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Does Internal and External R& D Affect SM Es I nnovation Performance? Micro L evel
Evidence from India and Pakistan

Dr.Nageeb Ur Rehman*
Preliminary draft, please, do not quote anything from here!
Abstract

The purpose of this study is to investigate theaotf internal and external R&D on SMEs
innovation performance. Micro level data was olg#difrom Enterprise Survey. For analysis,
bivariate models have been used. The results shatrtternal and external R&D positively
affects the product and process innovations. Howehis effect is stronger for Indian SMEs.
In comparison, only external R&D showed positivesaasation to product and process
innovation for Pakistani SMEs. Similarly, Pakist&VWEs are externally constrained (lack of
access to credit) than Indian SMEs. Moreover, md&MEs are dominant in terms of
undertaking internal R&D, generating product andcpss innovations than Pakistani SMEs.
Lastly, the complementary relationship has beemmaxed between internal and external
R&D for both countries. Regarding contribution,sthiesearch study for the first time has
examined the Indian and Pakistani SMEs innovatwiviies. The implication of this study
suggests that business managers can utilize thedstombination of internal and external
R&D to accelerate the SMEs innovation performance.

Keywords: Internal and External R&D, SMEs

1. Introduction
Innovation is expensive and ambivalent activityorra firm perspective, innovation can be

originated as complex process involving new ideéhasir development; transformation and
application; using knowledge technologies; captédi and resources (Karlsson and
Tavassoli, 2015; Artzt al. 2010). Similarly, a firm's engaged in innovatiostigities
involves many complex strategies.d(, product, process, marketing and organizational
innovation) because innovation plays key role i@ évolution of industries. Studies single
out innovation as a primary driver of firms’ comipgeness and the ultimate source of
productivity and growth (Karlsson and Tavassoli,120 Subrahmanya, 2012). Not
surprisingly, firms’ carried out innovation by imtal (internal R&D) and external efforts
(collaboration) and have better technological gitlento produce product and process
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innovations because investment in innovation enddhe technological advancement and

minimizes the firms’ marginal cost of productiongi®takis and Love, 2011).

Small and medium enterprises (SMESs) have been ee@hane of the major driving force for
advance economies to their multi functional conifitns in terms of employment, exports
and technological innovation. SMEs flexibility, adability, effective internal
communication and quick decision making providesrttcompetitive edge over large firms.
However, several quantitative and qualitative stadiConte and Vivarelli, 2013; Love and
Ropper, 1999; Subrahmanya, 2012) have found thaEsSkte more financially and non-
financially constrained than large firms. For ex#&mngdack of financial assets, weaker
competencies and absorptive capacity and the absdreconomies of scale force SMEs to
under-invest in R&D. Likewise, Demirbast al. (2011) argued that SMEs operating in
developing countries often face extra barriers sagtack of technological investment, low
level of R&D and skills shortage. Presently, thebgll challenges for SMEs survival are
related to promoting the innovative culture, impngvthe quality of innovatiomn.e., radical
innovations which is supported by R&D activitiesdaancouraging patenting culture for
superior SMEs performance. Empirical studies (€Cgccagnoliet al. 2013) SMEs can use
internal R&D which is coupled with external R&D maties significantly improve the

innovation performance.

Especially, open innovation models (seg., Spithoven, Vanhaverbeke and Roijakkers,
2013) suggest that SMEs innovation can be achidwedigh internal or external knowledge
and technologies. This point out that only interR&ID is not sufficient, SMEs reliance on
external R&D is equally important for innovationrfigmance. Numerous empirical studies
emphasized the importance of internal and extdR&dD for product and process innovation
output (Cohen and Levinthal, 1989; Stam and Wermqb@009; Higonet al. 2014;
Hagedoorn and Wang, 2012). Additionally, the twoefa of R&D based on a Cohen and
Levinthal (1989) study suggested that internal R&® only generate product and process
innovation but also improve the firms’ absorptivapacity (learning effect). Similarly, Lane
and Lubatkin (1998) argued that external R&D (R&Maaces) will increase the firm’s
innovative output and absorptive capacity, if thesell firms are reluctant to invest alone in
R&D.



