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Globalization has dramatically transformed the w@&tonomy during the last quarter of"20
century and more vigorously in the first decade anbalf in the 2% century. The most
important characteristics of this phase of glolzion are the rise of cross border flows of
trade, investment, finance and technological kndgde The rising investment in
technological knowledge drives increasingly thegléerm growth process of the developing
economies. It is increasingly realized that theeleof trade and FDI across borders effects
the knowledge generation and dissemination acrosstges. In this study an attempt is
made to examine the relationship between econonmwt measured through total factor
productivity and knowledge economy variables sushdamestic and foreign R&D stock
covering the period of 2001-2012 across 19 devetpmiountries. The regression analysis
used in this study is based on panel data analkgsig) random and fixed effects model. The
results of the study reveals that domestic knowdestgck, human capital, gross fixed capital
formation and the interaction terms of foreign R&pillovers with trade, human capital,
FDI and openness turned out to be positive. An mamb policy implication that results from
this analysis is that the higher is the human ehpihd international trade results in higher
level of productivity growth via knowledge spillage
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I ntroduction

The current phase of economic development and thrasvdriven by knowledge
economy. The fast pace of increasing integrationtled developing economies with
industrially advanced countries has facilitated tloevs of trade, knowledge and the both
foreign direct investment and finance. The advdrglabalization over the past few decades
has fostered the mutual interdependence amongnsats they tend to develop more
interrelations among them to cater their needsooomer goods and intermediate products
to target the market of their trading partners. wieeer, these interrelations among the
different nations are not confined to just impanmtdaxport of different types of goods and
services, rather than that have also engrossedttter very significant undertakings like
technology transfer, manufacturing methods, modesrganization, marketing and product
design which are going to effect the level of theellbeing and also establish a linkage
among their growth rates (Bayoumi et.al, 1999). sThtihas become crucial topic in both
theoretical and empirical literature relating tooeomic growth and trade aimed at to
determine the potential role of technological exadities in spurring the level of economic
growth and shaping the pattern of trade acrossettmomies (Grossman and Helpman,
1990).

According to endogenous growth models, the innegatapacities residing in
different firms and industries not only contributevards the generation of new products but
also tend to augment the cumulative stock of kndgéeleading to emergence of more and
new differentiated products without making a peesis investment in various kinds of
research resources. In other words, the benefiengfinnovative activity undertaken by a
firm or industry do not remain confined to thatustry only rather than that they spillover to
other firms and industries by augmenting their lefeknowledge further, thus providing the
basis of new innovations. Grossman and Helpmae h#so cited these spillovers as engine
of economic growth (Coe and Helpman, 1995).

Furthermore, as most of the new technology andovations activities are
concentrated in the handful of rich industrializemlntries, the developing countries have
been largely noticed to depend on these advancedostes for technological spillovers
(Keller, 2004, Saggi, 2002 and Eaton and Kortuf99). Although, the significance of
these international R&D spillovers or knowledgellepers has been recognized a long time
earlier, but research related to theoretical angiecal estimation of these spillovers got a
boost in the 1990s with the emergence of new gromtldels by Romer (1990), Grossman
and Helpman (1991) and Aghion and Howitt (1992)e @ad Helpman (1995) and Coe et. al.
(1997). Contrary to neo-classical growth theoriemating the technological progress as
exogenous, the new endogenous growth models hawgmiged the commercially oriented
innovative efforts by profit seeking firms as a oragngine of technological progress and
productivity growth (Coe et. al. 2009).

Hence, realizing the potential of these R&D spils in economic growth theory, a
number of empirical studies have been conductechasiping the international trade driven
by profit seeking firms as resilient factor for tepread of technology, resulting into the
development and productivity growth (Romer, 199Gp$sman and Helpman, 1991 and
Aghion and Howitt, 1992). Thus, the R&D investmeanigmented by the development of
new R&D inputs tends to reduce the future costso@ased with this investment,
subsequently leading to R&D spillovers. Furthérptigh these R&D spillovers in the form
of better quality of domestic and R&D products, buest countries can improve their quality
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of products at a faster rate as it will be basetiigher quality of initial products aroused as a
result of spillovers (Coe, et. al., 2009).

The first empirical study carried out in contexttbése spillovers was by Coe and
Helpman (1995) which involved the assessment oétisnto a host country in accordance
with the technological capabilities or knowledgetluéir trade partners and their own degree
of openness. The findings of this study reveal thatknowledge spillovers and returns to
domestic R&D estimated through coefficient of fgreiand domestic R&D variables have
statistically significant impact on cross-countrsoguctivity (Coe and Helpman,1995). In
addition to that, more open economies are likelypeomore benefitted by these spillovers
(Ruge-Leiva, 2015). Later on, a large number odlists have focused on trade and FDI as a
major carrier of R&D spillovers. Thus, in this spbea study conducted by Evenson and
Singh (1997) and Singh (2001) gauging the impactdarnestic and international R&D
capital stock with import GDP ratio and human calpitas confirmed the positive role of
country’s own R&D stock as well the R&D stock of itrading patterns in enhancing its
productivity. Furthermore, enhancement of domesdipabilities through public policy can
prove to be very helpful in absorbing the R&D ewmtdities and can generate higher
productivity growth in developing countries.

