first with the basic¢ questions what are
the national requirements and national consiraintsj
what are the industrial naeds within the framework of
national aspirations and goalsj how should R&4D proposi-
tions be identified and R&D plune be worked out to meet
specific requirements; and what methodology and approach
should be employed in implementing the Research Projects.
Unless the concepts arising out of these fundamental
questions bhecome ¢clgar, the very processes of planning
and implementing the schemes may remain too weak to serve
the purpose.

1.2 The §etentific Arproach

Notwithstanding the importance of R&D and the
support it provides for industrial progreess, planning and
implementation o!f Research Projects cannot be based on
only theories and ideas; they have very much to take into
account the realities of the situation. Both planning
and implementation preseni different problems in different
situations, Solutlons to these problems canﬁat be found
in isolation; several peramcters like specific place, time
and pace of a nation have to '.e taken into consideration.
In the developed countries, the major innovations in RAD
are for saving labour and improving health and comfortj
the primary materianls are imported from the developing
countries. In the deveioping countries, or the other hand,
with abundant rescrves of unskilled labour and primary
materials, technologies to make the best use of them for
advancement in the shortest time expending minimum re-
sources are sought for. Thus, the paraometers which influ-

ence planning and inmplementation of research projects in




industrially advanced countries are quite often totally
different from those which govern the planning and imple-
mentation in less developed countries, For example, the
per capite production in India is only 8% of the world's
average for powerj 7% for steel and 17% for cement - the
basic measures of developmentj this situation in India
is perhaps true of many developing countries. The back-
ground with which R&D is approached in these situations
necessarily brings in parameters quite often ignored in
the planning and implementation of research prcjects in
the developed countries.

1.3 Andigenous RAD capueity

A country without an indigenous scientific and
technological capacity, has no means of being aware of
its own needs, nor of the opportunities existing in
sclience and technology elsewhere. In the context of the
indigenous raw materials, climate, environments and socio-
economic conditions obtaining in a developing country,
technology imported from advanced countries cannot be a
substitutej; at Lest it could be complementary to the indi-
@enous RAD. Building up of an indigenous RAD capacity at
all lsvels, whether it be at the national level, associa-
tion level or individual industry lovel, th. ., becomes a

Primary task. The building up of indigenous R&D capacity
would involve the creation of

(a) suitabla machinery for planning
and decision making;

(b) an adequate network of scienti-
fic and technical services in
the various disciplines; and

(c) wission-oriented R&D Establish-
ments.




1.4 The Purpose of Flyu.ning and [mplenentation

The task befere a developing country is not
merely to cet batter results within the existing frame-
work of economic, sccial and iundustriul institutions
but to mould und refuashion these so that they contribute
effenti vely to tlin realization of wider and deepsr soclio-~
economic valueg. The crux of economic development of
nations as a result of industrial pro;ress, in particular,
lies in achieving the specified industrial R&AD objectives
exvending minimun resources and within the shortest pos-
sipnle time, The Research Projects which form the compo-
nents of the R4D objectives, thorefore, have to be planned,
pursued and implemented In the most efficacious manner.

The object of planning is, therefore, to
clearly identify the industrial needs of today and to-

morrow and to assign priorities on the basis of both the
needs and the resources. The object of implementatim is
on the one hand to ensure that the necessary wherewithel

in terms of {inances, manpower, equipment, etc., are

made availlable, the work is pursued by the right men in the
right manner} and the findings of research are translated
into productive stream with the lLeast possible delay at

minimum cost,

contd, 2
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orderg and at the other extreme end are cases vhere

2 CONCEPT OF TECHNOLOGY TRANSFER IN PLANNING
R & D RoJECT"

2.1 The Complete Orbit

Indizetrisl R&D work 13 a close-ended effort
in which the entire orbit is wvisualised; such of the
links in the orbit as are already available from else-
vheres are takemn in (o form the orbital leep and such
of the links which wre not already available are pro-
duced by those who are charged with the task of indue~
trial R&D. At one extreme end there have been cases
where the missing 1links in the loop are theose which
oall for basic or fundamental research of a very high

aost of the links of the leop have heen reandily avail-
able, sud all that an imiustrial R&D unit need teo do
is to put them all together to got & complete loop.
Thus , industrial R&D, thouvgh complicated in its mature
depending on the basic concept of the complete orbit,
covers several varietles of situatioms which have to
be met with., Every link ia the orbit is essential

and each link representc some transfer of technology.
The tranefer may be conceived as from ome liak to
another or as direct linke forming complimentary ocom-
ponents of the total orbit,

2.2 The Meana of Transfer

Like in trade and commerce, irrespective eof
the affluence or otherwise of a coumtry, internatiomal
collaboration in eocience and technology has become
necessary. Technology has to be tranaferred from one

country to another. Technology has ulso to be trans-
ferrod within the aame country from ome level to

another or from omne point to amnother. Technnlogy
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transfer can take place in one or a combination of
various wvays, such a»s disseminstion of informatioam
through published l1iterature, conferences, lectures,
various communication media, movement of people, dise
cuss'ons, visits, etc, throcugh the processgss of
standardization, through foreign investments and Aspo0-
ciated transfer of kmowv-how, through input of machimery
and equipment, and various technical cooperative pro=
greommes through licensing know-how, patents and trade~
marks.

2.3 Trans fer from Overseas

In most developing countries, techmelogy
transfer from overseas is very often tied up with
finsncial aid. Many tiwmes, umder theee aids, excelleat
projects are got completed. 1t is mot, hovever, alvays
that a second project of the same type can be put wp
without importing the knowehov again. This is because
the system of technology transfer and limitations of
the norsml channele of commercial transfer and the best
means of overcoming them have not been understood.
Within « givsn society techmical change involves a pre-
cess of imvention, innovation, and imitation as the
means of diffusion of the new techniques. But accepted
technology tranaferred to another society imvolves
commercial risks, needs adaptation so that the transfer
becomes mors an innovative than aon imitative process.
Therefore, for the transfsr of technology to take
place effectively, the transferee ehould be competent
and equipped enough to receivs, assimilate and utilige
the new technology and adapt it to its own comditions
and also adapt itself to the requisites of advanced
technologys the tramsferer should also be willing and
cooperative in this process.
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The process intogrates » large number of
complementery eloxreuts, iutim:toly coarezted in
offective transfer. To establish modern technology
in a developing country, changes aro needed in soocial
syatews and attitudes, knowledge and human skills and
the physical isplements for embodying modern technology.
In practice, large firms seem to have relatively little
difficulty in gaining acvcess to requirsd tochniques.
The main prodlem appears to relate to small and medium
8ized firms which may require institutioamal help to
ideatify and adapt the mest appropriate technologies.

In matters of details, the system for transfer
of technology could consideradbly vary from country to
sountry depeunding upon the political and economio set
up of the country., It could vary from situatiom to
situation depending upon the environmental oconditions.
For example, one of the wvays of transfer is froms a
foreign enterprise to its branch or to its wholly subde
fidised firm in the developing country. This leads to
direct foreign invuatmeni as part of the transfer of
technology. Many of the developing countries do not
participate in such enterprises and have probably eoaly
very limited control over the functioning of the enter-
prise. The second form of technology transfer may be
a foreign organization selling the use of the process/
manufacture of the product to a producer in the deve-
loping country through a licemce. This method does mot
gonerally give the licenser any control over the manu-
facture of the product, its quality or in safeguarding
that the process is not utilized in a third country.
On the ather hand, it results in contimuous payment
of royalties by the licensee, which in turn could lead
to adverse balance of payments. The third mcthod of tem




used is by providing turnkey projects according to

which the foreign enierpsises undertake to bulld
all the installations and mashinery required for
vorking the procuss ant ~1ls, to glve performance

guarantees for a certain period.

2.4 Transfer Within the Country

Trunsfer of technology within the country
is perbaps even moro important., This transfer 1is
naturally to be both vertical and horisoantal, but
what is most important is the proper interfacing and
a proper national linkage so that, the know~how 1s
transmitted from one level to the next and is absorbed
and used. Therefore, R&D activities spreading in the
required measure from one level to the nexti, covering
not only the manufacturing industries bdbut alse the
users, are important. Unless technology is transferr-
ed properly, technological advancement will not pre-
ceed at a pace at which it should, and any R&D conduot-~
od without being clear ahout its interfrces might become
an infructuous sxpending of resources and efforts.

2.5 Interfaces in the System

The most important single factor whioch would
contribute to the success of technology transfer -
vhether it be in a developing country or a developed
country - is thu creation of the proper interfaces is
the system. In any given circumstance, avery cemtre of
technolougy has four clear interfaces - two in the ver-
tical direction and two in the hori zontal direction as
illustreted in Figure 1(Page 8-4).

The upper vertical interface takes the inpute
and the lower verticul interface delivers the output.
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At the uovper vorticel interfana the relativoly more
fundamen+tal ci basic krowlecpre or iafermition or the
more sophlstlcutnd rupeciu of the kiaow=liow and teche
nology are put in. The.: ne procecas:d ir the contre
and converi.ed into nure readily utilicabla forms given
out as the ocutvvt, (i :ioald‘y thie vurtical transfer
results in the nure i1edence at Lthie tup face leading
through successi. e inturfaces 5o more appilied forms
of technology 1111 finally the last cutput of teche
nology resuits .un a corcrete hardvare or a definite
usable service tc the society or industry.

In the horizontal dirsesctinu, onc of the
interfaces foeds the cenire with thn scientific, tech-
nological, ecconomic nird social informatiion generated
under one context for applicetion in its own processes
and at the other inteirface dissaminntes the knowshow
gonerated wvithin itself for application under other
contexts.

Wiilzt this corcepi o intcrfucing 1s a basio
one and the philoc:phy I inturiacing ls an esgential
pre=requisite in runy offoctive system for transfer of
technology, 't ir aot zlwdys neocessary that the ceatre
of techmology be « supurate instiiution or organization.
It ie possibls tc bring wliout ruch a trnsfer oven withe
in the framowork of u single Iinstitution. Ageain it ie
also importent ‘o emphasize - hat thuse institutions need
not necessarily be theso devotad only %o technology transe
fers they could just as wall %e universities, information
centres, technological institutions or industrial esatab-

lishments.
2.6 Information gystem in tlLe Trnnsfer of
Tachnolo‘z

Information system is an impertent aspect in




the system for trarsfer ¢f technology. Effective
utilization of available knowledge 1o possible only
when the capacity to collect, store, retrieve, inter-
pret and use all the available knowledge has been
oreated. For e>ample, a group of research laboratories
in USA recently spent about $ 250,000 to perfect equip-
ment for translating written matter electronically.
After five years of work, they discovered that USSR

had already investigated the same problem and that
results of their work had been available all along.
There are many such instances and these are the situa-
tions which turn both faces and budgets redj research
teams traditionally seek to side step them by socurrying
through current journals and by initiating each new pro-
ject with insufficient literature search., A thorough
literature search is a gigantic task. Thirty millien
technical books already on the shelves are being added
to at the rate of almost 600 a day. In additiom, about
100,000 epucial journals are published every year - 35
per cent of them carrying some 3 million articles doal~
. 4mg oxclusively with science and engineering. By extra-
polating the growth rate of scientific literature, it
may be conjectured that by the end of the preseat
century the total number of scientific journals pudlish-
ed would reach nsarly one million. Thus the system of
collection and compilation, translation, and transmis-
sion of informmtion published, =« 1literally in millioms
of techmical and scientific papers, books, jourmals,
conference proceedings in hundreds of difforent disaip-
1ines and in many languages - is perhaps one of the
most important factors in the development and tramsfer
of sciemce and technology.

Thus this determines the imperative need for
an adequate and competent information service. Thie
would greatly help in identifying the specific Research

Projects, and hence the use of scarce research resources




can be greatly iwaproved. The building of this sere
vice should inciude nol otly 1ioteiis 3f woik ip pro-
gress thrcughout the world, defined by aconomical
gones acrording tc¢ an approprinte coding system, but
also detuils ¢f RAD organ.zations, ectablishments and
expenditures. This would not only aseiat ihe resear-
cher but also faucilii:ate the determimation of priori-
ties.

