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RESEARCH AND DEVELOPMENT PROJECTS

PROBLEMS OF COST-BENEFIT ANALYSIS

"Investment in research, as all enquiries is directed

to change the future state.pf ciyilisation"'— Bernal,

Intfoduction

The progress in the area of scientific Research
and Developmcﬁt is astounding in the last half a century,
particularly in the post sccond world war poriod. A new
group of i1ndustries calied_{scienco bagod' has grown
sizably\and such industricg.for oxample ocloctronics,
synthotic_fibre otc. haye pqcome intégral part of contempo-
rary life, The economic demand for immovations has
developed science .itself, Investment in reséarch is
considered toc be one of the major sources of growth of

international product.

1. Classification of Scientific Research

1.1 Scicntific resecarch is broadly classified into three
categories viz, Basic, Applied and Development. The
basic resocarch may be treated as a part of educational
system, since &ts main motive is the advancement of
knowledge, The applied research and dcvelopment are of

- and
great practical commercial/iﬁdustrial significance.
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' Tho percentage.of expenditure for various areas
of research by the manﬁfaéturing industries in U.K._in
1967 is shown belowt-

Basgic Research .o ;. 3%

"Applied Research .o .. 19%

Development ee  ee 78%

In U.S.4.y, the R & D expenditure was distributed

in the following proportions (1961) -
‘ a) Product develoﬁment e ai UB%

b) Product improvemen% e e ?1%

c) New process .; .o 5&%
1.2 'In the R & D area, definitions of thé following terms
and concepts are of Qrucial importahCe.

a) Inv;ntion:

Ipvention is the creétion ofrnew téchﬁologicél
knowledge which is normally patentable and it océurs

subsequent to, or at least seﬁarate from research which

can be defined as a process of adding to scientific

knowledgo,

b) Development: -

It is a process of selecting the most promising

rescarch results and using them to create new processes and
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products. Commercial objectives and production possibilities
prodominete in this stage.. Aﬁ:intégral part of the.dévelop-

ment is désigning of models and proto-tyﬁes.

¢) Innovation

Innovation is the utilisation of'the.knowledge
obtéined after invention and de%élopment for actual productive
purposes, “Iﬂ techniéal'terms innovation operates either to

create or alter demand functions or to lower cost.functions(S)

Technical progress is defined as any change in
National output that cannot be explained by increases in

inputs. Technology is the systematic application of

scientific or other organised knowledge to practical tasks,

1.3 The life cycle of R & D Project is described as the
interaction between R & D products, the firm; the tustomer
and the. process relating to the nature of the work itself

and the samo is depicted in the diagram given in the'ﬁexf ﬁage.
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Changing world ' icoomplishment _.....\ Completion of

situation of work progress " the job
t ] , = )
« @
. . . l ' S
Perception of ‘ .Evaluation of , Aequisition of
need for .. progress (9) 2 people and
(1) product and s ‘ _~"" other project
estimate of S Vs - resources (7)
product value. Pl ‘ A
» /, ”."
P .

Estimztion of Firms Customers
effort 7 investment o commitment
(2/10) — — ="  of .funds ) 7\ of funds

e - (6) )
| | /
(3) Estimation of ' Request .

e e e e

. cost for customer/
: : > support (4)7

(Sources The Management of R & D George T.Thomason Page 81)

1.4 The ciassification of new products and technologies

into 2 chart form is given in the appendix.

2a Importance of R & D

2,1 The expenditure on R & D by the developed countries
ranges between 2 to 3.6% of the gross National product at .
factor cost‘and 50% of such expenditure is accounted for

economically motivated projects. It is observed that
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"-Secience activity increases exponentially at a compound
interest rate of roué@{y ;éven peréent. -4t this raté science
and science man poweradoub;e ig siééHQGefy'fo'tom15 years
-and héve expanded‘by-afﬁaqtqr ofrapproximatéiy ocne million
in three hundred years since the'publiéation of the first:-
scientific paper. More than half of the overall grgwth in

Naticnal and Intermational product measured in constant money

terms can be attributed to.tecﬁnoldgical/innovation“ (2).

