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There has nei ther been any systematic study on the characteri sti cs of academic research that has contributed to product or 

process improvements in the industry, nor do we know how these 'llrojects are funded, and their size. Th is paper based on 71 

Indi an capital-goods firms· ofTers insights on the sources, characterist ics, and fin ancing of academic research underlying innova

tions. The finding should be of interest to policy makers concerned with the directions of technical change and attempting to 

increase the economic value of academi c research. 

Introduction 

Several trends have come together in recent years 

to make policymakers more interested in economic and 

other quantifi able measures of academic research suc

cess and benefits '. Technology is becoming an essenti al 

component of economic competitiveness. Government 

budget constraints are forcing policy makers to re-evalu

ate 'spending ' and to look fo r ways to compare the value 

of widely di vergent governmen t programs. Academic 

research refers to studies carried out by academicians 

on their own (di sseminated directly or indirectly) or spon-

ored (including consu lting) research endeavors. In em

pirical studi es, Jaffe2 and Fe ldman' have shown that 

spill overs (pos iti ve, external technolog ical efforts) from 

uni vers ity research influence the spatial distributi on of 

innovation output, measured as patent app lications. There 

is even more reason to believe that spillovers exist from 

uni vers ities to firms, si nce the former have less incen

tive to try to keep research secret. Ne l son~, using su r

veys of research managers, found uni vers ity research to 

be an important source of innovation in some indus~ries, 

particularly those related to the biological sc iences. 

Research leads to productivity improvemen ts and 

economic growth primarily through technological inno-
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partment of Science and Technology COST) . Government of Ind ia, 

which, of course, is not responsihle for the findings . We arc in

debted to Dr ANN Murthy, Jt Advi sor and Il ead, NSTMIS Di vi-

ion, and Dr. Parveen Arora for their active project management 

support. We also would like to thank all the execu tives and the aca

demic researchers who wholc-hearted l), participated in the survey. 

vation . However the relationship between research and 

innovation can be long-term, indi rect and unpredictabl e. 

Studies of technological innovations have shown them 

to depend on research resul ts that are decades old and 

often of seemingly unrelated fields5
. Moreover, the trans

formation of research into econom ically successful in

novat ion depends on factors in the economy that are 

completely outside the research rocess . These factors 

include the cl imate for investment, government tax, regu

latory and patent policy, the degree of competiti veness, 

and entrepreneurship in industry, the state of the capital 

market foreign competition , wages, unionizati on, and 

other characteristics of the work force. A high ly suc

cess ful bas ic research effo rt may never generate techno

logica l innovation, or pay-off economi c::lIly, if other fac

tors in the economy are not conducive to technologica l 

change. Applied research, which aims to find practical 

solut ions to rea l-life problems, can be more closely as

sociated with economic acti vity. 

However, till date there are no studies examining 

the types of academic projects/programmes that had eco

nomic impact on industrial innovation . Information about 

the nature of funding, their budgets is also unavailab le. 

The importance of th is issue stems from observati ons 

that some of the emergin g industries (b iotechnology, 

software) and mature indust ries (metall urgy, machinery) 

have been deriving their technological competiti veness 

from useful interac tions wi th institutes('. 

Analysis of academic research contribution sha ll 

be useful to understand the effectiveness offunding pat

terns of economicall y va lu able projects. Knowing what 

percent age of technical changes were financed by gov-
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onR& D 

Figure I - The process of selecting the target firms for the study 

ernment funds and private sources and what the sizes of 

these furiding are, would indicate in what areas federal 

government can poss ibly channel its funds better. Infor

mation of this sort is useful to scholars and policy mak

ers concerned with technology transfer and economic 

payoff from the nation 's academic research. Thi s is par

ticularly important in view of the increasing investments 

being made in R&D both by the government and the 

industry. In this paper, we report the results of a study 

based on 71 manufacturing firms and 106 academic re

searchers. These findings subject to limitations, offer new 

insights on the sources, funding and control of academic 

research underlyin g industrial innovation . 

Methodology 

Sample 

As the focus of the study is on assess ing the char

acteristics of successful industri al innovat ions emanat

ing from academic research, the unit of ana lys is for the 

study is a successful industrial innovation in a firm, aris

ing from academic research. To identify the successfull y 

transferred academic research contributi ons, initiall y, 

records of Centers of Technology Transfers located in 

most Institutes and Uni versities were contacted. The firms 

that have adopted these technologies were contacted . In 

additi on, firms that have received awards for outstand

ing in-house R&D achievements with academic research 

contribution were also met. Recognizing the fact that tech

nology-oriented firms are much more like ly to be aware 

of and to use academic research, top 5 per cent R &D 

spenders from the above li sted industries were contacted. 

Figure I presents the ample selection approach adopted 

for th is study. 