2.7 Qetimizetion of RAD Efiort

In every given aituation, there are always
two posgible alternnti.es - omne would be to start
developing one'es own tochnology through completely
indigenocus R&D efforts and then to use it; the other
would be to apply ithe available scisntific and teche
nological knowledge in whichever quarters it might be
be available and o assimilate and usa it as a base
for further development and innovation, The former
is most oftem very sxpensive and time-ccnsuming but
could occastonally resu’t In 1 completely nev techno-
logy not hitherto knownj but the latter has the advane
tage of immediete utilizatioan of the readily available
knovledge and experience, thus saking the RAD effort
confined essentiall): tr the adaptation of the available
know-how to the givern circumstances and for the further
development and innovation. Which of tho two alterma-
tives 1is better suited depends entirely on the several

parameters involved In a given situntion but whichever

is the alterunative adopted, the R&D planning and the
"trimming® of Research Projects have to fully take into
account thess congiderations.
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3 R&D PLANING AS RELATED TO INDU3SLRIAL BASE
J. 1 Industrial R&D an Iantegral Part of Industry

For any meaningful and anccessful Industrial
R&D, the industrial R&D work has vndoubtedly to he an
integral part of the concerned industrial activity in
a country., Whilst the purpose or the role that Indus-
trial R&D has to falfi) i3 substantially the same in
any industrlael activity, the industrial activity itself
is so varied and cowplex that a single definition is

rather impossible,
3.2 Th nfluence of Status of [ndustr

The orgenization and management of the industry

greatly diff-r - it could be an industry owned by the
Statej Lt could be an industry in which both the State
and the private enterpreneurs are participants; 1t could
be a cooperntive indnstry where several agencies have
pooled their resources and experiencesj it could be an
industry owned by a private business house or an indivi-
dual, Some of the iudustries could be swall and nome big.
¥Yhatever may be the type of the industry it should have
an R&D base - it could be 4 base of tis ownj it could be
a base shared by others nr it could be a state-owned
national basec. LIn general, in most of the Jdeveloping
countrins the following three predominant situations are

prevalents

(i) There might be a large number of
small inldustries that cannot tndividual-
1y atinid au "%&D base ot a worthwhile
wize A stroarth; sometimes tnese indus-

tries cancot alford even one man or one

i R e S S T R S e S D




equipment. In order, therefore, to

be able to huve ann R&D vuse with «
reasonatle capacity to serve the jindus-
try, the industries with similar or
common luilerestis join ftogethier to es-
tablish a joint R&D base, or the R&D
services are provided to them at

national level,

(11) Quite often the disparity in the
size of the industries wlithin the same
industrial activity could be so large
that the larger industrial organization
can afford to have their own R&D unit

and become bigger and blgger and grow
stronger and stronger, Such a growth

is a definitte advantage in certain si-
tuations in certain countries, whilst

in certain others suoh a growth could
lead to imbalances in soclal, economic
and political affairs. When cooperative
effort is resorted to with the disparity
of the cooperating industries being wide,
the cooperative offort in R&D becomes
more difficult and quite often a mode-~
rating force such as governmental involve-
ment or participation might become neces-
sary to keep the cooperation alive.

(111) In the relatively less developed

and the developing countries many indus-
trice owe tneir origin and teclhinological
allegiance to foreign organizations elther
because they are offshoots of such indus-
tries elsewhere in the advanced countries

or because thiey have obtained the know-how




and technology {3 «m then,  Sucu indus-
trios gulte oll- become technological
parasites on the parent cowpany and

leave the entire responsibility for the
R&D to their principals; sometimes even
R&D needs arising out of purely local
situitions are also referred to the prin-

cipals for & solution,
3.3 The Nature of Manugement Support

An important negative point in many of the
firms is the inadequate active wmanagement adpport for
the R&D function, R&D can be looked upon either as an
essential vehicle for effecting improvemcnt in techno-
logy and productivity and for achieving import substitu-
tion for the beuefit of tiie company or merely as a .status
symbol, if not a necessary evii., When the latter is the
case, the research activity inevitably suffers and should
be guarded against,

3.4 The Indian Trend as an Example

For example, lndia started in the industrialie-
zation race rather late, perhaps only after independence
in 1947 in the true sense; in view of the existing situa-
tions, it became nucessary fur her to adopt some short-
cuts to develop, This involved building large public
sector enterprises on imported technology, resorting to
foreign collaboration on an extensive scale, simultaneous
development of a large group of industries, and multiple
development o5 units in the samc industry, Likewise, the
pPrivate sector companies which have foreign liaison or
capital have provided ang efficient means of bringing in

technolorical R&D competence. In thisg process, the
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country has built up a considecable tochirical infrastrue-
ture; the gsovernuwent laberaturias have bejgun to iay em-
phasis upon infusi~; o-irited oseicch in riesent vears
and have aiso hecen trying ‘o evelve technological tore-
casting to meet tho technological nceds nf the ei:hties.
Industry, on the other hand, has tried either to build its
own centres or to associale itself with various Laborate-
ries and universitios to get their R&D work doune., Many
industries have already estabiished their own R&D units -
some of them lalrge ami wall-equipped and well-manned.
Many other industrial houses have plins to establish design
and rescarch centres. As a corollary, wany engineering
consul tancy units have also sprung up in recent years for

alding translatlon of sclontific research into commercial
technology.

The stulius of small scale industiries in India
as evident frowm Table 1 below L= perhaps typicul of deve-
loping countries,

TABLE 3

PLACE OF SMALL SCALX U/ITS AMONGST THE FACTORIES
REGISTEREL UNDER TIHE FACTORLIES ACT LN INDIA

(Year 1966)

D D AR R G - - e e ER AR ES AR S GR w ES WS WD e WP em B o G e D D s A G e o R G S G e AR AR SR G AR GR R W e

All Small-.cale Percentage
factorios factories contribution
Number 34,573 32,050 92.7
Employmen t
(in thousands) 2,861 1,351 47.2
Investments in
fixed assets
(in miliion rupees) 29,670 3,750 1.3
Gross Output
(in million rupecs) 56,870 19,690 34.6

- .- - R D s - o -

Sources Central Staiistical Orgaulzasation, Government of
India




This situation at once emha«alses the need for cooperative
R&D work and also participitica of sovernment in this
effort. This could he the case with almost all developing
countries. Purely in t‘echnical terms, thereiore, one

could say that the techuologicul gap between a developed
country and a developing country could be considered as
narrovwing down in this process itself. But, given the
point from which a developing country starts oa the process
of development, it is even more bLehind an advanced comtry
in research and development than in the volume of industry.

3.5 ttern of Re h as Related to I

lrends

Again taking the Indian cese as an example, a
sample survey recently conducted by the Industrial Credit
and Investment Corporation of India (LCICI) indicates that
in keeping with the functional and financial limitations,
the pattern of resear-L undertaken by the companies seems
to concentrate largely on the ovmmnibus group of activity
called 'Import Substitutior'. Under this nomenclature,
activities relating to simple process improvements, subs-
titution of resw materiuls, desipgning and manufacturing
simple components for the machincry installed, are inclu-
ded. At times improvements in quality and testing are
2lso included under this category. Small firms with a
sales turnover of upto Rs 50 million ber year devote their
attention mainly to this type of activity. As they grovw
in size, the fiims tend to adopt more capital-intensive
RAD like process modification, product adaptation, diversi-
fication in production, etc. Product iunovation and
development seem to bLe wmainly confined to very large

business groups as seen from Table 2 belows
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TAHWLE 2

PATTERN OF RESEARCH UNDERTAKEN ¥vY
ICICI SAMPLE COMFPANICS

- W D e e e W e s . R e e e S e S T we e S G B m e W W o D W me e W o e e oo

Number of Companies

-~ e = . e e e

Range bl e e me—————e——— Product
turnover Import Product Process Innova-
substi- improvement modifi- tion

tution & adaptation cation

Rupees
Op to 10 million 9 3 2 -
10-50 million 22 14 18 2
50-15%0 million 14 13 14 4
Over 150 million 10 10 10 8

.---‘---------0—--------------—-w---—--o------n--‘----------

The table shows that import aubstitution is
undertaken by RaD departments and centres of all the 55%
reporting companies. However, it is interesting to note
that 8 out of 10 comparies with a turnover above Rs 150
million also concentrate on product innovation as against

only 2 out of 31 companies below a turnover of Ks 50 millien.

The pattern of R&D auctivity undertaken by the
companies also differs from industry to indusiry. The che-
mical industry seems to have made sisniflcant strides in
import substitution, product innovation and process adapta-~
tion and improvements, Illustrations in this respect can
be cited from dyestuff, caustic soda, fertilizers, cemont
and ceramic industrics as ulso those bused on raw materials
of forest origin. In the field of electrical and electronic
industries too, product developwment, replacement of copper
by aluminius and development of technology requiring high
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degree of manual skill, have been achieved. 1In the field
of metallurgy, pro;ress has boen made in developing alloy
compositions whicl: minimise the need of imported alloying
elements. In the field of engineering are instances of
development of tools and engineering products, special
purpose machines, process refinments a d simplications
and increased sophistication in the falrication of equip-
ment, mostly achieved by employing indigenous talent.

With the type of developments taking place as
indicated above, a developing country finds that the
scope and objectives of RAD organizations keep continually
shifting in emphasis and with this the Planning, the pro-
g§rammes and the priorities on Research Projects.

contd. &




4 TECHNOLDCL Gl #URESASTING AS A TOOL iN
PLANNING RAD

b, 1 Planning and Teshnotoglcai Forecasting

The industrial objectivns arising from the
national requir-menta, overall economic plans and national
aspirations, policies and progrummes have to be directly
linked to a system of iechnoiogical forecasting. This
system has to be considered in its entirety and not in
Pleces. An RAD organization should have been ready yester-
day t0 meet the rroblens of today, Undoubtedly, finding
solution to today's problcma would become the priority
concern of an RaAD organization, but irrespective of what
happeiied yesterday or what is transpiring today, the
primary responeidility falis on the R%D organization to
get ready to meet the challeiiges of tomorrow. It is here
that the technological forecasting bLecomes an important
constituent of plunning activity in any R&D work,

bo2 Forocarting Systems

Two types nf Technnlogical Forecasting are pos-
#ible - the Nominative Technological Forecasting, and the
Normative Techneological Forecasting,

e L e R ke  rptriuiiiei it

h.2.1 The Nominative Technologégg{_@gfgggggaggt This

is of an exploratory nature, It jdentifies the basioc
features of a seiected technological system in its entirety
Projecting th~ technoiogical changes over a period, say

39 10 or 20 yeurs aund thus cull.ping the roquired strategy
in research approach. In other words, Lt projects the needs

and the technoloxical pessibilitiosn, and defines the optimum

direciives with refesroence to tne gencral framework,




h.2.2 The Normative Tectaologicul Fore asting: This

is in the nature of setting concrete goals, It identifies
the basic requirements in technological terms to fulfil the
needs of the socicty in its entirety, projecting these needs
Over a period, say 5, 10 or 20 years and relating thea to

the socio~economic strategy of the nation.

Normativs technological forecasting is thus
related to the soclo-economic objectives to be rsalised
within a set time and takes into account the devslopments
hecssrary for achioving the set socio-economic objectives.

b,2,9 Technological Forecastinz uvecomes complete in a

€iven situatlon when both Nominative and Normative systems
are injuncted and integrated in such a manner that the
resultant forecast takes into account the weightage given
to each of the aspects by the society or the nation. Per-
haps, in most of the developing countries, the socio-
economic aspect may get precedeaiice to the nominstive tech-
nological forecasting, but when unusual and totally differ-

ent iocal conditions warran. or when natioial priorities

demand immediate or early break-through in any particular

direction, the nominative system would get the same weight-
age.

