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ABSTRACT

The present thesis undertakes four studies on innovation by the public funded
academic research institutions in a lower-middle-income country i.e. India. The first study
focuses on developing a multidimensional conceptual model of innovation measurement for
higher academic technical institutions in India. It is done through the novel technique in the
field of enquiry called ‘Total Interpretive Structural Modeling (TISM)’. The framework
indicates that technical innovation in Indian institutions takes place in four different stages.
Patenting, which is widely accepted as the proxy of innovation, has emerged as the linkage
indicator connecting innovation inputs (funds, staff, facility, training, policy and others) with

outcomes (like spin-offs).

The second study empirically estimates the impact of public funds (by controlling for
location, age and other factors) on academic research outputs like patents and publications.
This study is based on the panel dataset of 54 comparable scientific departments of six Indian
Institutes of Technology (I1Ts) for a period of five years (2009-2013) forming a balanced
panel of total 270 data points. Standard Random Effect (RE) technique with cluster robust
standard error estimators is used after testing various assumptions using F-test, Hausman Test
and Breusch-Pagan Lagrange Multiplier (LM) test. The study reveals that support from the
Indian government to academic institutions through Plan Fund (PF) takes the time period of
four years to generate positive impact on patent and publication intensities. Support through
Non Plan Fund (NPF) generates positive impact on patent intensity over the period of four
years but its impact on publication intensity is immediate and significant. The immediate
impact of PF on patent intensity is not positive which may be attributed to temporary

infrastructural and bureaucratic delay in funds disbursement and procurement etc.

The third study examines the impact of institutional, disciplinary and individual
factors on the scientific research output of I1Ts. It is found that among institutional factors:
joint management of Intellectual Property (IP) activities by all stakeholders, and providing IP
linked rewards has significant positive impact on the patent probability and intensity.
However, making patenting important criteria for career advancement should always be

complemented with supportive institutional infrastructure. Such policy should also be aligned



with the requirement and nature of disciplinary output and individual motivation to generate

positive results.

The last study measures the relative technical efficiency of Indian academic
institutions and disciplines based on their academic research output. It showed that several
departments of 1IT Bombay (Aerospace Engineering, Electrical Engineering and Physics) and
II'T Madras_(Biotechnology, Chemistry, Mechanical Engineering) outperform similar
departments in other IITs in publication output. For patent output, none of the departments of
the six I1Ts have consistently been able to utilize their input resources with full efficiency
when they are compared with similar departments of different 11 Ts.

This thesis contributes to the field of enquiry through novel conceptual framework
that establishes a hierarchal association between multi-dimensional indicators of innovation
in higher academic technical institutions. It also empirically tests those relationships from a
developing country’s context. Regarding the efficiency measurement, the thesis cautions
issues in cross-field comparison of the research efficiency of different departments. The
efficiency of various institutes should not be measured based upon the standard output

criteria as different disciplines have different output requirements and orientation.

The empirical findings of the thesis shall assist policy makers who are in charge of
Science, Technology and Innovation (STI) and education and research. Optimum allocation
of public funds on operational and capital expenditure is necessary to strike a balance
between short-term and long-term research activities of academic personnel in these
institutes. Since government funding takes four years or more to generate substantial research
output, taking policy decision regarding disbursement of funds based on only one or two
years’ research performance is not viable. The thesis supports increased operational funding
of the institutes that is directly associated with increased publication and patent intensity.
Regarding capital expenditure, i.e. expenses on large infrastructural projects like construction
or renovation of buildings (academic, administrative, hostel or lab buildings etc.), funds

should be allocated on projects that can enhance institute’s research activity in the long term.



R

FaT ofifer wTesth fomr Tt Seforer STeeT SeAHl gRT U 1 Fem AT aTel 91 I 9Rd # TEER % = n
LI FHAT | TEAT STAT WA § ok J&T(0Teh Aot 1oh] AT o TG FATAR AT o Toh SGATATH =1 HiSet i

fompfla it T Shfa 21 I N e seatieRma wgaera Arsfot (TISM)’ e q@ars & &ft § 3u=me qeb-ish o HTead
Y foraT ST 81 T ST T @ fop AR SemT § dehieh! FaTeR SR STeRT-SAlT =0 § BT 81 YofeT, e qam=r
o W o ®9 H AT &9 § THR FT ST 8, TROTH % A1 =R 3992 (9, €T, giowr, SR, |ifd i 31=)
T SIS dTel fofoheT Hohdah o €9 H 39 7 (I8 feqa-317w)|

THY AL UL SN JohTIH S SAehTafieh SFTE 6 HATSYE T ATSt+h & 8 & (SIehTH, SH 3T A= FThT I
I TF) % T T ST THIAT 8] 98 T B8 WRA™ Selfieh! Geermi o 54 qoria a9mies frvmtt % S5e
e T ST &, S uie wre (2009-2013) i st o foaw et 270 e foigatt o us dgferd I s 2
FAC AT I A(E ATHTHATSAT o ET A (S THTE (TS Tt 1ok T TN ThH-IKS, TAAT 6 S SIT-T7
AT AT (TAUH) TRIEI0T i1 STANT ohteh ffr=T A=t st wiear shid o aTe foram STTT 21 oTesd & aaT 9o §
TR 2o A1 (iU o TTeT § WRG ERR o Steforer e st e ST gl o S yeRre oY et W