2.2 The spectacular‘creations of R& D in the form of
Television} Jet travei etec, which were non existant bhefore
1945 are estimated to have contributed more than 10 billion’
dollors to the Gross national produét and created more than
2 mil;ion'direqt jobs and sizable indirect employment.

2:3 It is estimated that "The growth of produgfion ih
the U:S.S.R; is attributable to the extent'of'85;90%'to
growth of Labour pfoductifity and this in turn is due to -
the extont of 70-75% to the technical progress, Thus at
least 60~67%'of the growth of indpstrié; production is
attributable td_thé‘new technoldgy" (3).

2.4 Govefﬁméﬁtgjshare.iﬁ the expéhdituré of R &.D ranges
between 56;60%.in'the case of dé#éloped bountries ahd more

than 80% in the developing countries.
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2.5 Institutional frame work of R'& D activities

A.chart detailing the broad institutional break-up
‘of R & D activities is depicted in the below chart.,.
The growing share of Government in the form of various

activities is borne out by the chaff.

Reéearch and Development (Organisational chart)

R S D Y D Gk WD mp Sk iy S ey ey e -i—— ————————————— -

Government Private sector
Defe- Public Public Grants Rese- Ré&D R&D
nce Health sector for arch units commerical
Nucle~ el Indus- Ré&D lab- in the units
ar . (Medie tries to ora- indu-~ :
Adero- cal R &D the tories stries
space  pollu- units ~univ- (lar-
tion " ersity gely
Fire Rese- in the
proté~ ‘ arch deve-
ction Insti« lopihg
Standar- : tutio~ count-
disation ns ‘ries)
transport. _ & .
otc.§ industry
T Objectives of R & D projects
3.1 The R & D projects broadly aim at developing and

introducing new or improved products and processes, Some
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detailad dbjepfiﬁéé7aré statédhbelow:_

a) Maintzining the existing level of profits. (The
new products inﬁroduﬁed by innovation may affeét'the market
of the existing product and henée céhstént improvement is
necessary even to maintain the rate §f profits); |

b) .Expaﬁsidﬁ of market by quality énd service
improvements.

¢) Loworing the inpnt costs leading to decreased sale
price apd_pongequant"improved sales; _

d) Quality iﬁﬁrovemeﬁé or functional ‘addition Iéading—
to‘highqr sales~pricé or Qith the same price but additional
sales, .. |

o) Introdﬁdtién ofrnéw produéts (If covered bf-ﬁatent;

such products enjoy leadrjeridd mohopoly salesJ

f) The State sponsored research is mainly devoted to
defence, production of nuclear power, public health,

standardisation, fire protection, transport etc.

3.2° In the developed countries, it is said, that there
are two conflicting explanation for the distribution of
Ré&D effopts viz. "Technology push' and Demand pull, The -

former is based on the view that technology offors greatesﬁ
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scope for advance and profit iﬁ a small group of science
based incdustries. These industries are\ﬁsually capital

and conéuﬁer durable goéd industfies whose customers are

more likely to plaée value upon technical excellence and
newness than the consumers cf other products. These products
combine tp give a relatifely high feturn to R & D expendi-

ture® (1).