4.3 Survey, Data Collection and Analysis

The basis for any such technolagical forecasting

therefore, requires extensive surveys, collection and ana-

able to provide a coherent
studied and raticnallsad framework for the future, Usually

Systematic and scientific data are

developing countries. The lack of

lysis of data with a vigw to being

meagre, spocially inm

such data presents the
first hurdle in any System of forecasting. This enjoins

on the developing nations to cultivate the necessary attitude



and understandin~s towva~ds cnjnar ti 14 collymd pracantiecall y
assimilating the available uats ~alevant to the national
soclo-sconomic and geuvgrap-icral environmeats and deriving
such assistanse from foruisn somecos aa woald au-meat the
national settin:s., uradually a sound sclentitic hase gets
built up. ‘lhe snrvey and data coilention activity sould
cover ths entir» spectrum of detivities witn which an
industry is connecied. ‘The field covered ma: be secienti-

fic, technoiogical, merketing, manuierial, cconomic, smsoclal

and in certain cases evon political as thase would

ultimately have w bearing on what an industry
tomorrow,

b.b Disgussions and jeminars . ™~

Another essentiul pra-requisite tor eflfective
technological forecasting is intensive discussions and
seminars amongst thiose concerney wd intercsted in the
field, The discussions could ve at personal levels or
in groups, committees, conferences gt.:, representing the
whole spectrum of sclence aud technology, drawia from
industry, universities aud govimment, Such weetings would
help provide cress~fertiiicati on oi ldeas towards identi-~
fying the RAD needs, advising on saelection of problems
and helping avoid dupiication of work done eisewhere in
the country or abroad. ‘he industry's representatives
would also make feed-bac!k loop inte tne industry to inform
them of the capabilities of the R&D establishments. An
important aszpect which is often for;rotten is Lhat techno-
logical advances in a Particular field are quite often .
catalysed or accelerated by the technolo;;ical advances
and the techno-economir: develupments even in the fringe
areas- of allied and also 4in other parallel fiwl:ds, for

example, anyone who is concerned witl: one building material




would have not only to have a tioraush knowledge of

what 1is happening in that particular tield but also in
the field of other bulildin; waterials, as otherwise he
may be left behind in the keen race which is a necessary
part of today's progress in the world, Yet another point
of importance is that these discussions and seminars must
be s0 organised and conducted that they serve the purpose
of feeding the technological forecasting. They should
cover as wide a range as possible while retaining the
depth necessary for the purpose,

b5 Reference from Industrics

A powerful means of getting the necessary inputs
for the technological forecasting is from the references
that industries make and from the references those engaged
in technological forecasting pose to the industry., These
again could be by way of personal visits, inspections,
studles, communications, discussions etc. An important
aspect which has Lo be kept in view here, specially in the
case of developing coumtirles, is tiic fact that an industry
might be in such a stage tnat it 1tself might not be avare

of 4ts own problems and may not have any appreciation ef
what RAD can do for it., Similarly, tiiose engaged in RAD ;
activity might have a llmitea understanding of what are all
the parameters whicih have to be wimultaneously considered |
to fulfil the needs oi" the industry. Hoth these will get

sorted throw it these mutnal visiits and discussions.

b0 Special Stwlies ani Commuications

Notwithstanding the outcome of surveys, data
collection and analysis, and the discussions and seminars,
special studies and imdiviJduoal communications will be
indispensable before arrivin; at the inputs for techno-

logical forccastin,. The comnunications may be with the
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concerned industries and re'ite. interesis within .
countiry or with trhose knowledgeable in this fleld outside.
The spenial studies mignt bave to be sometimes wlide or

sometimes deep depending upon individual situations,

ho7 The Necd for Periodic Heview of Forecasts

As a result of the endeavouis made in the light
of what has Leen discumssed above, one would arrive at the
necessary inputs for iechnological forcecasting; some of
the inputs would be of quantitative nature and the others
would necessarily be of a qualitative nature. All these
put together will eciable to arrive at the forecast. A
single forecast made vt a given point of time and space,
whatever be the period it covers, cannot be considered
ever consistent., In fact, inputa, as the country develops,
change both in terms of quantity and quality and the
fore-casts would have to be reviewed and revised periodi-
cally to synchronize with the latest requirements, knowe
ledge and experience ussimilated., At the sauc time, such
revisions should ensure the imperative continuity of the
set of exlsting objects to avoid lows of resources, time,
capital, wanpower etc, alreudy put in, Any violent change
considered essential should be theroughly weighed with

ite inherent ovarall effects before erriving at a final
decilim.

contd, 5




5 IDENTITVYING SPEC FIC RELRARCH PROJECTS

5. 1 The Need
5. 1.1 Whilst ~ asound tacihnolopgical foracasting, a

clearly defined programme within the concepts of techno-
logy transfer and with adequate appreciation ot the natui'o.
character, type and size of the industrial base, would
provide a rational basli- for R&D planning, this base
iteelf will s5till remain very broad and wide. In order

to transform theme into concrete stops, towards achieving
the desired industirial progreegs, the most important pro-
cess 1n the planning of Research Projects is identification
of specific projects.

5.1.2 ln general, many industries feel that the utili-
sation of the results of their own research laboratories
or technicnl centres has been more satisfactory than that
from outside ageiicies. One reason far this is, of course,
the fact that these industrial luboratorins work on proe
ducts and processes that rre ldentiftied in advance to be
commercilally worithwhile, But, thore is aiso usually a
close coordination between the marcketing side and the
research side in setting priorities for rasearch with

constant feedbuck from the market io the laboratory.

5.2 The Procasa

Identification of specific Research Projects 1is
an art by itself snd requires almost a similar type of
exercise as datailed for arriving at a technological fore~
cast, In any R&D wor'., tiere is invariably a temptation
at some point or the other in the stream to branch off or
diversify; it is not uncommon to find a research worker

having started with « certuin set research objective,
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ending up with a fine work altogether for a different
objective., Whilst a certain amount of fre-dom is neccs-
sary for intellectial advancement even in industrial re-
search, it is iwportant to ensure t.at the movement is
substantially straight towards the set objective instead
of deviating on the way losing track of the main direction.
Projects for R&D work woald have, thereforc, to be very
clearlv identified in apecific terms.

Based on such arn exercise an industrial R&D
organization in India devoted to cement and concrete has,
for example, planned a set of objectives for itaself as
given in Appendix'l (Page 27).

5¢) Mission-Oriented Approach

Whilst identification ot Research Objectives
as discussed thusfar will enable the total planning of
the RAD required, the process of Plunning for achieving
concrete results will not be complete until individual
"Missions" are identified, These would be Missions flow-
ing out of the planned Objectives, Thesec Missions would

have to be even more directly tied with time and cost

targets than the Objectives. For example, arisinpg out
of the RA&D Objectives set out in Appendix 1L, the same
industrial R&D organization has worked out a set of
Missions as given in Appendix II (Page 30), These are
only the first set of Missions, There can be many more

Missions, Ths question of giving up any Mission at any

stage does not normally arise since it is directly linked
with the Objeciive gought to be achieved,




5. b Mission-Oriented Hesearch Projects and Their
Priorities

In order to fulfil a Mission, several Projects
or problems may have to be taclkled, some of them might
be successfulj some might not be successtul; some might
have to be abandoned half-way through - all for valid
reasons. Notwithstanding what happens to the individual
elements which constitute a Mission, the Mission by and
large remains unchanged and stable. For example, if
the Mission is to develop a crane of a large capacity
within a certain time and cost target, one may have to
tackle several problems ~ some may be interdisciplinaryj
some may be unidisciplinary falling essentially in the
discipline of mechanical engineering, structural engi-
neering, electrical engineering or metallurgy. As one
procecds, one might find that one has to give up a
certain line of approach and take another line of approachg
emphasis on one discipline may have to be more than
another and so on., This would be possible in the Hillioné
oriented approach. Two examples of R&D Objectives, the
Missions flowing therefrom and the Projects through which
the Missions are sought to be fulfilled are indicated in
Appendix II1 (Page 33). The priorities can then be
assigned taking into account the needs, the Missions to
be fulfilled vis-a-vis the available resources.,




APPENDTX I

FIVE YEAR _PLAN
oF
PROGRAMMED R & D OBJECTIVES

of an Jpdustyial Research Institute in India

10

1"

12
13

(Ref 1tem 5,.2)

IMPROVEMENT IN METHODS OF QUARRYING IN
CEMENT INDUSTRY

IMPROVEMENT 1IN FUEL ECONOMY IN THE MANU-
FACTURE OF CEMENT

IMPROVEMENT IN SIZE REDUCTION IN THE
MANUFACTURE OF CEMENT

EVOLVING METHODS FOR THE CONTROL, OOLLEC-
TION AND UTILIZATION OF DUST IN THE MANU=
FACTURE OF CEMENT

IMPROVEMENT IN THE LIFE OF REFRACTORY
LININGS IN CEMENT KILNS

FORMULATTON OF RECOMMENDATIONS FOR OPTIMNUN
INS TRUMENTATION IN CEMENT MANUFACTURING
PLANTS IN INDIA

DEVELOPMENTS IN CEMENT MANUFACTURI NG
MACHINERY

IMFROVEMENTS IN METHODS OF HANDLING AND
PACKAGING CEMENT

UTILIZATION OF INDUSTRIAL WASTES IN MME
MANUFACTURE OF CEMENT

UTILIZATION OF NATURALLY OCCURRING BUT
RELATIVELY LOVER GRADES OF RAW MATERIALS
IN THE MANUFACTURE OF CEMENT

DEVELOPMENT OF FIBRE REINFORCED PRODUC T8
SUCH AS ASBESTOS CEMENT PRODUCTS

DEVELOPMENT OF NBW CEMENTS
DEVELOPHMENT OF RAPID METHODS OF ANALYSIS

OF CEMENTS, CEMENT PRODUCTS AND THEIR
RAW MATBRIALS




1L

15

16

17

18

19

21

2)

2k

25

26

27

REDUCTION IN THE INCIDENCK OF CORROSION
OF STEEL IN CONCRETES OF SPECIAL COMPO-
SITIONS AND EXPOSED TO AGGRESSIVE
ENVIRONMENTS

DEVELOPMENT OF SPECIAL CONCRETES AND
SPECIAL CONCRETE MATERIALS

DEVELOPMENT OF MEIHODS OF DESIGN AND
MANUFPACTURE OF HIGH STRENGTH CONCRETE

IMPROVEMENTS IN THE DURABILITY AND VEATHER-
ING OF CONCRETE

DEVELOPMENT OF DEPENDABLE NON-DESTRUCTIVE
METHOUS OF TESTING CONCRETE

PORMULATION OF RECOMMENDATIONS FOR THE
MANUFACTURE OF READY MIXED CONCRETE IN
CONDITIONS AS PREVAILING IN INDIA

DEIVELOPMENT OF LIGUT WEIGHT AGGREGATES
AND CONCRETES

IMPROVEMENTS IN THE MANUFACTURE OF PRECAST
CONCRETE UNITS

RECOMMENDATIONS RELATING TO UTILIZATION
OF PRECAST CONCRETE TLEMENTS IN CONSTRUC=-
TION VITH PARTICULAR REFERENCE 10 PRE-
FABRICATION

DEVELOPMENTS LN CONCRETE MANUPACTURING
MACHINERY

DEVELOPMENT OF RATICNAL METHODS OF DESIGN
OF STRUCTURES REQUIRED IN A CEMENT MANU-
FACTURING PLANT

BVOLVING RATIONAL DESIGN PROCEDURE FOR
STRUCTURAL CONCRETE

DEVELOPMENTS OF RATIONAL METHODS OF DESIGN
OF MASS CONCRETE STRUCTURES

EVOLVING RATIONAL PROCSDURES FOR DESIGN
OF CONCRETE PAVEMENTS

STANDARDIZATION OF IMPROVED METHODS OF

TESTING CEMENT, CONCRLTE AND RELATED
MATERIALS




29

30

n

32

33

1}

FORMULATION OF RECOMMENDATIONS ON SITE
ORGANIZATION FOR CONCRETE CONSTRUCTION

RATIONALIZATION OF METHODS OF CONCRETE
CONSTRUCTION

IMPROVEMENT IN THE METHODS OF DESIGN
AND CONSTRUCTION OF FORMWORK, SHUTTER-
ING AND SCAFFOLDING FOR CONCRETE CONS-
TRUCTION

