
Capital Accumulation, lnnovation and

Economic Growth: A Cross-Country
Analysis

Submittcd By

Hafiz Hussam Soharl

84.SEA4S.EF/FI2

Supcrvisor

Dr. Arshad Ali Bhattr

Asststant Professor, IIIE

IIUI, Pakistan

Spring 2016

School of Econom ic

Intcrnetional Institutc of Islamic Economics (IIIE)

lntcrnalronal lshmrc Uniyersity lslamebad (UUl)

Pakisten

l.1r[r^lry



7/ - 667s
Accatrion [o ---=-'

t-\ Jd^s
\

yl >

j'bo

Y\UL
l

\ ^t,, t',' '
\''L ,

-i. r .!ll , ", r-'
-, r^,1"'
lr ,'

r,+,l 'J '



(AEOIUTOTT

Dedicated to Allah the most merciful and my parents, my
grandparents, specially my Father Sohail Akbar, my beloved
mother Afshan Sharif, my Ant Shehla Sharif and my uncle I

Rauf ur Rehman and of course my all family, friends and
teachers.



IYECLAMTIO$t

I hcrcby declarc that thls thesls, nerther as a whole nor as a part thereof. has bcen copled out

from any source tr ls further declare that I havecamcd out thls research bymyselfand hare

completed rhs thesls on thc basls ofmy personal efforts under thc gutdatrcc and help ofmy

Supervrsor If any part of thrs thcsrs rs proven to bc copled out or earhcr submlned. I shall

stand by thc conscqucnce No optron ofwork preseflted m thls thesls has been submlfted m

support of anv apphcarron for any other dcgrec or quahficatlon rn Intcmatlonal Islamlc

Unrversrty or any othcr Unlierstty or Inshfute ofleamrng

Hafiz Hussam Sohail



APPI{OV,\I, SHEE T

Capital Accumulation, Innovation and Economic Gronth:
A Cross-Coun trv Analvsis

br

Hafiz Hussam Sohatl
Rr'g No 8l-SE I1S I i' tll

,\(cepted b\ the lnternatronal Insulutc ol l\lamtc ELonomlcs lltterna on.rl l\l.rnr!
LrnNcrsrtr. Islamabad. as a partlal Iulfillment ol rhc rcqurrcncnts lo. lhc a\ard of
deerec ofNIS rn Lconontrcs and Ftnancc

Supcn rsor:

,\ssrst.rnt l)rotc\\or 1l lF

lntcrnalD\amrncr:

L\lcraxI I:\amrnrr.

lnter nalronal Isla

(l). Nluhannnad r\)ub Srddr(tur )

l'rolcssor l-MS
I_asl Unr!crsrt\ lslalrab.td

r\rrsrt\ IslJlnJbJd

(Dr Ntral-ul-Haq)
Asslslant Prolcssor, lllE.
lntcrnntlonai Isldrnrc llnr\crstt), Islrmnbnd

(./

llcnd
Interndlron.rl lnsl L 0 oJ Isl.rmrc
lnlcmJlrofJl l\l.Inrc I nr!.r\il\

)/n-&-/
o'/"cr". d.n"-r
lnrcm.rlron.rl lDsrrur( ol Is.rrnL!
In(mdlrl)nal lql.rnic L nr!cr5rt\ I' llnrhrJ

Date olVrv.r l5 Janu.rr\ l0l6



Acknowlcdgemcnt

All Prarscs to Allah (SAW), who crcatcd man oul ofdust. made htm Hrs vrccgercnr
on carth and madc thc angcls prostate bcfore htm to makc hrm rcaltzc thc imponancc
and ccntralrry ofhuman racc ln thc Drvtnc scheme o[ Unrvcrse Aftcr Almrght]
Allah, may thc grcatcst bl.sstngs of Allah (SAW) bc upon His prophct Muhammad
(SAW), lhc most pcrfect and exaltcd, a sourcc ofgurdance for humanrty forcvcr

My hcanrcst gratrludc to m) rcspcclablc supcrvrsor Dr Arshad Alr Bhafir for hts
e\tcndcd gurdancc and suppon. all thc way long Especrally hrs fflcndl) bchavror
makc rt casy for mc to work on thts rcscarch I acknowlcdgc wtth thanks thc
conlflbutrons ofall thc honorablc tcachcr's u hom I happencd lo learn throughout my
acadcmtc carecr

I would lrke to thank tcachcrs. ftlcnds flor the contrrbutrons they madc lntcnllonally
or unrnlentronally arc recognzcd. acknowlcdged and apprccralcd Espccrall) Zaka
ur Rehman, Anwar Mughccs Alam, who rcall) hclp mc to complete m) lhcsts Onc
ofmy spccral frrend rn lslamabad Zra ur Rchman who talc a lot ofcarc, honcst fnend
and wc spcnd a vcry good ltmc Also, I uould lrke to lhank my fircnds. Waqas
Salccm. BrlalKhan. Muhammad BrlalAkram, Farsal Mushaq, Hardcr lrfan. Usman
Sahr, Talha Uzarr, Ashar Rashrd, Rana Sulman, Shahryar, Zcshan, Salman Batg,
Shahrd Mehmood, and morc spcclfic to my Sargodha unrvcrsity group and some
lovell frrend. Nho really help. support and cncourage mc to achrcvc myJoumey

I mrght not have bcen ablc ro complctc thc long arduousJourney wtthout rhc help of
my lamrly, cspecralll my fathcr SOHAIL AKBAR fo. hts gurdancc and bundlc of
love, my bclovcd mother AFSHAN SIIARIF for her klndncss, dedrcatton and
srnccrrr) ofher, m) ant SHEHLA SHARIF, my uncle RAUF UR REHMAN, rhcsc
all pcoplc do thc noblc sacrrfices thcy made for my cducalron and trarnlng and always
sland wrth mc and support mc whcn I necd Ml brothcrs SARIM Al\4,{N, BASSAI\|
SOHAII-. SHAHZAIM AMAN, ZARRAR BIN SOIIAIL, AAMTSH AMAN and
ABDULLAH BIN SOHAIL. m) lovcly srsrcrs SOHAID SOHAIL and SOHA
SOllAlL * rth therr help and support thts thesrs would not havc bccn posstble wrlhoul
Lhcm Therr sllcnl praycrs lbr me and thelr encouragemcnl a1 cvery step have no
doubt bccn rnvaluablc asscts ofmy llfc Mywholefamrly,cspectallytoDubart'amtly
and ofcoursc LUMIA KHAN and SHAMMA NANO, thank you for your gurdance.
conccm and support At the cnd agaD I warml) apprccrate the gcneroslly and
undcrstandrng of my wholc famtly for thcrr unflagglng lovc and uncondlhonal
support throughout my lrfe You madc me lrve the most unlque. magtc and carcfree
chrldhood that has madc me who I am now. Lovc )ou all

I am also gratrllcd to thc staffofSchool ofEconomlcs espccially Syed Ntaz Alt Shah,
Mr Muhammad Zaflf Saftt, Mr Tauqtr Ahmed, Haflz Abdur Rehman, and Mr M
Iqbal My spec,al thanks to fflcnds, back home and those whom I could not mcntton
ln thrs shon space May Allah reward them all



Abstrrct

The marn purposc of thrs srudy rs ro lcsl rhc Howrtt and Aghron (1998) thcorctical

model of lnnovahon and caprtal accumulatton usrng thc I years avcragcs o[ 76

devcloped and dev.loptng countnes covclng the rrmc pcnod I997-20I3 Th ts st,rdy

uscd an rntcraclron modclas uscd by Brambor ct al (2006) and Bhaflict al (2013)

for anarnment ofour rcsults Wc csttmatc thrce modcls by using two protles of

rnnovatlon rn cach modcl Thc flrsl modcl ts the comblnatron of76 developed and

devcloprng count es The res0lts show that tnnovatron and captlal accumulat,on arc

substrtutc to cach other Fu(hermorc, thc rcsults dcmonstratc that lnnovatton h,is

progrcssrve and stgntficant lmpact on cconomic grouth On fic other hand capttal

has progrcssrvc but rnslgnificant lmpact on cconomtc growth ln sccond modcl (57

dcveloped countnes) thc rcsults arc slmrlar to our first model Lastl) tn our lhrrd

modcl (19 dcvclop,ng countflcs), we found that thcre ts a lot ofvarratlon ln lhcsc

rcsults
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Chapter 1

Introduction

Thc rnvestrgatron of thc malor sourccs of economlc growth can bc conducted tn a

numbcr ofways and at drflcrent levels AsdtscusscdtnScott(1991),thcearlygrowth

models focuscd on thc cffccts ofthc bastc lnputs labor, capltal and subscqucntly lhc

rmplcl oftcchnology Thcn, thc glowth ofrnputs ttsclfryas c\ammcd Many studres

proposc dlffercnt sourccs ofcconomrc gro*th rncludrng human capttal, tnvestmcnl

and tcchnologrcal rnnovatron (Bafio, 1991, Solor\, 1956) lf \rc talk abour

rnnovatron, tt rs dcfine as. an) ldca or rntroductton olany ncw componcnt by an

tndrvrdual or firm tn ordcr to survtvc tn market agalnst lhctr flvals rs lnnovahon

Icchnologrcal tnnovatton rs a proccss rn u hrch rvc tnvcnt ncw products/tcchnologrcs

on thc basrs of prcvtous bowledge and c\perrmcnts Lrkcwrse, accordrng to a

srgnrficant vrcw, the kc) source to detcrmlnc economtc growlh ts tnnovalton (Howlfl

and Aghron 1992. and Grossman and Helpman 1991) Srm I larly, }\ hcn we talk abour

busrncss R&D, firms do R&D by lhc vtcr\ of monopoly rents whlch comes B,hcn

therc rs a frullful rnnovahon ln recent ycars, most ofthc soctal screncc pubhcatrons

arc concenltatrng on Innovatton. so publlcalton of tnnovatlon has tncrcascd much

qurckcr lhan the rvholc number ofsuch publlcatton As an effect our understandtng

atound rnnovahon ptoccdulcs, thctr socral laclors and cconomtc tnflucnce ts

srgnrficantly tmprovcd Slnce lnnovatlon has aflbctcd almost all aspcct ofhuman lrfe,

rt rs concludcd that rnnovatron cnhanccs economtc grorllh (Romer 1990. Grossman

and Helpman I99l ) Ctvrng crcdtt to globaltzatron and technologtcal knowlcdge, an



economy rs florccd 10 accclcratc tts rh]lhm oflnnovatton to c\pand tts technologrcal

capabrlrtrcs to foster compchtrvencss, produchvlty and most lmportantl) to capture

most ofthc global markct sharc Romfi (1986) has rightl) marked Tcchnologrcal

Devclopmcnl as onc ofthc essenttal forcc for fuclrng cconomlc growth Ho\rever,

cconomrc groMh ts drrectly affcctcd by thc amount of tnnovatron whtch ts carncd

out domestlcall),, how well thc cconomy e\plotts c\tcmal tcchnologrcal

advanccmcnts b) way ofdtffuslon and finally how cffccttvcl) an cconomy adopts

such technologtcal dcvclopment (Martln and Ottavtano, 2001, Grossman and

Hclpman, 1994)