HHRTH THTE 3T~ L o ToTT =R |t T THAmEfes oar 81 1 < % (TTAes) o wresm & Srel =9 aut i ofafy
H 432 ISt TR WhIcH THTE Iea=1 AT & ATk SRTR AT TR SEehT T dcehlel 3 eyl 1 e dierar w dius

T deohTel TS HhHIcHeh &1 ©, et 971 TRt ®9 § STTETeTcHs 3T HIshEmel 3 <t 3 T & Hehd 2

TR ST HATSHTEE o ST STEHUM IcUTe T HEATT, STEATCHSE S AT i o TWIE sh1 STT= el @l
T T AT @ o wedmTd Hrent 6 @t wreienl g siifgen duar (Ssdh) wfafafeer i dyd geie, i st @ 99
TR TG A § U2 T HHIEHT ST AT X HEealq0l HehRIcash STd TSaT 2| Baiih, e st 3= & fore wecaot
HHEE! T e AT THIT T HEANTA T STt & Ao ek BT <1e0) $90 A8 ol Aifd it STeremTenss 7rseye it
STTETIHAT 3T Thf TR TRRIHSE TR I9= A o FoIT TR SROM o |1 Taefe foram ST =fey

W ST AT STHTafHR T ST fral T |IeT qohriish! G&TdT ohi 39k SThTETH STTHUM ICUTEH o IR T
H9aT 71 I fewmn man g T T st (s sshfaft, safdesra gsiatar i i) o 1T w=mw (53
enfirh, Tare foqm, fenfere Shfafer) & & foramT e seared & o= [T  wam favmit 6 qemn s &) 3

AL o foTq, BT TS & & 1S off T AR 19§79 SETeT oh1 STATT O G&TaT o |1 el L Tl €, Sl
ST T T TSt & |w formt & i STt )

Ig e Su=rTe S=ier i 3 ATSIH @ ST % &5 H AWIEH hidl @ ST o0 eTfTeh dehiehl §EAMT H TN %
TEHATATHT Hoheiohi o o1l U TS TEI U sh1 TATOHT hLdl! 8| AT TrehraRiiet o1l o 6ev o 37 |afdll T STTWarsi

tegor «ft AT 31 T " o weer H, ofifew fafi fonmit it srqee gaar A swE-hiee g J§ TR e § W 8
fofir= EeTT 3 3&TdT i AT STSCYE WIS & SATUR W Ae| HIAT ST A11eq, Fifeh i forai # STenT-31er $1seqe
JTEgIHAT AR Srfifa=me B 8

ofifere o srgvas=r fresd Aifq frmiarett st wererr i St g, drenfieht St Fer=m (qudtens) i e st sgeae
o T €| TIETer STR ST S5 OX TSk € T TGN AT 3 HeAHi H eforen it o STeuehiich 3
aEiehTTcTe STTHHT Tt § Hqer s o g STravae 8 <o i hisT § vy wY $Teeye 3c0 i H IR



I AT 3 ST FT GHT T €, THIIY halet TF A1 31 WA o ITTEET TN o ST T & o Hfaor o o H
ifra foofa o e T2 21 <fifiw 3 EeHT % Sed TiETer fommdier 1 aHeiT et § S € TR ST ude i

T o e [ TU & gSTa S o e H, vt suRdt (e, SR, STAET A1 SRR weHt S1fE o fmior a

FieRToT) et St STaEtERTHe TRESHTS W SR, 37 UREISHT W e STEfed foRam S =nfee S diefenrern
HEA T ST et i e ded 2




ACKNOWLEDGEMENT

I take this opportunity to express my humble and deep gratitude to the ‘GURU’
principle within all of us that helps us to understand, assimilate, nurture, disseminate and
enhance the faculty of knowledge. This thesis work would not have been emanated, rest

completed without the nurturing support of this principle.

| would like to express my humble and profound gratitude to Dr, Ruchi Sharma who
introduced me to the area of “economics of innovation” and showed faith on me to take up
this research work. Despite my limited capacity and understanding of the field she has
constantly been a source of inspiration, encouragement and support. She undertook additional
efforts to guide me and provide all research related counselling from thousand kilometers
away. | will also cherish all the discussions held with her at different occasions and places
during different phases of research. Even during much difficult and challenging phases of this
research she motivated and counseled me like a friend. | am indebted to her for her kindness,

support and guidance as a PhD supervisor.

| am fortunate to be associated with Dr. P. Vigneswara llavarasan whose work | had
been following even before joining the PhD program. He generously provided his guidance
and valuable suggestions from time to time in different phases of this work and has helped in
every possible way to solve my queries and to deal with administrative challenges. | will
always cherish the great experience that | had watching him teach and guide with enormous
professionalism, dedication and expertise. All my hard work will be worthwhile if | am able

to take even a single class of quality that he does.