INPROVEMENT IN THE METHODS OF EXTREME
WEATHER CONCRETING TECHNIQUES

FORNULATION OF RECOMMENDATIONS IN THE
FIELD OF LOV COST CONCRETE HOUSING

DEVELOPMENT OF CONCRETE FINISHES

L1 1]




APFPENDIX II
PROGRAMMED R&U WORK

FIRST SET OF MISSIONS

of en Indusirial Research Institute in India

10

11

12

(Rer item 5.3)

Utiliretion of High Magnesia Lime Stome inm
the Mamifacture of Cement

Evaluation of the Incidence of Corrosion
ot Steel in Pozzolane Cement Concrete

Utilization of By-product Gypsum from Ferti- :
lizer and Chemical Industries in the Manu= §
facture of Cement |

Evaluation, Application and Standardization
of EDTA Methods of Amalysis of Cement and
Cement Raw Matorlals Suitable for Adoptiom
for Routine Anmlysis and tor Quality Comtrol
Purposes in Cement Plants

Development cof Rapid Instrumental Metheds
of Analysis of Cements and Cement Ravw
Materiuls

Design and Development of Improved Packaging
for Cement

Development of Methods of Design and Manmue
facture of High Strength Concrete

Use of Chemical Compounds for Obtaining
High-Early Strength Concrete

Evaluation and Standardization of Ultrasomic
Pulse Velocity Method of Non-destructive
Tes ting of Corncrete

Devalopwent and Standardization of Quick

Tests for Detemiuing the Deleterious Con-

s ti tuents in Water tor Mixing and Curiag -
Concrote and Development of Necessary Kit, g

Strength and Beshaviour of Reinforced Com-
crete Meombers Under Combined Bending, Shear
and Torsion

Evaluation and Technical Appraisal of Design
of Concrete Poles




S

14

13

16

17

18

19
20
21

22

23
2h

23
26
27

28

29

Development of Dasign Methods for Con-
crete Dams tc Resdst Dynsmic Forxces

Technical Appraisal cof Design of Con-
crete Pavements

Petermination of Cement Comntent in
Hardened Concrete

Development of Improved Grinding Aids for
Grinding Cement Raw Materials and
Clinker

Formulation of Guidelines for Collec-
tion of Dust and its Utilization in
Cement Plants

Formulation of Recommendations for
Increasing the Life of Refractory
Linings in Rotary Kilns

Design of Totally Indigenous Prehesters
Development of Bulk Supply of Cement

Utilization of Calcium Carbomate Sludge
Obtained as By-product from Sugar or
Paper Industries in the Manufacture of
Cement

Utiligation of Fly Ash from Thermal
Powver Stations in the Manufacture of
Cement

Development of None-shrinking Cement

Development of High-Strength Cement

Development of FPibre-Reinforced Concrete

Development of Polymer Concrete

Development and Application of Ferro=-
Cement in Thin-Walled Constructions

Development of Light-Weight Aggregate
from Fly Ash

Determination of Optimum Compacting
Condi tions for Concrete and Development
of Devicee to Achieve them




30 Development and Standardization of
Accelerited Methods of Testing Concrete
for Getting the 28 days Equivelent
Strength of Concrete

31 Development of Asbestos Cement Pro-
ducts Using Indian Asbestos

Development of Ready Mixed Concrete
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APPENDIX III

% EXAMPLES OF R&D OBJECTIVES, MLISSIONS AND PROJECTS OF
: AN INDUSTRIAL RESEARCH INSTITUTE IN INDIA

(Ref. Item 5.4)

|  OBJECTIVE A UTILIZATION OF INDUSTRIAL WASTES IN
; THE MANUFACTURE OF CEMENT

: MISSION At Utilization of Fly Ash from Thermal
é Power Stations in the Manufacture of
i Cement

PROJECT A1 Utilization of Indian fly ashes - a
o technical appraisal

A.1.2 Development of technology for use of
fly ash wvith portland cement clinker
in the manufacture of fly ash cement
by grinding and blending processes

Ad1:) Development of technology for use of
. fly ash as a replacoment for cement
; in concrete making

MISSION A.2 Utilization of By-Product Gypsum from
Fertilizer and other Chemical Indus-
tries in the Manufacture of Cement

PROJECT A.2.1 Develnpment of technology for use of

phospho-gypsum in the manufacture of
cemont

Ae2.,2 Development of technology for use of
fluoro~-gypsum in the manufacture of
cement

MISSION A) Utilization of Blast Furnace Slag in
the Manufacture of Cement

PROJECT A.3.1 Development of granulation systems for
the blast furnace alag

AsJe 2 Development of supersulphated cemcnts
using locally available materials




Example 2

OBJECTIVE

MISSION

PROJ BCT

MISSIUN

PROJECT

B, 1

| PR

50'03

B.2

’0 2. ‘

B.2.2

-3

EVOLVING RATIONAL DESIGN PROCEDURES
FOR STRUCTURAL CONCRETE

Determination of Ultimate Strength
of Concrete under Sustained Loading

Development of methods for estimating
the true strength of concrete through
studies on the influence of stress on
the ultrasonic pulse velocity

Development of methods for eetimating
the true strength of concrete through
studien en the influence of strese on
the frequency of vibration of concrete
specimens

Development of methods for estimating
the true strength of comcrete through
studiee on the microcracking in cea-

crete under etress by direct observa-
tions

Development of Rational Design Proeoe-
dures for Reinforced Concrete Members
Subjected to Combined Loading

Strength amd behaviour of reinforced
concrete members under combined bemd-
ing, shear and torsion

Svaluation of influence of factore

connected with the bond streangth eof
concrete
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6 THE RESOURCES FOR IMPLEMENTATION

6.1 Ihe Three Componen*s for Proper implementation

Raving got a well formulated and mission-oreinted
plan with time und cost turgets clearly defined, the ques-
tion of implementation of the plan involves three dis-
tinct aspecte: (a) to find the necessary resources =
finances, manpowver and equipmont - sufficient inm quality
and quantity to deal effectively with the Research Pro-
Jects; (b) to organize and manuge these resources so as
to efficiently and economically arrive at tangible re-
sultsj and (c) to translate these results into indus trial
practice. It has often been pointed out that te attack
difficult research problews with loss than a minimum of
resources 1is like attacking the vnemy in war without
adequate forces; both result im casualities without advance,
In order, therefore, to reach a scientific and technolo-
€ical balance sufficivnt resources support is necessaryj
and the responsaidility to ensure this support rests on
those who benefit from R&D work. Naturelly, the govera-
ment, the society, the industry and tho individual have
all their roles to play, the extont and nature of thoir
r0les depending on the individual situations.

6.2 Einsuces
6:2.1  Tribancing RAD

The method and extemnt of financing R&D is out
8ide the scope of the present paper; all that is attempt-
od here is to give a broad picture of the situation obtain-
ing in India as & case study; the situation in many other
countries might be similar,

6.2.2 The India Case Study

The R&D effort of India in comparison with that

of some of the other countries is indicated in Table 3.
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The expendituire on R&D in India has increased from about
Rs.280 million in 1958-59 to nearly Rs.2140 million in
1971-72 as seen in Table 4,

TABLE 4

ESTIMATED R&D ALLOCATIONS
(INDIA)

Rupees in Million

1958-59 1965-66 1968-69 1969-70 1970=71 1971-72

Central 276.6 791.2 1096.0 1212.,6 1462.0 1827.h4
Sector

(includimg
Universities)

State Sector 10.0 35.1 119.9 122,2 125.8 138.4

Private Sector 1.5 24,06 98,5 128.1 145%.9 174.6

Totaly 288.1 850436 1314.4 1462.9 1733.7 2140.4

Sources "Report on Science and Technology® 1970-71

Committee on Science and Technology,
Government of India

The Gross Nationsl Expenditure on R&D as a pere-
centage of GNP is indicated in Figure 2 (Page 37-A) and a

chart showing the comparison of R&D expenditure in India

Sxpressod as a percentage of GNP with that of other countries
in TFigure 3 (Page 37-B).
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$16.3 CHART SHOWING COMPARISON OF R & D EXPENDITURE IN INDIA EXPRESSED

AS PERCENTAGE OF GNP WITH THAT OF OTHER COUNTRIES

-mDr H C Visvesvarays

*PLANNING AND IMPLENINTATION OF RESEARCH PROJECTS®




As evidoent from Tebie 4, the HAL effort in India
is financed mainly by tho Jnion Government, bulk of the
funds forming part 2{ budgetary appropristions, The cone
tribution of irdustiry to RLD eftort is very emall in the
overall finuncial expoenditure. In fauct, a recent survey
has indicated that the private 1ludistryv contributed only
8% of the total R&D expwaditure whureas (Lhe rest, that
ie, 92% cume [ros the public sector, unlike the situa-
tion obtaining in sose of the relativuly developed coun-
tries as indicated in Tnble 5,

TABLE 9

EXPENDITURE ON R&D BY GOVERNMENT & INDUSTRY

Expendi ture as %-age of tctal

Country Year R&D Expenditure
Govornpmont Industry
& others
Canada 1969 62 38
France 1968 50 50
lndia . 1971 92 8
., Japan 1969 28 72
Nethsrlands 1967 ko 60
Philippines 1966 52 48 %
Sweden 1969 29 71
Thailand 1968 91 9
UK 1367 52 48
U S A 1971 L1 46
USSR 1971 (Unitary Control)
Vest Germany 1969 L2 58

Sources UN Stat.stical Yoar Book 1971
Report on Science and Technology 1970-1971
Committee on Science nnd Technology,
Government of India




In the shove estinate expenditure of State
Undertakings has buen considered as part of the Governe
ment sector. Private iwmustrial sector is eetimated
to have spont about Rs.145 wmillion in 1970-71 and the
public sector industrial underteakinge Rs.42 million.
Thus, R&D expenditure of Indien Iundustry (including
the Public Sector) amocumiad to Rs.188 million in
1970=-71. Vieved againat the background of annual pree-
duction, amounting to Re.63,000 milliom, R&D expendi-
ture of industries is indeed very small (about 0.3
per cent).

Another survey carried out by the Indian
Chemical Manufacturere' Association reveals that in
a large number of casee, less than 0.5$ of the total
sales is spent on R&D,.

Most of the reeesarch by the induetzry is on
routine development work and oriented towards import
substitution, The factors responsible for the reluc-
tance by the industry to invest in R&D are lack of
competitive industrial environment, emall size of an
average plant and the high cost of research, incli-
nation to rely on imported technology and dependence
on foreign collaboration for supply of R&D, kck of
sufficient incentives, etc. Similar situation exists
in most of the countries in the region. In Japan,
however, the industry accounts for over 72% of R&D
effort.
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TABLE 6

R&D EXPENDITURE BY SELECTED ICICI CLIENTS

(Year 1059-70)

(Industrywvise 31 Revenue Account)

No.of Amount spent on RAD

Com~

panie Total Compa~ Compa~ Total
Annual nies nies expen~
turn~ with no with diture
over fixed fixed

budget budget

(Rupees in Millions)

Chemicals 17 2916.6 60 110 24,0
(including

drugs, phar~

maceuticals

& toiletries)

Engineering L] 854,9 60 80 7.5

Cement 2 746.6 - 20 1.6

EBlectricals & 13 4h9,3 30 100 6.1
Electroniocs

'°°d. paperxr 3 ‘26.2 10 20 0.9
& pulp

Miscel laneous 6 248,0 30 30 0.8

35 5341.6 190 360 40,9

In a survey comducted by the Industrial Credit
and Investment Corporation ot India (ICICI),

covering
some 100 companies enguged in the manufacture of olodtri-

cals, electronics, engineering items, chemicals, paper
and cewment, of which about 55 companies furnished the re-
quisi te data, the problems that confront the companies in

developing R&D were investigated to determine their trends.
All the units included in the IcIcI

saaple have routine
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R&D celle; more than two-thirds have R&D departments
staffed with qualified scicvatists aud engi.cers. Ane
cillary facilities like workshop and library are also
provided by these companies and in a few instances,

they are also equipped with ungimeering and economic
evaluation divisions for .ranslating research into

plilot scale, and ther om to commercinlly viable preojects.
Although the obje=cives of the RAD departmonts &ppeared
to be comprehensive, the companies, barring a few excep=-
tions, seemed to prefer, in practice, confining to only
those linea of R&D activities where the effect could
most easily be traced hack to the original investment.
The ¢trends are reflocted in Table 6 anc Table 7 whero
the Annual R&D Expenditures of these companies are ana-
lvsed industry-wise and turmnoverwise.