In 1970s. lnnovatlon had no such tmportance as tt dcservcd and lrtcraturc mostl)

locus on shon run because ofotl shocks and rcsearchcrs took ltas c\ogenous but

rn 1980s therc emergcd a huge body oflttcraturc and long run growth oncc agaln

gol space that takc tnnovatton as cndogenous Thcy focus on tnnovallon and lts

rclalronshtp wtth ltvrng standards and cconomrc devclopment Furthermore. ncw

agc has bccn full oftremcndous and mrnd boggltng lnvenhons that ushcrcd cras of

revolutrons. from lndustnal revolutton through tnformatlon age, to the prcscnt Nano

a8e No uonder, the human ltfc has bccn radrcally changcd and rmproved Ioday,

rnnovatron ts a sclcncc fictton oflhc past and tnnovalron of tomorrow rs bcyond

reallty ofthe futurc

Cerfarn e\amples can bc provrdcd to authenllcate thc clatms of lhls theor), lor

rnstancc, thc rotal value ofApplc lnc has bccn $2 Brllton back rn 1997 pflor to tts

tcchnologrcal lcaps ln lnnovatlon tn terms of tts llcgshrp tphonc and other products

lrkc rPad and rPod Applc rs now wofth almost $600 brllton lhal rs moslly duc ro



rnnovatron and cconom,c groMh lncrcasc tn thc output ofrcscarch, docsn't mcan

that thls lead towards lnc.ease ln thc averagc gro\ih rate because all the rescarches

arc not bcneflcral Innovation ls one ofthc mosl tmponant componcnt ofcconomrc

growrh

Somc sludrcs up to somc cxtcnt dtscourage lnnovatton Accord,ng to Grossman and

Hclpman (1991) ln thelr hypothcsls, cfficrcnt rnnovatron ln soulh dlscoumge

,nnovatron rn no(h Morcovcr, bustncss stcaltng effect tn whtch ncw tnnovatlon

takcs placc ofthe old onc, so the magnltude of tnnovatton ts gotng to decrcascs

(Howrlt and Aghron 1992) Furthcrmorc, bcforc 1992. Judd (t985) and Romer

(1990) by usrng Drxrt Sttgl,tz (1977) model ofproduct varr$y conclude rhat,.nc*

producls arc no bettcr than c\tstlng ones' On the othcr hand. Howltt and Aghlon

(1992) rclcct Judd (1985) and Romer (1990) pornr ofvrcw and comes up w(h thc

Schumpetcr (1934) rdea, a modcl of crcatrvc dtslractton ln whlch ncw tnnovatton

conllnuall) dcstro\Ing the old onc

Many studles p.oposc drffcrcnt sources ofeconomrc growth lncludtng human capttal,

rnvcstment, tcchnologlcrl rnnoyahon and populahon BroNlh (Bano, 1991, Solorv,

1956) In thc hrsto.y many attcmpts havc bcen made lo capturc thc cffcct ofcaprtal

accumulatron on economlc groMh Ltkcwlsc. (Lucas el al 1998) dcscflbc as thc

maJor player to dctermrnc long run cconomlc gro\I,th world around In the support,

somo prevrous studrcs also dtscuss about the capttal accumulatton as a maJor

contflbutor to econom,c growlh (Colecchla and Schreyer, 2002, Rcbclo, 1992,

]'obrn, 1965) Moreover, Bond ct al, (2007) concludc that rhere rs a largc effect ol

rnvcstmcnt, not Just on lhc output pcr workcr, but also on long run grow.th ratc



Fu(hemorc, Bcaudr) ct al (2002) desc bc rhat thcre ts a largc effcct ofrnvestmcnt

on growlh Equally. accordtng to nco classtcal gowth thcofles, long term cconomlc

growth can be acqu,rcd through total factor ofproduchvrty (TFp) whrch on tts part

demands technologtcal progrcss to contflbute rn economtc groMh (HowrtI 2004)

11 rs wrdel), acknoE ledgcd that capttal takes a passlvc rathcr more ofa supportlvc

role when rt comcs lo outpul, tn othcr y/ords capttal effect output wtth no or ver\

lrfllc rmprovcmcnl tn gro\r,th (Aghron and Howirt l99E) In addltron, a thcory of

Solow and Swan (1956) holds rvatcr to a ccrtatn c\tenl that thcre ts a polnl aflcr

r!hrch an cconom) would e\pc cnce dtmrntshtng return on furthcr lnvcstment ln

caprtaland tcchnology

Some studrcs show that capttal and tnnovatlon arc lmportant to cach othcr For

e\amplc, Kuwalam (2012) descnbe that when therc rs sufficrcnt grant of caprtal

(,nvcstmcnt tn R&D) wtth long run postovc gror\th ratc, thc rcgrme wlllchange Thc

reason bchrnd ls thal when therc ts suffictcnt amount ofcapltal cndowmcnt. rt lcads

to fallrng R&D produchvlt) Funhcr, \ hcn thcrc rs enough capltal stock for

supportrng R&D, econom) \lll achtevc long run cconomtc growlh Accordlng to

Ho\a rft and Aghron ( 1998). capltal accumulat,on and technologrcal progrcss necd to

play lherr own pans rn compltmcnlary manncr to achrevc contlnuous cconomrc

groEth Howcvcr. the lheorelrcal prcdlcttons of thclr modcl arc nol tcsted

emprocally Thcrefore, thrs study aftcmpts to fill-rn thrs gap and rnveshgatcs

cmprncall), whethcr ph)srcal capltal accumulalron and lnnovatlon arc complemcnls

or substrtutcs rn gcncratlng cconomlc gto\\th



l.t Objcctiyc ofthc study

Thcrc arc two marn purposc ofour study

a. To test thc lheorctrcal model ofHowrtt and Aghion (Caprtal accumulation and

tcchnologrcal lnnovatlon ts complcmenlary factor in long run grolr1h

process)

b To c,(plore uhcthcr lhcre c\tst any complementar)/Substltutabtltfy bctwecn

tcchnologrcal rnnovatton and caprtal

1.2 Hypotheses

On thc basrs ofour dlscrlsston ln the abovc sub-scctron ofobjectrvcs and rcvrcwtng

the lrtcralurc we formalrzcd thc folloulng hlpothcsls

Hl Thc physrcal capttal and tnnovatlon have a posrtlvc and slgnlficanl tmpact

on cconomrc groMh

H2 lnnovatton and capttal arc complementary to cach other

1.3 Schcmc of Study

The organlzatton ofthc study ls as follows Chaptcr 2 provrdes a rcvlew ofgroNth

lrterature related to rnnovatron. lrtcraturc on caprtal accumulahon and ltterature on

rnnovatlon and capttal Chapler 3 dtscuss about thc theorcttcal framework Chapter

4 dcscnbc thc data and cxplatn thc cmptflcal mcthodology uscd ln our anal),sts We

drscuss our cstrmatron rcsults tn Chaptcr 5 and wc concludc our thcsts rn Chaptcr 6



Chapter 2

Literature Review

Thcrc rs amplc lttcmturc on tnnovation and capttal accumulahon We ldcntlfy threc

lhemes of ltterature The first onc ts on lnnovatton Sccond dlscuss capttal

accumulahon and the last onc ts the comblnc ltteraturc on both (tnnovatlon and

caprtal) Somc studtcs are tn thc favor of tnnovatron Some suppon caprtal and the

last onc combrnes both clements (lnnovalron and capttal) to dctcrmrne economtc

groqth

2.1. Growth Litcrature Rclatcd to InDoyation

Our revrcw shows va ous forms of tnnovatlon lttcrature rclated to raptd gro$Ih

U'hrle somc srudtcs suggcsled that formal R&D spcndrng (Coad and Rao 2008) or

morc gcncral R&D actrvrhcs facrlrratc raprd growth (Stam and Wcnnbcrg 2009)

Accordrng to Romcr (1990), tncrease ln thc rdeas lcad to accumularcd returns The

accumulatcd rdeas ofan cconomy as a wholc, rather than lndtvtdual rdcas. lead to

rncrczlse rn tncomc per person Thc rdca generahon and lts subsequent appltcabll(y

leads to cnhanced groMh of rhe cconomy For e,(ample, the baslc ways of farmlng

arc now replaced by mechantzcd farmrng, thus resultlng rn cnhanccd cconomrc

growth and rncreasc rn pcr caplta tncome ofa person Lrkcwrse, R&D bascd models

supporl thls vtcl\ and suggcst thal tcchnologrcal prcgrcss rcsutts for maxtmlzrng

rndrvrdual profir (Mancu,ryk 1999) Srmrlarly, rn endogenous groMh models.

(Romcr 1990. Grossman and Helpman 1991. Aghron and Howrfl 1998)concludc thar

the ratc oftcchnologlcal progrcss rcsults from tncenttvcs to rnnovatc, as lt dctcrmlncs



the long run cconomrc growth w(hout capttal accumulatlon Romer (1990) suppons

thc,dea lhat rcsearch leads to technologtcal progress, whlch cventually drrvcs

economrc grouth Fu(hcrmorc, Robc(s ct al (1995), r!hrlc dcscflbrng planl

productlvlty and survtvablltty. hlghllghtcd the two matn advantages ofustng advancc

manufactunng tachnologtcs firstly. I could dlrccily flsc thc plant producltvlt) and

survrvabrlrty, and sccondly, a plant that has besr managerral abrl,ty can fully unltze

advance manufacturrng lechnologrcs and lmplcment new mcthods of productron, rs

able to survrve and grow bccausc ofthctr emcrenc) retum Thls vte\r ls supported

by Cilrches and Slcgel (1991) and BrynJolfson and Htn (1993), usc of advancc

manufactuflng tcchnologrcs and productlon arc coficlated to each other Thts

ultrmately crcates a posrttvc relatronshrp bctBccn survtval, tcchnology adophon and

growth (Robens el al, I995) Moreovcr. Blanchard (1997) cohcludcd that

tcchnologrcal progrcss drrves growth Furthcrmore, Aghron and Howrtt (1992) by

ustng thc gro\4Ih modcl bascd on Schumpctcr's method of crcatlvc dcstruclton

conclude that compelltton tn tachnologtcal devclopmcnt amongst rcsearch

companrcs advanccs cconomlc gro\{th Thcy also concludc tn lhe favor of

Schumpcter that tnnovatron. tfevcn by an rndtvtdual. unusually bcnefits lhc wholc

cconomy Rcsearch rs lrfe|nc ofrnnovalron. \!tthout tcscarch tnnoyatton ts dcad and

stagnant and technology would contrlbute to a cenatn potnt tn economlc growth,

afler lhat cconomlc grouth would bccomc constant Aghton and Howttt (1998)

obscrved that humans necd rs the mother o[all tnvcntrons Emptncal studtcs also

support rhrs notron and found that tnnovation has a posittve lmpact on productivity

of llrms (Yrh-Ch)l and ChFMer 1999) Accordrng to Howr( (2000) pornt ofvrcw.



by uslng mulh country model, lndtcated that dlffuslon and sptllover of tdcas could

dflvc the convcrgencc and growth

In thls ncw cra ofrnnovatron, technologlcal lcvels havc turned out to be thc cardrnal

faclors olcompetllrvc advanlagc ltrsalsoknounthattechnologrcalchangctmpacts

morc on soclal telurns 10 tn\cstmcnl than pflvatc rctums The most developcd

couDtfles are now focusrng on R&D and technologrcal adophon (Ma)cr and Foster

2002) Thc rnnovatron through R&D lcads to greater savlng tn human caprtal

and that rarscs thc productron per caplta (Maycr and Fostcr 2002)

Accordrng to ncoclassrcal framcwork invcstmcnt ts only tmportant tn shonrun, whllc

tcchnologrcal progress ts the kcy dctcrmrnanl tn pcr captta groElh tn long run

Boucclkrnc et al (2002) Mayer and Foster (2002) an0tyzed the vaflahon ln rotal

manulactulng producttvrty ln Mcllcan munlclptos lrom 1988 to 1993 tn terms of

human and physrcal capltal rnputs and vaflatton ln thclr oulcomcs The) founded that

rrse ln the outcomcs ofhuman caprtal propo ,onally rarsc productrvltv They also

concluded that human caprtal arc drrectll, correlated \rtlh lcchnologlcal change

Addrtron rn human caprtal also lncrcoscd lechnologtcal changc. rcsultantl) tncrcastng

produclron Somc studics focustng on thc changrng trend from capttal accumulatton

bascd groMh to R&D bascd growth (Zr|bott 1995, Matsuyama 1999. Funkc and

Struhk 2000, Calor and Moav 2004, Irmon 2005)

Innovolron rs onc of thc kcy dctermrnants of long tcrm economtc growth Olscnct

al (201 I) vrcrvs, t\hrlc dlscusslng thc kcy lnnovatlon tndrcators, rnnovatlon poltc)

mcthods are conccptualrzed planncd and c^ccuted based on thcorctlcal thoughtful

on market and gcneral fallure that aae tecogntzcd ln the nattonal lnnovatton systcm



Accordrng to thls approach rt ts very lmportant to rethtnk old pollcies on thc way

[o new rcqurrements. cspectall) the rcqutrements of tdentrfyrng R&D bascd

lnnovatlon as thc maln cont butor In the prescnt economles Pflvatc tnnovatlve

entltres arc focuscd on portfolros of tnnovaltvc devclopments, tt plays a domlnant

rolclnall lmd ofcompantcs tn ordcr to gct long term cconomrc advanlagcs Thts

rnterfercncc bastcally locuscs on tnnovallvc relattonshrp. ncw bustncss. long tcrm

and goal o entcd A lso. another pornl of vlc\ prescnt marlficonla,ns ncw producl

and servrccs rn tum rncrcascs R&D, frcsh rntcrnal kno\r'ladgc. proJecl effect on R&D.

nse rn the c\po(s and salcs, collaborahon (profitable and lnnovattve followers).