Firms in machinery and machine tools, electrical, 

chemical , metallurgy, drugs , accounting for just over 60 

per cent of the manufacturing value added in India, were 

the target population . A design of 'deliberate sampling 

for heterogeneity', in which one defines the target popu

lation of firms , situations and times, to ensure that a 

wide range of firms within each class are represented, 

was followed 7
. Initially, 282 firms from the above sec

tors were contacted, briefed about the objectives of the 

study and asked to ex tend thei r support for providing 

relevant data. Of these, 124 firms sent le tters of encour

agement and only 71 provided complete information. 

The characteristics of sample firms in terms of size 

and sector are presented in Table I . 

Based on the pilot cases and Mansfieldx a ques

tionnaire was developed and pre-tested based on 19 finn s 

in Bangalore and seven firms in Hyderabad with a view 

to assess the questionna ire in terms of: (a) Its ' under

standability' by respondents, (b) Internal consistency, 

and (c) Su itability to the contex t. 

Variab les 

To begin with , it is worthwhile to note that we 

needed data which could te ll us what per cent of the 

industri al innovation s could not have been developed 

(without substantial delay) in the absence ofIndian aca

demic research (occurring within some spec ific years 

of the innovati ons) . While in some cases a direc t esti 

mate was poss ible (e.g., in cases such as Bangalore Ge

nie Pvt Ltd , where the product ideas sprang from Indian 

Institute of Science, estimates of reduction in import of 

these materia ls were used), most often, objecti ve mea

sures were difficult. Additionall y, if we were testin g the 
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Table I - Industry and size detai ls 

Industry type Size (in Rs million) Total 

Large Medium Small 

10 million 5-10 million Less than 

five mi lli on 

Drug 3 2 3 8 

Metallurgy 3 3 4 10 

Chemicals 6 3 2 II 

Electrical 2 4 9 15 

Mechanical II 4 12 27 

relationship between the size of Univers ity R&D bud

get, quality of faculty, and their commitment in devel

opment and the effectiveness of the innovation , need for 

perceptual data became important. Data about sales, R 

& D investment, number of new models introduced, num

ber of patents, R&D personnel, and R&D awards 

during the years 1990-1997 were obtained. For the same 

years, detail s about collaborations with an academic in

stitute, mechani sms used to obtain academic informa

tion, and preferred/experienced mode of academic 

knowledge transfer were also obtained. 

To estimate the value of academic research, we 

obtained the percentage of product (process) develop

ments that could not have been developed by the firm 

(without substantial delay) in the absence of academic 

work during 1990-1997. By Washington , D .C. Wash

ington , D.C. substantial delay' we mean a delay of two 

years or more. We admit, this is arbitrary and lacks em

pirical verification . It is always hard to rule out com

pletely the poss ibility, that in the absence of re levant 

academic research , industri al or government research

ers might have provided the necessary information. But 

according to the firms, this would have been ex tremely 

unlikely fo r the innovations they included in this cat

egory. If we consider lag-effect of Indian market, in gen

eral , it could be assumed to be the year by which an 

incumbent/entrant would have introduced the product. 

We also measured the percentage of product (process) 

developments that were based on very substantial inputs 

from academic research during 1990-1997. 

National indicators of academic institutes , in terms 

of publications and their impact, are availab le'i. How

ever, several other measures of uni versity environment 

such as patents, cross-disciplinary orientati on, small and 

medium industry support, informat ion and feedback to 

industry were difficult to obtain . Hence, we adopted a 

perceptual measure on a five-point scale, on the lines of 

National Academy of Sciences )() faculty ratings . For es

timating the. value of project related contribution; geo

graphical proximity (measured as a category variable, I 

= within the state and 0 = otherwise), cost of the aca

demic project and sources of financi al support for the 

project (DST or CSIR) were measured. Perceptual mea

sures of faculty commitment for transfer of technolocry 
b' 

cost and time consciousness were also e licited. 

We asked the executives to cite three prominent 

Indian academic researchers whose work had s ignifi

cantly contributed to development/improvement of pro

cesses and products. Wherever researchers had been 

hired to solve a new design or process we treated these 

interactions as significant contributors. We wrote to the 

cited researchers about the objectives of the study and 

sought their cooperation for identifying the sources of 

their research funding and types of projects undertaken. 

As some of the cited researchers were out of the country 

or had retIred, we got the specific information from the 

h.eads of the departments or from the consulting divi

sIon of the university. Finally, 106 researchers responded 

to the queries from 56 institutes spread throughout the 

country. 

Results and Discusssion 

In order to identify the industry-wise percentage 

of new products and processes we used the count from 

the questionnaire . As indicated in Table 2, about 5.12 

per cent of the firms new process and about J .88 per 

cent of their new products could not have been deve l

oped (without substantial delay) in the absence of aca

demic research during 1990-97 . The percentage of new 

products and processes, thus, on recent academic research 

~ee m s to be highest in the chemicals industry and lowest 

til the mechanical indust ry. 