ZALLE 7

RAD EXPENDITURE IN RELATION TO ANNUAL TURNOVER
OF SELECTED ICICI CLIENTS

Range Number Total Companies Companies Total

of of turn- with no with expen~
turn~- Compa~ over fixed fixed diture
over nies budgets budgets

(Rupees 1n Million )

Up to 10 9 58.0 40 50 1.4
10 to 50 22 620.5% 80 140 5.7
50 to 150 14 1286.0 ko 100 13.3
Over 150 10 3377.1 30 70 20.5

55 5341.6 190 360 40.9




Aggregatn R«D expenditure by these come
panies on revenue account was of the order of Rs.40
million, while the ratio of revenue expenditure to
expenditure incurred on capital account was less

than 1311. 1In developed courntries the ratio between
revenue and capital experditure in running a research
laboratory is rervoriosd to be around 133,

The other significant points that emerge
from the tables in relation to ICICI sample are that:

(1) the annual R&D expenditure of the units
is quite small in relation to their
total turnovery

(11) size of the unit seems to have a signi-
ficant bearing on the scsle of the R&D
effort; the largex the size, the greater
the expenditure; and

(111) a majority of the companies seemed to have
RAD budgets determimed on the basis of the
cost of an agreed research programme. In
some cases, howvever, the size of RAD budget
was related to the turnover of the existing
product=lines.

It is also of interest to note that 36 of
the companies accounted for about 50 per cent of the
private sector's expenditure om R&D activity im 1969-
70. This may mean either of two things: that only a
fev companies undertake RiD activity in the private
sector or that the total private outlay ia actually
much larger than estimated; the latter possibility
may arise because of the fact that many companies do
not have separate budgets for BAD and do not show it
as & separate item in their accounta,
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Yot enother important aspoct of R&D financ-
ing that doserves reference is that industry in India
has not incurred any massive, or even matching expen-
diture for adapting or developing the borrowed and
imported techmology further. Rapid industrialization
of Japan in Post~war yoears is mainly ascribed to the
fact that for every Yen spent on borrowed technology,
Japanese industry spent about seven Yens on adapting
and improving it through indigenous RAD as seen in
Table 8.

JABLE §

JAPAN'S EXPENDITURE ON TRANSFER OF TECHNOLOGY
COMPARED WITH EXPENDITURE ON INDUSTRIAL R & D
AND GROSS DOMESTIC PRODUCT

Total ex~ of which Payments Item 3 ase

- penditure by for trans- perceatage
on R&D industry feor of of Item 1
technology
(1) (2) (3) (%)
(in billion Yen)

56 29.3 7.2 13
114 69.7 17.2 15
245 153.8 bi.7 17
381 NA 55.9 15

Source: UNCTAD - II (TD/28/SUPPL 1)

Such a phenomenon did not ocour in India, and
the contribution of imdustry in relation to payment for
borrowved technology has never been significant.




Against this background, it might also be
interesting to knov that in India in addition to
supporting cooperative research institutions, the
Government also provides certain intensive support
to research activity within the private imdustry.

Under the exigting provisions, a company is
extitled to olaim the following expenditure on soien-
tific rsssarch as sxpenditure dsductable fror ths
total for purposes of profit and tax assessments.

(1) Any sxpenditure on scientific research
rslated to the businsss

(2) Any sum paid to an approved scientific
association which has as its objsot the
undertaking of scisatific research or to
a university, collegs or other institu-
tion to be used for scieatific research.

(3) Any sum paid to & umiversity, college
or other Imstitution to be used for re-
search in social sciences or statistical
research -sliated to the class of business.

(4) Any fees paid to research laboratcries
and consultancy services im ocomnectioa
vith the businsss.

In addition, expenditure of a capital aature
on scieatific research can be written off im one yoar
and the company can claim development rebate at 3% per
cent on plant and sachimery used for scientific research,
if imetalled prior to 71 March 1970, and 23 per ceat
om equipment installed after 31 Narch 1970. Certaia
further ooncsssions and incentives have also been X
tended from time to time.




6:2.3 Fiaenelug Doyelepmen: Lork

Tt de at (v dApsuiont L oand rarkoting s tage
that finance hecores o rmch wotve lmpoltent constraint
since it tukes e gr:at asal moere moniy to develop =
commerciml Ausign husvd on A piliot ylaul ovoracion, A
compared to the or.;minsl e wavrch, to develop a procosa
know~how. Bveu when a research offort im successful in
identifyling & new prodict. scomatimes the firms aro re-
luctant to provide adequate flumance for lauacbing it,
gome firmas would ra'lhiur hold the patent than utilise
it foaring even the slightest chunco of fuilure. The
tendency to postpone commerclal utilization or even
abandon & new rescarch x»suli nliogether iu, of course,
reinforced by the lack of compatitiive cuviromment. In
a situation of secercity where almoat unything would
sell, the incentive to improve the gqualiiy of a product
or a procesns is ofteu ahsent, even when the knowehow
and the technclogy are readily auvailable.

6.3 Manpower

The fnarce provided to RED may not bear any
fruit unless the vight manpowsr - manpower devoted to
research and talerted with roscarcheoriented besat of
mind « ig usod Jov 1t. Pindianr the right maanpower has
besn difficult everywiere, ~pacially in developing
countries vhexe unusuanl problems have often to be dealt
withe One has to weet wiih imbelanceaj there may be
considerable difficultioes iu coriain a.eas of work te
find tho xight IN&D po.sounel whiiayt exceptionally good
personnel might be availuble in another arss.










Again taking the example of India, see

Table 9 below, the mumber of perscns actually engaged
in RAD work is only two per 10,000 perscns agaimst 38
and 21 per 10,000 in USSR and USA respectively and 36
per 10,000 in Japan. On the other hand it is estimated
that the total scientific and technical personnel im
India is about 18 per 10,000 persons. It is thus clear
that mobilization of RAD personnel needs special atten~
tion for implementing the RAD Programmes.

IABLE 9
R & D PERSONNEL PER 10,000 OF POPULATIOR
‘° . Population Qualified BAD Persommel
ountry ia ota per
williens of populatiea
Belgium (1967) 9.6 14660 15
OCanada (1969) 21,1 40640 19
Prance (1968) §9.2 134800 27
India (1971) 550.0 95000 2
Italy (1969) 53.1 h2000 (]
Japan (1970) 103.4 366900 36
Netherlands .( 1967) 12.6 50200 [V
Sveden (1969) 8.0 16000 a0
Ux (1968) 55.3 151000 27
UsaA (1971) ak3.0 519000 21
Ussh (1970) 2h2,8 927700 38
Yest Germany(1969) 59.1 149000 25

Sources 1) UN Statistical Year Book, 1968,1969,1970 & 1971
2) National Patters of RaD Resources by Nsr, 1972
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6.h Equipmen t

The R&D manpower requires the right kind
of equipment in order to be able to compete in qQuality,
speed and quantity in today's technological race. Even
vhen fimancial resocurces are found, difficulties are
often faced in finding the equipment and materials
necessary. Certuin countries have given special atten-
tion to this aspect in their trade and commerce and
almost every developimg coumtry noeds special atten-
tien to this asspect. 1In the loang terms, however, it
40 impertant that as far as possible and necessary,
indigenous sources should bu developed. Efforts to
develep indigenous sources for RAD equipment should
ge hand in hand with the RAD work,

Telking purely inm terms of the imvestments
and returns, one quite often comes across cases where
an RAD organization has hac to possess expensive equip-
sent, though its RAD needs might bs such that this
equipment is to be used umly occasionmally. Thus, ia
arwing an RAD organization one has to comsider vhether
the returns by vay of a few real uses during the life
of the equipment are worthy of the large iavestment
oB it or should some convenience or sophistication de
saeriiiced to make it multipurpose or undergo the im-
vonvenience, delays and expenses by going to centres
vhieh possecs these tools and obtain their services.

contd.7
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7 THE ORGANIZATION AND MANAGEMENT FOR
IMPLEMENTATION
701 ) o zat n

Planning and identifying research projects and
findinj resources by vay of men and materials are anlf
some of the links in the ohain of RAD processing. They
are like raw materials which form the input in a factery
where unless appropriate and efficient machinery is pro-
vided even the best of raw materials and resources may
not lead to fruitful results. The most vital part in
the R&D pﬁoc.u is, therefore, the actual philosophy,
concept and methedology adopted for conducting the research
work; the organisation provided for it and how the RAD
men actually work., Further, in any industrial RAD acti-
vity, the ultimate success will depend on how actively
the industry has been involved. Industry is the institu-
tioiul vehicle by which RAD work is reduced to technology,
and in a continuum of change, brought to a state where
routine production of the articles of trade, commerce and
defence 1s achievedi. The key to successful implementation

of RAD effort is the whole-hearted cooperation of the
induistry,

The invelvement should not, therefore, be merely
in the nature of being associated with Committees or
Councils -~ the involvement should be at all stages and in
all matters of recilevance to the healthy progress of the
activity, The R&D organizational structure should be
organized along such lines as to provide representation of
the whole spectrum of science and techmnology, drawn from
industry, universities and government. This body would
then bs availadble to provide a feeling of ownership involvee
ment to each of the constituents and enable a coherent
studied opinion on all matters involving R&D.




It would automatically easure that biased activities are

not embarked upon and protection is provided against undue
Pressures [rom any quarter, Tt could stimulate new areas
of cuphusié since ite advice would be hecded b the fund-
ing agencies. VLast but not the least, it would pull to-
gether the scatterad comuunity of acience and technology
into purposeful uctivity cowards industrial advancement.

Te2 individual Resuaich

Research iu a stato of mind - an attitude of
enquiring into, almost dissatisfaction with, the present
state of affairs. Much of human Progrese have come out
of this enquiring attitude though the tomptation to hark
back to the oldon day: is never absent from the human
heart. Research can be conducted almost anywhere and on
almost any problem provided the necossary preo-requisites
are available, the most importunt and vital pre-requisite
is undoubtedly 'tlhe man', Evexrything depends pPrimarily
on him and on lhis competence; if he is one who has a
spirit of logical reasoning and keeps his cars, aeyes and
mind open, he can do research in any given circumstance.
Bven a cursory study of the hiastory of scicnce and tech-
nology will at ouce show tiuat Some o1 the world's greatest
discoveries, inventions and contribuiions to scientific
and technological atvancomanly have come about under
almost unbelievable environments and civcumstances, What
mattered in all sucih cases were the nen behind the sreat
achievements, ETven ¢ty to an extent this snquiring state
of mind is combiaed with luck - for fruitfil inventions -
as the inventions orf Arciimnndes, Jewton aad Flemlng show.
In thccg circumstaices, thercfore, an individual, no

matter whoeiher he had o Systematic training in RAD or not,



Y -

can sometimes do cesearcir nou less in valaoe than that in an
organi zed Wiy «{fori; bul Lt 1s scldom pussitle to relate
an individual reascearch efiort to an overall planning

axcept La exceprt ionul cases,

7.3 Inatitutional Resaarch

In recent times, howovaer, teciinologlical progress
1s not 80 much, u product of a sudden discovery by ar. indi-
vidual as & converted eftort and work of & team organised
fov a spocific gbhjective, Disversed individual efforts
are glving place ©o organized efforts pooling the intel-
lectual talent of 2 group 91 researvrcin wo~kers and the
moterial supl.ori required by thew. Ewven in such an
organized effort the reseacch has to be hulit round the
men whilslt sainul taneeusl)y directin, them tovards definite
needs and spucitic objuctives, (v faut, in the advanecing
world of touay teascarch amld development, as many other
thinge, have become capital intensive. Thereioréd, the
strongexr the base 1n such instilutional resaarch, the
greaies thn support 1t cal. provide in tne &Y proccss,

I'he cardinal objeciive of any institulional research
woutd be to idenwtily the problem., eLigase R&D men who have
Ne neecessary skill and competence zud to provile them the
necessary &u Facilities Antegrated with an appropriate
management cencepl. This could bte ucliteved by an industrial
organization havia; its own R&D unitg by several industrial
organizatiors with common or essentizliy common interests,
Joining hands wiiun =everal othars fto peol the resources
towards a comuon HaD establisimoryy thi¢ needs of the
tndustrial sarganizations cowdd also be met vy entrusting
the!r apeciti - problams to organt zaiions wio have developed
the skill and the taciliticos t9 pot 4o results through

H&ED contracrin, wystem,



Tedu ) }.:’:2355.?;33{{-5‘539-2*95?.: The goncral tendeney is
te think that an own WD upnit would providte all the neces-
sary R&D feeding requirad by an {nduatrial organization,

Thlis i3 not wo in most casesy, speclally in Jevelouping
countries where tie industries are rei wlively smaller in
size, lhe small industriea camot, in feneral, afford
eithec to employ K4D personnel of tiie required cal Abre or

to provide R&D facilities of the requive:! order, Thus,

the own RAD un:ita caanot by themselve.s he swxpected to
provide a tota) answer, but they would be extremely valu-
able from the point of view of transfer of techuology

from outside into tae industry and for translating: the

needs of the industry to cutside R&D orgailizations; thus,
own RAD units, howevaer weak, are essentisl in every industry.