3.3‘ The-following objectives receive increased emphasis
in the developing countries,

a) Development of products and processes to facilifate
the restructuring the export production from raw to
intermediate and finished products to enhance the foreign\
exchange earnings. b) Import substitution in the indusgtrial
auxiliaries, chemicals, machines and tools.'c) Introduction
of suitable intermediate technology to-enhanceithe earnings
cf underemployed rural and urban small units and household
enterprises., d) to increase food production. e) to achieve
substantial’ self sufficiency in the defence needs. f) Sociak
amelioraticn of.the depressed classes {both socially and
economicaliy) engaged in cert%in f&pés-offihdugffies. For
instance in the early part of the country, tanning
indﬁ;try had beeﬁ looked down by the society as hot a

dignificd persuit. But after the initiation of the
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Central Leather Research Institute, more than 200 qualified
technologists (including more than a score of Ph.d holders)
are serving the industry drawn from all the sectors and the
communal isolation of the'indusfry.hés Jeen largely brokgn.
'g) Man power benefits - skilled technologists are made
available to the industry., h) Finally science has cultural
benefits and the society may derive satisfaction from the
National prestige that high quality scientific research

may bring.

.4 The detailed account of the importance, objectives and
structure of R & D projects is intended to give a background
idea abogt the complexity of'the-problem in the cost-~benefit

- analysis. TheXe are multiplicity of objectives at

different levels and institutions and there are different . .
degree of satisfactions of the same product according to

the clientle and over a period due to inroads of new or

substitute products.

i, Problems of app;ication of cggt-benéfit analysis in
the R & D Projects

o1 The difficulties of selecting, isolating and
measuring relevant costs in the preparation of the projects

are often oxpressed by the evaluators. The participation of
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scientists and technologlsts in the R & D project is of

crucial importance and evaluatlng thelr cost in thc project

is beset with problems.,

4.2 Uncortainity in echieving*the'éxact objectives is a
major constraint in the,preparatioprof R&D proqects. The
realiseo objectives may be more,-different, near same or even
nil, Invention is aimed at something new and hence cannot be
carefully plannodf The correlation between expected and
actual returns in U.K., as per a stedy was found to be 0.13
with'over end.under estimation of the probable y;elde being
equallyhlikelf. The greateet ﬁncertairty.will.be in sectors
whore-technological knewledge ie changlng rapidly. "On the
basis of some evidence, it seems that about half of research
and development proaects yield no commercially applicable
results.l Asg such 1t is a heroic task for a firm to attempt
an appraisal of R & D projects us;ng numercial techniques"(1)
It is further roported that “all available evidence points

tc a heavy mortality in research Projects. For example the
average experience of 20 companies‘in:tﬁe‘Chemical Industry
shows that only one successful product results from every
eight proJects that go into Research.- Survey results

coverlng more than 100 ma jor compeniee:show'the median
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failure rate.to be about 67" (4)
bo3 Patents are supposedly to be taken after successful

completion of innovations. The number of patent application

and successful grants in U.K. are given belowi-

Yegf No. of application No. of grants
1963 ) 51468 : 30148
1967 39290 -~ 38999

| (Source : 1)
Based on a two year lag between appliéations and grants,.it
can be seen that about 70%4 of patent applications are
successful, This ié to illustrate further the néture of
uncertainty even in an advénced stage of R & D work. It
is obser#ed that the majofify of the National patents in.the
less deveioped countries are owhéd by individu;i inventorsr
end such patents have minimum of industrial and businéss
importancé; For instaﬁcelin Argéntina 75% of the pafents
were owned by individuals and 75% of the pateﬁts did nof

result in Successfui industrial or commercial exploitation,.

Loh Another noteworthy element of uncertainty is the
length of time which usually elapses between the initiation

of research project and the release of the product for sale
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in the market, From case, studies, it dis estimated that the
time interval from the inyention.of new process product to
its first sales on a commerc1a1 basie on an average is
(with considerable variation between firms and industries)

ten years. Thus the total interval between research and

1ts application would often be more than rifteen years.

L.5 . The yardsticks used in the assessment of benefits ..

with policy goals are also varying. Foxr example reduction

. in the mortality or disezse may be the objective for Medical.
. _ N . :

R & D_while_the_increased destruction of human life may be

the critorian for defence R & D.