Taken as a whole, the 71 firms cited 106 academic 

researchers from 56 institutes. Table 3 lists the uni vers i

ties and types of departments cited most frequen tly by 

the firms in each industry. In most indu tries, the most 

~req.uently-cited uni vers ities/ institutes are the premier 

tIlstltutes of Science and Technology (S&T). For ex

ample, Indian Institute of Science (IISc), Indian Insti

tute . of Technology (lIT) Madras, REC-Trichy, Indian 

InstItute of Technology (lIT), De lhi are the most fre

quently c ited in metallurgy, University Department of 

Chemical T ec~ n o lo gy (UDCT), Un ivers ity of Bombay 

was the most cIted by Chemical and Drugs industry. IISc 

was the most c ited in electrical engineering and IIT-
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Table 2 - Pe rcentage o f ne w products and processes based o n acade mi c researc h 

Industries Percentage that could not have been Pe rcentage that were develo ped 

developed (witho ut substanti al de lay) with ve ry substanti al aid fro m 

. in the absence of acade mi c research academi c research 

Process Product Process Produc t 

Drugs 6.0 2.87 7.85 6.25 

Metallurgy 3.6 5.4 5.2 3.5 1 

Chemicals 8.1 8 5.54 7.54 2.27 

Electrical 3.86 3.6 8.0 3.6 1 

Mechani cal 3.96 2.03 5 4.4 

Industry mean 5.12 3.88 6.71 4.0 

** Industry mean refers to unweighted mean of industry fi g ures 

T able 3 - Unive rs iti es and departme nts w ith the largest percentage o f acade mi c researc he rs cited by the sam ple 

firms as contributing to the ir process and product develo pme nt 

Drugs Melallurgy Chem icals 

Universi ly Departmenl Universily Departmenl Uni versily Depart men I 

Bombay UDCT liSe Melallu rgy Bombay UDCT 

(27 per cenl ) (52 per cenl ) (34 per cenl ) (49 per cenl) ( 17 per cenl ) (33 per cenl) 

IICT Inorganic Di v liT-Madras Melallurgy IITB Chemical 

( 18 per cenl) (28 per cem) (24 per cenl ) (28 per celli ) (6 per cenl ) (8 per cenl ) 

IISc Chemical Engg REC, Trichy Mechanical IISc Chemical 

( 12 per cenl ) ( II per cenl ) (17 per cent ) ( 10 per cenl ) (4 per cenl ) (5 per cent ) 

MKU NeuroBiology IIT-Kanpur Solid Siale BITS Chemical 

(6 per cent ) (9 per cenl) (7 per cenl) (4 per cenl ) (4 per cenl) (3 per cem) 

Eleclrical Mechanical 

Uni versily Departmenl Universily Department 

liSe Eleclrical/HV IITMadras Mechanical! 

(24 per cenl) (32 per cenl ) ( J 6 per cem) (32 per cem) 

IITD Eleclrical Madras Mechanical 

(9 pe r cenl ) (16 per cenl ) ( J 2 per cenl) (2 1 per celli ) 

Madras was the most cited by mechanical industry. It is 

worth noting that mechanical engineering industry c ited 

two graduate co lleges for significant contributions. There 

are, however, many othe r unive rs ities and institutes 

whose contributions have been acknowledged by the 

sample firms. 

With regards to type of department, it appears the 

bulk of cited academic research took place in depart

ments closely associated to the technol ogy of the indus

try. In the dntgs industry, however the executi ves cited 

researchers from varied di sciplines such as geneti cs, 

neuro-biological studies, biocehmical technology, vis

ceral mechani sms, immunology, and pharmacology. 

We ran a multi-dimensional scaling (MOS) to iden

tify the characteri stics of the uni versity system that in

fluence a firm's preference in dealing with them. T he 

major advantage of MOS compared to factor analys is, 

is that the locations of the data dimensions are cartes ian 

co-ordinates instead of angles as in factor analys is. Also, 

interpretations are more direct and useful " . Tabl e 4 

shows the results of the MOS which resulted in two di 

mensions. The first dimension re lates to task and busi

ness focu s of the uni versity in industry interaction. Pre

vious hi story of the institute is the highest loaded vari 

able on the first dimension , thus indicating the augmen

tation effect in sc ience. The second dimension concern s 

project overhead and acti v ity management. 
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To identify the budget support of the cired project 

and sources we adopted the following strategy: Of the 

106 cited researchers, only 69 were di st inct ci tati ons. 

We corresponded with each of the di sti nct ly c ited re

searchers to obtain data about the research budgets and 

sources of support. In the case of the researcher being 

on a foreign visit or under retirement, data were obta ined 

from the head of the institute or consulting di vision of 

the institute. Table 5 shows the per cent distribution of 

cited academic researchers by the ir average annual ex

penditure during 1990- 1997. The research ex penditure 

by the projects was high in only dmgs and chemical in

dustry. Engineering industries had all their projects in 

what could be termed as 'littl e sc ience' projects. 