Te3.2 National R&D Ceniress Every government in the

. ine e S G e i e W R

world, irrespective of its political systeu, has a respon-
3ibility towards R&D aad would tharefore have R&D estabe-
lishwen ts financed by the State, The fields in which this
is done, the size of the R&D éstab:lishments :id the finan-
cial support proviided bv the State, vary from situation te
situation depeuding upon the individual circamstances, bhut
the socin-economic conditions and the degree of industriae-
lization, as indicated in Chapter 6 will greatly influence
the extent and the form 1in which national R4D establish-
ments are doveloped,

However, it iv posmible to distinpuish tour funce-
tional levels in the scientitic and technolegical structure
of a national instiiution, The first functirnal level
invclves the arca of pla:nning, decision and promotion. The
secoud level includes the financing, -~oordination, and
control of scientific and technelogical researcn at the

national level. Depend irgr on the volume apna diversity of




the scigntifinc reseavrch conducter tn tne couwtiry. these
tunctions are unvertaken by one ol moie bodies whose

sphere of competence Lo Jdetermined by the typa of R&D they do
I Bomettues nlso By the sevtor For witose asupport R&D

activily 15 conducted,

-

she thixrd ftunctiorai ievel involves the execution
of researeh, liue research is exccuted in those industrial
and sciont ific fields thui are of direci relevance to the
industrial need in the lnstiute where continuity of effort
and magii tude o' the activity justifies concentration of
resources in that specific sphece,

The fourth funciienai leve! represent mixed
group of activities indispensable tor the application of
rescarch and tactwiology to develoument, These aret (a)
Ratura’ resources .wid environmental servicesj (%) the in-
formalion andl documentvation services); (c) the standard
refereict service that dealws with standards, norms and
scientific instrumesnttution whisl portorm most important
taskhe in relation vo the dependable devolopmental efforty
wnd (d) the extension and innovatson service that performs
bie activily of harnessing RAD results for injecting them
nto production and se¢rvices,
Teded Fozeperative i) Establishueates The Co-operative
of Associatlional R&D estallishments can be based on co-
operation hetween Lidlustrial untis or beilween a group of
~fduncrial units and 'Ye Gove rmment of tihie country concerned,
This co-oparation at ance brings with {t rhe advantage »nf
pPooling ot rosources, tius making it poassitile for an R&D
establishneil to Le able %o have re Latively mor ¢ powerful
tools of rezearc’. awl to possess relatively higher calibre
of R&D personnetl, Hloreover, such co-oparative NHAD estab-

lishments can also function we linka in the iransrer of



technology botween the own R&D uniie in the individual
industrial organization and the rest of the national
network of R&U, such as Universitios, Government al
Institutions ete,

Te3el Special kad Centress An any organized R&D

effort todayv, scicnce and technology demand a number of
sophisticated tcols. The use of these tools may be occa-~
sional; nevertheless, ~ven *o mect the ozcaslional needs
the uvse of these tools should be available. In an R&D
establishment whiei has responsibilities in u fuirly wide
Fange of uctivitiecs, such investment s in speclialized but
intrequently needed tools would coustitute a heavy capital
investment with ratuer iow returns. In auch cuses, the
focilities provided in such establisiimenis would have to
be 80 planned Trom the veby beginning thut every tool
involving relacively a heavy capitu! expenditure,is, as
far as possivle, mado mul ti~purpesed so that tie several
needs of the astaolishmont coald bLe met from the same
tools these have natural ly their own possibilities and
limitations widch have to Le care fuliy we.:ghed,

Whatever be the tools, the tools themselves
beocome out-dated o1 obsolote with time; trained personnel
who will be required to operate tue tool will beecome oute
dated unless constantly under continuing education and
trainin;. For example, in o building ma'eriols research
institute, equipment such as X-ray Analytical Units,
Electron Micro-probe Anal yser, Atomic Absorption Spectro-
photometer ete., are all required, but these tools them-
selves would become obsolete and out-dated jn course of

time unléss replaced by newer models incorporating more
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up-to-date lagrovencnis, 11 v the ol r hand, 2pecialized
ventresn tar spersitin wneciadicies enull he developed to
serve nout oniv oae nut aever b R&D estaniisiinents, the
tools would be nued wore teemquen:lv, Lher can be replaced
43 and whea theyv Laceme sbseulete, newer teclutologies could
ve daveloped, tachiniecal persenvsl could b constantly kept
trained wn the newaer specinlities and so on, Iven in
advanced counivries 1t iz not unusual Loy one to Find in
wany laboraterics, tenis of regearsb walch ate out-dated
and obsointe by today's stundards., This will be more so in
daveloping connlirles wnless care is taken from the very
beginuing at the time of orgunising R&D establishiments.

Tk Sonfract Reseatrch

Organizotions have also silamplal successtully
contracting research ag in other Tieids of contract, bhut
this requiree special wskills iﬁ mas i oapeatl 18 the manag;ers
of the coniract hmve thensclven to hnve reguiraed training
to be able Lo tdeniily aund divide thae probloma, to identi-
Fy the required skills and Cotpalace, to determine hiow sad
where 2 work ecoaid ne Lot Cone boesh, to el the wor's Jone
in pleces and "o pulr the rasut s toegetuar te proviue the
nitimato antewe s Lo the cldeni, The cott.race mystem could
ai#o be a part sf activity of aty typo of R&D institution
engaged in {Ls own dlrect R&D work previded the managoment

*®

is geared to thls gsystam,

Teb Ihe Inzer-cisciplinary arg Mulil-Jdisciplinapy
Approagh |
In wany parts of 1the worll, speedally in certaln
davoloping countivis ~, therg mxists today a dighntomy in
R&D wo ey the newl for RED Ls aroatly Felt bui whot R&D

tunstitations produre ace Dardly dmplemented, A detall ed



study of lndividual cases leuds orte to th: conclusion that
this anomolous situaiion is substautially due to efther

of the following two causes:

(a) The R&4D problen on which work hag
been done was not based or clearly
identified needs of the industry
and so the industry is not inte-
rested in this R&D work j

(v) The R&D problem is ot vital interest
to the industry but the m&D out put
is uacceptable because it is consie-
dered by the industry as academic,
imprescticable or uneconomical,

This latter situation resualts wainly when uni-disciplinary
approach has been adopted on an issue which requiros mul ti.
disciplinary approachj here, the well known story of the

description of a big elephant by flve blind men is an apt
anology.

In the uwi-disciplinary approach, a given issue
18 looked at from the angle of a specislist who has hardly
developed a capacity to appreciate the rest of the ingruo-
dients neceasgsary for a total solution. In fact, the cri-
ticism by the industries is frequently attributable to
the fact that those engaced in R&AD have failed to take inte
&ccount the total picture, Whatever the disciplires neces-
sary ~ physics, cheuistyry, mathemutics, materials s8cience,
structural mechanics, economics, Productivi ty, comfort,
health etc., have all to be simultaneously considered,
Many of the breath-taking sdvances that are taking place
today would not nave been possilLie but for this inter-
disciplinary approach. Mlssions to the moon and jumbo

Jets have amply demonstruted thha noed foyr inter-dinciplinary




BPEYOCay bt o singe <oalh Croples miy it Loy pretflect the
majority ot nases Miractrcaliy dealt with in developing
commTeies, o siinple examnle of 4 pile Lowlation for an
industrial boildins i a bin..ly ansporesaie Loil mi,ht be
considerud; he iy 2 rectopisty 4 5001 olhomis Ly A cemeult
chomisit, o concirotn techologint, aud a structural engineer
are &1l reguired to ool and intesrate their specialised

Knowledge tovards o Common and total soluavien,

Progress in scicnce aud techimology has become
SYynonymnous with incressing spe clalization, Simulianeously,
an R.D problem is no mor. @ provlewn of an ipdividug!
Bpccialist alone. No ma vter, therefore, how Lroadly or
narrvovwly we define any discipline, in today's world most
of the industrial rRaD lssues are of un inter~disciplinary
naturc., This means that the moswi cffective way in which
these could be tuckled is by oan inter~disciplinary and
multi—diaciplinav, approach,

Tl The Three Life Stiyres of an Res i) Bstubliahmgut

Whatever might be the ngture of an R&D cstabe

lishment, it haa three distinet stages in 1es 1ife - the

1)
Initial Stace wiien it is veis catablishedy the Oper:tional
Stage when it [a estublished and starcs functioning as an

R&D establishment; und the Implowent. . n stage, when the

results of R&D start flowi.g out for wnplementation, The
Philosoph: a.d concept of O anisat t onand manazemeut of

these Rap establicviments will determine the course they

take and the contritutinns the, wake towards the objectives,

Sowme of the Probl ems bightlishted hercunder in the various
stages arc more prominent when th, R&D i3 Cinanced by the

State which is the caso with m

ay Jdeveloping countrices.




Tebol £E£E£2£-§E§§S: The estanl ' shmeat ol the R&D
Centre ts approved and tizin_s el movin:, A Plianning:
Offlcer or 3 Director i. appointed togeth 4 with the
Hecessary vwdministrative and technical personne !, The
project report, pi.uns, estimatoes, VIO Tamme s are approved,
detuils are worked out and tie exccution S5tarts, Some
staff are seunt to otner organizations orp overseas for
truining; evervone connected with the R&D establishment .

i1s highly devoted anu eutnuslastic, The staff aure all
dedicated, The buildings are inaugurated, the equipment
and instruments arc installed. At tuis starze the estabe
lishment finds no shortage of funds, no difficulties 1in
staf'f appointments, no diffieulties in tetting equipment
etc,, and teuncrally therc is no substantial interference
from the administrative or financiai heirarchy in the
progreas. The initial investments are hoavy and the
operatin; costs are small,

7.6.2 999595&29§£-§5§§2' The institocion is establishedy
the ratio of cupltal investment to "perational expenses
become much less since there are no more buildings to be
built and no more Costly equipment to be installed; the
staff would have returned yfter training and comuunications
would have been established with otharp R&D Ceutres. The
operating costg Cradually become the key budpetury consie
derution, where relative prioritics start getting questionned-
whe thier an item 'x°' is more important or an item 'y!' and
80 on, Things are aot as smooth as they were but RAD works
mOves on because the enthusiasm and dedication still con-
tinues in tie staff,

Te0.3 ZTEEQTE§§9§i29-§52§2’ This is a stage at which
some R&D results start flowing, This becomes the crucial
stage for the Justification of the existeuce of the
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lostitatlion, SEa o Llve Plow gathe s monedbtan there 48 a
greatl siacioenins i wie oot uslass e Gun eqient  continued
support; tie oroanrration vty wea.ciled,  Uuae to loss of
enthusiasm ny thouse vory arencies winncinl have consuit@ved
the R&D aestablisbhmint, (reacive ao il ona are hampeced and
discourageneat it frogsirati oo start-, A vicvious cirecle
sets in and it would Le iapessible to pass on anything

to the Industry wuot enly hecause ilbas nothing to pass on
but also becanze 1t hav forsorten that i was for this

very purposc that toe inatilui,on was seot uap,

T.6. 4 Paradcxical 3liucciont Quite olftea this para=-
doxical situati is platnued away as due to lack of

resources, This could surely not be the reason siace
pPlenty of resources woere available te sturt with., The
cardint!l issue is Lthatl mercs inveslment of money is not
sufficient for tlce developaent of secicnce amd technology.
Continued eaibhusiasu, =uppoert anl vigileage ave equally
hecessary as otherwise irrespective of the type of Ralb
establishimen! it woild become an object of ~idicule or

al best o sthiow-plece,

Te7 The Coperpt of Magaspewment of R&D

K& demanas rationality and flexibility, There
shhouid be no attempt to replace quality hy quantity

whilst ther: s sothin: wronz in Lrvings 0 press for more

quan ity as long os the quality is not likely to suffer.