The major contribution of this paper lies in thead&t used: to obtain cross sectional data and
firm level analysis of Indian and Pakistani SMEsyieh is very rare to analyze from other
sources. In other words, there is still scarcityeafpirical research related to the impact
internal and external R&D on SMEs innovation perfance with reference to South Asian
economies. To the best of my knowledge, to datedlynany empirical study is available
related to the comparison of innovation performan€dndian and Pakistani SMEs. In
addition, the complementary relationship has begastigated between internal and external
R&D for the first time for Indian and Pakistani SBIETo conclude, the aim of this research
paper is to address the following research questiDoes internal and external R&D affect

SMEs innovation performance? Is internal and exddR&D complementary related?

The results showed that SMEs engaged in interndl external R&D is more likely to
introduce product and process innovations. Howes, effect is found stronger for Indian
SMEs. Findings from figure 1 and 2 suggest thaid®aki SMESs are less innovative in terms
of undertaking R&D, generating product and proces®vation than Indian SMEs. In
addition, the probit models showed that internadl axternal R&D has complementary
relationship. The remainder of this paper is orgagiias follows. The next section details the
theoretical background with hypotheses. SectionsB8udses the methodology and section 4
presents the empirical results. While, section Jchales and suggests the policy

implications.

2. Theory and Hypotheses
Internal R&D
A well known used antecedent for innovation iseesh and development (R&D).

Innovation results from investment in R&D (Czarkitand Hottenroh, 2011) because R&D
increases the firms’ stock of knowledge and firroah utilize that knowledge to introduce
new products (Artzt al. 2010). Similarly, several researchers (Conte anarélli, 2013;
Pellegrinoet al. 2014; Karlsson and Tavassoli, 2015; Hall and Ba§em, 2002) identified
R&D as a major innovation input for increasing thiems’ innovation performance.
Regarding the R&D role, numerous studieg.( Cohen and Levinthal, 1989; Stam and
Wennberg, 2009; Gallie and Legros, 2012; Ceccaghali 2013) stated that R&D performs
two major functions: first it generates new knovgedhrough product/process innovation

and secondly it increases the firms’ absorptiveacap (a firms’ ability to internalize the



external knowledge). In other words, R&D not only introduces the tedogial
competencies but also absorb the knowledge spiliofvem external sources. This suggests
that R&D is an important indicator for measuring firms’ absorptive capacity (Gallie and
Legros, 2012). However, R&D is a costly and riskyastment and requires a long term
commitment to improve the firms’ competitivenessl annovation performance (Pradhan,
2011; Ortega-Argiles, Vivarelli and Voigt, 2009)tuBies shows that SMEs normally carry
out informal R&D (non-permanent R&D) by using resms from different departments due
to lack of financial and technological competencies

Likewise, SMEs generally tend to under-invest in DR&rojects because of higher
uncertainty in succeeding the innovative projeat #re lack of information between firms’
and external suppliers of finance. Further, smathg have limited access to internal and
external finance as they cannot even use theialimtoney/profits to invest in risky projects
(Czarnitzki and Delanote, 2015). Sometime, it sslexpensive to imitate than to innovate
because firms’ size is correlated with availabibityd stability of internally generated funds
(Ortega-Argiles, Vivarelli and Voigt, 2009). It argued that investment in R&D below the
optimal level is very expensive; however, R&D suless/grants could alleviate the
underinvestment in innovation activities (Meulensard Maeseneire, 2012). Czarnitzki and
Delanote (2015) conducted a study on 3272 GermarEsSkind suggested that R&D
subsidies (from government) significantly boost theovation performance of small firms.
Likewise, Hottenrott and Lopes-Bento (2012) studyl1®73 Belgian SMEs has found that
R&D subsidies accelerate R&D spending in SMEs aal dsignificant impact on the firms’
innovation performance. In support of Hottenrotd dropes-Bento (2012), Orteg-Argiles,
Vivarelli and Voigt (2009) suggested that fiscatentives and subsidies for SMEs may
overcome the problems of weaker competencies, ptds®rcapacity and absence of scale
and scope of economies. In comparison, Demidbaad. (2011) analyzed the barriers to
innovation for 224 Turkish SMEs using logit mod&hey found that lack of government
support for R&D significantly reduces the SMEs imation performance. This apparently
indicates that that R&D is essential input for SMAisovation success because small firms

can benefits from scientific knowledge activitiéd&D) and may increase their innovation

2 Similarly, Ornaghi (2006) states that R&D genesateo types of externalities, first it generatest spillovers
(e.g., investment in goods, patent licensing and qualitprovements), and second it generates knowledge
spillovers (exchange of information at confereraed reverse engineering).



output (Parrilli and Elola, 2012). Especially, R&bbsidies and grants can accelerate R&D
in SMEs.