This thesis has greatly improved with the suggestions and inputs of the Student
Research Committee members (SRC) that comprises Dr. Harish Chaudhary (chairman), Dr.
Seema Sharma (internal expert) at the Department of Management Studies (DMS), and Prof.
V. Upadhyay (external expert) at the department of Humanities and Social Sciences (HSS).
Suggestions provided by the SRC members have gone a long way in enriching the thesis to
its present state of completion. | would also like to pay my humble gratitude to Prof S. K.
Jain, Dr. Sanjay Dhir at DMS and Dr. Sourabh B. Paul at HSS who taught the course of
Economics of Intellectual Property Rights (IPR), Innovation and technology transfer and

Econometrics techniques, respectively. Lessons learned from their courses have not only



helped in the present work but have also provided the building block for my research

endeavors in future.

No words can express my gratitude towards the work of scholars and economists that
has built the body of knowledge in the field of innovation and other related disciplines.
Discussions conducted during conferences and on other occasions with Prof. Pierre Mohnen
at UNU-MERIT, Prof. Xiaolan Fu at the Oxford University, Prof. Walter Park at the
American University, Ms. Jyotsna Pandey at National Institute of Science Technology and

Development has also benefitted this research immensely.

| am indebted to the fellowship of the Indian Institute of Technology Delhi (IITD) that
provided the financial support to complete this thesis and to present the portions of its finding
at various conferences. Each and every member of the office of the DMS, office of the post-
graduate (PG) section, accounts section, office of the dean - student’s affairs section are

humbly acknowledged for their continuous and timely support throughout the research work.

The conceptual framework developed in the study is significantly benefitted by the
inputs provided by experts like Prof. Sushil and Dr. Anil Wali at 1ITD; Dr. Shishir K. Jha and
Prof. Kirankumar Momaya at Indian Institute of Technology Bombay (I1TB); Dr. R.
Mukundan at National Institute of Industrial Engineering (NITIE), Mumbai; Dr. Mugbil
Burhan at FORE School of Management, Delhi; Mr. Yashwant Dev Parmar at Technology
Information, Forecasting and Assessment Council (TIFAC), Delhi; Mr. Ashish Jha at
Healthcare Innovation and Technology Lab, Gurgaon; Dr. Pankaj Parashar at Cutting Edge

Medical Devices Pvt Ltd., Indore; and Dr. Abhay Bhadani at Yatra.com, Gurgaon.

The most challenging and time consuming part of the data collection was smoothened
with the generous and timely support provided by Mr. V. K. Wadhwa, Dr. Kalyan
Bhattacharya, and Dr. Neeraj Kumar Chaurasia at I11TD. They have been consistently helpful
in providing not only the critical sources and access to data but also for their expert
suggestions during the work. The suggestions and support provided by Dr. Mugbil Burhan
and Dr. Vinita Krishna for the data collection have also been valuable. The questionnaire
based study is greatly benefitted from the expert suggestions from Dr. W. Selvamurthy at
Amity Science, Technology and Innovation Foundation, Dr. Smita Sahu at AMITY
university, Dr. Archana Chugh at the Kusuma School of Biological Science (I11TD), and Prof
M.R. Ravi Kumar at the Department of Mechanical Engineering — IITD. | am also thankful to

Vi



all the academic researchers who have responded/not responded to the questionnaire for their

time and patience.

Statistical analysis and econometric modelling has greatly benefitted from the
stimulating discussions with my friends and fellow scholars at IIT Delhi (Rajeev Pandey,
Dhanya Jothimani, Chitra Khari, Ashish Rathore and Vinita Krishna Mam) and immense
support provided by friends at IIT Indore (Aparna Sharma, Madan Dhanora, Shadab Danish,
Sidheswar Panda, Dr. Sanjay Kumar Lenka). | am also thankful to Anushruti VVagrani and
Ashish Kumar Rathore at IITD who generously provided their timely and much needed
support to manage teaching assistantship duties at 1ITD during my frequent visits to IIT

Indore for research work.

My profound gratitude, love and respect for my parents, brother and sister-in-law who
showed immense faith, patience, unconditional love and constant support throughout my
journey of being a PhD scholar. Their heartfelt blessings and prayers have helped me in both
seen and unseen ways to finish my thesis. My friends: Sonia Sharma, Garima Agrawal,
Deepika Joshi, Rohit Kataria, Pooja Singh, Harshita Sharan, Darshna Banker, Syed Ziaul
Mustafa, Ravi Shakar Giri all are greatly acknowledged for their much needed love, support,

refreshments, treats and outings.