Senerally proJcct rs succcssful. cont buhon ofLnowledge groMh, lmpact to planed

effort on rnnovatron. and the final contflbutton to lhe corporatton's stand as an

attractrve and rnnovahvc bustness havtng a lot ofpossrbtlltics Olscn ct al (201l)

ln rcccnt decadc. the nend of long run economrc grolrth changcd from caprtal

accumulal,on to R&D bccausc thcrc ls a strong connectlon bchvcen cndogcnous

growlh thcor) and long run economrc growth Kuwaham (2012) Hc also found that

t\hen caprtalstock ls suflictcnt for supportmg R&D, long run economtc growth w lllatlaln

11 IIh R&D

ll\ery econom\ has drffcrcnt or untque cvaluatlon mcthods to control thc econom) Ila

country wants to achrevc long run cconomrc growth, tt must have low cost of tntcrmed rate

goods and thcrc must bc hrghcr R&D emcrcncy Whcn thcrc wrll be hlgher R&D

emcrcncy. lt wlll lead towards rncreasci long run economrc gowlh ard fan cconomy

docs not fulfill lhcse terms and condrttons, thc economy rs tmppcd ln a vtctous economtc

c)cle Kuwahara(2012) When thcrrwrllbe sr.:fficrcn1 granr ofcaprtal (panrcularly for



lnvcstmcnt rn R&D) long run posrtlve groMh ratc and a stcady statc polnt wlll bc

achrcvcd Thc reason behtnd ,s that when thelr wrll bc suiTictcnt amounl ofcapltal

cndoEmcnt. rl lcads to fallrng lnvestmcnt ln R&D producttvtty

Afonso et al (2013)drscussrngaboutthc long run relauonshlp bctwcen skrllstructurc

and tcchnologrcal structure, used cxtendcd modcl of cndogenous dtrcc! technlcal

changc on cross counlry data, concludc that thcrc ls a posrtrvc rclatlonshtp between

thc skrll structure (ratro of hrgh to low skrlled rndustnal workcrs) and the

technologlcal structurc (hrgh vs lorv tech rndustflal scctor) Combrnlng both

elemenls. economy wrll achrcvc long run cconomlc growlh He also obscrvcd rhat In

thc monopolrshc econom) lhat hm rls and rcvrtallzcs R&D for ltselfto prolong

rts market hcgcmony gcncral,ng economrc growth at a lrmlled lcvel. Accordtng

to anothcr pornl of vrcw, Cresccnzr and Posc (2013). usrng cmp,rical analysrs

based on tarlor rnade pancl databasc from 199.1 fo 2007 of US, to forecast the

rnnovatron pcrformance, observcd thal concentratron ofR&D aclrvrhcs ls thc kc)

prcdrcior at thc local lev.l The, also found that thc kc) predrctor for regronal

rnnovalrve performance rs local R&D rnvcstmcnt In thc samc \ray, a hugc

llterature descnbe that lhe rmportant dnvcr oflnnovatrve perforrnancc ls local R&D

rnvestment al thc local lcvel rnthcUS (Feldmanct0l l996,Acsctal I997)

Armengot ct al (2014) ln hrs paper dctcrmrnc lhc faclors ofeconomrc groMh, ustng

Romer (1990) modcl. anallsrs of thrcc Southem Europcan cconomres from 1960 fo

2009, concluded that thosc cconomlc polrcrcs whrch encouragc tcchnologrcal progrcss,

openness and rnnovatron encouragc cconomtc growth and thc cconomtes that comc lo

10



an end or stop to convcft lhcmsclvcs arc meant to lost thc path that leads to growth

tn cconomtcs

Bcsldcs. some studres descflbc. takrng Europcan cconomres as cxamplc, labor

productrvrly rs thc factor ofthc gro\r,th ln pcr caplta rncome. Morc prcctsely, factors

that fully utrLzcd thc rvarlable resourccs and rnvolve tcchnrcal progrcss and

lnnovatron ln thc productron proccdurcs (Caccrcs ct al (2011) Malear el al

(2012)), lcad to rncrcasc rn the total factor productrvrty (Howrft and Aghron 1992.

Caballcro and Jaffe 1993, E.lon and Konum 1999, Mcgrattan and Schmrtz 1999,

Colrno et al 2013)

Some reccnt sludrcs contflbute thc new vrsron on thc factor of cconomrc groMh

Armcngot ct al (2011) sort out thc contflbulron, the ratc of gro\rth rncrcascd b)

rncrcasrng ln thc stock ofrnnovatlvc rdeas rn thc study state In thrs study rt rs also

rnvcstrgatcd that the Southcrn European cconomrcs for thc last half cenfury.

apparcnt Iabor groMh rs gcnerally duc to dcvelopmcnt oflotal factor productlvrty

o*rng to tcchnologrcal progrcss and rnnovatron Anothcr findtngs rclatcd to

southern Europcan cconomres, ln 1960's shows that technologrcal progress has

rncrcased 2 perccnt productrv,ty pcr worker, hcncc, rn economrc groMh

Furthcr. one ofthc factor lhat cffcct economtc growth ts arttficlal rntelltgcncc

Whcn rt used 10 substltutc workcrs wrth mochlncs. lt wlll lcad to lncrcase tn

lhe futurc cconomrc growth Fcrnald and Jones (2014)

Somc studrcs do not support lhc above pornt of vrcw If we talk about

developrng counrrrcs, tcchnologtcal change ts nor wcll accounted for, and are

11



more focused on complementary and substllute strategles 1() rncrease

productrvrty Maycr and Foster (2002) Whercas. rn developed countnes thc

eflect of rnnovatron and technologlcal progress ts quret slow as compared to

developrng countrres Fernald and Jones (2014) dlscusstng about the futurc of

US growth, usrng Jones (2002) semt endogcnous growth model and dara from

I E70 10 2012 concludcd that the future of US ts slower than tts past
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2.2. Liacreture on Capitrl Accumulrtion

Caprlat accumulalron also plals an rmporlan! role to boost cconomlc growlh Somc

studrcs suppon ,t whtle somc rcjcct ll Sludlcs lhat suppon capllal accumulallon

towards cconomrc gro$'th arc dcscrlbcd bclow

Cap,ral plays an tndependcnl role ln the plant productlvlly and ls dtrcctly relcvanl

urth planl groMh and ncgatlvely rclaled wrth plant farlurc Roberts et al (1995) A

confcrcncc rn Praguc hcld tn Junc 2000 rcprcsents _physlcal capltal accumulatlon

was tbund to bc thc domrnant sourcc ofgrot{h bolh \'!llhln and across rcglons"

Addrtronally Todaro (2000) sals that "a neccssatl condltlon" for cconomlc gro\rth

ls rncrease rn rnveslmcnt lvlorcovcr, lnvcstmcnt play a vllal role for the cconomy

oI an1 countr;

Pcople travcl [or cducatlon and worllng opporluntlles. ln search of bcttcr

standard of Irvtng Thcrcforc, lhc lnvcslment ln cnterPrlscs wlll attract sklllcd

labor forcc Duclolhrs,alargcnumbcrofsklllcdlaborandlndustrlal atlenllon

r\rll lnvrtc morc spcclaltzcd and lnnovatlvc lndustr) ln thc counlry Thls wlll

rncrcase thc producltvtty oIthe counlr] and lt leads to economlc growlh Ma]cr

and Fostcr (2002) ln the samc way Bcaudry ct al (2002) concludcs that lhcrc rs

large cffect of rnvcstmcnl tn more currcnt perlods Bcsldcs' thc polnl lhat product

dcmand ts onc of thc [cy dclcrmlnants for tncreasc markct slze on

lechnologrcal chanBc rclatcd In thc favor of thls vlcw Howrtt and Maycr

(2000). usrng convcr8encc ctub modcl, concluded that human and physlcal

cdprtal crealc hlShcr tncentlves [or lnno\ atlon through lhc rlslng revenucs ln

13



a hrgher markct Acaordtng to slgn!ficant vlelv dcscnbe thal mvcstrncnt Inphlslcal

caprtal rs not much lmportant for cconomlc gro$d Bond ct al (2004)

Some oflhe macro bascd tndtcators seB take accounl ofthe strenglh of prqcct, the

key rndrcalor of lnnovatrve abrllty in a cowrtry ls capltal lnvesEncnt Thc fact ls

rha!, countnes have hlgh pnvate lnvcstment or great projccls, sho*s great

rnnovatron actlon rn the buslness scctor Olscn et al (2011) Ku*€nara (2012)

cvaluatrng the groMh s)stcm shlfthg from facbr accumulatlon to knowlcdge

accrnnlrlatron. r.srng dyrarnrc rnodcl tllat ls based on Romer (1990) l^1th

endogeno!$ly accumulaicd R&D lnputs Accordlng to hls final rcsuls, long run

gro\,d rate rs posrtrvely connected to ph)Blcal capltal accumulallon AIso, he

sho!\'ed fiat a country havrng low lnltlal capttal lhen lts econofixc progrcss Is based

on caprtal arccunulallon

Sorie studres cntlclzc the above rnentlon vlcw of capltal accwnularion Accordlng

lo Romcr (1996) lhc drlvlng forcc of gro\vth ls accumulallon of l'norvlcdge

Caprlal accumulatton ls not central lo grottlh'

Neoclassrcal frarnework statcs tlrat ln order !o rna,ntaln cconomlc groMh ratc In

long rurr thcre must bc Process of swtalnable advancenrcnt ln lechnoloBcal

kno\r ledge, Lkc new prcducts adlance rnarket or new prcess ofProductlon (Houltl

and Aghron 1998) Srmllarly. Joncs (1995) and Blornstrom ct al, (1996). finds no

cmprncal evrdmcc ofcapltal accumulallon and long run go\^4h ratcs

Prolrded that recent cmprncal lrteratwe do not suppon any $rong relallonshrp

bcr$€en caprtal accumulatlon and groMh (Eastcrly and t-evlne.200l) Solow and

74



Swan (1956) the cotrcal propcny of aggrcgate produclron functron show thc

drmrnrshrng rctums rfthcrc rs caprtal accumulatron

2.3. Litcrrture on lnnovrtion rnd Cepitel Accumul.tion

lnnovatron and caprtal's combrnc cffcct ls also suppon by the c\rstrnB Llcraturc on

economrc groMh lnnovatron and caprtal's combrncd effect rs also supportcd by thc

cxrslrng Irleraturc on cconomrc gro\rih Accordrng to Robens et al (1995) $hrlc

anal)zrng lhe plant performancc dcvcloprng thrce lnstrtutron lcvcl U S Census

Burcau data scts. found that thc planls engagrng or usrng ad!rncc technologrcs and

caprlal rnlcnsrvc plants havc lcss nsk, whcrcas caprtal rntcnsrve planls havc lcss osk

offarlrng and are hlghcr succccdrng rate ofgrow(h Thc) also found that rlsc ln thc

advancc manufactunng tcchnologrcs (AMTS) and rrscs ,n lhe capttal amount oflnput

mr\ are posrhvclv corelatcd wrth plant growth and negattvely corrclatcd wllh planl

farlurc Somc othcr aulhor's analyzc plant pcrformancc and show cvrdence that plant

have to.dopt latcst and more caprlal dcmandrng tcchnoloSrcs (lllansfield 1968,

Romco 1975. Kcllcyand Brooks I99l and Dunnc 1991)

Howrtt and Aghlon (199E) dcvcloped a srmPlc cndogenous groMh model !rhrch

combrnes lhe elemcnts of Solo\\ and S\lan ncoclasslcal model of capltal

accumulatron and therr modcl of creattvc dcstrucllon (1992) The lhcoretlcal

comblncs cffect ofcaprtal accumulalron and rnnovalton on cconomlc Srowth and

finds thar rf thcrc wrll bc subsrdy to ph)srcal or human capltal, rt $rll have a

pcrmancnt cffcct on cconomrc tro*th rate Stmtlarly MarrcwUk (1999) sugtcsls that

caprtal and rnnovatlon arc complcmcntary lo each othcr and nclthcr of\+hrch lakcs
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place rvrthout each othcr rn long run Accordlng lo economlsts, factors that are

rcsponslble for dcfinrng the progrcss rale ln the economles and lhc faclo6 that rlscs

multrfaclor emcrcncy arc orBanlzattonal factors, capttal c\pendlng and tnvestmcnt tn

rcscarch and trarnrng (Kaldor I961, Shcll 1966, Joncs and Wrlhams I998)

Lrtcraturc concludcs rhat rn thc hrstory of developmcnl and groMh, esp€clally ln

carhcr I980s. rnnovatron takcs as exogcnous ard had no such value A1 thal llme

caprlal rs dctcrmrnc as a key factor tn long run growth But aftcr 1980s and ln earllcr

I990s. one of thc grcalcst matn dcbalcs supported lnnolatlon and look lt as an

endogcnous

Armengol ct al (2014) Ho\r:t and Aghlon play a vttal role to dctcrmlne rnnovalron

as a kc) lo long run cconomtc 8rowlh Now a days a lot of countrlcs are trlrng to

achrcvc long nrn economrc $o\{h and prospcrlty duc to tcchnologlcal progrcss

Srmrlarly caprtal plals crucral rolc. 11 Is thc onc of thc mosl slgnlficanl factor for

cconomrc groMh Whcn $e comblne both rnnovatron and caprtal' thc) act llkc a

subslltutcs ofcach othcr Accordtng to our analysls, we also found lhat Innovatlon and

caprlal bolh are substltutc to cach othcr
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Chapter 3

Thcoretical Framework
-l'he top elcmenhry sharc of grou4h thcory ln lhe long run ls that ln order lo

encourage a progrcssrvc grow1h ratc ofproduchvlty pcr caplta, thc requlrcmcnl

rs lo be rep€atcd dcvelopmcnts tn tcchnologlcal knowledge through lnnovauve

proccdures

lor thc last (uo dccades, cconomrc hrstory has practrced an excesslvc develoPmcnl

of lrcsh groMh theones Thrs developed lrterature rs drvrded lnlo two pans The lllsl

tlpc of modcls hrghlrght on thc cndogeno[s accumulatron of factors of productlon

Irke human and physrcal capttal (Bond el al 1996, Lucas 1998, Bano and Sala-r'