L.6. Many welfare and amenity. benefits fliow from R & D
work such as reduced loss of life, improved health, more
Tteisure - time called unsold time;-prestige; entertainment ete,

and these are difficult.to be attributed any monetory value,

h .7 Reseerch 15 an internal investment- for the firms,
like advortisement ecost and dces not reflect in the output,
accouriting and hence studies on the offects of the R'& D
by the firms are difficult.

4.8 In the absence of indepth studies to get at some

benchmark estimates for the various segments of R & D
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activities, no dependable statistical baee'is available to

apply the tools of cost-benefit analysis,

4.9, . Problems of measurement of research resulte in India

~ a) The R & D applied reaearch :Lnstitutions in Ind:l.a |
were mailnly started by the Government to aid the industrlalisa-
tion and not with any professed commercial objectives. In
the growing nationalisation of the basic industries, some °
of the institutes concerned with fuel, metal'etc. help the
related nationalised industries in ?odernisatidn of production
technigues besides serving as technical consultants. In the
cesehof oertein industries like leather most of the producers
;re small industrialists and hence the processes have been .
largely given free or at nominal cost through exteneion
technicians. However the ingtitutes have devoted acnsiderable
time in developing products and proeese for import
substitution and export promotion. With the expertiee"
availabie, the_institntions offer technical consultancy te
the industries and public sector institutions., There is an'
increased awareness to correlate the Input and outputs of
research in India and to facilitate the building up suitable
data base, projectwise budgetting and planning of research

are being attempted. A macro level study cof the contributlon

of research-results of the institutions in monetory terms was
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also attempted by calculating the actual ?onetory receipts,
computed value of services offoered and discounted potential
benefits in the receipts:§id9 and‘thé actual expenditure
ov;r the effective funéfional poriod of the institutibns.
'Thié is‘of cog?se'a‘too broad béséd study tolthrow-any-
definite guidelines for éo?f—beanit analysis of ﬁ_& D

research,

B) Reéarding diffusion of research in developing
countries it is observed’“those large parts of tho economy
where the remnants of preocapitalist organisations persist,
for example subsistance agriculture and rural crarft
industyiés,~génerate very little demand for local scientific
inputs. Consequently science ip such countries is lérgély )
cohsumption.item whereas in industrialised countries it is
an investment item". The observation is not -true for Iggta
and much relevant adaptive and new.applied researchkos /being
undertaken to meet the demands of various sectors, The
industrial utilisation of research is increasing rapidly

in the last decade.,

5e Moasuring the R & D benefits -~ Some partial and
indirect methods

Despite the problems of uncerfaintiesrldcmiﬁé large

over the costing and expected returns of R & D projocts, some
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attempts have been'pade to measure largely the output of

the R & D,

~541 | As referred to earlier, the fundamental research p&?f
- be treated as a part'of édﬁcétional sysfem. Tﬁe fﬁnding_of
such research ié not geﬁeraiiy.Adne with the micro-economic
motive of costs and benefits. The output of such research
can be measured rather notionally by the number of papers
published, stahdard of the journals, the number of times
érosa references made and'the-exten£ of utilisation of the
knowledge for further fundemental and applied research.

- Ascribing cerfain values for the ‘above mentioned iﬁems are .
f#aught with prébiems nor will it be ocasy to qﬂantli‘y the -
cost of the résearchér} The research iéader mighf‘have'
éi&en'only a bright idea-and,the ehtire work would have -
been done'bf his associates; The time spent in giving such
idea and the related salary of Eh% leader may not be right
value for the idea, since he might have spent his active -
life time to get at the matured wisdom,. Inéidently pay-offs
fpgp,bésic research may occcur many years subsequent torfhe

original expenditure,

5.2 The defence research has a broader National 6pjective.
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By convention the outputs of defence research are measured
by costs resulting in zero contribution to measured producti-

vity by definition.