My friend and husband, Rajeev, who was a constant companion during initial years
and life partner during later years of my PhD work has helped me emotionally and mentally
throughout this period. He has acted as a catalyst to make me think about the research from
different perspectives by raising most important but hidden questions about my work. He also
motivated and encouraged me to extend my comfort zone and to learn new inter-disciplinary
techniques which have greatly benefitted the present work. This thesis would not have come
to the present shape without his constant inputs and support.

AKRITI JAIN

vii



TABLE OF CONTENT

LIST OF FIGURES ...ttt st nne s Xiv
LIST OF TABLES ...ttt sttt be e be e nrees XVi
LIST OF ABBREVIATIONS ...ttt sttt st sne et sneennees XiX
CHAPTER 1 INTRODUCTION ..ottt 1
IO I (= = T Tod 1o o 10 ] o SR 1
1.1.1. Innovation and eCONOMIC GIrOWEN........ccceviiriririrterteee e 3
1.1.2. National Innovation System (NIS) and itS Players.........cceoveerererenenenerieeeeeeeeeseeee 4
1.1.3.  TriPIe HEIIX SYSTEIMS. ...ttt ettt sbe e 5
1.1.4. Intellectual Property Rights (IPRs) and its impact on inNOVation.............ccceeeevererencreene. 6
1.2.  Context based defiNITIONS ..o 7
121, PUBliC-FUNAEA ENTILY ....eviiiiiiiiieieeteeee ettt 7
1.2.2. Higher academic technical INStITULIONS ...........coeririerieiieieeee e 7
1.2.3.  Public Goods and mMarket fallUre...........cceoueieirerineneneeeeeeseeese e 8
1.2.4.  Government intervention in case of public goods.........ccccvvveieriecieresiee e, 8
1.3, Setting the CONTEXT.......coiiiiiiieieie e se bbb 9
1.3.1.  Changing IPR regime for universities in developed COUNEIIES.........cccoeveveeieereneneneniene 9
1.3.2.  Changing IPR regime for universities in developing COUNTIIes ..........cccverveererenerennenn 10
1.3.3. A note on the selection of region and iNSHTULIONS...........ccecevieceereriee e 11
1.4.  Motivation and need fOr reSEarch ... 12
1.4.1.  To provide a context specific conceptual framework ..........ccoceverieieniencenn e 12
1.4.2.  To bridge the gap in existing empirical eVIeNCeS..........ccecerieierereerereeee e 13
1.5. Research phases and roadmap ........ccccceeiiiiiieiie e 14
1.6.  ReSearch CONtIIDULION .......cooiiiiiiiiie et 17
1.7.  THeSIS OFganiZatiON ..........cccoueieieiieiiiiieiie ettt sttt bbb 18
CHAPTER 2 LITERATURE REVIEW .......ooiii ettt 21
P20 N 1 011 oo [¥ o1 1 o] o F USSP RO PRPRORO 21



2.1.1.  Theevolution of the field of eNQUITY ......c.eevieeeieeceeeeeee e 21

2.1.2. BiblOMELriC @NAIYSIS.....cviivieeeeiiiteeecte ettt st ettt et sreeaaas 23
2.2. Innovation meaning, models, measurement and ranking............cccccooveveviieivernseene. 28
2.2.1. INNOVALION MEANING......ectieieieiieeece ettt e st b e st e estesre e b e steeraensesseensesneeneas 28
2.2.2.  INNOVALION MOEIS......cviiiiiieiiiciiee ettt 30
2.2.3. Innovation measurement related aspects for firms..........ccceeveveeeeviiece s, 32
2.2.4. Innovation measurement related aspects for UNIVErSIties........cccecvevvieeveceeeene e, 38
2.2.5. University rankings and performance indicators .........ccccccevvieeveneeeenieseeeese e 41
2.3. Factors affecting academic research outputs: extent and direction..............c.cccocue..... 42
2.3.1. R&D fund and academic research QULPUL ..........coevuereeieieininerestereeeeee e 43
2.3.2.  Factors affecting academic reSearch OULPUL .........cc.evuerveieirererenieseseeeeee e 47
2.4.  Motivation of academiC PATENTING ........cccooiiiiiriiieeie e 54
2.5, GaPS IN TNe TITEIaAtUIE ..ot 56
2.5.1.  From the literature on innovation measurement and university ranking ............ccccooeeuee. 56
2.5.2.  From the literature on factors impacting academic research output ...........ccccceeveeverieenees 57
2.5.3.  From the literature on drivers and motivation of academic patenting ..........ccccecveevevveenens 57
2.6. Research questions and ODJECLIVES ..........ccceceiiiiiiie e 58