Furthermore, Artzt al. (2010) conducted a panel study of US firms anchdothat R&D has

a positive and significant impact on the firms’ emfion (patents) and innovation (new
products). This apparently indicates that R&D isedied both at firms’ invention and
innovation. Mairesse and Mohnen (2005) examinedpthstive relationship between R&D
and product/process innovation using Tobit regoessanalysis on 2253 French firms.
Similarly, Ganotakis and Love (2011) conducted wgton 412 UK SMEs. They revealed
that internal R&D has a strong and positive impattthe firms’ product innovation. Gallie
and Legros (2012) analyzed the French firms bygusiie unbalance panel data and found
that R&D has significant and positive impact on fin@s’ innovation output. Further, Fritsch
and Meschede (2001) examined the positive reldtiprisetween process R&D expenditure
and firms’ size. This indicates that large firms/ate significant portion of their R&D on
process innovation because process innovation wepitee quality of their new products or
to introduce completely new products. Likewise, &yimi (2006) investigated the Spanish
manufacturing firms. Ornaghi results suggested Hmwledge spillovers through R&D
improve the firms’ innovation performance (prodantl process innovation). Pradhan (2011)
conducted a firms’ level study on Indian manufacgifirms. Pradhan study revealed that
R&D is an important determinant of SMEs performariogerestingly, a reasonable amount
of researchers (Hagedoorn and Wang, 2012; Ber¢ltil6di3) categorized R&D into internal
and external R&D and their impact on the firms’ amation performance. The next sub

section provides the discussion on the role ofregleR&D.

External R&D

Firms’ reliance on internal R&D activities and atheternal capabilities (e.g., skills) is no
longer enough to cope with the higher cost of irmtmn, shorter product lifecycles and
higher technological complexities (Berchicci, 20B&rgman, 2010). This recent shift from
closed to open innovation models has emphasizedrdlee of external R&D activities.
Through such network activities.d, R&D alliances with universities, suppliers and esth
research organizations) firms’ may increase thempgetitiveness and superior performance
(Minarelli et al. 2013; Ahuja, 2000; Cantnest al. 2010; Annique, Cuervo-Cazurra and
Asakawa, 2010). The common goal of external R&Diasdevelop new products and

processes by saving costs. Moreover, the potebéaéfits of such external networks are



sharing risks and costs, shortening innovation es/@dnd exploiting economies of scale
(Hagedoorn, 1990; Peltier and Naidu, 2012; Colomsbal. 2011; Neito and Santamaria,
2010; Pulleret al. 2012).) In addition, external R&D cooperation pd®/access to intangible
knowledge (non-codified) by means of people-to-peawntacts and increases the market
power of each cooperating partner (Teirlink andti&pien, 2013; Kinkel and Som, 2010).
Specifically, SMEs can overcome the challenges edfource constraint through R&D
cooperation. Interestingly, the study of TeirlinkdaSpithoven (2013) based on 140 Belgium
SMEs found that micro enterprises rely more on éDR&operation than any other type of

firms’ size.

Additionally, several studies concerning the SMiaricial resources suggests that SMEs are
more financially constrained than large firms (Alaod Biekpi, 2007; Beck and Kunt, 2006).
In fact, SMEs internal source of finance is noffisiént to undertake R&D projects directly.
This indicates that lack of financial resourcesumthe SMEs innovation activities (Dundas,
2006). One way is to overcome this problem is tghoR&D collaboration with competitors,
suppliers and universities which increases the R&g@nding and firms’ competitiveness
(Hottenrott and Lopes-Bento, 2012; Jong and VerareuR006). The lack of resources is
barrier to SMEs innovation performance, but at $hene time it is the primary motive for
SMEs to search beyond the boundaries for requiremlvledge and innovative ideas. In
particular, R&D alliances allow firms’ to internaé more technology spillovers, exploit
economies of scale, combining complementary teduyicdl skills and minimize the free
riding on R&D outputs (Hottenrott and Lopes-Ben2012). Moreover, SMEs can enhance
the innovation performance from external knowledgarces.g., through R&D cooperation
with other firms and research institutions (Churd aun, 2012). Cooperative R&D
agreements provide SMEs with opportunities to iaseetheir absorptive capacity, because

such collaborative innovative efforts maximize fines’ internal stock of knowledge.