5.3 The Government sponsored research with the end
oﬁjectives of weifare 1ike‘Pubiic ﬁéélth, fire protection ete,
are npt strictly emenable iof measuremenf, though there is
-Qide-scgpe to strech the benefits such aé‘the number ;f

ﬁuman 1ivés saved, discases prevented and accildents avoided,
Similarly the expenditurp on researchers relating to aero—épace,
atomic energy etc. cannot be strictly related to the expected
‘benefits., The expenditure on such items is more scientifie

than technological.,

5.4 The applied industrial research which forms more than
60% of the total expenditure on R & D is the cardinal area
requires cost-benefit analysis, VSBme of the measures suggested
to measure the'o?erall or ﬁartial-benefits of R& D work

enumérated belowi- -

5.4,1 The overall performance in scienﬁific innovation of

industrially advanced countries is measured by the following

six.indicatorss:~
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a) The location of 110 significant intermational
1nnovat10ns since world war IL.
b) Monetdry receipts for patents, licenses and
technologicol knowhow,
_c) The origin of technology imported by Japan.r
a) The number of patents taken out by each country
in foreign countries.
' | @) Export performance in research intensive industries.

f) Export porformance in research intensive product group.

The six indicators are applied in the following table

- to four major industrial countries:- (2)

UsSiA. U.K. Germany France

a) No. of inventions out
of 110 significant
inventions since ‘ .
World War II =~ 74 18 14 2

b) Monetary receipts for
patents and techno=
logical know-how, 63-64
(in 8 million U.S.. : : : :
doliar) 348,7 7641 o k- 46.3

¢) The origin of techno-
logy imported by Japan A
(60~64) No. 1218 121 255 - 63

d) The mumber of patents
taken in foreign count- )
tries 1963 (00) 56,3 15,2 29.9 - 9.3
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!J..-.§_-A-' U.X. Gormany .France
e) Export performance of
research intensive: : .
industries 63-65 % 30 4.2 5.9 22
f) Export performance in
research intensive - - ‘ - :
product growth 63-65 % 31. 13.9 5.7 21,1

Tho above details are only broad indicators of progress
of R & D in the Natiomal level. ~ The technological supremacy

of U.Sshe followed by U.Ki is evidenced by the data.

5.4,2 Certain arecas of R & D are amenable for working out
-the_ccsts and benefits, & detailed study was made on the
cost effectiveness of mechanical potato harvester by Gross-
- field and he egfaplisheé the differential‘benefit between
hand picking and‘mechanical harvesting in rp;afion to
investment for farmers with different eoxtent of land. The
R & D work as per the study was a finanqial succeséA(if'the
_ expenses incurred for the previous‘at?ggpts to deveipp a

harvestor were /ignored). .

. 5.4,3 The effect of successful innovation on a firms growth
rate is considered as a measure of R & D success, It is
found that the average effect of a succesaful innovation

on the steel and petroleum industries was to raise a
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firm's annual growth by 4% to 13% (2).

5.4.4 Some economists have attempted to relate industrial

R & D expenditures and innovations to world market performance.
It is argued that at least for. free market countries, the
world!s export market provides a falrly objective test

of the innovative product's success of & flrm or industry.

(If 2 firm is'iﬁtreducing a new product in the world markets
then it ﬁay enjo& a moﬂepoly pesition in the sales till

substitutes are developed abroad, Thie'emphaSises ‘the

importance of 'lend time! in the R & D activities) (2)

5.4.5 It dis suggested"that an input-output matrix relating
to a country's inéue¥ry to the R & D system could be
construeted by a novel method of measuring reséarch produ-
ctivifya NThis method would save the utility of various’
tybes of research for each industry and would also take
into account the ﬁpstieem and downstream of flows of
informatien within the research system by a’ separate matrix
fer the transactions of R & D system. .Its successful
appliceation would depend_however not only on some measure-
ment of these difficult intermediate and feed back flows

but also a large number of peer judgements of every industry
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abéut the rcsoarch productivity relevant to that industry.
Thus at the end the method comes back to dependence on the
type of subjective evaluatlon of quallty and importance
of research output, which bedevils S0 many output measurement

| tochniques" (2).