Similarly, another study conducted by Amann andaiWiani (2014) confirm the
presence of long-run relationship between totaiofaproductivity and two main channels of
R&D spillovers i.e. outward foreign direct investmieand inward forward investment.
Further, assessing the role of R&D intensity ang fknowledge diffusions channels in
augmenting the productivity of manufacturing firims Turkey over the period of 2003-07
reveals that 1 per cent increase in in-house R&#&dldeto 0.3 per cent increase in labor
productivity across the firms. In addition to thaarding the five knowledge diffusion
channels, it has been found out that R&D spilloveasd to have negative impact on
productivity of firms having low technological cdplities as compared to firms having high
technological capabilities. Thus, it highlights gw@minence of country's own technological
capability and absorptive capacity in the form ahtan capital in getting the advantage of
foreign knowledge spillovers. On the other hamdpact of foreign ownership share and
technology licensing tends to have positive contidn in augmenting firms' productivity but
impact of international trade has remained insigaift. (Ulku and Pamukcu, 2015).

There is growing evidence of catch-up and increpkael of economic development
in some of the developing countries while otheggiag behind. The question of why some
countries forging ahead and others lagging behsd imatter of great policy concern.
Therefore, this study aims at to examine the econgmwth pattern of the 19 developing
countries and their interaction with the industyiatieveloped countries who are also
predominantly modern technological knowledge predsicThe emphasis of this study is to
provide empirical evidence from the 19 developirgurdries who sufficiently invest in
technological knowledge generation themselves heuamore, it strives to capture the impact
of domestic and foreign R&D spillovers while usimgeraction variables such as interaction
of human capital, trade, openness and FDI withidor&nowledge spillovers. The empirical
evidence from the most recent decade fills the igapconomic literature and strives to
validate the endogenous theories of economic groWtle rest of the paper is organized in
four sections. The second section provides thexaledind empirical review of literature. The
third section describes the data base and alsdagpsveconometric model. The empirical
evidence and analysis is presented in section fwmmary and conclusions are presented in
the last section.



[I.  Theoretical and Empirical Review of Literature

From Neoclassical to endogenous growth modelse thas been a drastic shift in the
literature on the sources of economic growth. Agase of former, economic growth has
been assumed to be spurred by capital accumulatiole considering the technological
progress as an exogenous process, whereas in skeotdatter i.e., endogenous growth
models, the underlying force behind the technoklgjmrogress and economic growth is
assumed to be commercially oriented innovativertffoesponding to the various economic
incentives (Romer,1990 and Grossman and Helpmd&1,)18ut, it has been widely noticed
that a considerable share of these innovativeigeti are concentrated in only a handful of
rich countries while the developing countries agging far behind in this arena. Thus, the
pattern of worldwide technical change is largelyttigg determined by international
technology diffusion (Keller, 2004) which results the growing integration and inter-
dependence among developed and developing economies

To study the impact of this phenomenon on econaygnosvth and productivity, a
number of the studies have been conducted so faakiyg the different channels for the
transmission of these spillovers especially arisingm innovative and technological
activities undertaken in developed or advanced @oags. Thus, in this section we have very
briefly included the glimpses of literature relatito these knowledge or technological
spillovers and their consequent impact on prodigtand growth across various economies.
As, there exist a number of different channels tlog diffusion of these knowledge or
technological spillovers, we have classified thiéedent studies on the basis of the channels
they have included in their studies.

Foreign R& D capital stock

A pioneering empirical study in this context wamducted by Coe and Helpman
(1995) to assess the impact of domestic as wdibrasgn R&D capital stock on country’s
productivity level by using the dataset of 21 OE&nomies plus Israel from 1971-90 and
found out the positive and significant impact ohustic as well as foreign R&D spillovers
on total factor productivity. This study initiateal debate and was extended by other
researchers by including the other significant cieds of spillovers rather than relying only
upon foreign trade as a source of diffusion of texdbgy.

Trade

Trade has been regarded as an engine of econoowthg{Joseph, 2013). Bringing
into prominence the significance of internationabvgth linkages while determining the
factors behind long-run economic growth Singh (90@dve enlarged the scope of Coe and
Helpman (1995) study by including the import of italpgoods from the leader country and
also its interaction with foreign R&D capital stoels another significant channels for the
diffusion of international R&D spillovers on produwty level by taking the case of 11 Asian
economies over the period of 1970-93.The findingsnf this study have supported the
positive role of international R&D spillovers forqauctivity growth across this sample.
However, import alone has not represented anyfggni spillovers effect but its interaction
with foreign R&D stock have casted the positiveerml augmenting the level of TFP. In the
similar vein, Engelbrecht (1996) have also provitteglempirical support for the existence of
large R&D spillovers and the significance of tradea conduit for their propagation. Further,
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Coe et al. (1997) in his subsequent study, whitaldishing the positive role of domestic and
international R&D stocks in enhancing productiviigs also recognized the trade as a major
transformation mechanism. Realizing the benefigrapact of trade in boosting the
productivity of an economy, the study also confidrthis notion by adding the empirical
evidence of developing economies other than Newtustrialized economies (NIES) in
which  amplifying the imports of manufactures by 536ints of GDP resulted into
enhancement of output by 6.5 percent in the long Following this study, Kao, et.al. (1999)
have also cited that impact of foreign spilloverTdfP is determined by the extent of trade of
economies with other economies. Thus, opennesshefeconomies is also a major
determinant for augmenting foreign R&D spillovessngh (2004) in his another study while
assessing the impact of foreign R&D spillovers tdiking the data of 28 industries of Korea
over the time period of 1970-2000 has also brougbtprominence potential role of trade in
augmenting the impact of foreign spillovers as cared to the technology matrix. Thus,
innovation and trade are two important carrierdeahnological spillovers for developing
economies to catch-up with developed ones (Madae®8). A recent study conducted in
this context by Ang and Madsen (2013) while assgsshe impact of the stocks of
knowledge and international knowledge spilloveroasr six Asian miracle economies on
their TFP by taking the imports, exports, inwardlFlow of patents between countries,
geographical prosperity and the general channtieasransmission mechanisms have found
the import channel and general channel as the migsificant channel of knowledge
spillovers for Asian miracle economies.