For instance, the empirical study of Annique, CoeBazurra and Asakawa (2010) stated
that R&D collaborations with universities and suem positively influence the firms’
product innovation. However, R&D collaborations lwidompetitors appear to have negative
impact on the product innovation. This indicateatthot all R&D alliances positively
influence the firms’ product innovation. The disadtages of R&D collaboration are
transaction costs, especially to cooperate, maaagecontrol R&D activities (Becker and
Dietz, 2002). Nevertheless, the study of Chun anoh N2012) on Korean SMEs suggested



that R&D cooperation significantly improve the fsimproduct and process innovation. A
similar finding is provided by Kinkel and Som (2Qléelated to German mechanical
engineering industry. In addition, Mukherjee al. (2013) investigated the R&D alliance
formation (external R&D) in 854 German SMEs. Thewrid that in SMEs inter-firms’ trust
are more likely to form R&D alliances, because s®&D alliances mainly influence the
product innovations. Specifically, SMEs face monginmental uncertaintyi.g., uncertain
costs and benefits) and trust between R&D firmsi cainimize this problem. Likewise,
Spithoven, Vanhaverbeke and Roijakkers (2013) ity&®d the open innovation practices
in 967 Belgium SMEs. They argued that SMEs relianoeexternal R&D significantly

improve the innovation performance (product innorat

On the other hand, Hagedoorn and Wang (2012) amdhBei (2013) empirical studies
suggest that internal and external R&D (R&D alliesichave complementary relationship at
higher level of in-house R&D intensity. While atder level of in-house R&D intensity both
internal and external R&D has substitutability telaship. Specifically, the trade off
between internal and external R&D positively inflge the firms’ innovation output
(Berchicci, 2013). Similarly, Bergman (2010) pasaldy on Swedish firms discussed that
internal and external R&D both have a positive iotpan the firms’ productivity and this
may suggest the complementary relationship betwhentwo types of R&D. Likewise,
Lokshin, Belderbos and Carree (2006) investigated Butch firms by using a dynamic
linear panel model. They found that internal andeeal R&D has complementary
relationship. Additionally, Ceccagnadi al. (2013) examined the complementary relationship
between internal and external R&D using pharmacelfirms. According to Ceccagnoli,
external R&D promotes innovation by fostering im@r R&D activities. This finding
suggests that firms with external R&D must alsotecme to undertake internal R&D. A
similar finding is suggested by Piga and Vivarél004) using Italian manufacturing firms.
They argued that internal and external R&D has dempntary relationship which implies
that doing more of one increases the return ongdmore of other. Likewise, Becker and
Dietz (2002) conducted a study on 2048 German naatwfing firms using simultaneous
equations. They found that internal and external DR&R&D cooperation) has
complementary relationship. Their findings sugdbat external R&D drives firms to invest
more in the development of innovation. In other dgra firm’s with sufficient internal R&D
base serve as an ‘absorptive capacity’ to beniih fthe external R&D activities. To sum

up, the literature review has extracted the follgyunain hypotheses, which are as follows;



H1: Internal R&D has positive impact on the SMIEs innovation performance

H2: External R&D has positive relationship with the SMEs innovation performance

H3: Public support to innovation has positive association to SVIEs innovation performance
H4: Internal and external R&D has complementary relationship.

3. Methodology towards a research

This section provides information related to theesgch context of this study. Further, two
figures have been reported to analyze the compan$annovation activities in Indian and
Pakistani SMEs. The source of data has been dedushkich is followed by an empirical

analysis and results discussion.

3.1. Indian and Pakistani SMEs as Research Context

India and Pakistan are the two major economies auftts Asia in terms of GDP (Gross
Domestic Product). Both countries share a long @ondith each other and are active
members of SAARC (South Asia Association for Regldbooperation). In 2013, India total
GDP valued at US$ 1.875 trillion, and, Pakistan Gia US$ 232.3 billion. This suggests
that Indian economy is relatively larger than Ptais Despite the tense diplomatic relations
between the two neighbouring countries, the curi@ate volume between the two countries
is less than $3 billion. Moreover, SMEs in Indianttdoute 17% in the total GDP while,
SMEs in Pakistan contribute around 40% in the totdlonal income (GDP). Indian SMEs
sector employs 60 million (nearly 15% of Indian Wforce) and 26 million enterprises
contribute 45% of manufacturing output. In compamsSMESs in Pakistan employ 75% of
non-agriculture workforce and 3.2 million enterpascontribute 30% of manufacturing
output. Similarly, India has edge over Pakistaatesl to the overall R&D expenditure (% of
GDP). India spends approximately 1% of total GDHR&D compared to 0.33% for Pakistan
(World Bank).