CHAPTER 3. RESEARCH PROFILE OF INDIAN UNIVERSITIES AND

TECHNICAL INSTITUIONS ...ttt et 61
3.1, INEFOTUCTION ...ttt ettt abe s 61
3.2, MENOUOIOGY ... bbb 61
3.3, National [8Vel @nalySiS..........cccoiiiiiiiiiei e 62
3.3.1. R&D expenditure iN INAIa..........cceecieriiiieeceeee e 62
3.3.2.  Researchers in R&D iN INAIA ..ottt 64
3.3.3.  Scientific publication trend in INdi@...........cccoevriiiieiiicee e 65
3.3.4.  Patenting trend iN INGIa.......c.ocveviiieieiceeeeeeee ettt enaens 66
3.4, SECtOr 1eVEl @NAlYSIS .....c..oieeiecic et s 67



3.4.1.  Funding mechanism of universities and academic inStitutions...........cccoecveveevereeceseennens 67

3.4.2.  Scientific publication output of Indian UNIVErSItIES ........cceecvevieeericeeereereceee e, 70
3.4.3.  Patenting output of INdian UNIVEISITIES ......ccvevveeieiieieieseeese e 71
3.5, INSHITULE 1EVE] @NAIYSIS......ceeiiieie et 73
3.5.1.  Funding mechaniSm OF HITS ......coiiieiiiiceeececeteeee ettt ernens 74
3.5.2.  Researchers in R&D iN TITS...cc.ciiiiieinieieceee e 76
3.5.3.  Publication OULPUL OF TITS ..cuiieieiiiieeecee ettt et ernns 77
3.5.4.  Patenting OULPUL OF TITS .ocueiiieieecieeeeeee ettt st s sreernens 79
3.6. Key characteristics of 11T patent applications...........cccccoeveviieiieie i 80
3.6.1.  Status of patent applications and grant 1ags .........ccceeevereeereneneneneneeeeeeeese e 80
3.6.2.  Foreign patents and COlabOration ............cocceevirererierieien e 81
3.7, CRAPTEE SUMIMATY ...ueiiiieiitisit ittt b e b ettt e et e bbbt eneeneas 83
CHAPTER 4 CONCEPTUAL FRAMEWORK FOR INNOVATION MEASUREMENT
IN UNIVERSITIES —A DEVELOPING COUNTRY CONTEXT ....ccccocviiiiriveieseeneeie e 85
A1, INEFOAUCTION ...ttt b bbbttt bbb b enes 85
4.2, Theoretical frameWOIK ..........ccooiiiiiiiiee e 85
4.3. Methodology of structural model development and indicators classification............ 87
4.4. Development procedure for ISM and TISM ..o 89
4.4.1.  Indicators of innovation by higher academic technical inStitutions..............ccccecevvevenennene 89
4.4.2.  Self-Structured Interaction MatriX (SSIM) .....c.eocvvvieieiieieereeee s 92
4.4.3. Initial Reachability MatriX .......c.ccviieiieriieieiereece ettt re e sneeneas 93
4.4.4.  Final Reachability MatriX.......ccceciiiieiieiicieeceee et 94
4.45. LYo I 0T U o RSP 95
4.4.6.  CONICAI MAIIX ..veitiriiiteieieie ettt ettt s b e st sttt et es s b sbe e 95
4.4.7.  Development of hierarchal structure with interpretation ............cccecevererenieneinienenenens 96
4.5. Description of the structural model..............ccooooiiiiiiii 98
4.6. Indicators’ ClasSifiCAtION.............coiiiiiiiiiiii s 99



Figure 4.2 Driving and dependence power chart of MICMAC ..........ccccooeviveveiiece e 101

4.7.  University innovation system MOdel............ccveviiiiiiiiiic e 101
4.8, ChAPLEr SUMIMAIY ....cueiiiiiiiitiitieieeie ettt b bttt e e b e bbb eneas 102
CHAPTER 5 PUBLIC FUNDS AND ACADEMIC RESEARCH OUTPUTS .........ccc.... 105
5.1, INTFOTUCTION ...ttt 105
T2 |V, =1 1 g oo [o] [0 |V 2SSOSR RSSSN 106
5.2.1. Research output intensity of academic iNStItUtIONS ...........ccceceviverereneneeeceeesene 106
5.2.2. Research inputs of academic INSEITULIONS ........cc.evverierieieineeerereereee e 107
5.2.3.  CONIOI MEBASUIES......eouieiirtiriirtertetet ettt ettt sttt ettt b e bt sttt ettt et seebesbe b e 109
5.2.4.  Scope and data Preparation ...........cccoeeeerereneneneneeee et 109
5.2.5. DALA SEIUCTUIE ...ttt ettt st st e b s bt et e b s e b sbeenesbeeneens 111
5.2.6.  FUNCIONAI FOIM..c.iiiiiiiiieiiicictc et 112
5.2.7. EMPIFICAL ISSUBS ....viuvitieiectieeeecte sttt ettt ettt ettt ae s te s e e tesbe e s e be s e e besraenseseeennens 114
5.3. Model Selection and Empirical EStimation ............ccccccooviiiiiiiicii e 115
5.3.1.  SUMMANY STALISLICS ..eevieveeieieieieriereeese ettt sttt et e et eseetesse e s e sreeseensesenenes 116
5.3.2. Estimation and results for patent QUEPUL...........c.eceeveriereecereeeese et 116
5.3.3. Estimation and results for publication QUEPUL ...........ccceveecereeceericeeerceeee e 121
5.4,  Chapter SUMIMAIY .....cceeciieeeiiertieeesteseeteseetesteseestesseessessesseessessesssessesseessesseessessesssensesseenes 125