We had asked the academic researcher deta il s of 

sources of funding, and sequence of funding (whether 

government funding preceded private fu nding of the cited 

research or vice versa). Table 6 provides the sources of 

funding fo r c ited academic researchers. Majority of the 

academic research funding came fro m Federal agenc ies 

such as Department of Sc ience and Technology (DST), 

Mini stry of Human Resource Development (MH RD), 

Defense Research Development Organi zat ion (DRDO) 

and Central E lectricity Authority (CEA). 

Table 4 - Results of MDS for university-academi c 

researchers variables 

Variables Dimensions 

2 

Previous history 1.71 0.95 

Task related 1.47 0.52 

Bu incss l"ocus 1.34 0.34 

rPR 1.00 0.35 

General interest 1.00 0.17 

Project relatcd 0.22 1.15 

Overhead 0.01 0.57 

While government support was obviously impor

tant to the vast majority of the c ited academic research

ers, this does not mean that indus"! ry did not support many 

of them as well. Public sector giants like BHEL and 

BEML have funded some basic research projects. Even 

private sector firms such as Hero Honda, Tata and Sons, 

WS Insulators, and Grindwell Norton have made sub

stantial contribution. Overall the industry supported a 

substantially smaller percentage of the c ited academ ic 

research than did government ( 19.6 per cent vs 91 per 

cent) . On ly in the chemical industry d id the industry 's 

contribution compare with governmen t support. 

Table 7 shows the major sources of government 

fund ing for cited academic researcher. An overwhelm

ing percentage of government funding of the academic 

research came from the Department of Science and Tech

nology (DST) and the MHRD supported a significant 

portion of the academic research across industry disci

plines. The results have to be interpreted with caution as 

several of the agenc ies had just come into existence (e.g ., 

DBT) or started supporting fund only in the recent past 

(e.g., MHRD). Also, some of these agencies, by virtue 

of their focus, may not be funding projects from many 

industrial sectors. Hence, their contribution may appear 

to be weak. In the bulk of ci ted research, government 

funds supported initi al experiments and concept testing 

and very often the industry fu nding furt hered the work 

to definite products and processes. 

Conclusions 

A substant ia l portion of Drugs and Chemica l En

gineering industry processes and products have been de

ve loped based on academ ic research , though the inven

tion itself may not have come from the researcher di

rect ly. Our resu lts revea l, the small and medium indus

try focus intellectual property regime and industry in

teractions are perceived to be important for industry-in

stitute interactions. 

Table 5 - Percentage distribution of cited researcher by their average annllal research 

expenditure expenditures, 1990- 1997 

Average annual Drugs 

expellditure of researcher 

Less than 10 lakhs 25 

IO-50lakhs 9 

50- 100 lakhs II 

> 100 lakhs 4 

Industry ci ting the academic researcher 

Metallurgy Chemical Electrical Mechanical 

17 

2 

o 

23 

12 

3 

4 

3 

o 
o 

13 

2 

o 
O. 

The expenditure incl udes institute overhead (average 10 per cent) 
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Table 6 - Sources of funding for ci ted academic researchers 

Industry citing 

the academic 

researcher 

Percentage of cited academi c researchers 

whose research was funded 

(wholl y or in part ) during 1990- 1997 

Government funds Industry funds 

Drugs 75 24 

Metallurgy 94 6 

Chemicals 73 27 

Electrical 95 5 

Mechanical 89 II 

Table 7 - Pe rcentage of ci ted academic researchers with government funding whose research was 

fin anced (wholly or partly) by each agency 

Government agency Industry citing the academic researcher 

Drugs Metallurgy 

DST 6 1 78 

MHRD 8 7 

DR DO 2 II 

MC F 3 0 

MH 13 0 

DBT 9 0 

CSIR 4 4 

DOT 0 0 

With regards to government funding, the DST and 

the MHRD seem to play the predominant ro les in fi 

nanci ng academi c research c ited by the six industries 

studied here . DST is a major supporter of meta ll urgy 

and electrical industry re lated projects, the MHRD seems 

to be major supporter of mechanical engineering projects. 

The fac t that DRDO seems to support academic research

ers by a wide variety of industries, is noteworthy. 

The findings regarding the fund ing of these projects 

reveal a complex web of fin anc ial and inte llectual rela

tionships among academic researchers, govern ment agen

cies and firms. Most of the c ited academi c researchers 

pursuits have been supported by government fund s. Pri

vate sector contribution was smaller- and fo ll owed fed

eral funding. The pri vate sector fu nding came more for 

concept tes ting and standard izat ion. 
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