Martrn 200J) The second typc ofmodels arc (Romcr I990, Grossrnan ard Helpman

1991, Howrn and Aghron 1992, Howrn and Aghton 1998) ln these models they

share a collcclrve featurc that purposrvc rescarch actlons causc thc tcchnlcal progess

\rhrch rs rhe maJor contrtbulor tn longrun gro\rlh Incarl) 1980's,lnnovatlon have

not much tmportancc and not consldered as a maln componcnt lor dclermtntng

tong run cconomrc groMh bul ln tate 1980's lhe wholc scenarto was changed

and rt became onc of thc marn and key components for long run economlc

groulh Equall). Howrn (2000), usrng Schumpelerran model dcscrrbcs lhat

trhcn therr wrll be rmprovcmenl ln lnnovatlon ln a country lt wtll rncrcasc lhe

producuvrt) ofthe othcr countncs It means lhat the countnes who carry out

R&D havc lo converge to stmtlar long run groMh tracks LIkewlse, ln Phllllp

Lcbel (2008). dolng emprrrcal study, he concludcd that there rs a posltlve effcct
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of lnnovatron on economrc gro\ th Furthcrmore. Calrndo and Mendez (2013)

dcscnbc that cconomlc actlon encourage rnnovalron and entrepreneurshrp

actrvrtrcs and that s lcad towards economrc gro$lh Morcover. Jones (1995), lhe

rnrtral AK model esEblrshcd by (Romer 1986, Lucas 1988, Rebelo l99l) and

succcssrve groMh modcls rnadc by (Romcr 1990, Grossman and Hclprnan 1991,

Howrtt and Aghlon 1992). recommcnded that rnvestment has long lastrng effcct on

economtc growh rate olthe economy By lcchnologrcal sprllovers and $rlh leamrnB

by dorng rt can also expaid $e long run pathuays of groulh Hcrrcnas and Ons

(2010) Addrtronally. thcy also concluded lhat vastly skrllcd uorkforces rnakc brgger

valucs of lresh rmproved qualrty changcs of commodrlrcs and could nse the

productron of ph)srcal caprtal ovcr speclalrzaron and by educalrng thc lcamrng by

dorng proccss and that's rcsull rncrcasrnB the cfTicrency and productron

Capttal rs one ofthe rnost rmponanl faclor for genemtlng long run cconomlc gro\{h

Somc authors hke Howln and Aghron () 998) suggcsl $al. grvrng sub6rdy on caprtal rs

vcry reasonable for EG In fact. physrcal caprtal stock rs truly uscd by R&D, lrle used

ln omces. computcrs, addllronal technrcal tools, space vehtclcs. laboralorres, lools

requrred for testrng and makrng c\panmcntal rnodels, planls. ard so on Rrse rn the

rare olcaprtal subsrdy wrll rncrcasc lhc cncouiagerEnt, notJusl to accurflulate caprtal

bul as \rell as to lnnovate Thrs proccdurc \&ll complcle rn ttro ways The first onc.

nse rn rhe c-aprtalslock mus encouiage geater R&Dover and done ruth a scale effcct

Due lo rhrs. rl wll lncrease the natlonwdc rncome and ftom thrs trme thc denEnd for

thc producB madc by successful rnnovalors rncreases $hrch rs an rnccntlve to lnnovale
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Thc sccond way. nsc rn thc caprlal rn thc long run wrll decrcasc thc cost ofcaprtal, and

hencc decreasc thc caplal f.clor for lhe R&D cost ( How [l and Agh ron l99E)

Lrlcraturc sho\ts thal Ho\\rn and Aghron (1998) artrclc, lhc) prescntcd o

Schumpetcrran growlh thcory, !r'hrch traats rnnovatron and capltal accumulalron as

cqurvalcnl cont butor for long run growth Therr modcl rncludcs thc rmponant fcaturcs

of Solow modcl (1956) ofcaprtal accumulalron and Howrn and Aghron ( 1992) model

ofcrcalrvc dcstruclron rs a srmple fmmcwork On $c olhcr hand, thc rntcrprctalron of

neoclassrcal gro*lh rdca and funher cndogcnous growth rdcas. whcn thcrr \trll bc a

subsrdy to caprtal accumulatlon, any human or physrcal fiat wrll effcct permancnt to

thc gro\rIh ratc ofthc cconom) Accordrng lo thrs or.rlcome, lhc acknowledgcment of

caprul \!hrch rs uscd as an rnput to R&D sugges! that Bovemment havc bccn faccd b1

apparenlly unsolvablc rnccntrve d,fficultrcs whcn lryrng to suppon R&D strarghtl)

The) ar8uc lhal a rlldc suppon to capllal accumulalron rs a mean of cncouragtng

tcchnologrcal progrcss and grotrlh rn the IonB run as a drrccl subsrd) lo R&D Such a

support mrght work nol b) cncouregrng a grcatcr rate of lcchnologlcal progrcss

lhrough lcamlng by dorng lhrough rncrcasrng thc mlc at t!hrch ncw lechnologtcs arc

embodred rn new caprlal goods but rclalrvcl) by tncreasrng thc Inccntlvc lo

rnnovalrons, lhcre nced caprtal for thc productron and rmplcmenlalron
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Chapter 4

Data and Empirical Methodologr

.1.1. Ileti

Our cstrmatron lcchnrque examlncs thrcc year averages of growlh tn 76 countrrcs

(dcvclopcd and dcveloprng) Thcrc arc 57 developcd and l9 dcveloplng countncs

and thc trme perrod rs from 1997-2013 Our depcndenl varrablc ts economtc growlh

ofreal CDP per caprta (EG) Our rndependent vaflables are rnrtral value of(log) rcal

per caprta CDP (Y0) rncludc to control for convergcncc, avcrage years ofschoollnB

(SCHOOL) to allow for human caprtal (Barro, 1991, Mankrw et al, 1992) Caprtal

stock growth (CAP) and rcscarch and dcvelopment expendrlurc pcrcen! of GDP

(RND) arc lhc core rndepcndcnt vaflables Thc caprtal stock growth (CAP) rs usc as

a mcasurc ofphysrcal capltal accumulatron For lnnovalton *c usc two pro\lcs Thc

first one ,s research and dcvelopmenl cxpcndrture percent ofGDP (RND) use as rnput

measurc ofrnnovatron The second rs total numberofpatentappLcatlonspermrlLon

ofpopulalron (PATENT) as an oulput mcasure ofrnnovatron For further robustncss,

\re also rncludc the followrng conlrol vanables tn our bastc modcl opcnncss

(OPEN), Bovcmmcnt srze (GOV), and rnflatron (tNF)

4.1.1. Dcpcndctrt v.nrblc

Ourdepcndenl vanablc rs gro\\th ratc ofrcalper caprta CDP Thtsdata ts takcn from

\['orld Dcvclopmcnt Indrcators WDI (2013) database Thrs data ts tn constant 2005

US dollars CDP pcr captta ls thc sum olgross valuc by all rcstdcnt makers addcd



rn lhc cconomy plus product ta\cs mrnus subsrdres nol countcd ln tn thc value ofthe

products Thrs \aluc rs calculatcd \rrlhout crcalrng dcplctron ofnalural rcsourccs or

gcnaratrng deductron for deprecralron ofdcvclopcd assets GDP per captla bastcall)

rs thc gross domcstrc product drvrdcd by thc mrdycar populalron For crcatton of

grorlth ratcr firsl ofall wc lalc natural log ofcurrcnt valuc ofrcal per captta CDP

and aflcr lhal \!c sublract rl from thc natural log ofprcvrous valuc ofrcal pcr captla

CDP and rn rhc last wc muhrpl) rl \{rth 100 l-hrs melhod rs rcpcalcd forcach srnBle

countr) for the ncw vanablc ofgrowth ralc for cvcry counlr)

4.1.2. Indcp.nd.nt v.n.blcs

Caprlal stock growlh (CAP) rs uscd as a mcasure of physrcal caprtal accumulatlon

Its data rs takcn from Pcnn World Tablcs, vcrsron E 0 Wc takc data ofcapltal stock

at constanl2005 nalronal prrccs (ln mrlllon 2005/US$) Rescarch and Dcvelopmcnl

e\pcndrturc pcrccnt of GDP (RND) dala source rs Unrlcd Nalron Educatronal.

Screntrfic and Cultural Or8anrzatron (UNESCO) Instrtutc for Statrslrc Thc

definnron of R&D cxpcndrturc pcrccntagc of CDP Is lhc c\pcndtlure for rcscarch

and devclopmcnl arc rcccnl and lnvcstmcnl cxpcndrturc (bolh prtvalc and publlc) on

rn\'enh!e $ork carry oul s)stematrcall) to tncrcasc I'nowlcdgc, soclcly, cultrlrc and

thc usc of rnformalron for nc$ applrcants CAPTRND ls lhc lnlcracllon lcrm of

caprtal stock growlh and research and devclopmcnt cxpcndlturc pcrcent ofGDP

Total numbcr of patent applrcalrons pcr mrllron of populalton (PATENT) rs uscd as

an oulpr.rt measure of rnnovalron Thc data rs taken from World lntcllcctual Propcn)

Organrzalron (WIPO) For the construclron ofthls varlablc. t!c lake rcstdent palcnl

applrcatron, non-rcsrdcnt patcnl applrcatron and lotal populatron p€r mtllton Ftrst rvc
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add resrdcnt and non'rcsldent Paten! aPPllcahons and lhen wc dtvldcd b) total

populalron pcr mtlllon Aftcr dolng lhls rvc havc lotal numbcr ofpalcnt appllcaltons

per mrllron of populalron CAP'PATENT rs thc rntcractron tcrm of capttal stock

growth and total numbcr ofpatent appllcatlons per mtlllon ofpopulatton

4.1.3. Control vrri.blcs

Y0 rs thc rnrtral value of(tog) rcal per caprta CDP tha! rs takcn fiom wDl (2013)

databasc Y0 ls found to bc sl8nlficant ln a wlde ran8e of spcclficallons ln lhe

emprncal growth lrteraturc (Lc!rne and Renclt' 1992)

Sccondary school cnrolmcnt perccnt of gross (SCHOOL) data ts takcn from Unlted

Natrons Educahonal. Scrcntrfic, and Cultural Organlzalron (UNESCO) Inst(ut' for

Sratrslrcs whlch ls sccondary school enrolment pcrccnl of gross Gross cnrolmenl

ratto ls thc ratto oftolal cnrolmcnt. unrelalcdly to agc' lo the agc group of populatton

lhat formally malch as the Icvcl ofcducatron madc Lnown

Opcnncss (OPEN) rs lhc sum ofc\porls of goods and servrccs pcrccnlagc ofCDP

and the tmpons ofgoods and servtccs pcrccntagc ofGDP Opcnncss data Is takcn

from \!ortd Bank nallonal accounts data and OLCD Nallonal Accounts data filcs

fhe e\pons of goods and scrvlccs rcprcsent lhc voluc of marlct servlccs and all

goods grven to thc wortd The lmpons ofgoods and servtccs rcprcscnt lhcvaluc of

markcl scrviccs and all goods rccervcd from thc wotld

Cencral govcrnmcnl llnal consumptron c\pendrlure pcrccntagc of CDP (GOV) dala

ls also takcn from Wortd Bank nallonal accounls data and OECD Natlonal Accounts

data fitcs GOV rs gcneral Sovcmmcnl finat consumptron crpcndlturcs also knorln
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as formcrly gencral govcmmcnt consllmptlon l1 contalns the currcnt cxpcndlturcs ol

thc govemment for lhc bulrng of goods and scrvrccs. e\pcndlttlrcs on natlonal

sccuflty and dcfcncc bul cxcludlng gotcmmcnt mllltary cxpcnd(urcs that ara part of

govemmcnt caprlal formatton

Inflalron (lNF) data rs lekcn from Intematlonal Monctary Fund, lnlcmatlonal

Flnancral Starrstrc and date fi1es INF ts mcasurcd bylhc consumcr prtcc lndcx and

rcnccts thc annual pcrcentage change ln thc cosl ofthc avcrage consumcr ofoblalnlnB

lhc baskcl ofgoods and scrvrccs lhal ma!'be fi\ed or changcd at spcctfied 
'ntcrvals
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4.2. SummrryStrlistics

Tabl. 4.1: Summ.ry of D.t. for 75 Coutrtric! (Dcvclop.d rtrd D.v.loping)