CHAPTER 6 RELATIVE REASERCH EFFICIENCY OF HIGHER ACADEMIC

TECHNICAL INSITUTIONS ...ttt sraenenneesseenne s 129
G TR 1 011 oo [¥ o1 1 o] o FU TSSO P TP PRSI 129
6.2, MENOUOIOGY ... .o b 130
6.2.1. Data Envelopment AnalysiS (DEA) .....cc.co ittt 131
6.2.2. Malmquist Productivity INdeX (MP1)......coooiiiiiee e 131
TG T = o o] o ] Tor= ISt o 1 Vo [P TPR 132
6.3.1.  ANAIYSIS SCREME. ...ttt ettt et 132
6.3.2.  Variables and data preparation..........cccoeeeerieiererieese e 133



6.3.3. DMUS and panel SELLNG........c.eviieeeiericeeieeeetest ettt ste e et aesre e ssesreernens 134

6.3.4. Key characteristics of DMUs under consideration .............cccceceeveeeevveneeceeneseeseeseenens 134
6.4. Empirical results on efficiency measurement............ccccovevveveiiiesieece s 135
6.4.1. DiSCIPIINGAIY @NAlYSIS.....cveiuieieiiiiceee ettt re e bbb aesreennens 135
6.4.1.1. Inter-1T disCiplinary analysiS.........ccoevieieiiieeeceeee e 135
6.4.1.2. Intra-1T diSCIpling @NAlYSIS .....cccviiveeieieeeee e 137
6.4.2. INSEIEULIONAI ANAIYSIS ..ottt st et e re s 141
6.5. Key Findings and CONCIUSIONS...........cciiiiiiiiiiiic e 142
6.6. Implications and chapter CONCIUSION............cooiiiiiiii 143

CHAPTER 7 FACTORS AND MOTIVATION OF ACADEMIC PATENTING

BEHAVIOR ...ttt ettt s e s be et e e s e be e st e ane e s teeneesne e teeneenneenes 147
T L INEFOTUCTION ...ttt b bbbttt nb et nb e b s 147
A |V, =1 1 g oo (o] [0 o |V TSSOSO 148
7.2.1.  The data colleCtion tEChNIQUE ......ccveeevieieceeeeeeeee e e e 148
7.2.2.  The survey description and reSPONSE FALE .........ccveiveecverieeieieee et sre st re e e ereens 150
7.3, Variable deSCriPLION.........coiiiee et re e re e 152
7.3.1. DePendent VAriADIES.........ccieeeriireeeceetese ettt e et et re et et s e e tesreesaesreennens 152
7.3.2. INdependent VariabIES ..........ccooieeeieiieee e s 153
T4, ANAlYSIS SCREME. ... 155
7.3.2. HECKPIODIt MOUEL.........ooeeeeeeee et s sreennens 155
7.3.3.  Zeroinflated count MOGEN .........ccooeiiriiiiiiiiiccc e 157
T4, SUINVEY TESUITS ..ottt bbbttt bbb b 158
7.4.1.  Patent applications and institutional charaCteristics..........ccccuvveverirveereseececeeee e 161
74.1.1. Presence of InStitutes’ IP POLICY ..vevvviereeriiriiiiicieeieereesee et e e s ens 162
7.4.1.2. Sharing of IP policy DY INSHITULE .......c.oovveeeiieecceeee e 163
7.4.1.3. Management of IP policy Within iNStitute..........ccceeceviiiecereeeeeceee e, 165
7.4.14. IP related training and SUPPOIT .........eccveiiieiecte ettt 166