The concept of monagemcii: 13 o vital factor ar the suacgens

of any tnstitational research.

Orgacic conflicts arise as 4 result of the appli-

catlion to RaeD asstabl ishment s, the same rutes and Frocedures

witicir bave been designed for administrative or production




gervicer, thoushr Lhe fancti s oi the lattes We ver s
diifrrent rrom those roeguired for ew-en. sl Iy creative
uork vertainiigy teo Lo o er, Fhe mararit Vi oresnic

conflirmty orcur Ffor tue Peasons.

The First ot tiese i5 th...' verv often a pvramidal
or vertical suruacture, o riid hetirarca cal set-up based
on rank, is imposed on an H&D establishoent. Tais is the
typical organizaticnal forn [or governmoul agencies bue jt
1s not the moust suitable for a researcih ceuntre. Much more
fiting for the latter is a horizontal type ol organization
or a pyramidai structure with o Lroad buase wid Little
heisht. This allows tor maximus communication bLeotween all
level s o stafy Pariticipatong in the ) and especially
betvean the rec:ni graduate newly recruited to the centre
and the most senior veseurcher.

The vertical pyrmnidal structure is generally
accompanied by a somevhat rigld and burcaucratic system of
promotion, ill-adaptct to the recogualtion of merits In R&D

Work, where anyone who posscsses creative ability and knows

how to conduct R4D is his owi ciniefl, resardless of age,

senjorit,, persoual ch:rm or temperameat, noreover, the

appointment of staft in the Pyrausdal type of organization

does not often iwuve the Flexibility iliat is needed for R&D

-

in tha* it presupooses eniry at the lowest gradej this

becomes a serious obstacle when it is desired to engage a

brilliant researcher who is still very young or without

@ long 1list of achievemoits to his credit, ‘The pyranidal

structure wmay, by definition, give rise to the most sarious

quantity versu. quality econflict possible, When such a

thing happens, the best minds o' the centre leave it in

search of amother organization dircctod with
and ability,

more talent




coonrore 2 oy muat biet i

Wiy Lite paaton seeoa Yo i alLoars Lo ayvea Libe peneral
Aomanistrats o el Ly sach Lt s ab Lowe cards and attend-
MaCC ehr el A, it ey ansd o exlh e sts o, Loy Leave and
vocation log, dnstructions (or the traisaission o) memo-
Taada and coere=potitenos, Caerul vaens vrocedures, procure-
mest s procoduares, ekl S procuedares, allocatiocin, use and
control of twuls oo investuient, bnildings, cquioment and
oONEI R UL TN TE, instantcoes are ot uncomnee;l where in an
Wl estabiistutest thore ds ample provic-ion of all the wmoat
costly ivens needed for u researci proiect - the equlipmeni,
the men and Lo buildings - bat theiro 1s an extreme diffi-
cally to tie siead Ll ends Lo make them worl and se not only
the research is aet undertoten or slowed down 1 it 1is
already on haisd, but ol.o thr essenticl compounnt « Lhe
reseaycher - himneld bhecomes Jdemoraiized oud deteriorates,
To vis roawdonal wmind, for widch rearon be was engazed In
R&D, 1t o denply dnceapreohonsibie (hal hwre investaents
have been made which catmot Yo pot bo ase for want of

ridicetous)y small sams,

i

Winilst providiug for the rationaliiies and
Fiestbiliticos, o good Q45 muaremont shionid also provide
For o imluanced jubegrollion o all 1us faculties 50 as te
darcct thoen btowards objective fuldilmon! y <imul tuneously
exercisipg the neseszary mawmiaganent concrol s in appropriate

Weasare at cpproprigte oc Lirts,

*
T8 MotodbX ovs Lon o1 el Mangcoment
Ten, 1 v order ecreloie Lo Lranas Corm the se concepts

Lnto practti -l oropesicicis, 4t 15 enseibial (o cive

thow:t Lo e miw o emen b =trac b, The malrix system




of «xD wma: ewcent MeThC LS DeON L b o B aus s et Jrern

means f tron: Py tive a'ta oy ve Covee ty anto pract oo,

TeS, 2 in the matrix ~Srotewm, the orpganseation ;. divided’
for convenicu.ec uf QUINLS o B oang Malia ewcitt, into
Divisions bL.ased encenltilly on (the difie: ect dinciplines
invotved in aa Ot ke ALl vl The oblieciive of tiese
Dav.sions shuuld roncentas i ly e Lo provide axcellcnece in
knowledere and ef:ieicney in Service, whiclh e a1 be made

use of for tackiling the saver ) Yissious whi{:h foirm part

of the Objective fulfilment ot ti RLL orpanization, The
Tesponsibility ot the Caiafl ot the Jivision wili therofore
be to maac ¢ the men, materinl., and the money including
thie equipmcut aun! tacilirie - relaling te the discipline
witl, the assistwice of the: teourmical, financial and
administrative controls as are cmiducive to a healthy and
Progressive armagenent withh & view to waking the Divistion
A powerful too!l in the ziven discipline and a tns0l which
will at ail times Yo ready with ilatest scicnce aud teche
nology (o gperite on . Ziven subject, The Divis ions them-
selves do not 1a rener it and in concept deal with any Raeb
probvlems,

7.8,3 To deal with the R&D problems, a scparate set
of R&D 'roups are e#stablished whose objuctives are to
achiieve the maximun useful and pragmatic results at
minimum co-t in the shiortest possible time and jn any
case within the fixed targets of cost and time, The

€roupa or .leanms are formed by drawing personnel from the

various Livisions of speelalisved disciplines., The ress-
ponsibility of the Chief of the Group of RaD will be to
manace wmen, materianls and money relating to tue particular

RAD croup assisted by such technical, financinl and
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Leral reswea o cr ittt o bn o4 uevelopoas country is adopte
LT 1% Jlven YL o Porere 0 de e nToaly, Sinece the echart is
a0l l wapliacites , 1v a0 sulricient bere to menitjon that

tite concscl bLacroated i Lhe byt s to Lring il the

gomponen . o A Mot oeinioal At L orcerly arrangement
clearly syceriveing, whsl vy exvected in earh wctivaty cona=-
Litotiey fSve institation,  The chart emphosizes the batan-
ced taterrabing.
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Te'? Leadars or Mesepreht Monaceliont

7.9, =egronsibild iy o dercas Taskt The Job of one

L A ca o g e N N I o

shoulderca with e rostousibiiity of wmnuseveni of an R&D

estal, ' iashment L. verhoo. the dount contpsd icated an i enorous

-

e of alb o o v 0 tasn o - quiue conbyary to tihe weliel

whicn nons e b ather Uy s 0 fantaceriel Dosivions

Yror idd .

{9 vl ol e cerst oin order to et

5

a Lrue pevrsaaniive gf

Puseas ¢ and develop-
mMetl Waht ors vae sioald Lol Soalinn one's attentien only

to Lt techanie v i the sclievcceebazod industries whose

cace e Jwrloae bt owot G Lae designe manser of o alre

[ 4

erafi manaiactar ag coynny, tte style dirccoor of a fashion

Lounse 97t a v drvoetor ol g publishiig, nouvse, this dnflu~

ence in oewc! ot Ghese cuses, 1y dire Lly dependent on the

trmg-ncde s b bl oatd to promate Lo praodacts for the
TR ATY RN
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While the production manacer's tield is essane
tially a combination of applied techmology and managemont
methodology designed ftor and concemed with a given set
of outputs, the research Mmiager has to take into account
simul taneously a complex set of parimeters, e has to
work with thinkers and inventors whoso brain power is more
moment t.an brawn or endurance and whioss work patterns are
net predictable, let aloue controllable or measurables
they are quite often snail-moving, even static ! He has
not only to be familiar with techuniues of managesont
required for tae proper running of his taechniecal orgami:a-
tion epeciully in rolation to tue supporting level of staf'[
but he should know the special techniques for tie mana o=
Mot of intellvotuals. To be able to produce results
worthy of adoption in practice, the researeh manager should
acqunint himself with the knowledge of the market as well
a8 ol the predaction methodology, and he has to be cons-
cious of the muciidne and materiul costs. Above all thuese,
he must know that within tiie organication he is protagonist
of change ~nd that every chun(e brings witii it a series of
reactions having: zreat impact on humun rela tions., In
order tv pat the best results, the horizon of a research
Sanajer has to be wider aid his approach and strategy
rather worked out closer thian those of ga production mana;er,

7.9.3 ggﬁ_gggggggggggg_g Bringing home the cost-
consciousness of an operation in a research organisation is
& comuliicated job, Nevertheluss, a €00d mang;er has got to
have data of sost analysis, to be aule to take approprinte
decislons and ensure that the rescarci output is obtained
at the minimum Poysible cost.

T:9.4 l:gsggg_g{'_’{gcyg‘!gx_*iy inter-disciplinary appreach

immediately brings in tie question nof team work and the

team work brin:s in Probleus relatin: to Ranagemcnt of




humain betngss, spectialiy ef thosa who are specialists, A
Hesecarsh Manoger hiue to chioose aad develop o proper teun
of specinlists ana e Liww wet Lo o comaon goal. A
Heseaih Manajger nas to hLuve outstaading and aciginal
attainment s, creative abilities tu be able to handle tue
teveral problen. and qualities to win true respect to his
leadership {rom the very intelligsent people he works with

as well as trom the supportin: =xtal't who migzht net be

intellectualis in tune sease applied to 1.D personnel.

contd, 8
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8 THE PROC hbﬁ 0}:‘_ TACKLING RESLA{(CH PROJECTS
8.1 Systomatic Prosudure

Haviayg identirficd speaific Deronpeah frojects
and baving assigusd rolit.ve priovities aud having
secured an establieument with the n2cessary organiza-
tion and management, attentloz 1s nos culled foxr to the
exact procoss of tuckiing those projocts, R&D today is
Ro more a matter of 'hit cnd wiss', Whilst 'hit and
miss' methods wmigit 2:taslonnlly give subs tantical reow-
sults because the projects huve Lsep accidently hit
rightly, attemptis wie ofien tade te continue with the
hit and miss method four the simple -orson that follow=-
ing a systematic procedvre woula invoeive some selfw
discipline and possidly some hard rlanning and work,
Thore are many instancss where RYD har baon enbarked
upon without a prover reviow of the prasent state of
knowledge end centecuoncly rescurces and efforts have
gone in directloans from whici: tiiey cvuld bave been
easily saved. Coat'y uxpesimental work has been carried
out without propocly designing 1t ard without having an
eye on hov the results of ::ch experiments would be
analysed to arrive at tanfiblo conciustons. A syste=
Batic drill is therelore Lacessary for aculeving maximum
results in Institutional HxaD work. Tho following steps
are suggertod as a general guldeline, Though theso
steps are simple and wollekpnown, it is by snort-circuiting
them that cne often gets into difficulties and wastage
of reaources auvd efforts, Hence a re-omphesis and a
restateaent of ithese dteps are nacecssary,

Step 1 Statement of tle Research Projact and Its
Purpoee and 2 Byrief Revivw o the Basic

Principles of ihe Seieuce and Technology
of the Sabjec:

Step 2 Foxmulation of a Comprehensive Bibliography
en the Subjeei reiating to tho Project




Step O A Crivical Pesinw and Survey of the Exlsting
Kaowledze ~ fa Halli Theorvy and Precetice
Step 4 Deternin:tiun ¢ the Arsas where (Lacuneo Exists
or Kuowldeodee 1s ineof, ledent §
Step 5 Tdeont!odoatunn and sSeliciion of Specific Probe
Toews whink should e Jlooked into
Step 6 atalzrai= of “ne Proslem and Design of Experie :
Ml
Step 7 Exnarincntacion
Step 8 Aualysie of Hustlis
Step © Rimcussion »f Fe,ul-s and Lonclusions
Step 10 Recommerdat {anx .
£
Step 11 Aprroprinte Cswmunication of the Recommenda- :
tionsy and
Step 12 Guidosnce and Asuis:ance in the Translation
of Recormendationy into Practicas

Though the etops hava bLeen indicated separately,
in practice mcome of the stops could, on the time acale, be
overlepping but coanceptually ome should kaep in view cleare
ly the purpose and Jdifforences in the steps,

6.2 suality Control on Methods of Testing and

the festing Equipme:t
.