5.4.6 - Another indirecct method suggested is to classify

the techneological progress into a) productivity b)‘benefits
of increased edu&ational skill attainment c¢) improved health
d) design ond product innovations attributable to research
e) economies of scale and f) of improvements with the
organisation of markets such as the romoval.of restrictions
in the meobility, economic effectiveness of resources and |
ménageriél efficiency, These forces are meant clearly to
refer to the growth of outpﬁt ﬁhat is n&t accounted for by
the contribution of labour inputs measured by a straight
count of indifferential man hours of. péopie.employed and

of capital serv1ces measured by the quantum of its inputas,
The problem of measurement in this framework is the
quantification of each of these forces, so that their euﬁ

represents total technological advance.

5.4,7 In the R & D project planning uncertaint& sk~~uds $he
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future to a great extent. It can be obviated to a certain
" extent by.using the eiisting knowledge of laws of scieﬁce,
experience obtained in réspect bf similar'situations'and
of the ﬁésf aéhievementé. All fhese may Be uséd to speil
out the objectivés for applied reseérch'which are believed
to be attainable to a reasonable extent. Such ob&éctivos
can be expressed in operational terms but will be ultimately
éubject to implicit or éxplidit economic constraints. These
are hoqupr subjective estimates made by the experts in
the field, Since the estimate is subjgcfiye it is
adviséblg to increase the number of experts consulted to

obtain a broad concensus of judgements (6).

5-#.8. The fdllowingahas been suggested as a:éimple formala

for panking the research projectss-

Pt xpex (p-¢) xVxL

R e el e LT

"Total:costs

' Probability of Technical success

pt =
pc = Probability of commercial success
P = Price

¢ = Cost

V = Annual Sales vclume.

L = Life of the project,
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It is however felt that a befter method wounld be to
incorporate the expected'total benefits and exﬁécted total
cost., The formula appears simple but the problems of

finding the exact parameters for each item is stupendous.

5.4,9 Another attempt was made to correlate the R & D
expenditure and the GNP growth and the relevant data are
reproduced"bglows

Country R & D expenditure Economically Average annualr;

Percentage of motivated growth of _
G.N.P. at factor R& Das % + G.N.P. per head
cost of G.N.P. 160—68)
(1963) :

sustria 0.3 0.2 3,8

Belgium 1.1 0.9 306

Cannda Ta2 0.6 3.5

Franqo_ 1 09 0-8 h.""’

Germany 1.6 1.0 3k

Japan ' Te5 1,1 9.2

U.K. 2,6 1.3 2.3

UIS.A. 306 1.0 3!7

(Source-(1)
It ma§ be seen from tho figures that there is no

cbservable relationship_between R & D expenditure and the

growth of G,N.P. and the essential reasons including’

a) R & D is only one of the factors that contribute for the

economic growth b) the R & D mix may vary from country to
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country depending on the needs. Expenditure on Defence

R & D which is considerable may not contribute much fcr the

growth of G.N.F.

Selta 10 Patent statistics provide an indicator of output

realised from the R & D resourcesi-

24 TENT APPLICATION IN U.K. AND ANNUAL GROWTH

{(Calculated from 1950)

Year S ~ No. of application
1950 - ' 31683 -

1955 37551

1960 Lyo1k

1965 ' 55507

1970 - 621071

Annual growth

[

5
6
3
3

It is ohscrved thgt 90% of the patents_are in respect of

manufa&turing industry and over the entire period 1950-70,

the rate of increase of patent application is akin to -the

rate of growth of ménﬁfacturihg output at constant prices.

"This confirms to the suggesticn that inventive activity

reflects the overall level of economic activity although

rélatibnship_is by no means a close one in individual

years" {1).