In fact, R&D investment is essential to ‘absorptoapacity’ and ‘national learning’, but the
poor countries tend to do very little R&D due t@ithlow human capital, lack of research
infrastructure and less technological advance teigactor (Goni and Maloney, 2014). For
instance, a micro study of Pradhan (2011) investyéhat R&D intensity is very low among
Indian SMEs than large firms and shortage of fuisdsne of the important barrier for their

technological competitiveness. In addition, Subrahypa (2012) investigated that most of



India SMEs carried out incremental type of innomatbecause these incremental innovations
are largely driven by customer demands and confitedslight changes in product
design/shapes to meet the customer requirementslaBy, Subhanet al. (2013) study
suggested that Pakistani SMEs are require to invegnowledge based resourcesg(
R&D, process innovation) for higher innovation merhance. Further, Pakistan has not yet
developed even effective national innovation systEm improving the overall R&D
spending and other technological investment esipedmBiotech industry. Moreover, out-
dated technologies, lack of access to credit dndrignterest rate on lending and the lack of
government support are the major barriers to PakisSMEs (Berry, 1998). Overall, the
facts related to Indian and Pakistani SMEs sugghatslow level of R&D undertaking, less
innovative products, lack of access to credit dr&lack of innovative culture are the major
obstacles for SMEs innovation performance.

3.2. Data Source

The data has been obtained from the World Bankrgnée Survey. The data was collected
in 2013 under the title of “World Bank Innovatiomlew Up”. Fortunately, the innovation
data was available for both India and Pakistartfersame year, which is very rare to access
from other sources (government statistical departg)eThe survey has gathered information
on the key innovation variables such as R&D, préguoccess innovation, source of
financing for their innovation activities, organiimaal and marketing innovation. However,
this study has excluded organizational and margatinovation which is beyond the scope
of this paper. For India, total 3492 firms respetdo the survey compared to 696 firms for
Pakistan. Mainly in both countries firms particgat(over 75%) from manufacturing sector
(Textile, Tobacco, Chemicals, Printing, Electrongzsd Machinery etc) compared to (over

15%) from the services sector (IT, wholesale, Hatel restaurants and transport etc).

Moreover, majority of these firms who participatedthe survey are SMEs. This study has
used two dummy variables to define SMEs. The d&dimihas followed the guidelines from
the World Bank, Enterprise Survey instead of cousprecific SMEs definition. In the case
of India, approximately 28% are small firms (5-Edployees), 45.50% are medium sized
firms (20-99, employees) and large firms (over &@tployees) are nearly 27%. For Pakistan,
44% are small firms, 35% medium firms and 21% argd firms. However, none of firm’s is
comprises from micro enterprises (<=5 employeesthe Indian dataset, so it is dropped

from the analysis. Further, this study has als@pked large firms (as dummy variable) for
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two reasons. First, large firms caused multicollnty with other size bands. Second, this

study specifically presents the analysis of SMEs.

The data was gathered from Indian regions suchasahkdshtra (6.87%), Karnataka (6.47%),
Andra Pardesh (6.27%), West Bengal (5.84%), Debhr%), Gujarat (5.01%), Haryana
(4.47%) and so forth. While in Pakistan data walkected from Punjab (53.59%), KPK
(20.26%), Sindh (13.36%) and Islamabad (12.79%)th@ftotal 1613 R&D firms, India has
higher internal R&D investment in industries such plastics and rubber (10.04%),
machinery (9.98%), Chemicals (9.73%), electron@86%), basic metal (8.25%) and so
forth. While, of the total 65 Pakistani R&D firm&akistan has higher internal R&D
investment in industries such as food (13.85%)ileex13%), chemicals (10.77%), vehicles
(9.23%), retail (9.23) and so forth. For compamatianalysis, two figures provide the

innovation activities of Indian and Pakistani SMESs.