Xii



7.4.2.  Patent applications and reward StrUCTUTE...........coveiveecierieceere ettt 167

7.4.2.1. Patenting as criteria for career advanCement ..........cccecveeevereeceereceese e 168
7.4.3.  Patent applications and disciplinary characteristiCs.........cceovvveveevieveereseececeeeese e 168
7.4.3.1. Characteristics of Knowledge OULPUL..........ccviiieiiiiieiese e 172
7.4.3.2. Forms of COIADOratioN ..........oeoiieriiiiecirc s 172
7.4.3.3. Disciplinary patent appliCatioNnS..........ccccveviieeveerieieseseece e 173
7.4.4.  Patent applications and individual charaCteristics............cceevveeeverieceereseece e 175
7.5, EMPIFICAI RESUILS .....ecveeiicteceecteetecte ettt ettt ettt a et besbe et e st e e saenbesanenes 175
75.1. Results 1 - choice to file patent application ..........cccevvieeceieceereceeee e, 175
7.5.2. Results 2 — patent filing NUMDE ........c.ooviiiieeeceeecec et st 181
7.5.3. Results 3a — Motivation of patenting ........ccccvevveiieieieiecce e 184
754. Results 3b — Reasons of NOt PAtENtiNg ........ccvevveiirieieiecce e 185
7.6, Chapter CONCIUSION......cccuiiuieiiitieeecie ettt ettt aa e b e s re et e sbeesaesteessensesrnenes 186
CHAPTER 8 SUMMARY & CONSLUSION ......ooiiiiiiiiiieee e 188
9.1, INTFOTUCTION ...ttt bbbttt 188
9.2, OVErall SUMMAIY ... bbbttt 188
9.3, Summary of research fINAINGS........cooo it 195
9.4. Synthesis of research fiNdiNgS..........cccvoviiiiii i 197
9.5, Research CONtriDULION ..........cooiiiiiiiiie e 201
9.6.  POHCY IMPIICALIONS ......ociiiiieiie ettt te e e re e e 202
9.7.  Limitation and fULUIe FESEAICRN..........ooiiiiiieiieeee e 204
L N[ PSS 205
APPENDIIX A ettt bbb h e bbb et neenes 229
APPENDIX B .ttt bbb bbb neees 230
N o = N 5 SRS PRRSRSS 231
N o = N 5 I USRS PRSSRSS 241

xiii



Figure 1.1
Figure 1.2
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5

Figure 3.6
Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16
Figure 3.17
Figure 3.18

LIST OF FIGURES

The triple helix model of university-industry-government relationship
Research phases and roadmap

Evolution of field of enquiry

Year wise trend of referred journal papers

Number of articles per journals

Distribution of papers in regions and countries

Distribution of papers with country focus

National R&D expenditure, sector-wise, 2014-2015

R&D expenditure as % of GDP of BRICS (2000-2014)

Researchers vs publication per researcher (average of 2000, 2005, 2010)
Science and technology journal articles in BRICS (2000-2013)

Average number and annual growth rate in patent applications filed by
residents of BRICS (excluding China), 2000-2013

Education expenditure on subsector by government 2010- 2014

Non-Plan or maintenance fund allocation to seven major central universities
in India

Total Indian scientific publications compared with publications by central
and state universities

Proportion of and state central universities patenting and not patenting (1970-
2012)

Year wise trend of plan and non plan fund allocation to six older IITs for the
period, 2004-2013

Total plan and non-plan fund allocation to six older I1Ts (2004-2013)
Average R&D staff per department per year

Pattern of total R&D staff and fund allocation to six older 11Ts (2009-2013)
Year wise trend of publications by six old 11Ts, 2004-2012

Total publication by scientific disciplines of six older I1Ts (2009-2013)
Total number of patent applications filed by individual 11T, 1995-2015

Year wise trend of patent applications by I1Ts, 1995-2015

Status of patent applicatios as on November 2017 filed by 11Ts during 1995-

Xiv

16
23
24
26
27
27
63
64
64
65

67
68

69

71

72

75
75
76
76
78
78
79
80



Figure 3.19

Figure 3.20
Figure 3.21
Figure 4.1
Figure 4.2
Figure 6.1
Figure 7.1
Figure 7.2
Figure 7.3

Figure 7.4
Figure 7.5

Figure 7.6

Figure 8.1

2015

Trend of average lag in patent grant from the date of patent applications,
1996-2010

Share of foreign patent applications by academic inventors in India

Type and proportion of collaborative patent applications by IITs

TISM Model without transitivity

Driving and dependence power chart of MICMAC

Analysis scheme

Relationship and proportion of sample with population

Analysis Scheme

Proportion of respondents with and without patent applications and number
of patent applications per applicant respondent

Proportion of respondents indicating presence of IP policy within institute
Proportion of respondets indicating institute’s sharing of IP policy with
researchers

Proportion of respondents indicating management of IP activities in their
institute

Summary of data sources and technique employed for each objective

Xv

80

81
82
83
97
101
132
150
156

160
163

164

165
195



Table 2.1
Table 2.2

Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 3.1

Table 3.2
Table 3.3
Table 3.4

Table 3.5
Table 3.6

Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 5.1
Table 5.2

Table 5.3

Table 6.1

LIST OF TABLES

Themes of literature review

Innovation measurement studies categorized on the basis of unit of
analysis

Innovation measurement studies with universities as a unit of analysis
Studies on university ranking and performance indicator

Studies on factors impacting academic research outputs

Theories on the relationship between age and scientific output

Sector wise researchers in state and central institutions of India (as on
April 2005)

Patent applications by residents of BRICS

Publication count of top eleven central and state universities in India
Number of patents filed by top 15 central and state universities (2000-
2012)

Total publications of 11Ts

Department wise patent applications, grant, collaboration and foreign
applications by I1Ts, 1995-2015

Indicators of innovation

Symbol of relationship between elements

Self-Structured Interaction Matrix (SSIM)