The adopiicn of standard methods of testing and
the use ol properly calibrated equipment are essential Pre=
requisiies four dependability and reproduceability of the
results, which is tihe vmsonce of tquanlity control ip ihe
exporimental programo. Many instunces are available
where tesl rop2cts un laertical spacimens in the same
Jaboratory as well os test reports on the same material
from two laboratories havo difforred considerably leading
tr erroneous conciusions, Dirferences in resul ts of tests
carried out by different persons in

the seame laboratory

with the sam. equipment ¢o difforoncoas 1. resuits of testy
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carrioed out in ifrerant laberautories may be attridbuted

to one or more of the follewing factors:

(a) Differonces in the accuracy of the
tesl . ng wpparatus or equipment,

(b) Differoneces in the quality of mate-
rials used as standard referances,

(c) Differonces in the askills of the
opsreters eangaged in testing, amd

(d) Differences in the environmental
conditions spocially in texrperature
and humidity.

Bach of the above foctors require careful atten-
tion with a view to eliminating tho causes responsible fer
the differences and such a process of elimination will be
successful if a suitable quality coantrol eystem is availe
able in the R4D establishment, To achieve this, the follew-

ing activities must be a Part of the Quality Contrel Serviee
in the establishment

(a) Calibration of apparatus and equi p-
ment used in testing;

(b) Training of personnel engaged in
tesiing #o0 thai they adopt standard
Nothods of test at all stages;

(c) Use of siandurd reference materials
for testing; and “

(d) Research in the methods of testing
either to improve the exis ting methods
oF to «volve better and more suitable

Vhilst conceptually the quality control activisy
has to be visualized os an indepondent activity of an R&D
establishment, wheiher 1t could be incorporated into the
- diviedlons intanded for the normal working in the establishe

ment or as a separate division, will depend upoa the mature
and size of the R&D establishment.
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8.3 Tiuie cnw Cost s T

On tae srogr_wue of mauy RED wstablishments
stand today pre jeci. wuicl HeT o no. seen tue light of
the day ror over- . decudey thery are projects on which
the expenditurs !nou. pred arreare ton have heecore uobody's
bueineas., Yiit-~: Duoabtelly tuers should ne sufficient
flexibliity ir both ipe .o €ty every reseacch proe
Ject has to progrem; wiily o certain defined cost target,
Both the coest and i targr.s have to by worked out as
best as the wnoly-de of the tntiiel dote would Peimit,
Endeavours snonld b @ude by all conterned to keep to
these targeis) but in view ol the vary nature of cortainm
R&D projectis 1t May not elvays he possible to stick to
them. Or eucl oceasicn whan it is feared that these
targets are not itkely t. e adhared tu, a tsnrough
serutiny should Lo mads mnd revised targets established.
This 1 tho surest woey i which the entire tean could.
be mede coascions ot these controlling factorn. A delay
ip the fulfilmont or a Rervarcn Project could result ia
their becoming irrelevunt i the context of the rapid
advaacements tie worlg aight have achioved or the
industry could nave advenced Ly then beyond the poiat
&t wvhich these results could be useful to ig.,

Morecves, o point vhich shouid be appreciated
here is thai one whe invexts in reswurch, naturally will
and should awk for retvenes wbhich have accrued to ome as
& result of research. ¢ is not iufrequentiy that this

qQuestion is answerea avay by a fuabiy of words ; "we

are im parsuit of {ruth®, "intelloctval werk cannot be

*quated to returns", npnd 4. “he.  1f retuins were nobody's
business, repenr;~h activity would have Cokie 0 a stand-

8till ioug lorg 480 fxcept fo. thissy who can afford this
intellectual pleagure,
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8.4 Monitorins the Progiess

Every R&D management would hnve to aonitor
the progress of each research project. The monitoring
is necessary not only to keep track and chase the pro-
grese but alaso to determine the specific problems faced
during the course, bottienecks experienced with a view
to getting over them. Periodic discussions vithin the
gFOUp on the basis of definitive reports are therefore
ROCOSsAry for emabling a systemafic revievw to be made.
Standard proformae have to be designed; a form vhich

‘40 being used in & large industrial research imstitute
in Isdia 1s reproduced in Appendix IV (Page 70) as an
example. The periocdicity of the review vill naturally
depensi on several parameters but by wvay of example
again, it might be mentioned that in the organizasion
vhose proforma is 1llustrated in Appendix IV, the ree
view 1s done every month, Experience has shown that
such & reviev emables securing uot obly a fair pregress
but aleo clarifies the directions and ideas im relation
to a given problem.
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1 all that has beeu said above iy ririctly
fallovwed, implementatiov siould not normally offer any
difficulty; the outcome ol the work should bLe by itself
implementabla. Since the processes of technological
forecasting, the processes of identification and planning
of the Reswaich Froject:, lhie processes relating to orga=-
ndzation ond manaeneat would all have had the closest
involvement of the industry, tue solution of any research
pProblem should avtomatically wmean fulfilling 4 nemd of the
industry; thus there should be no difficulty in implement~
ing the research Findings provided a Proper system for
transfer of techanlogy exists, The results of the investi-~
gations havin: been ensured an being not purely academic
Ly inter-diseciplinary avproach and by having taken into
conslderailon ali the parametlers that an industrial under-
taking would Le interested ia, the findings become imple-
meitable quantitaively also, Tf ang lnecering in its correct
sense hias to be an effective tool for thc conversion of
available remources into meaningful and conerete wealth
for the benefit of tne soclety, eugineoring has to find an
optimum solution to convert the abstract into the concrete,
giving due weightaze to ull the parameters involved., Like-
wise, the system for trunsfer of technology has to take
into account the varlous relevant parametars in order to
coavert the abagtract knowledge in science and technology
to meaningful and concrete results. The efficiency of the
system for t&e transfar of tesinology thus assumes speclal
slgnificaco, Since the “Y. ter is 2dasumed to huave been
fully taken inte “eccount in plaaning thie Research Projects

as discussed in Section 2, all that need now be considered




alc Lhose gap e oy ., Dy seein whion are dires tly linked
Lo wranstat,on pi 4a - SITREN it Lolus trdal practice,
9.2 Piiot vi.a s o wud Cosmerciagl Plaats

Where ihe inbocatery acale stndics have indie
cated the suv.oueas of o procies, inuovation or metitod and
whaetre alt «vaiialie kKaewledpe ang experietice indicates
that these ure liikely to be succosciul ir commercial usage,
the next natnr .l flep Would ba to verity the validity of
vorkabi! .ty of these in practical situatlions, Jt 4s
extremely diffieult to teneralise how tiis verification
can ve achieved, Thers woild be issues where one could
try the findilngs and imploment ihen siralght-a-way into the
Ranufacturing process without involving a high degrae.of
risk. There might he others where it vould be desirable
to make pilot Plaat triales. [ae pilot piant triats may
be with a ‘viaw to determining the applicability of the
laboratocy findings in Fleld or to reflne or review or
revise certain of the laboratory findt;ags Lefore it 1 s
PUt into commerciai practice. 1In meacral, pilot plant
trials are expens’'.ve botl frova the poinl of viaw of the
capital investment ns well “% the running costs., There-
fore, :t,nc nemis am;. thre advantazes orf plilot plant studies
have tc Le considered and rone into veiy carefully,
Sometimes when the #ilot plants are of a retatively
snaller size thun the conmerei2l wanita - though several
times larger than vhe laboratory scale models - ene could
8till have tne Arawbacks wssociated viti: scale effects
and thus the pijot lants may not sometimes serve ey
betier Purpos« than the Iaaborator;-; models, On the gquestion
whether the rilot plant should ue the Tesrvonsibility of
the R&D organization oy of the

concerued indnus try, a
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gonteiralizative Ls impeoes-inle a. it Gerein depends upon a
given situationt it would be DOssible to consder and
arrive at a moai appropriste solution wvhoinl speeific

°

cases ave taken,

9.3 Prejeoct

A oroper (aterfacing means an acvive process
of conversion and’'a chatln systam ter tie flow of RAD.
One of the difficrlties taced by the developing countries
howeaver is thati facilitiews and resources are not essily
avollable for carrylng out lurge scole, somi proto-type
or pilot plant «tudies on promising labouratery processes
and inncvations., Entrepreneurs are (eierally not willing
0 invest capital and resources on projects or inuova-
twions, which bave not Leen proved to be economically
viable., Thus, seriovs hottlenecks in the conversion of
the laboratory W&V work to industrial utility are faceod.
In such a case, a new interface has necessarily to be
estabiished between the laboratory and the industry, for
exauple a project sugineering firm, an organization 1ike
the Notioual Fesearch and Jevelopment Council in India,
which might provide a risk finmnce and so on.,. In any
such intermedjary facing only the laboratory concerned
with the R&D, the entrepreitour concerned witn the indus-
trial utility of a given process and these project engi-
nesring firms who can assist in tho conversion of the
ladboratory know-how to industrial applicatisn, have ta be
actively invelved,

eontd, 10
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10 CONCLUSLON

The Industrial rouls with the national setting,
the concept of technology transter sSystem available, and
the status and naturpe of the industrial base will deter-
Wine the Plamning base. The nrecess of planning itself
starts with technological torecasting which has to take
into account not only the technolegical possibvilities bdut
also the 802io0-economic, alms, aspirations and feasidbili-
ties . The forecasts have then to be converted inte
Plane of research objactives covering an appropriate
period, Specific Research Projects should then be identi-
fiedy on the basisz of mission-oriented appreach, from
within the framework of such plans and priorities assigned
to them.

The finances, manpowe:r and equipment necessary
to support the RaD activities on the basis of specifie
cally identified Rexeurch Projects would have to be pro-
vided resul ting in an Institutional RaD establishment, In
order to make (e establiisiment a powerful tool, its
organization and manageméun would have to be carefully
worked out; the concept of munagement of R&D, being
substautially different from the conventional mann ement
of administrative Services or production units, should
receive the closest altention, Selection of the right
type of leaders for R&D munagement sliould be insisted
and Matrix System of R& D manarement should be adopted as
far as possible. The brocesses raquired during the actual
working ef Reseurch Projects should be clearly Spelt out
even when some of them are very obvious and g4 systematic

drill of the procedure schoulg be insisted upon in the
overall interest of Progress,
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Translation of RAD fincings into industrial
prectice should noi present any problem if the industry
has been actively involved - not merely by membership
on Committees otc » but at all stagns and in all satters,
The industry should be made to feel the ownership eof
RAD Establishment and thus made to identify itself with
the inputs, the proceases and the outputs., Interfacing
of Tramsfer, Pilot Plant and Project Engineering need
oonsideraiion bhut the extent to which resources and
efforts should be sapent on thewm to translate the R:D
results have to be jJudged with wisdom in each given case.
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