Verieblc N Mcrn P50 SD Min M.x

EC 156 2 597 2 500 2 941 -627t t2 87

CAP 380 12 13 t2 9l r 5t8 9 567 r5 99

RND 315 -0 46 -0 387 1 062 -3 352 l47E

PATENT 4t2 448 .t 529 I 579 -2 506 1 629

CAPRND 34t -6 156 -5 598 r3 39 -.14 58 l9 30

CAPPATENT 352 58 39 51 22 23 24 -29 29 r06 8

LYO 455 8 643 8 583 | 494 4 893 lt 15

SCHOOL 420 4.+54 I 53'7 0 35 t 2 283 5 047

OPEN 4.{6 1419 4 424 0 481 I190 6 8

GOV 445 2765 2 867 0 329 t734 3 368

INF 452 2 031 I907 0 657 I 620 5 894

-not" 

gc ,s gr.*tr', *r. orr*t p.r 
""p,tu 

cDP, cAP rs log ofphysrcal caprtal

stock. RND is Iog ofR&D cxpendrtures 70 ofCDP, PATENT rs log ofloral

numbcr of patcnfappLcatlon pcr mllllon of populatron' CAPRND rs lhe lo8

of CAP and RND (rntcractron tcrm), CAPPATENT rs lhc log of CAP and

PATENT (rnleracuon term), LY0 Is log ofrnrtr.l valuc ofrcal pcr caprta CDP'

SCHOOL rs log ofsccondary school cnrolmcnt Pcrccnl ofgross, OPEN rs log

tradc openncss. COV ts lo8 of gcncral governmcnt final consumptlon

e\Dcndrturcs and INF rs Ioq of rnflatlon (CPI)
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Tabl. a.2' Summr(v of D.t. for 57 D.vclopcd Countri.s

Vrrirblc N Maen P50 SD Mtn Mrx

EG 2 382 2 259 2 862 -6 210 12 87

CAP 285 13 03 11 22 1531 9 567 15 98

RND 299 - 1957 . 1605 9522 -3 087 7 471

PATENT 3t2 4 991 4 965 1 195 2 015 7 628

CAPRND 265 .2 918 -2 511 12 53 44 S7 19 30

C^PP^TENT 265 4042 0 1893 5 s454 2 102 5 27293 3

LYO 3.1t 9 29r 9 255 1051 7 351 11 35

SCHOOL 324 4 559 4 561 16E0 4 063 5 046

OPEN 332 4 497 4 472 4921 3 4E9 5118

GOV 172 2 E45 2 926 2952 1855 3 358

INF 339 1933 1 750 672L -1520 5 E94

Not., EA fs gr ofrcal pcr c.prta GDP, CAP rs log ofphyslcal caprtal slock.

RND rs log of R&D cxpcndrturcs o% ofGDP, PATENT ls log oflotal number ofpalcnt

apphcatron per mrllron of populalron, CAPRND rs rhe log of CAP and RND

(rntcractron term), CAPPATENT ls thc log ofCAP and PATENT (rntcracllon tclm),

LY0 rs log of rnrlral value of rcal per caprla CDP, SCHOOL rs log ofsccondary school

enrolmcni pcrccnt of gross, OPEN ls log trade opcnncss, COV Is log of Eencral

eovcrnmcnl final consumptlon cxpcndlturcs end INF ls log of lnflatlon (CPl)
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4,3. EsbmrtronMclbodolog/

ln thls scctron !rc drscuss eshmatlon mcthods and modcl spcclfication that are uscd

rn our mcthodology We use an tnleractton modcl as uscd by Brambor el al (2006)

and Bhattr cl al (2013)

E6,s = B,Y0,1+ p2SCHOoL,t + P3CAP,I + prtNo,t + BsCAP'tNO,r + 9aX'1,

(1, t)rl, * u,t

|=1,,2,3,----,76

t = 7997 , 1.998, L999 ,- - - -, 2011

wherc, EG rs cconomrc gro\\th. Y0 is log ofrnrtral real pcr caprta CDP. SCHOOL ls

human caprlal, CAP rs capttal stock $owth, INO ls tnnovatton, wc usc tI\o mcasuaes

ofrnnovatron research and dc!clopmcnt (RND) and PATENT RND rs uscd as rnpul

of,nnovalron and PATENT rs used as outpul oflnnovatlon X'rs a vcctor ofcontrol

vaflables such as OPEN, GOV and INF. u rs stochastrc error tcrm Th. subscflpts (,

and (r/ reprcsent countrrcs and trme respcctrvely

For the estlmatron ofour modol, wc used Hausman tcst to male a cholcc betwccn

random effcct and fixcd cffccl Whcn wc appl) Hausman tcst on our model I gavc

us thc resulls thal fixed cffcct is fcastblc for our modcl We eshmate thc abovc

equatron t\\o trmes bv cmploylng thc method offixcd effects for panel data modcls

as used by Islam (1995) Frrst \rc cstrmare our model from RND(usedasan rnput

mcasure of rnnovatlon) and lhcn wc csttmate our modcl From PATENT (uscd as an

or.rtput mcasure ofrnnovatron) Thc first equatron that wc csomatc wfth RND ts,
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E6,r = p1Yo,r + prscHool,r + B3cAqt + 01RND,r + EsCAP'RND,t + P6x' +

(4 2)tl, * u,

1,2,3, - - - -,76

1997 ,799A,7999,- - - -,20t3

fhe sccond cquatron that rvc cstrmalc wllh PATENT rs

= 91Yo,r + pTSCHOOL,T + p3CAP,r + p+PATENT,t + psCAP'PATENTTT +EGu

Fux' +L+u,r (1 3)

t=1)a----16

t =.1.997, 199a, 1999,- - - -, 201 3

Hausman test definc whclhcr thc random effcct model ls morc rellablc or the fixed

cffcct method Thrs tcst c\amrncs thc null h)?othcsls that random clTcct modcl ts

effcctrvc and relrablc ln contrast to the altcmanvc h)pothcsls that random cffcct

model rs unrclable In our casc rt prefcr fixed eflect Fufiher. wc use robust optlon

ofSTATA wllh all our rcgrcsslon cquatrons

{.4.1. Fixcd Elfcct Estim.tion

Panel data dclrvcrs us new rnformatton rcgardlng'wtlhln va abtlrty" ofmattcrs and

l,mc pcrrods. as a rasuk regresston mcthods uscd for pancl data, allo\r us to

advanlagc from thesc not thc samc typcs oftnformatron We anal;zc panel databy

addrtlonal regressron proccdures as a substttute of spcctfic rcgrcsslon procedurcs

cstabLshed for pancl data but thcsc other oblatnablc rcgressron merhods wlll nol be

rdcal srncc ofthc problcmatlc ofabscnt vanablc bias Thc outcomcs attatned from

common methods mlght bc btased for thc rcason that lt docs not dcllbcratc somc



rt
s

It

vaflables whrch cannot bc detected but may affcct thc dcpcndcni vanablc Therc are

two types of such unobscrvcd effects Frrst ls fixcd cffect and the sccond onr ls

random effcct Hear we drscuss thc first typc

Frxed elTcct whrch thrnk through vanalrons wlthrn subJccts bul kecp on constant ovcr

tlmc An amount ofpaneldata methods arc uscd rn thc growth lttcraturc to evaluatc

cconomcrrc modcls As Islam (1995). Arcllano and Bovcr (1995) and Bond ct al

(2001), wc also uscd fr\.d Effcct technrque for panels Thrstcchnrquc rs mamly uscd

to deal wrth thc unobsewcd cflccts that drflcr rvrthrn cascs but stay constant over

lrmc It agrccs lrs to dcvelopcd thc cross sechonal facts for panel data lo cla fy the

lnconsrstency of dependcnt vaflable wrth rcspect to rndepcndcnt varroblcs and

overlookcd tlmc rnvanant thrngs The corc advantage of fixed crfect modcl rs thal tt

agrec to unobscrvcd spccrfic cllects to bc conncctcd wrth addrhonal cxplanatory

vaflablcs The rndrcatron rs rhat, ln gathcrrng data, thcrc mrght bc probablllty of

unconscrous Iack of kno\.r ledgc ofsomc vaflables whrch can bc dtslurb the dcpcndenl

vaflablc Consequently. thcsc unnotrccd vanables are covercd by unnot,ccd eflects

4.J.2. R.ndom Ellcct EstirD.tiotr

The second llDc olunobscrved elFcct rs random cffect \!hrch mcasurcs thc cffcct that

keep on constant rnsrdc subjects bul drffcr ovcr trmc Thrs cstrmatron mcthod studles

the trme ser,es data oflhc panel data as addrtlonal slgnlficant Thls modcl ossumcs

that unobscrvcd cffccts arc unconclatcd wrth c\planatory vaiablcs ln cach trmc

rnterval In dctall. the assumptron offiicd and random c{Icct models rs the samc bul

rn random cffecl, an addrng unnotlccd effects arc uncorrclaled wrth desc pttvc

vanables,n collectlvely hmc pe od



{.;1.3, Heusman Tcsl

Thc fundamcntal dlffercncc among random and fixcd cffect m.thod dcpcnd on the

corrclalron among srngle specrfic effccts andthc dcscnptrvc vanables ofa rcgrcssion

Random cffects method does not me&sure the conncclton among slnglc spectllc

cflcct and dcscnptlvc vaflablcs, whcrcas fi\ed cflect agrce to thrs correlatron Thrs

changc ofcxpcctahon plays an cssentral rolc used for the invcslgators lo plcl out rn

lhc mtddlc ofrandom and fi\cd clfects Many lnvcstigators dlscover llxcd effcct by

means ofan addrtronal surtablc tool to approxlmatc the pancl data for thc reason thal

rl measurcd constant cflccts Random cffects tcchnrquc rs hLewrse used ln convlnced

crrcumstances, prccrscl) rn modcls whcrc fundamental rndcpcndcnt vaflablc ls

constant over nmc Evcn though lhese nvo panel data procedurcs havc c\clusrle

fcatures, but ll rs problematrc to choosc bctwccn random and fixcd cffects used lor a

rcgrcssron To ovcrcomc thrs troublc a dctalled tcst for sclcctrng ln thc mrddle of

random cllects and fir\cd cllbcts modcl rcmarncd dcveloped by Hausman (1978)

For a detailcd data scl and modcl. Hausman test observcs whether lhc random ellccts

tcchnrquc rs addrhonally effcctrvc or thc fixcd elTects tcchnlquc Hausman tcsl

c\amrnes the null h)lolhcsrs that random cffbcts modcl rs rcllablc and cffectrvc rn

conhast to thc altcrnatc hypothcsrs that random effects modcl ls unrellablc We

accomplrsh Hausman tcst to prck out ln thc mlddlc of random cffccts and llxed

cffccts by mcans ofa tcchnrquc ofeslrmatron. and our c\amrnatron rcsult favor the

technrque offi\cd effects In addrtlon. we use robust sclectton ofSTATA b) mcans

ofall our rcgrcsslon equatron
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Chapter 5

Estimation and Results

Bcforc 1980,s most ofthc llterarure mostly focus on thc capltal Caprtal rs thc maln

componcnt for long run economic groMh (Mansficld l96E and Ronco 1975), In

mld-1980s most ofthc rcscarchcrs focus on rnnovahon that plays a lcadtng rolc for

thc long run economtc growth (Olscn cl al 201I. Kuwalam 2012, Crcscenzr and

Pose 201 3)

Our emprrrcal analysrs consrsts of 3 ycar avcragcs on 76 countncs (developcd and

dcvcloprng) In our modcls wc usc lwo mcasurcs ofrnnovahon first ts rcsearch and

developmcnt (RND) as tnput and the second one ts PATENT as output mcasure of

rnnovatron So our results of both RND and PATENT arc tn scparatc tables as

mentroned below Our resLrlts arc grvcn tn Table 5 I wrth RND and Tablc 5 2 wrth

PATENT For funher rcbustncss, wc splrt our data lnto devclopcd and dcveloptng

countrres Thcre are 57 developed count es wtth thrce ycar avcragcs and thelr rcsults

arc shown rn Tablc 5 3 wrrh RND and Table 5 4 Erth PATENT and l9 dcveloprng

countrrcs and thelr results are shown ln Table 5 5 wlth RND and Table 5 6 \rlth

PATENT

The dcpcndcnt varrablc m our modcl ls cconomtc groMh (EG) lt fu(hcr tncludc $o

qpes (l) cxplarn thar all outlrcrs are rncludrng tn thrs model and (2), whrch descnbe

that thrs modcl rs not tncludtng outlters Model (2) rs our gcncral model rn Table 5 I,
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T.blc 5.1: 3 y.ar avcr.gcs for ?6 countrics (dcv.lopcd .nd d.vcloprng)

3 Ycars Modcl I
Brsa htrc

Modcl 2
GcDGlrI

Cocmclcnt
All Oulhcrs
Obs Erc[]dcd(r) (21

All OurhcN
Obs Ercluded
T]) t4\

cAPt

RNDl'

CAfu a RNDi

I 239 r E83

(0 5s2) (0 19 r)

8 223 1l ',l 44r

(0272\ (0 034)

- 798t -t 018.*

(0 l7l ) (0 0 17)

-270E 2lt8
(0 898) (0 86.r)

6 001 I8.. r'

(0 387) (0 010)

- 590t -9527...
(0 2el) (0 007)

Control Verrablcs

Yo"

scH0o Lr

OPENi

G0vt

4 0711t*

(0 000)

4 8.r4.

(0 088)

-6 815+ + +

(0 000)

(0 002)

-7 004**r

(0 0oo)

1553*..