6 Concluding observations and_ suggestions

A debailed description of the problem is nc solution
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but may help to comprehend the préblem basc for evolving a
suitable methqéology to meésuré the R & D inputs and outputs.
The‘inevitabi;@ty of R & D to maintain the present comfortable
standards of living is amply recognised and increasing share
of inte?national product isg be;n%:asqribed to applied
rosearch and development. Governments share in the R & D
expcndituré is more than 50% in most of tﬁe.couﬁtries witﬁ
the solitary exception of Japans It may be argued that when
R & D is doing fine with the overall social rate of return
isg expgcteg t? be higher than the conventiqﬁal form of
inves£ment'in industries; what is the need for cost-benefit
analysis? A methodology of cosﬁ—benefit analysis for R & D

is dmperative on the following planks:

6.1 . R & D activity is a growing area but with sizable

concentration among big corporations that can risk huge

- {

nmounts, For instance I.C.I. spent & 40 million o develop
Terelene ;nquupont_spent $ 100 millio?s.to,develop a
substitu%é for leather galled fCorfam's, The high‘concen-
trafidn cf R& D activity has cfeatéd-a sort of producers;
SOVQrEgﬁitf.at thevexpense of consumerg'sovereénity. In
this'coﬁnéction it is remarked thatr"Animél spir}ts govern

much inhovatbr& investment. It is further
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observed that' few things-have been moré interesting in the
last decade tpan the r;vision of public étfitudes towards.
technical_innOVation in thé U.S. and other industrial
cduntries. Until Very recent times, it was in all countries
a nearly absolute sqgcial good. The word invention
was for all practical purposessynonymous with progress., The
Scientist and Engineer the source of such innovation were
prime social behefactors. The encouragement of technical
innovation was the central-functioh of the modern state, Bﬁt
these sttitudes are still stromng buat they ave no 1ongér'

nchallengeé'(2);

If-some guidelines can be givénlwith cost-benefit
analysis data for vafious types of industries, ﬁore medium
and small industries may turn to R & D and this will help
to have more'compepitive'producers in the market and they
will help to diffuge the concentration of R & D. In the:

long run this will serve the inferesﬁs of consﬁmers.

6. 2 ' If a separate group of R&D industries are growing
in future attendlng to the development of new or improved
products or‘processes a method of cost benefit analysis will

help the financial 1nstitutions to appraise the projects

with regard to the financial viability to facilitate extension
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.of crodit facilities,
6,3 - Government is a major comtributor in the_R_& D
expenditure parficularly inlthe de§eloping countries. In
the privatg;éeéquw‘R_&:D unit yill be the first casuality
if it is not paying. Stricfﬁcbmﬁércialiapproach is mnot
pessible in.the;public ;ector Since the institutions serve
the needs of tpe Varioqs segments of the indusfry and also

thb'pﬁblic institutions, It is however imperative to have

Yy

'é‘watch Bverxfhe expenditure emanating from the #gx payers

and broad guideiine to work out the costs and benefit is
ﬁeéessary for such inétifufions;

6.4 & sort of methodology tco quanfify.the benefits of R & D
is: necessary to encourage the rgséarchers themselves., Most

of them do not know‘their real contribution to the socié%y.
The knowledge of their real contribution wil; boost their

moerale and may lead to further inventive activities,

6.5 Suahcstions

6.5,1' It is necessary to conduct in-depth studies relating to
the success and failﬁre stories of R & D work for different
group of industries such as chemicals, pharmauceticals,

Enginéoring etcs Tre studies relating to various levels
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of attainment viz., star perfbrmance, super success, success,

break evon, failure and utter failure for a group of products
i . b ) . .
are necesgsary to arrive at a reasonable broad frame of

cost-bencfit analysis of suitable weiéﬁ%agaf“ R & D is not
oﬁly a saientific activity but variaas aréas such as economic
analysis,‘costiﬁg, markating, onginecring ttc. are involved.
Hencei:ﬂe atudy-teams should be drawn from multidisciplines