Foreign Direct Investment (FDI)

Although, trade has been considered as the mgsifisant channel for the diffusion
of technology spillovers across the countries, dftér 1991 reforms, there has been a large
rise in the inflow of FDI in developing economid&sil{ and Singh, 2012), thus it has become
an another potential channel for technology transfaerefore, a number of studies have
been conducted to ascertain the role of FDI asamra#l of technology spillovers across
economies. Comparing the two different trade regime, inward and outward oriented in
case of Uruguay, where under the former approdoh foreign firms were required to bring
with them new technology and also have to focushendevelopment of local market but in
the case of latter, these foreign firms have sfagteploiting the human capital and skills of
the host country, they are no longer engaged i syerations based on new production
technologies that can be easily imitated or adofmgdocal forms. Thus, there exist no
evidence of productivity spillovers from the opéyat of these more outward-oriented
MNCs to locally owned.(Kokko, et.al. 2001). Similgrwhile examining the efficiency of
three channels of R&D spillovers in case of 21 OE&nomies plus Israel from 1981-
1991, bilateral trade and information technologywehaemained as the most significant
channels for international R&D spillovers, but ihgact of FDI has been found to be very
mild (Zhu and Jeon, 2007). Reviewing the possilblerces of FDI induced spillovers and
then evaluating its empirical evidence on produigtivwages and exports spillovers in
developing, developed and transitional economies hhavealed that there exists no clear
evidence that domestic firms always and unambidyagain from the presence of MNESs.
(Gorg and Greenaway,2003).

Geographic effects on inter national technology diffusion

Assessing the impact of geographic and spatiabfaadf international technology
diffusion, Bransletter (1999) while estimating thelative impact of international and
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international knowledge spillovers on innovatiord groductivity by using data at the firm
level from US and Japan from 1985-1989 and 198B&8@ found out the strong evidence of
intra-national knowledge spillovers as comparednternational spillovers. The underlying
reason behind it is that weak knowledge flows anohg rivalry results into negative foreign
R&D spillovers. Similarly, Bottazzi and Peri (2008 their paper have made an attempt to
identify and estimate of research externalitiespuirring the innovations across space by
using data of 86 European countries over the tie@og of 1977-95.The results of their
study revealed that although R&D expenditure inedirby a region tend to generate the
externalities for other regions but it is boundgdhte distance of 300 KM, afterwards which
the impact of these externalities begins to declii@e underlying cause behind this short
range of spillovers for other regions is that sspillovers are the outcome of diffusion of
non-codified knowledge between people having freguateractions, thus, they mostly
interact within border as compared to across c@sikeading to weak externalities.

Likewise, a wide range of differences in the itugtbns, policies and regulations can
be traced across the international borders; conti@rit regions within borders are more
integrated and engaged in more trade and riskrghdaictors. Thus, a study conducted by
Naveed and Ahmad (2014) has explored the bordectsfbf knowledge spillovers by taking
the case of various regions of EU and dividing theta internal and external border region
reveals that although regional productivity is deti@ed to a large extent by external regional
knowledge and technological spillovers, but thersirborder effects overpower the effects
of technology and knowledge transfer. Hence, thepah of spillovers across the
international borders are statically insignificahte to the presence of language and cultural
barriers, borders and as well as impediments abuarrules and regulations

Human capabilities as an absor ptive deter minant of Foreign R& D spillovers

Extending the study of Coe and Helpman (1995)h&r Engelbrecht (1996) has
included human capital as another variable expiginfFP in addition to domestic and
international capital stock. The inclusion of tmew variable has resulted into shrinking
share of international R&D spillovers by about 30 pent while having little impact on other
coefficients. Thus, human capital is found to haignificant impact on TFP, as an input
variable as well as a catch up variable. Engellré2902) in his another study has compared
the two major approaches given by Lucas and Nelwips towards including the human
capital in the growth regressions in context ofedeping country models with international
knowledge spillovers. This study has brought intonminence the role of human capital in
absorption of embodied R&D spillovers as well asedibodied spillovers by confirming the
superiority of Nelson-Phelps approach over Lucgw@gch which considers human capital
only as a factor of production. In another studpdiected by Singh (2001) underlying the
significance of international growth linkages whdetermining the factors behind long-run
economic growth has observed that these spillodensot benefit all the economies on equal
basis because human capital and learning abililieg a very important role in absorbing
these spillovers. Thus, the important policy imation of the study is that to fully realize the
potential of foreign spillovers, a country shoulthghasize on improving its human
capabilities and develop basic technological cdjieisi