Rules to convert SSIM into initial reachability matrix

Initial Reachability Matrix

Final Reachability Matrix

Level partition

Conical Matrix

Summary statistics

Random Effect with cluster robust standard error for patent intensity
output

Random Effect with cluster robust standard error for publication intensity

output

Institutional characteristics

28
36

40
41
51
52
65

66
71
73

77
82

91
93
93
93
94
94
95
96
116
118

122

135

XVi



Table 6.2

Table 6.3

Table 6.4

Table 6.5

Table 6.6

Table 6.7

Table 6.8
Table 6.9

Table 7.1
Table 7.2
Table 7.3
Table 7.4

Table 7.5

Table 7.6
Table 7.7

Table 7.8

Table 7.9

Table 7.10

Table 7.11

Inter-11T discipline analysis: I1Ts with 100% Malmquist efficiency
consistently for 2009-

Inter-1IT discipline analysis: Malmquist Index summary of efficient I1Ts
with publication as output (2009-13)

Average relative efficiency score 2009-2013 of CRS input oriented
model for patent output
Average relative efficiency score 2009-2013 of CRS input oriented
model for publication output

Intra-11T discipline analysis: Disciplines with 100% Malmquist
efficiency consistently for 2009-

Intra-1IT discipline analysis: Malmquist Index summary of efficient
disciplines with patent and publication as output (2009-13)

Institutional analysis: CRS input oriented DEA results

Overall ranking of 11 Ts with patent and publication output based on
average Malmquist DEA score

Discipline wise response rate and respondent’s proportion in total sample
Institute wise response rate and respondent’s proportion in total sample
Description of independent variables

Descriptive statistics

Discipline break-up of patent active researchers and applications per
applicant

Descriptive statistics of Institutional characteristics

Proportion of respondents with response of no sharing of IP policy by the
institute

Reasons of patenting by 18% those respondents who are unaware of
patent linked rewards in the institute but file patent application

Reasons of not patenting by 57% respondents who said that patent is a
criteria for career advancement in the institute

Descriptive statistics — Discipline wise average scores

Proportion of respondents who ‘agree’ or ‘strongly agree’ regarding

characteristics of knowledge output

137

137

138

139

140

141

141
142

151
151
154
159
161

162
164

167

168

170

173

XVii



Table 7.12

Table 7.13

Table 7.14
Table 7.15

Table 7.16
Table 7.17

Table 7.18

Table 7.19

Table 7.20

Table 8.1
Table 8.2

ANOVA test for difference of mean between patent active and inactive
researchers

Chi-square test for association between patent filing and individual
factors

Probit regression predicting survey participation

Independent Probit results, with cluster robust standard errors and
marginal effects

Zero Inflated Negative Binomial coefficient, cluster robust standard error
Proportion of respondents with opinion on importance of eight motives
of patenting

Proportion of respondents giving high or very high importance to
motives

Proportion of respondents with their level of agreement on eight reasons
of non-patenting

Proportion of respondents with somewhat or totally agree to reason of
non-patenting

Summary of research gaps, questions and objective

Summary of research finding

174

175

177
179

182
185

185

186

186

193
200

XViii



NKC
NIS
S&T
IPRs
PBF
GERD
THE
TISM
TRIPS
WTO
AUTM
NBER
ECIS
OECD
SBA
NSF
ICT
PFRO
GMM
AHP
SAW
KPF
PwC

FA

LIST OF ABBREVIATIONS

National Knowledge Commission

National Innovation System

Science and Technology

Intellectual Property Rights

Performance Based Funding

Gross Expenditure on R&D

Times Higher Education

Total Interpretive Structural Modelling
Trade-Related Aspects of Intellectual Property Rights
World Trade Organization

Association of University Technology Managers
National Bureau of Economic Research
European Community Innovation survey
Organization for Economic Co-operation and Development
Small Business Administration

National Science Foundation

Information and Communication Technology
Public-Funded Research Organization
Generalized Method of Moments

Analytical Hierarchal Process

Simple Additive Weight

Knowledge Production Function

Price Waterhouse Cooper

Factor Analysis

XiX



ARWU
QS
OLS-FE
NIH
[le
TTO
MOOSRA
SID
WDI
IPO
UGC
SCl
CAGR
WIPO
INPASS
PF

NPF
SSIM
GUF
OLS
FE

RE

Academic Ranking of World Universities
Quacquarelli Symonds

Ordinary Least Square Fixed Effect
National Institute of Health
University-Industry Collaboration
Technology Transfer Offices
Multi-Objective Optimization based on Simple Ratio Analysis
System of Innovation for Development
World Development Indicator

Indian Patent Office

University Grant Commission

Science Citation Index

Compound Annual Growth Rate

World Intellectual Property Organization
Indian Patent Advance Search System
Plan Fund

Non-Plan Funds

Self-Structured Interaction Matrix
General University Fund

Ordinary Least Square

Fixed Effect

Random Effect

XX



	Akriti Jain.pdf