tc facilitate‘toﬁal thorouéh.appréach t¢ the problem,

6.5.2 The génerallylnon-quantifiabies auch welfare, enter-~
tainment, prestige, social ameliaration atc. may be ascribed
certain values (as a propoxrtion of costs, multiple of costs
or troating them as shadow benefits with certain values) by
experts from relevant disciplines., Though it may appear
to be little crude and arbitrary certaln standard univer511
Vulues can be avelved for such‘baneflts and it would in .
the 1ong run help fo know the relative merits of various
1nvéa£19e activities,
6.5.3 Tho most elusive area in the R & D avaluation'is the
measurembnf of‘po%antial benarits incdluding the spin-off‘

effecté. A detéiled probe is called for in this sphere.
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6.5.4 Aprlication of éerta@g social cost=benefit ang;ysig
principles : : - ‘ .

a) The investment in applied research particularly in
newer arcas .is certainly risky (particularly for new and
small inveStors) and hemce & premium value can. be gscribed

to the.investment, .

b) The Researchers form the main movers of‘Research and
they do not have much opportunity cost in the developing
ccuntriés._ (Alternative better employment may not be
available);"ft:ié sﬁggésted'that some premium value may
“be added to their cost based on their value in foreign
countries (of course with certain deflatcrs for the
aiébérity in the cost of living),

6.5.5 Agency suitable for carrying out sfgdies cn
Cost.benefit analysis of R & D.

Being a recognised technological insﬁitution,
Bradford University can under-take detalled studies-to
evolve suifablelmeﬁhpdology for the programming and eva-~
lunaetion of ﬁ:& b brojects. The Proje;t Planning Centre
of the Upiversity cén propare a plan for such studies.-
The £esearch students may be encouraged to take up this

subject ior reseafch degrees leading to M,Sc. and Ph.d,.
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at the‘first instance complete literature survey can be done

to know the real gaps in the area and 2lso ‘to mske use of

the wpikiabné earlier in this field.g

6.5,6 As this is a global problem, the international U.N,
Agencies, various National Science Foundations, Research
Céunéils (Council‘of Scientific and industrial Research,

. New Delhi, India), public sector research Institutions may

be apprﬁached to ;ake é concerted and coordinated approach.
The experienée of various organisations woul® be a useful

base to prepare the survey frame, Studies in:the farious.
economic regions of the world will give better representative
detalls to work out a comprehensive, dependable ané acceptable

methodology to measure the ;nputs and Outputs of sciePtifio

Résearch and Development.

-~ {N. LAKSHMINARAYANAN)
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Classification of new procucts & technologies

Increasing technological nowness

Product
Cbjectives

No market
change

market

New market

to increase
the number
and types of
consumers
served by the
company.

6

—— gy e e me -

No technolo-
-gical dhange

Remerchandi-
sing to .
increase
sales to
consumers of
types now
soerved by
the company

New use to
find new
classes of
consumers
that can
utilise
present
products,

Improved tech-

‘nology to
‘utilise more

fully the
company'!s pr-
esont sciens-
tific knowl-
edge & prod-
uction skills

Reformla=-
tion to main-
tain optimum
balance of
cost,quality
& availability

. in the for-

milas of
present com-
pany products

Improved pro-
duct to impe
rove present
products for
greater uti-
lity and. .

"merchandisi.

bility to
consumers.

Market exten-
sion

To reach new
classes of
consumers by

modifying

present
Products.
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New techno-
logy to
acquire sci-
entifioc-
knowledge

& production
skills new
to the com-
pany
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Replacement-

to 'seek new
and better
ingredients
or formula-
tion forxr
present com-
pany produc-
ts8 in tech=-
nelogy not
now employved

. by the com=

pany.
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Strengthened

Product line
extension -
to broaden
the line of
products

. offered to

present
consumers
through new
technology.

Diversifi-.
cation~te
add to the
classes of
consumers
served by
developing
new techni-
cal knowled-

Source:S.C.Johnson & C.Jones "Hcw to organise for new productge
Harward Business Review May-June 1956 Page 52,
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