R& D Co-operation and Foreign ownership share

Further taking into account R&D cooperation anchlzation of FDI as the other two
significant transmission channels of technologedkrnalities in addition to own R&D, and
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R&D efforts of its trading partners, Sadraoui (2Dhhs tried to explore the relationship
between total factor productivity and these tecbgiglal or knowledge externalities for six
Mediterranean countries for the period of 1970 @08 The results of the study reveal that
impact of R&D cooperation in expanding the growtham economy is determined by a
country’s internal expenditure on R&D. Although R&Oooperation in the situation of
excessive competition tend to increase social welig augmenting the consumer as well as
producer surplus, but very few spillovers effedt&®&D cooperation has been noticed for his
study. Thus, however in some developing econontieset exists a positive relationship
between R&D cooperation and economic growth b finiding cannot be generalized to all
economies. Belitz, Molders and Berlin (2013) hanauded two another significant sources
of international knowledge spillovers i.e., impoofshigh-tech goods and internationalization
of business R&D by covering both developing andustdal countries. While analyzing the
impact of these two variables, we have used theigorowned patents as a proxy for R&D
activities of multinationals. The results of theudst confirm the significance of import
spillovers for all countries included, and the &xse of additional spillovers for developing
countries through the import of high-technology dobut in case of second variable, only
developed countries seemed to benefit with theusidih of knowledge that originates
through cross-border cooperation in R&D by multio@aéls. In a recent study by Ulku and
Pamukcu (2015), while assessing the impact of R&Bnsity and five knowledge diffusion
channels in augmenting the productivity of manufeng firms in Turkey over the period of
2003-07 has found that 1 per cent increase inrtmuse R&D leads to 0.3 per cent increase
in labor productivity across the firms having awgratechnology capabilities Further,
analyzing the impact of five major knowledge difftus channels on augmenting the
productivity level reveal that impact of foreign ogrship share and technology licensing on
firms' productivity remain consistently positive dasignificant, however, the impact of
technology licensing become significant only afesaching a threshold level of technological
capability.

Based on the review of the earlier literature orowdedge and technological
spillovers arousing through different channels asdertaining their impact on augmenting
the level of TFP and growth across different ecolesmmost of the studies revealed that
trade and human capital have remained the mosifisagrt conduits for the transmission of
these spillovers. While the studies based on dalifersion channels i.e, FDI and R&D Co-
operation have not revealed any apparent evidesgagding the impact of these channels in
augmenting the level of TFP and growth across endgm Thus in the present study, we
have tried to enlarge the scope of earlier stuojemtegrating all the prominent channels of
knowledge spillovers i.e, trade, human capital, BBdl openness to trade and as well as their
interaction with foreign knowledge spillovers as tlransmission mechanisms for R&D
spillovers across 19 selected developing econoaviesthe period of 2001-2012.

[11. Database and Methodology

From the above reviewed literature, role of tedbgical progress for sustaining the
long run economic growth is amply clear. Howevearious endogenous growth models
developed by Grossman and Helpman (1991), Aghiah lawitt (1992) and Coe and
Helpman (1995) and Coe et. al. (1999) has regatideccommercially-oriented innovative
efforts as the prominent agent of technologicalgpges and productivity growth. Thus, it
leads to the sizeable investment in technologieglability for ensuring effective use of
technological knowledge and generating sizeablkospr benefits. These spillovers effects
are likely to accumulate majorly by the economiasgiig comparatively higher investment in
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R&D and those who are more integrated through matgonal flows of trade. Thus, when an
economy has an access to the inputs availables itrating partners, its productivity is no
longer determined only by its own R&D but ratheral$éo depends on R&D activities of its
trading partners. The present study is based onethpirical evidence of trade-related
international R&D spillovers mentioned by Coe arelgthan (1995). Like Luintel and Khan
(2004), this study is also based on the assumgtiah elasticity of R&D to TFP is not
identical across all the countries. Thus, the eouas investing more in R&D are likely to
get more benefits of external R&D stock.

This paper builds on the methodologies suggesye@de and Helpman (1995) and
Singh (2001). Therefore, methodology of our studsertaps noticeably with the above
mentioned studies. In the present study, we hadkentthe data for 19 developing economies
for the period of 2001-2012 and the selection ahbar of countries and this time period is
governed by the availability of data. The main sesrof data are World Development
Indicators (WDI) of the World Bank, UIS Statistiesr Science and Technology, IMF
Direction of Trade Statistics and the conferencarBdotal economy database, 2016.

Unlike the most of cross country studies examirthmgoutput growth as an outcome
of accumulation of labor and capital in addition gome other economic and political
determinants, the present study focused on thetbroWwTFP which is the component of
output growth that is not attributable to the acalation of inputs. The present study is based
on the data published by The Conference Board whieee growth of Total Factor
Productivity is estimated asTornqvist Index.

Specification and Estimation

The production function of an economy is assumeddolinearly homogenous
function of employed inputs. Furthermore, the gyadind quantity of these inputs improves
through R&D investment made by a particular econoityus, there exist a strong linkage
between TFP and the domestic R&D capital stocknad@nomy.

In addition to domestic R&D capital stock, inteinagl trade in intermediate goods
also enables a country to have access to all fhésravailable in the rest of world. Thus, the
country’s TFP also becomes dependent on R&D stdaksdrading partners bringing into
prominence the significance of foreign R&D stockother potential determinant of TFP is
human capital.