(0 001)

'7 242+.*

(0 000)

-9 98 t ...
(0 000.)

_9761...

(0 003)

4 645+t*

(0 00r)

4 487.

(0 064)

6 6t3++i

(0 000)

-7 5291.

(0 023)

- 9E73i*

(0 0 r9)

Numbcr of
Obscrvetion

295126 28532s

Notcs The p-vtlucs arc rcported rn brackcts !++, *' and ' rndlcatc srgnrficance at l7D,

5%and l0 96 rcspecnvcly Thcdcp.ndcnt vaflable ls real per caprta GDP groMh CAP rs

Iog of physrcal caprlal slock growlh, RND rs log of R&D cxpcndrtures oo of GDP
CAPRND rs the log ofCAP rnd RND 0ntcractton tcrm) LYo rs log oflmllalvaluc ofreal
pcr capna CDP SCHOOL rs sccondar) school cnrolmcnt OPEN rs log tmde opcnn€ss

COV ls log of gcncml governmcnl finel consumphon e\pcndrturcs and NF rs log of
rnflahon (CPI)
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52.51,5.1.55and56 Model (3) ts our Parsrmonrous model rn Tablc 5 5 and 5 6

Modcl (l) rs our baschne model whlch thtnk through our marn cxplanatory va ablcs

that rs physrcal caprral stock (CAP), R&D e\pcndrturcs pcrccnt ofGDP (RND),

rnteractron o[ physrcal caprtal stocl and R&D cxpendtturcs pcrcent oI GDP

(CAPiRND). rnIral value of rcal per captta GDP (Y0) and human capttal

(SCHOOL) To 8et model (2). we takc accounl ofthe control vaflables rn modcl (l)

such as OPEN, COV and INF at thc same rlme to cvaluatc thc groMh modcl rn

comprehcnstvc vlew For the eslrmatron of modcl (3). $e cltmrnalcs somc control

varrablcs stcp b) step Ill our modcl gavc us best posstblc resulls Thrs prachcc ls

onl) rn Tablc 5 5 and 5 6 ln Table 5 l. model (l) and model (2) rs drvrdcd rn to t\lo

parts The first part rs rncludrng outltcrs and thc second pan rs wlthout outltcrs

ln Tablc 5 l, modcl ( I ) rhc coclficrcnt of CAP shows thar rhc rmpact of CAP on EG

tn first rcgressron arc posrtlve and rnstgnrficant wtth and wtthour outllcts but tn

sccond modcl CAP has ncgatlvc and tnslgnlficant effect lncludlng outllcrs but gavc

samc resulls as modcl onc wrlhout oullters, therr amount on thc other hand bc

drllercnt through the regrcss,on wtth not thc samc control vaflablcs The results oI

RND 
'n 

models ( l) and (2) arc posltrvely rclalcd ro cconomrc groMh rn all rcgrcssron

bul rnsrgnrficant ln both modcls wlth outhers wtth cconomtc growlh and stgrlficant

$rlhout outlrcrs wlth EC Thc rcsults tndlcate that RND plays a vttaland kcy rolc for

long tcrm cconomrc groMh and lt's very much rmportant to tmprove thc goods and

rls productlon proccss cfncrcnll) The rntcractton lerm CAP+RND has negahve

relatronshrp wrth EG rn all rcgressron ofmodel ( I ) and (2) Ncganvc srgn showsthat
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physrcal capltal stock (CAP) and rcsearch and dcvelopmcnt cxpcndtturcs pcrcent of

GDP (RND). thc) arc substrtute lo cach othcr Thrs rntcractron rcrm CAPiRND has

rnsrgnrficant cffcct on EC (rncludrng outhers) and hrghly srgnificant cllcct on EC

(wrlhoutoutLers),n both models Ourbaselmc thcorctrcal results also show that CAp

and RND arc subsfttutc to cach othcr (Howrfl and Aghton, l99E)

The log of rnrtral rcal per caprta CDP (Y0) rs rnvolved to pul up lhe mcrgrng cffects

rn growth rcgressron In thcsc lwo modcls Y0 shon ncgallvc and hrghly srgnrficant

cocfficrcnt (wtth and wrthout outlers) of rnrtral value ofreal pcr caprta GDP (Y0)

Outcomes of grcwlh rcgresston uscd for comblned dala lndrcatc that thc vaflablc of

human caprtal whrch rs avcragc of schoolng ycars (SCHOOL) has a posltrvc and

hrghl) srgnrficant rmpacl on EG (wrrh and wtrhout outhcrs) rn both model (l) and

model (2) Somc prcvrous srudrcs obscrve that quallq,ofcducatlon ts rmportant for

EC Thc Irteraturc and common hypothesrs tndrcatc thc poslhvc lnfluence ofhuman

caprtal on EG, however some trme results show ncgaltvc stgn, lt may be duc to thc

cxrstcncc ofoutllers Studtcs that show ncgallvc cffcct ofhuman

Caprlal on EG are Pr(chctt (2001) and Bcnhab,b and Sprcgel (1994)

Thc conlrol va ables that \r'c usc ln our model are opcnness (OpEN), governmcnt

srze (COV) and rnflatlon (lNF) Thc rcsults ofopenncss (OPEN) dcscflbc a posrttvc

and e\trcmcly stgnrficant (wtth and wrthout oullrers) rclalionshrp wrth EG Thc

results of Covernmenr srzc (COV) tndrcatc ncgallve and hrghly stgnlficant cffcct

($rth and wlthout outltcrs) on cconomtc gro\{th Srmrlarly, rnflatron rcsults also

sho\} negatr!c and hrghly srgnlficanl cffccl (wilh and \yrlhout outlrcrs) on economlc

SIOr\ th
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Tabl. 5.2: 3 yc.r evcrrgcs for 76 countrics (d.vclop.d end dcvclopiog)

3 Yrars Modcl I
B.sc linc

Mod.l2
Gcncrrl

Cocmcrcnt
All Outlrcrs
Obs Excludcd
0) (2)

A1l Outlrers
Obs E\cludcd
(]) (1)

CAnt

PATENTI

CAP,T ' PATENT,I

2 |4 2020

(0148) (0 22t)

5 735. 5 452+.

(0 06 r) (0 03 r)

- 1402. - 3115r

(0 090) (0 072)

1639 7988

(0 849) (0 580)

3 943 5 02E*.

l0 t26) (0 0r1)

- 2942 - 3751*1

(0 148) (0 0r 8)

Cotrlrol Vrrleblas

Yo"

scH 00 L,t

OPENI

GOVt

-5 214++.

(0 00r )

5 0.i
(0 0 r9)

(0 00 r)

5 097.*.

(0 004)

6l58i.r
(0 o0l)

(0 007)

6 | 7l +.+

(0 001)

-6198*r

(0 021)

_t 251 . *.

(0 00r)

_4 817*r+

(0 00 t)

5 422rt*

(0 000)

5 6t3+.'
(0 000)

_9 968+.r

(0 000)

-t098+.+

(0 001)

Numbcr of
Obsarvahon

315 306 3i4 i03

Nofc!. Thc p-valucs arc rcporled m brackcB +r*, .* and + rndta(c slg lrcancc al lolq
5'lo and l0 9i, rcspcctrvcly The depcndcnt varlablc rs rcal pcr caprla CDp growth CAp
rs log of phystcal captlal sbck growlh PATENT rs log of toral number of patcnt
applrcalron per mrllton of populat,on CAPPATENT rs lhc log of CAp and pAtENT
(rnleractron lerm) LYo rs log of rrultat valuc of rcal pcr c:ptta GDp SCHOOL rs

secondary school cnrolmcnl OPEN rs log tradc opcnness COV ts log of gcncml

Sovcmmenl final consumptton expcndrlurcs and INF rs log ofrnflatron (Cpl)
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In Table 5 2, the corc and maln vaflablcs lrkc physrcal caprtal stocl (CAP) wtrh

PATENT show posrtrvc and rnsrgnrficant effcct on EC Thcsc rcsulls arc vcry ncarl)

to RND rcsults rn Tablc 5 I andJust only one slgn ls ncgaltvc tn Table 5 I ln gencral

model (wrth outlrcrs) Thrs means that the cffcct ofCAP ts posrtlvcly rclatcd ro

economrc growth but not slgntficant Accordtng to thesc rcsults CAp ts less

rmponanl rs comparc to tnnovatton PATENT rcsults descflbe lhat therc ts poslhve

and srgnrficant eflect on EC but rn model 2 (wtth outllers) thc rcsulls arc less

rnsrgnrficanl but postttvc Thesc tnnovatton ourcomcs hrghly cffect thc long run

cconomrc Sroruh Agrccrng to our results, lnnovatton ts thc key componcnt for long

run econom,c groMh Through tnnovatton economlcs can grow and bccome thc

leadrngs cconomres of thc world Thc tnteractton term of CAP and PATENT

(CAP*PATENT) shows that rts cffect on economrc growth (wrth and wrthout

oulllers) Is ncgatrvc and slgnlficant both baschnc and gencralmodcl Ncgatrvc slgn

sho*,s that CAP and PATENTarc substrtutc 10 each other as Howrtt and Aghron

(1998) find tn thcrr thcoretrcal modcl

In Tablc 5 2, Y0 rcsults shoN negatlvc and c\trcmcly stgntficant conncctlon wrth EG

rn both modcls (wtth and wtthout outllcrs) Thcse results are so much smilar to thc

results of RND In the samc rvay thc rcsulls of sccondary school enrollment

(SC[IOOL) ofRND and PATENT are almosr srmrlar ro cach orhcr SCHOOL rcsulrs

are posrtrve and hrghly stgnrficanl relatron by EC (wrth and wlrhout outhers) Thc

reason ofthclr posrhve and hlghly stgnrficant resuks sho* that cducatton ts onc of

thc most lmportant va ablc to dctcrmlne thc long run cconomtc gro\rth Whcn

pcople gct cducahon and espcctally technlcal cducatron. pcople start rnnovalrng new_
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Tablc 5.3: 3 Ycar Avcr.g.s for 57 Dcv.lopcd Countrics

DGvclopcd
Countri.s Wrth

(RND)

Modcl I
Besc hnc

Modcl2
Gan.ral

Co.mctcnt
All Oudrc6

Obs Excluded
) (2\

Outlrcrs
Excludcd

(4)

AII
Obs
(l)

c APt

RNDtr

CAP| t RNDtt

2184 2 085

(0 455) (0 356)

1003 t0&
(023t) (0 r 14)

-9760 - 9681+

(0 l4r) (0 068)

3 31t 2323

(0 26s) (0 r?4)

9 833 I0 89++

(0 140) (0 015)

- t897 - 9100*+

(0 I 16) (0 012)

CotrlrolVaneblc!

Y0"

scHooLtt

oPENt.

covi

-71661++

(0 001) (0 00r)

5 lll' 6 017.*

(0 090) (0 0l l)

(0 000) (0 000)

I 150

(0 248) (0 006)

8754+..8230+++
(0 000) (0 000)

(0 000) (0 000)

.I003++.1011+++

(0 031) (0 001)

Numbcr of
Obscrvatron

2lt25R

Nolcs: lhe p-valucs arc rcponcd rn bnckets
5olo and l0 % resprctrvcly The depcndcnt vaflablc rs rcal pcr caprla GDp growlh CAp
rs log of phystcal capttal stocl growth, RND ts log of R&D cxpcndtlurcs o/d of GDp
CAPRND rs lhe log ot CAP and RND (rnlcractron rcrm) Lyo rs log of rnrnet valuc of
real pcr c:prh GDP SCHOOL rs sccondery school cffolmcnt OPEN ts log lrade
orrcnncss CloV $ Iog ofgencralgovcmmcnt final consumptron c\pcndrturcs and INf rs
l08 ofrnlhlon (CPI)
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-rnventron and new productton proccss that leads to tncrcase ln thc cmctcncy of

productron. rt lcads to hcrcasc rn cconomtc growth The rcsults ofcontrol vanablcs