Thus, in the framework of our study, we consid&rgalinear Cobb-Douglas
production function transformed as follows:

log(TFP)=ai + H31l0gRD;+P2l0gSRD+p3GFCFR+B4IMPj+BsHCii +e¢------------- (1)

Where

ait IS the intercept term

TFPjs the total factor productivity

RD; is the domestic R&D stock

SRD s international R&D stock

IMP is the import share of GDP

HCi; is human capital taken as a proxy for labor fgragicipation rate
GFCF; is gross fixed capital formation



et is the random disturbance term

As TFP depends on the availabtenglomeration of intermediate inputs which further
depends on past R&D investment both at the domesitt international level. Thus, to
estimate domestic R&D stock based on the R&D experedincurred by the economies, we
have employed Perpetual Inventory method as follows

RD;=(1-5)R.1+R&Dexp

Where

RDj is the R&D capital stock in period t

d is the rate of depreciation which is assumed t6%en present study

R&Dexp is the real R&D expenditure derived by deflating ttominal expenditure
by R&D price index

Thus, R&DPI = 0.5 WPI+0.5 CPI
Here, WPI stands for wholesale price index
CPl is cost of living index of urban werk

Attaching weights of 0.5 to both of these indeiseguided by the assumption that half
of the total R&D expenditure is incurred on theasglof scientists and engineers employed in
this sector while the other half is used for uiilgzthe intermediaries’ and equipment in R&D
sector. Based on Singh (2001) study, the benchifoatke year 2001 is calculated as follows

R2001=(R&Dexpz001)/(g+0)

Where g represents trend growth rate of real R&Peaditure over the period of
2001-2012.Thus, following the above equation, tl&DRstock for each of 19 developing
economies have been constructed.

After constructing the R&D capital stock for eachthe 19 developing economies,
foreign R&D capital stocks denoted by SRD has bmmrstructed, where SRD is the sum of
the bilateral import shares weighted average of (RPmestic R&D capital stock) of each
country’s trading partners.

Although, the foreign R&D capital stock SRD hasmeveighted by import shares,
these weights are the fractions that add up toamketherefore do not properly reflect the
level of imports. Whenever two countries have thme composition of imports and face the
same composition of R&D capital stock among thditrg partners, the country that imports
more relative to its GDP may benefit more from fgne R&D. Therefore, a modified
specification of equation (1) that accounts for th&eraction between the foreign R&D
capital stock and level of international trade mhg preferable.Furthermore, the
enhancement of technological capacity through gddchuman capital can lead to a better
usage of their own R&D and can absorb the spilleaising from foreign R&D resulting
into higher productivity growth leading to the iasion of another interaction term i.e.,
human capital and foreign R&D capital in followieguation. Thus, our subsequent equation
has been defined as follow:



log(TFP)= ait +B1/0gRDi+P2l0gSRDO+P3GFCR+P4IMPii+BsHCii+sl0gSRO*IMP ¢
+BAOGSROFHC i+ @-mmmmemmemmmemememmemememmemeememeemememmemememeeme @)

We extend the equation (2) further, by idahg FDI and openness to trade as
additional sources of international knowledge sp#irs in equations (3) and (4)

log(TFP)= ait +B1/0gRDi+P2l0gSRDO+P3GFCFR+P4IMPii+BsHCii+slogSRDO*IMP ¢
+ B7l0gSRO*HC i+ BsFDI;; + foOpenness g;------------------------ 3

where FDI is the Foreign Direct Investment, nelows (% of GDP) and Openness
stands for the openness to trade captured byattaecdiTrade (% of GDP)

log(TFP)= ait + B1logRD;+B2l0gSRD+B3GFCR+P4IMPj+BsHCii+BslogSRDO*IMP
+ B710gSRD*HC;+ BsFDI;; + BoOpennesst B1dogSRO*FDI+
B1110gSRO*Opennesgtg -----------==========m=mmmmmmmmmmmmeoee- 4)

V. Empirical Evidenceand Analysis

The data employed in the present study is a pahel9oselected developing
economies covering the time period of 2001-204Ble 2 reports summary statistics on the
data employed in the present study. All variablesexpressed as logarithms and are given

as percentages except TFP for which Tornquist espe of TFP growth has been
employed.

In table 1, the columns (1), (2), (3), (4) and¢Bdw the mean and standard deviation
values of TFP, R&D Stock, Foreign Knowledge Spidoy (SRD), Human Capital and
Import Shares. The column (1) displays averagestandard deviation of TFP across the
selected economies over the period of 2001-2012itareveals that average value of TFP
has remained highest for Belarus followed by AzgabaBulgaria and Egypt whereas it has
been least in case of Madagascar and Armenia. dloena (2) reveals that average of R&D
stock, which is found to be highest in case of Bréalowed by India and Mexico whereas
it has remained lowest for Kyrgyz_ Republic. Takitige case of Foreign Knowledge
Spillovers in column (3) highest value has beemébaut for Mexico followed by Panama,
Brazil and China whereas it has remained lowestBolgaria. Looking at the another
important variable i.e, Human capital in column ¥#)ich is captured through labor force
participation rate in the present study reveal @faiha is having highest average of human
capital followed by India and it has been lowestcase of Armenia. Lastly, in case of
import share in column (5), Malaysia has the higre&rage of import share over this
period of time followed by Panama and Belarus wherBrazil has recorded the lowest
import share over this period of time. Thus, thesscriptive statistics reflect that the
countries having the higher level of human capatiadl import share are also having the
higher level of foreign knowledge spillovers, wheeselFP and domestic R&D stock do not
seem to be have an unambiguous relationship withgo knowledge spillovers.