OPEN, GOV and INF ofTable 5 I and 5 2 (wrth and wrthout outllcrs) are samc

In flrst 2 Tables, 5l and 52 wc dlscuss about 76 dcvclopcd and devcloprng

countncs furthcr wc spltt our data tn to trYo categorrcs, 57 dcvclopcd and 19

dcveloprng countrrcs and chcck thc rcsults Flrst wc takc 57 dcveloped countnes and

run a regress,on and Table 5 3 shows thcsc results In Tablc 5 3 rcsuhs ofCAP shows

that thc rclahonshlp ofCAP and EG arc postltvely and lnstgntficantly assoctatcd wtth

each other rn both basehne and gcneral modcl (wlth and wtthout oudtcrs) ln

dcveloped countrrcs thc cffcct of lnvcstmcnt ls posItvc but lnstgnrficant bccause

developed counlrcs cconohlc growth ts alrcady at htgh levcl So when uc spcnd

morc, thc cffect of CAP ts slowly effect lhe economtc groMh so that's why lt's

rnsrgnrficant RND rcsults are also posthvely relatcd to economlc growlh (EC) ln

both models but rn our bascllnc modcl rl's lnstgntficanl !rlth outllers and wtlhout

outllers Thcs€ rcsults ln dcvelopcd countfles may be due to hrghl) compcllttve

markcts and hlSh lnvestmcnl rn rnnovatron Whcn thcre $rll be htBhly compctrtrve

markcts. lcss possrbllrty to carn hugc profits, duc to thrs almost cvcry large firms u rll

ln!est rn rnnovatron Tte possrbtltty ofnew and eflcctrvc tnnovatrons arc gorng to

dccreasc. pcople wrll dlscouragc duc to the fatlurc tn productng new products or

rnvcntrons, may be that's thc rcason our results atc lnslgntficant In general model,

rncludrng control va ables (wlth oullters), RND results arc lnstgnlllcant wtth EG

whlle c\cludrn8 outltcrs rcsults arc srgnrficant These results arc suppo(cd by our

marn rcgrcssron modcls rn Tablc 5 I and 5 2 The tntcractlon term ofCAP and RND
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shows negalrvc lmpacl on EC ln both modcts Thc srgntficance of lnlcractron ls

drfferenl wrth and \|tlhoul outllcrs Wlth oultlcrs the lnlcrlcllon tclrn ls lnslSnliicanl

$ rth EO ln bolh modcls \\ hllc c'(cludlng oulllcrs the rcsulls are slgnlficantly relatcd

to EG Thcse resulls are srmllar 10 lhe Tablcs 5 I and 5 2

In Tablc 5 3 rnrtral rcet pcr caprla CDP (Y0) rcsuhs dclcrmrnc thc ncBatrvc and

c\trcmely srgnrficant rclatlonshlp wllh EG In borh bascllnc and gcncral model (wlth

and !vrthoul oullrcrs) Wh.n wc t.lk aboul sccondary school enrollmcnt (SCHOOL)'

rl has a posrtlvc and slgntficant lmpact on cconomlc growlh (EG) ln both models' but

rn model 2 (wtlh oulhers) thc results arc lnslgnlficant Thls may bc duc lo oulllcrs

The cffecl of secondary school cnrollmcnt (SCHOOL) on devcloped counlrrcs rs

posrtrvc. means educallon rs vcr) much lmponanl to achlcvc thc long run groMh

ln our gencral model, Tablc 5 3. thc control varrablc opcnness (OPEN) has posrtlvel)

and rt rs srgntficanlly conncctcd to EC ln dcvclopcd countrles The gcneral

govcmmcnt final consumptron cxpcndltures (GOV) has nc8alrvcl) relatcd lo

cconomrc groMh (wllh and wllhout oulllers) and lt s also vcry sl8nlficanl /\s

atr!ays, rnflatron (lNF) has ncgatrvc but srgnrficanl cffcct wrlh EG

ln l'ablc 5 4 we run our rcgrcssron on 57 dcvclopcd countrrcs wtlh PATENT (outpul

measurc of rnnoYatton) Thc maln findlngs of the ccnlral rndcpcndcnt v'rlablc are

CAP has posruvcly affect our maln dcpcndent varlablc ln besellnc end Scncral

modcl Fu(hermorc, In bascllne modcl rt ts lnslEnlficant (*lth and \^,thoul oulllers)

but rn gcneral rncludtng control varlables, wlth outllcrs lt ls Inslgnlficant but whllc

e\cludrng outlters ( bccomcs srgnrficant The results ofPATENT shows lhat ln both

modcl rts effccl rs poslttvcly rclalcd lo EC bul Includlng outllcrs ln both modcl r( Is
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T.ble 5,4:3 Ycrr Avcrrgcs for 57 D.vclopcd Coutrtncs

Dcvclopad Countrias
With (PATENT)

Modcl I
Brsc litr.

Mod.l2
Gctr.rrl

Cocmclcnt
AII
Obs
(l)

Outhcrs
t\cludcd

(2)

Outhers
Excludcd

(1)

AII
Obs
0)

cAPt

PAT ENTi

cAnt. PATENTT

3 26t .1 tE8

(0 362) (0 136)

5 707 7 19E..

(0 r r0) (0 0 t5)

- 449t - 5469..

(0 136) (0 023)

2 256 17 t2..
(0 49?) (0 021)

2964 6 511.+.

(0 271) (0 006)

-2309 - 5 t30+ +.

(0 2e0) (0 006)

Cotrtrol Vlnablcs

Y0"

scHooLi

OPENi

GOVt

(0 007) (0 005)

5446+.62|2...
(0 0 19) (0 000)

(0 000) (0 000)

2t64 3 752t..
(0 221) (0 005)

E 548.r* 6 09s+.*

(0 000) (0 000)

(0 000) (0 000)

(0 002) (0 000)

Numbcr of
Obsarvrtioh

214251 257 233

Notcs Thc p-vrlucs arc rcponcd tn brzckcls .., ia;ndl;d;arc stgnllrcarcc
596 end I0 9'o rcspectrvcly Thc dcpcndeot vmablc rs rcal pcr caprta CDp grotrlh CAp
rs log ol phystcal caprtal stoc[ growth PATENT rs log of tolal numbcr of palent
apphcatron pcr m,llron of poputatron CAPPATENT rs rhc log of CAp and PATENT
(rnteractroD tcrm) LYo rs lo8 of rnrltal valuc of real per caprra GDp SCHOOL rs
secondary school cffolmcnt OPEN rs log rradc opcnncss CroV ls log of gcDeml
govcmmenl finalconsumptron c\pcndrlurcs aJld INF ls log oftnfletron (Cpl)

40



rnslgnrficant but whcn wc remove outltets tn our rcgresslon thc lt shows stgnlficanl

[o cconom,c growth Thcsc rcsults show the lmportancc of lnnovatton for attalnlng

long run cconom rc go\vth Thc tntcmctron term rcsults shoE lhat CAP and PATENT

arc sub$rtufe to cach other bccausc of the ncgat,vc srgn tn both modcls (wlth and

!rrthout oullrers) The tntcractron tcIm ts tnslgnrficant wtth EG mcludtng outl,crs ln

both models and after cxcludtng outltcrs tt bccomc stgntficant

In Tablc 5 4. the rcsulrs of Y0 conclude ncgatrvcly rclatcd to EC and hrghly

srgnrficant rn both models SCHOOL has posrhle and stgnrficantly rclatcd to EC

(wrth and wlthout outllers) brit tn gcncral model the results are tnslgntficant \rllh

outlrersand become stgnrficant wrthout outllers furthcrmore, thc rcsults ofcontrol

laflablcs arc srmrlar 1o thc results tn Table 5 J

In Table 5 5, uc splil our dala rn lo nvo parts dcvclopcd and devcloptng count es

and tale l9 dcleloplng countflcs wrth J years avcragcs ln thts Tablc wc csttmatc

thrcc modcls Frrst two models arc the samc as wc cstlmate beforc but the thrrd

parslmonrous modcl, we csttmate to gct good rcsults The matn mdcpendenl vanablc

CAP shows poslttvc and hlghly tnstgntficant connccled to economtc growth tn all

three models (}\rlh and trrthout outlers) but rt s not hrghl) srgnrficanl rn model (l)

wrthout outllcrs. The posrtrve slgn ofCAP shows that ln devcloptng, rnvcstmcnt tn

RND c\pcndtlurcs llkc cqulpmcnt's, tnfrastructurc and salarres of hrghly qualrficd

employecs When thcre rs tnvcslmcnt ln thesc scctors. rt dcfiantly cffccl thc EC

posrtrvely Accordlng to our pomt ofvrcw. thc rcason why lt,s not slgnrficant tn

dcveloplng countnes rs duc to lack facrllltcs or lt may bc duc to lack oftnvestmcnt
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T.blc 5.5: 3 Yc.r Avcngcs for l9 Dcvclopitrg Coutrtrics

Poor
Counlrias
with RN'D

Modcl I
Basc linc

Modcl2
Gatrcrrl

Mod.lJ
P2rsrmonious

Cocmclcnt
Outlrcrs
E\cludcd

(2)

All
obs
(t)

Outlcrs
Excludcd

(4)

A
obs
(t)

Oulhcrs
Excludcd

(6)

AII
Obs
(5)

cAP(

RND1.

CAP,r . RND,i

'7807 3 2t5

(0 77t) (0 rt0)

-8 874 5 859

(0 663) (0 637)

1633 - 4523

(0 638) (0 672)

8100 5680

(0 832) (0 t17)

-28 54 -| 76

(0 241) (0 s23)

2196 t 097

(o 226) (o 475)

0517 978E

(0 985) (0 ?36)

-2921 2 052

(0232J (0 8e2)

2459 -0 4t7

(0221) (0 975)

Conlrol Venrblcs

/0"

scH0oLt

0PENtl

G0vt

-3 822*

(0 086)

3 7t2

(0 464)

.7 651.r*

(0 004)

s 220

(0 176)

-l 448 -3 2494

(0 ss9) (0 092)

3 611 2941

(0 362) (0 33e)

4 654. 3 114

(0 082) (0 250)

,r0 24 - 53

(0 r58) (0 128)

-2346 .t 793

(0 120) (0 r9l)

-r 300 -l 16{

(0 601) (0 572)

5 024 6955

(0 25 r) (0 E61)

-9 509* ,t 039.

(0 106) (0 r02)

Numbcr of
Obscrvrhon

6167 6661 61 6S

Notcs: Thc p"valucs arc rcponed rn brackcts +++! ++ and ' rndrcatc srgnrficancc at l90, 5% and

l0eo respechvcl) Thc depcndcni vaflablc rs rcalp.rcaprla GDPgrowth CAP ls log ofphlsrcal
caprtal slock glo\ .1h, RND ls log of R&D c\pcndrtures % of GDP CAPRND ls thc log of CAP
and RND (rntcmctron tcrm) LYo rs log of rnrrral valuc of rcal pcr caprta CDP SCHOOL rs

sccondary school cn rolmcnt OP EN rs log lradc opcnncss COV rs lo8 of gencral Sovernment fi nrl
consumpt,on cxpcndrturcs and INF rs log ofrnflat,on (CPI)
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RND resulls rn modcl (l) (\rrlh oullrcrs) shows ncgatrvc and tnslgnlficanl wrlh

economlc Browth Whrle e\cludrnB outlrcrs rl becomes postttvc but stlll lnslgnlficanl

N4odcl (3) rcsults ofRND arc thc samc as model onc In modcl (2), results Indrcalcs

ncgatrve and rnsrgnrficant wrth EG Thc rnteractron tcrm CAP*RND In modcl (l)

and modcl (3) rndrcatcs srmrlar rcsults lt rndrcalcs poslttvc and tnstgnlficant to EC

ln gcncral modcl shows posrtrve and rnsrgnrficanl c[Tect on EG In gencral modcl

posrlrve slgn sho\rs lhal CAP and RND arc substllute to each othcr

Inrlral rcal pcr caprta CDP (Y0) shows that rt ls negattvely rclated to economlc

gro\\lh and lt rs slgnrficant rn basclnc model and tnsr8nlfican! rn model (2) and (3)

nrth economrc growlh Sccondary school cnrollment (SCHOOL) rcprcscnt posrtrve

but tnsrgnrficant !r rlh cconomlc growth tn all models (N lth and $ llhout outlrcrs)

In modcl (2). rnctudrng control varrablc (OPEN) shoNs posrlr!e rclatron $ rlh EC but