To carry out further analysis, we have tried taneste the productivity effects of a
country's own R&D capital stock and, internatiosplllover R&D stock as well as human
capital and gross fixed capital formation on théividual country's productivity growth, by
using a panel data set for a sample of 19 devedopaonomies constructed over the period
2001-2012. The panel data techniques i.e, fixegcefinodel and random effects model has
been applied on this data by using the statisioftivare known as STATA 13. As, there is
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always a trade-off between efficiency and conswsteim the random and fixed effects

models, the results of Hausman test help us topadhe results of fixed or random effect

model on the plea that whether the magnitude of fsam random effect model exceeds the
gain in efficiency. Thus, results of Hausman testthe present study clearly reject the
estimates of random effects model in the favorixéd effects model. The results of Fixed
effects model are shown in Table. 2 correspondinipe four models included in the present
study.

Table 1: Mean values of Key variables included gudtion (1)

C . TFP R&D Stock RDW Human Import
ountries :

Capital Share
India 1.54 10.99 17.17 19.95 23.03
(0.73) (1.40) (1.22) (0.04) (6.17)
Pakistan 1.73 8.21 17.08 17.77 18.69
(0.80) (1.69) (1.19) (0.12) (2.67)
China 151 4.82 17.28 20.46 24.43
(0.74) (0.83) (1.11) (0.02) (3.76)
Brazil 1.66 12.24 17.54 18.39 12.63
(0.75) (1.64) (1.09) (0.07) (0.99)
Thailand 1.63 8.80 17.37 17.45 62.12
(0.76) (1.38) (1.13) (0.04) (5.96)
Panama 1.61 8.17 18.01 14.25 72.33
(0.75) (1.29) (1.12) (0.09) (7.73)
Mexico 1.73 10.87 18.11 17.65 28.88
(0.77) (1.26 (1.10) (0.09) (2.75)
Malaysia 1.63 9.78 17.49 16.23 82.62
(0.76) (1.20) (1.10) (0.08) (10.26)
Madagascar 0.55 5.66 16.88 16.05 42.97
(0.30) (1.07) (1.22) (0.13) (9.71)
Armenia 1.51 4.52 16.69 14.18 44.54
(0.78) (1.35) (1.09) (0.03) (3.53)
Kyrgyz 1.60 4.10 17.10 14.67 68.89
Republic (0.75) (1.23) (1.22) (0.08) (20.67)
Ukraine 1.50 9.06 16.61 16.96 52.77
(0.75) (1.15) (1.19) (0.00) (2.81)
Azerbaijan 2.49 5.72 16.37 15.24 38.56
(1) (1.38) (1.51) (0.09) (17.83)
Belarus 2.58 7.47 16.51 15.33 68.98
(1.04) (1.38) (1.18) (0.02) (6.37)
Bulgaria 1.78 7.05 16.24 15.05 56.82
(0.77) (1.30) (1.04) (0.02) (10.32)
Romania 1.58 7.91 16.30 16.11 41.30
(0.77) (1.35) (1.11) (0.06) (2.94)
Turkey 1.63 9.53 16.85 16.97 26.76
(0.76) (1.44) (1.18) (0.08) (2.98)
Egypt 1.75 7.88 17.16 17.01 28.67
(0.78) (1.45) (1.10) (0.11) (5.24)
Tunisia 1.65 7.29 16.53 15.09 50.28
(0.76) (1.37) (1.18) (0.06) (5.91)

Note : Figures in Parenthesis are Standard Deniattues.

10



The estimated parameters obtained from equatiom (Iable 2 are highly significant
except the foreign knowledge spillovers and impbrére as a proportion of gross domestic
product. The parameter of import share to GDP &tpe but insignificant. In the similar
way, the contribution of foreign spillovers in augmting TFP is found to be positive but it is
not significant in equation (1).

Table 2: Estimated Coefficient of Fixed Effects Mtsd(Dependent Variable is log TFP)

Equations—> (1) (2) (3) (4)
Independent
Variable
Constant -13.28 -14.49 -13.43 0.121
(-3.08) (-2.88) (-2.69) (0.02)
logRD 0.5165*** 0.5181*** 0.509*** 0.5311***
(13.76) (13.71) (13.63) (14.98)
logSRD .0077 0.0537 0.0428 -0.59***
(0.18) (0.39) (0.312) (-3.47)
HC 0.6378*** 0.717** 0.647** 0.00747
(2.43) (2.34) (2.12) (0.02)
GFCF .009*** .009*** .009*** 0.074***
(3.28) (3.24) (3.58) (2.84)
IMP -0.0011 -0.00287 -0.0059 .0077
(-0.61) (-0.57) (-0.81) (1.04)
logSRDHC -0.0039 -0.0049 .0245**
(0.51) (-0.64) (2.74)
logSRD*IMP .0047 0.140 .0020
(0.35) (1.02) (0.15)
FDI -0.009** -0.239***
(-2.05) (-3.27)
OPENNESS 0.0023 -0.03***
(0.73) (-4.31)
logSRD*FDI 0.137***
(3.18)
logSRD*OPENNESS .00159***
(4.40)
R? 0.92 0.92 0.92 0.93
N 228 228 228 228

Notes: 1. Figures in parentheses are t-values.
2. *** gignificant at 1% level; ** sigficant at 5% level; and *significant at 10% level

As the rate of return to investment in R&D iscaddgfected by accumulation of human
capital in a particular economy (Sjorgen, 1998) #re higher level of human capital allows
tangible inputs to be used more effectively (Engdeht, 1997). Thus, human capital
enhances absorptive capacity of country’s innowatio both national and international
spillovers. In additions to it, imports are alsonmjor carriers for foreign knowledge
spillovers. Thus, including the interaction ternfsimport and human capital with foreign
R&D spillovers in equation (2) reveals that witletimclusion of these two variables to the
basic equation (1), the results remain similar twt coefficient of these two interactions
terms are found to be insignificant and it is ategative for human capital which is due to
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low level of human capital in developing countrfeds to absorb new technologies from
advanced economies..

Furthermore, although trade has been consider¢deamost significant channel for
the diffusion of technology spillovers across tlo@i@ries, but after 1991 reforms, there has
been a large rise in the inflow of FDI in develagpeconomies (Gill and Singh, 2012), thus it
has become an another potential channel for teoggdransfer and knowledge spillovers.
The equation (3) of the table 2 includes the FDd apenness as another two significant
channels for international knowledge spillovers.eThstimated coefficients for these
variables are found to be insignificant but in caseFDI, this coefficient has remained
negative which is backed by the reason FDI in dgiah economies by outward oriented
MNC’s are not targeted on enhancing the efficiemdylocally owned firms. Further,
examining the interaction of FDI and Openness addrwith foreign spillovers in equation
(4) reveals that both the interaction terms havatpe and significant impact on TFP. The
inclusion of these interaction terms has also teduinto altering the significance and
coefficient of other variables as effect of intdromal knowledge have turned negative and
significant whereas impact of domestic R&D has re@ positive and significant. The
interaction of foreign spillovers with human capiés also turned significant and remained
positive, but there has been change in the sigméie and direction of openness which
become negative and turned significant.

However, there are several limitations of the itsswported in table 2 which need to
be addressed before the final conclusions are drde above results are based on some
fundamental assumptions that the error terms aiellgeuncorrelated. Thus, subsequently
checking the robustness of the results reportebdrtable 2 for autocorrelation by using the
Woolridge’s test for autocorrelation in panel datafirmed the presence of autocorrelation
in above results. To test the robustness of owltsesve have estimated the clustered robust
standard errors and the results are reported e 8b

Further, comparing the results in table 3 witHeah we have found that these results
are slightly different from the results reportectable 2, as there has been a change in signs
and relative significance of the coefficients wlaerenagnitude of coefficients of all the
variables remained the same. The first equatidabte 3, have not reported a major change
in the significance and direction of coefficienBut, the results reported in equation (2)
reveals a change in the significance of human abas earlier it was significant but it turned
insignificant in table 3. Further, in equation (&)th the coefficients for human capital and
FDI have turned insignificant while the directiohtbbese coefficients remained same. Lastly,
in equation (4) direction and significance of dletvariables remained same except the
human capital and interaction of human capital Wikeign knowledge spillovers which
although remained positive but have turned sigaific

When we compare our estimated coefficient with ottedies , our estimates are
corroborated and supported by several studiesadtbieen widely observed that most of the
new technology and innovations activities are cotreged in the handful of rich
industrialized countries; the developing counthiese to depend largely on these advanced
economies for technological spillovers (Keller, 20&aggi, 2002 and Eaton and Kortum,
1999). But, in our study, we have found the negativefficient for the impact of foreign
R&D spillovers on TFP across selected sample oheeues. This negative coefficient for
foreign R&D spillovers is backed by number of reasahe positive impact of these foreign
R&D spillovers is conditioned by the presence ghler absorptive capacity on the part of an
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economy to manage knowledge spillovers more effttyg Escribano, 2009This absorptive
capacity also enhances the elasticity of a coumtiginovation to both national and
international spillovers. Further, the impact ofsh spillover effects also tend to get weaker
for an economy, if there exist a large gap betwd#et economy and the technological
leaders, (Mancusi, 2004).Another crucial determinfan the reception of these foreign
spillovers is the import pattern of countries, hessa country that imports primarily from
technological leaders is likely to receive morenhtemdlogy embodied in intermediate goods
than another that imports primarily from followeyuntries (Keller, 1999). In addition to that,
FDI brought out by MNC'’s is not targeted to the elepment of local innovations and R&D
which is an underlying reason for the negative iohpaf FDI on TFP across developing
economies. Further, the growing geographical disawith technological leaders also
adversely affect the productivity in recipient ctigs. (Nishioka and Ripoll,2011). Lastly,
regardless of the free movement of labour and abpdross the economies, there still exist
the strong effects of borders on technology andwkedge transfer (Naveed and Ahmad,
2014).

Table 3: Estimated Coefficient of Fixed Effects Mtsd(Dependent Variable is log TFP)

Equation— (1) (2) (3) (4)
Independent
Variable
Constant -13.28 -14.49 -13.44 0.121
(-1.40) (-1.28) (-1.29) (0.01)
logRD 0.5165*** 0.5181*** 0.509*** 0.5311***
(7.40) (7.28) (7.45) (9.76)
logSRD .0077 0.0537 0.0428 -0.59*
(0.11) (0.23) (0.19) (-1.94)
HC 0.6378 0.717 0.647 0.0074
(1.13) (1.03) (1.01) (0.01)
GFCF .009* .009* .009* 0.074
(1.95) (1.92) (1.90) (1.46)
IMP -0.0011 -0.0028 -0.0059 .0077
(-0.44) (-0.36) (-0.66) (0.92)
logSRDHC -0.0039 -0.0049 .0245
(-0.212) (-0.26) (1.21)
logSRD*IMP .0047 0.140 .0020
(0.19) (0.61) (0.10)
FDI -0.009 -0.239**
(-1.67) (2.16)
OPENNESS .0023 -0.03***
(0.47) (-2.18)
logSRD*FDI 0.137**
(2.07)
logSRD*OPENNESS .00159*
(1.86)
R? 0.92 0.92 0.92 0.93
N 228 228 228 228