\rrlh outlrers rt shows srgnrficant to EC bul \[rlhoul outllers ll lndrcalcs lnsrgnlllcant

cflcct *rlh EC ln dcveloplng countrlcs tradc shows poslhvc btrt rnslgnlficanl cffecl

to fC ln our polnl ofvr$r, thcsc rcsulls are duc to less c\pons and htgh lmpons

becausc rn developrng counlrtes thcrc arc low lcvcl Invcstmcnt, machlncr), lt(le

assels and low lcvcl ofsktllcd labor ctc Duc lo all thls, lhc productlon process ls nol

cmclent and thc produclron ofdevcloplng were vcry Io\Y. that's lcad to decrcase In

c\pons so that's !rhy OPEN rs rnsrgnlficent rvlth EG (wlthoul oulhers) The rcsults

of COV shows ncgaltvcly rclaled lo cconomlc gro*th becausc whcn govcmment

spend hrgh e\pcndrtures rt ncgatrvcl) affcct thc EC In model (2) rt rs lnsrgnrficant

and rn modcl (J) rn bccomes slgnlficant Thls slgnlficant shous lhat thc e\Pcndllurcs

madc b) govcmmcnt arc productrvc. cfficlent and bcncficlal for the cconomy
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In modcl (2). INF shows ncgattvc and lnslgnlficanl wlth cconomlc groMh

ln l9 dcvcloprng countrres. Tablc 5 6. wc run our rcgressron wllh PATENT as an

outpul measure of rnnovatton Thc ccnlral varlablcs ln our rcgrcsslon llkc CAP, ln

modcl (l) and (2) sho\rs ncgattvc and lnslgnrficant rclatronshlp rclated lo EG (wlth

outtrers) but whcn outltcrs arc c\cludcd. at that tlme Il bccamc poslttvc bul

rnsrgnrficant Thc postltve slgn shows that ln dcvctoplng colintrlcs, thc effect ofCAP

ts posrtlvcly related lo Ec Thc reason rs that whcn thcrc Is lnvcslment tn under

dcvclopcd counlrtes. the rale of EC grow faster as comparc lo dcvelopcd counlrles

ln parsrmonrous model, thc effcct of CAP rs tolally neBalrvc wrth EG (wrth and

N,lhout outlrcrs) T.btc 5 6. modcl I. results of PATENT shows that' In devcloprng

countflcs, PATENT arc posrtrvcly rclalcd to EG (wrth and wrlhout outlrers) Whcn

lherc wrll be rnvcstmcnt ln lnnovallon, productlon proccss becomcs efficlent bccause

ofncw rnnovallons, producllvlly and c\po(s !vllt lncrcasc and lhat wlll rncrcasc EC

ln model (2) and (l). lhc effecl of PATENT rs negairve and Insrgn'ficant wrlh EC

(rncludrng oultrcrs) \!hrlc wrthout outltcrs lhc effccl ls posltrvc bul sllll lnslBnrficant

to EG Tha rntcractron term results shows thal ln alt modcls the cflccl ofCAP and

PATLNT arc posttrvc and lnsrgnllicanl rclated lo EC ($ llh oulllers). thls mcans thal

thc) arc complcmentary lo cach othcr and tvc uscd bolh CAP and PATTNT to

gcncrale long run economlc progrcss whllc wllhoul oulllers lhe lntcracllon concludcs

ncgatrve and rnsrgnrficant rclallon to EC Hcrc ncgatlvc slSn concludcs lhal lhcy arc

subslttute lo cach olher and lhal ls our rcqulrcd rcsults

In undcr dcvclopcd countncs thc rclallonshlp betwccn Y0 and EG ln Table 5 6'

modct (l) sholrs lhal lhc) arc negatlve and srgnlficanl (rr'th outllers) but whcn wc
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e\cludc thcm lhc srgn rcmarn samc but l1 turn tnlo lnsrgnlficanl Thc rematnlng

models ( I) and (2) results descnbc thal rts results rs ncgalrve and lnsrgnrficant (wtth

outLers) and whcn outlrers arc dclclcd lhen thc cffcct ls poslllvc and lnslgnlficant In

modcl (2) and srgnrficant rn modcl (3) SCHOOL has posttrvc cffcct on EC In all

modcls but rn modcl (l), rt ts tolall) Inslgnrficanl (\rrlh and $rthout outhers) and In

modcl (2) and (3) rt rs srgnrficant wrth outlicrs and rnsrgnrllcant wrthoul oullters Thc

posrlrvc srgn shows that rn devcloptng countrlcs cducallon Is bastcall] rcqulrcd to

gcncralc cconomrc grolrth becausc wlthoul educatlon the economy wlll nol \"ork

cfficrenlly Thc rcason ts that lvhcn pcoplc havc no knowlcdgc and thcy don'l know

how to do cfficrcnl work, how to gcncralc ncw lnnovatlons, how to gcneratc ncw

products ctc Thrs all dcpcnd on cducatton

Thc findrngs of control varlables rn untndustrralrzcd counlrlcs llke OPEN shorvs

posrtlvc cffccr on EG rn modcl (2) and (3) but It shows lnslgnlficant resulls ln model

(2) (\,\''rh and rlrthoul oullrcrs) In parstmonrous modcl, lhe opcnncss rcsults are

rnsrgnlficant,ncludrng outltcrs whlte It bccomcs slSnlficant c\cludlnB outllcrs The

pos,trve cffcct shows lhal rn dcveloptng countrles, thc cffecl ofopcnncss (OPEN) rs

posrtr\'c, mcans that when thcrr wtll bc an oPcn cconomy, that's lnsolcntly grow thc

EC Whcn wc t.lk about govemmcnl expendrturcs percent of CDP (COV) In

cmcrgrng counlfles the cffccl Is ncgatrvc due to thc cxpcndlturcs made b)

govcmmcnt Thc emcct ofGOV ls lnslgnlficant ln modcl (2) wlth oulllers and lt's

srgnrficant \^rthout outlrcrs ln lhlrd modcl rt rs tolally srgnlficant Thc efTect of

rnflatron (lNF) on EC ls ncgatrve and lnslgnlficant (wrlh and wlthoul outhcrs)
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Summrry:

We use panel data whrch c\amtnes thrcc ycar avcragcs of growth on 76 developcd

and dcvcloprng,5T devcloped and 19 dcveloprng countncs Thc rcsuhs from 76

dcvelopcd and dcvcloprng counlflcs and 57 dcvelopcd countrlcs show that

rnnovatron and caprlal accumula|on rrc subslttute to cach othcr Wc cannol lakc

thcm at thc samc lrmc Thc rcmalnlng rcsuks from l9 dcvcloptng countrlcs has a lol

ofvaflabrlrty So thc concluston ofour rcsults,s to choosc onc bctwccn lnnovatlon

and caprtal accumulatton
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Chapter 6

Conclusion and Results

Caprtal and tcchnoloercal rnnovalron plays a vrlal rolc rn thc cconomlcs for

gcncratrng long run growlh The marn objectrves ofour study rs lo tcst thc theoreltcal

model of Howrtt and Aghron (1998) and to cxamrnc whcther c.prt.l and

tcchnologrcal rnnovallons arc complcmcntar)y'subslrlutes 10 cach othcr ln our study

rYe drvrdcd our dala rn to lhree categoncs Frrsl wc lake a pancl data of76 countrtcs

(dcvclopcd and developrng) b) usrng lwo drffcrent pro\rcs for,nnovatton Ftrsl onc

rs RND as an rnput and thc second onc rs PATENT used as an outpul mcasurc for

rnnovatron Wc run our first rcgressron wrth RND and two modcls. baschnc and

gcncral modcl for cramrnrng thc combtncd rclatlonshrp of rnnovallon and caprtal

$rth economrc growth Slmrlarl). rn sccond rcgrcsslon \!c Jusl replacc RND wlth

PATENT Sccondly we takc 57 dcvclopcd counlrrcs from our data and run a

rcgrcssron lt also has two rcgrcsslon. onc rs wtlh RND and lhe second onc ls wllh

PATENT Frnally wc run a rcgrcssron on l9 devcloprng countflcs utth RND and

P/\ fEN I separately

ln our first modcl usrng RND, our rcsulls show that rnnovahon and captlal arc

sribstrtute lo each othcr rn dcvclopcd and dcycloplng counlrrcs lnnovatton shows

posrtrve and srgnrllcant cffect on EC whrlc caprlal shows posrtrvc but tnsrgnrficant

effecl on EC
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In sccond modcl, usrng PATENT as an oulput mcasurc for lnnovallon sho*s thc

samc result as we find from our firsl model

Srmrlarly. whcn we run our lhtrd and fouflh modcl wllh RND and PATENT tn 57

developcd countrtcs, \\c find thc same rcsulls as \rc oblaln from our firsl model

On lhc conlrary. lhc rcsults of fi,lh and srxlh modcl, usrng RND and PATENT In I9

dcveloprng countrrcs arc not much satlsfyln8 Therc ls a lol of varlatlon ln thcse

rcsirlts

Al the end \\c conctudc that tnnovatton and capllal are substltutcs Our first four

modcls show lhal lnnovallon pla)s a vllal rolc lo dctcrmtne long run growth for

dcvelopcd and devcloprng countrles and cspcclally for dcvclopcd counlncs On thc

olhcr hand our llflh and sl\lh modcls show thal caprtal has postltve cffcct rn

dcveloprng countrrcs

Policy Recommendation

Thcse rcsulls suggcsl lhat mther than focuslng on thcse ttvo faclors. thc polrcy makcrs

ma; consrdcr any ofthcm, panlcularly lnnovatlon to cnhancc cconomlc growlh
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Appendix:

Teblc Al: V.ri.bl. Dclininons

V.n.blc Dcscriphon Sourcc

Dcpcndctrl V.rieblc
Crcslh rar. ol .cal F,cr

cJpIIa GDP (EG)

Thrs\anablc rs us€d $ a mc.sur. olcconomrc 8ro$1h

lollo*rng Beck cl al (?001) h rs calcul.lcd rs th. log

drfcrcnce olrcal pcr ceprn GDP

World Dc!clopmcnt

IDdrcrlors WDI (2013,

Indapctrdatrl Varrrblcs

Crprtel Slocl Cro$1h

(CAP)

Il rs uscd as a mcasurc of phlsrcal caprtal P€nn World Tablcs,

Rcsca.ch and De!clopmcnt

F\pcndrlur.s Pcrccnlrgc ol
CDP (RND)

Gross domcslrc cxpcndrlur. on ReD as a pcrccntrgc

ofGDP x 6 a stmda.d c\pcndrturc me.surc \h,ch

colcrs .ll Dp.s of R&D aclrlrlr.s camcd ouL on

nrnonel lcErlor) rn . Br\cn )car ll rs uscd rs .
mcsurc ol,.no!.non

LrnrLcd Nanon

Educaltonal Scr(ntrfic

.nd CultuHI

(uliEsco)

Inlcractron lcm ol CAP

and R\D (CAP*RND)

TotJI numbcr of Pat.nL

Apphcauons Pcr ltt,lhon ol
Populatron (PATf,NT)

It rs uscd as en oulpuL mcasurc oflnno\anon Wc L.l,c

rcadcnl anJ non{esrd.nt patent.ppIcalron rnd tolal

populalron pcr mrlhon Frrsl$c.dd rcsdcnt and non-
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lotal populauon pcr mrlhon AIicr dorng rh6 q. hz\c
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World Inlcllcctual

P.opcn) Ort.lnrzrtron

(wrPo)

Inrcractron I crm of CAP

rnd P  IFiNT

(CAPTP^TENT)

Control V.nablcs

lnrurl Vrlu! oi (lo8) Rcal

Pcr (.pru 0DP (Y0)

\r'orld Dc!clopmcnl

jndrcaloro WDI (2013 )

Sccondrry School

h-nrolhent (SCHOOL)

Sccondarr s.hool enmlm.nt (9o orBross) Unried N.ton
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and Culrulll

(UNESCO)

Openn.ss (OPEN) Ihdc opcnncss ralo olc\pons ro CDP rrtro World B.nk Nanonzl

Accounts D.I3 and

OLCD \.rronal

Go\cmh.nt s,ze (GO\ ) Co\cmmcnl consumplron to\crnmcnl rhJrc ofrcal world B.nl Nrtronal

Accounls Dala rn\i

OLCD Nlrron.l

lnllarron (li\iF) lnflalron .nnual pcrccnr changc rn CPI lnrcmanonrl l\{on.rar)

l'und ]nd lnrcm.nonal

5t



Correlation Matrix

T.ble A2: Corrclrtron Mrtrix of76 Coutrtncs (Dcvclopcd rnd Dcvcloprng)

EC CAP R,ND PAT CAP
RND

CAP
PAT

L)o SCH OPFJN coY INF

EG I

CAP ,0 21

RND -0 23 0:l I I

-0 0{r 032 059

CAPRND -o 22 0lri 099 059

-0 t7 059 065 094

L,o -o 16 0.15 068 06t 066 072

SCH ,0 03 026 052 067 051 061 068

0 t7 -0l3 0 t0 020 0tl 006 015 0 16

cov 4 t9 0 l:l 065 015 065 035 052 052 008

INF 0 ,0 l8 -016
015

-0 36 -0 36 ,0 5l
0t0

,0 l8 -0 u0 I
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T.blc A3: Corrcl.tion M2trix of57 Dcvcloped Countri.s

EC CAP RND PAT CAP
RND

CAP Lvo SCH OPEN GOV INF

EG

-0 2E I

RND -o 26 010 l

P\T -0 0{ 019 056

CAPRND -0 21 026 099 057

-0 t5 055 060 0 9t 060

Llo ,0 26 011 061 050 065 0 5,r

SCH -0 0,1 0 l.l 039 062 019 067

OPEN o2t {43 006 008 007 0lt -0 06

GOv -0 t7 0 0t 057 020 057 0It 0 -15 .0 0l

INF 009 -0 09 -0l? -0 t9 ,0ll .0 29 -o 17 ,0:10 -o 2t -o 77
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Trblc A4: Corrclehon M.tnx of l9 Dcycloping Countrl.s

EC RN T) CAP
RND

CAP Lyo SCH OPEN GOV INT'

EC

cAP -0 12 I

R]\ D 009 02E I

PAT 007 0 t0

CAPRND 0ll 010 097 015

001 015 0 2:l 096 0 t9

l,y0 -0 t.l 018 0 0.1 069 -00r 0'74

scH 0 t7 (r 0t (r 05 011 00i 07J 0J7

OPIiN 0 t0 -o 2R -0 00 051 006 0{J 001 055

GOV ,0 0.1 -0 0l 055 0lE 0?0 0 t9 0 0l 017 01,1

I\F -0 02 -0 07 006 -0 t3 010 { r3 ,0.16 -0 05 025 005
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