Notes: 1. Figures in parentheses are t-values.
2. *** gignificant at 1% level; ** sigficant at 5% level; and *significant at 10% level
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The elasticity estimated for import share indially in the present study is found
negative and significant, thus underlying the digance of developing countries' absorptive
capacity in facilitating the effects of imports.(Wp 2012).These findings imply that the
beneficial impact of imports stems not only frommpetitive pressures arising from the
imports of consumer goods but also from technokddgi@ansfers embodied in the imports of
capital goods from developed countries (Kim et28lQ(7). Further, the estimated elasticity
corresponding to the interaction of the internaaloR&D capital stock with both the import
share and human capital are estimated to be 0r)P.82 and are positive. These results are
similar to the earlier study conducted by Engelbtdd@996) who has specified the double
role of human capital i.e., the importance for dstiteinnovation and TFP catch-up process
in his study. In other words, human capital hetpfoster domestic innovation and also in the
absorption of international knowledge spillovers.

Further, Table 4 depicts the estimated elastgité total factor productivity with
respect to the foreign R&D capital stocks - which aimply the estimated coefficient from
Table 3 multiplied by the import share - for 20Q@006, and 2012. These elasticities at three
points of time for 19 selected economies revedl ttiiere has been a rise in these elasticities
over this period of time except Azerbaijan, Malaysind Bulgaria where there has been
decline in this intensity over these three poirftsime. Further, these elasticities has been
found highest for Krgyz_Republic followed by Pananidwus, across all the selected
economies, impact of domestic R&D stock has rentamere strong as compared to foreign
R&D stock which is due to their low level of humeapital and large technological gap with
the advanced economies.

Table 4. Country-specific, time varying estimabdéshe impact of R&D capital stocks on
total factor productivity

Elasticity of total factor productivity with resgteto

Foreign R&D Domestic R&D
2001 2006 2012 2001-2012
India 0.03 0.05 0.06 ]
Pakistan 0.03 0.04 0.04
China 0.04 0.06 0.04
Brazil 0.03 0.02 0.03
Thailand 0.11 0.13 0.14
Panama 0.14 0.14 0.16
Mexico 0.05 0.06 0.07
Malaysia 0.19 0.18 0.14
Madagascar 0.06 0.09 0.09
Armenia 0.09 0.07 009 —> 0.53
KyrgyzRepublic 0.07 0.15 0.19
Ukraine 0.11 0.09 0.11
Azerbaijan 0.07 0.07 0.05
Belarus 0.14 0.13 0.15
Bulgaria 0.08 1.28 0.13
Romania 0.08 0.08 0.08
Turkey 0.05 0.05 0.04
Egypt 0.04 0.06 0.05
Tunisia 0.09 0.09 0.11
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Summary and Conclusions

In the context of globalization, the role of th@llevers and R&D externalities as the
conduits for the economic growth and productivipyé remained one of leading issue for
research from the last few decades. Thus, a nuofbstudies have been conducted in this
sphere till now, which differs in terms of theimsjle selection, have found out the different
impacts of these spillovers on economic growth prodluctivity across these economies. The
present study examined the role of internal as wasllexternal R&D stock, measured as
bilateral import-share weighted average of the ddimeR&D capital stocks of each
country's trading partners, in augmenting the tiatetior productivity (TFP) taking the case of
19 developing economies covering the period 201220rhe estimation procedure in
obtaining the coefficients is panel data regresaimalysis. We have used fixed effects model
for estimating the magnitude of coefficient and timice for fixed effects is made on the
basis of Hausman test. In addition to domestic faneign R&D stock, the study has also
probed the impact of human capital, trade, FDI,nogess to trade and the interaction of
foreign spillovers with all the above mentioned doits of foreign knowledge spillovers. The
results of study reveals that domestic R&D stockman capital, gross fixed capital
formation and the interaction terms of foreign R&pillovers with trade and human capital
have positive and significant impact on the TFPthefse developing economies. Thus by
trading with advanced countries developing econsroan have access to the more advanced
technologies developed in their trading resultingpiimprovement of their total factor
productivity. Therefore, liberalization of tradeositdd be stimulated by developing economies
to augment their level of TFP In addition to ththis rise in total factor productivity is also
determined by the improving level of human capétedoss these economies which facilitate
the absorption of knowledge spillovers. These tesate in line with the findings of the
earlier studies conducted by Coe and Helpman (1808)Singh (2001). On the other hand,
the impact of foreign spillovers and FDI and opessnen TFP has been found to be negative
in the present study as R&D spillovers are alsemened by distance among these nations,
levels of their technological capabilities, inwandoutward oriented policies of MNCs and as
well as various barriers of language, culture @&twus, unlike the earlier studies in which
foreign knowledge spillovers just like the dome®i&D stock have positive impact on TFP
of an economy, our study found that this percept®mrontext specific instead of being
universal. Thus, some countries enjoy positive &lbilhers can have negative effects from
these foreign knowledge spillovers. An importargsten that emerges from the analysis is
that if higher is the level of domestic technol@jiand human capabilities higher is the
knowledge spillovers. This implies that developieguntries should strengthen their
technological policies that generate incentivenieest in research and development and build
national innovation system.
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