3.3. A Comparison of Innovation Activities

Figure 1 present’s information related to the imt@n activities in Indian and Pakistani
SMEs such as internal and external R&D undertakimgduct/process innovation and their
source of financing for innovation activities. Qfettotal (n=3492), approximately 46% of
Indian SMEs undertook internal R&D compared to matr 9% for 696 Pakistani SMEs (see
Figure 1). This suggests that Pakistani SMEs a® émgaged in internal R&D. In addition,
the level of external R&D undertaking is very lomwvproportion for both Indian and Pakistani
SMEs. Further, most of the Indian SMEs are engagedoduct innovation (65%) while only

22.17% of Pakistani SMEs produced product innowvatim comparison, nearly 61% of

Indian SMEs introduced process innovation comp#&we@ for Pakistani SMEs. However,

the patent and licence as output is lower in peagen for both countries. Perhaps, this
outcome indicates that SMEs in both countries predantly introduced incremental type of
innovations. Overall, figure 1 suggests that Ind&MEs are dominant in terms of carrying
out internal R&D and product/process innovationntizakistani SMEs. In other words,

Pakistani SMEs are less involved in innovationwiidis (internal R&D, product innovation).

Additionally, SMEs in both countries are mainly éov70%) relying on internal source of
financing for their innovation activities (see Figul). Interestingly, nearly 59% of Indian
SMEs also financed their innovation activities thgb external borrowing (banks). However,

only 10.49% of Pakistani SMEs funded their innomatactivities through external finance.
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This apparently indicates that Pakistani SMEs aoeenexternally constrained than Indi
SMEs. Similarly, public support (subsidy or taxditeis highe (8.42%) for Indian SME
compared to Pakistani SMEs which is 1.44% of tials (n=696).

Figure 1: Innovation Activities across I ndian and Pakistani SMEs (figuresarein %)

H INDIA
W PAKISTAN

Source: Author own calculations

In addition, Figure 2provides information ¢ R&D undertaking, product anprocess
innovation by firms’ size across Indian and Pakis&MES.

Figure2: R& D, Product/Process | nnovation by Firm Size across I ndia and Pakistan
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In India, of the total 3492 firms, approximately%8lof small firms (employees: 5-19) are
engaged in R&D. Similarly, nearly 46% of mediumesizfirms (employees: 20-99) have
undertook R&D. However, large firms (employees ou€0) have higher (63%) R&D
undertaking compared to other size bands. In Rakigif the total 696 firms, only 3% of
small firms are engaged in R&D compared to 11% rfedium sized firms. The R&D
undertaking is higher (20.29%) for large firms hetcase of Pakistan. Overall, figure 2
suggest that large firms have higher R&D underigkithan small and medium sized
enterprises for both countries. However, the leselR&D investment is very low for
Pakistani SMEs than Indian SMEs.

Furthermore, almost a similar proportion (63%) ofal and medium firms has produced
product innovations in the case of India. HowevEtr% of large firms have introduced
product innovations and 68% for process innovatitmshe case of Pakistan, 18% of small
firms have introduced product innovation compare®8% for medium size firms. Large
firms have generated 26% product innovations. Whilecess innovation is overall very low
for Pakistani SMEs. Overall, figure 2 shows thagéafirms are more engaged in innovation
activities such as R&D and product innovation fotHocountries. This suggests that large
firms have better financial and knowledge resoutbaa SMEs. Another finding from Figure

2 is that, Pakistani SMEs have low innovation &b#githan Indian SMEs.

3.4. Dependent Variable (Innovation Performance)

This empirical study has used two dependent vasgld., product and process innovation
because to remain a successful firms’ in the highhpvative markets, product and process
innovation are important innovation outputs whiale ariven by R&D and technological
acquisition €.g., investment in advance machinery) (Conte and VIia913; Fritsch and
Meschede, 2001). Likewise, Pellegrireb al. (2014) argued that product and process
innovation are essential innovation output. Thipapntly indicates that product innovation
provides firms’ market leadership, broader its oostr base and increases the price buyers,
while process innovation reduce the firms’ avereggt of production (Wolff and Pett, 2006;
Cohen and Klepper, 1996; Jong and Vermeulan, 20B6wever, some studiexd.,
Hagedoorn and Cloodt, 2003; Katila, 2000; Ying, @00se patent counts/applications as a
proxy of innovation output, but this study preferqgroduct/process innovation over patents
as dependent variables for a number of reasorst, Kirs not necessary that every innovation

is patented and secondly, many firms do not patesit products and processes because of



13

their reluctance to disclose the strategic inforamatelated to innovation and secrecy may be
considered as effective way of protection of themovation. Moreover, in developing
countries patents usage is not very common dusmamdial constraint and lower quality of

innovation output (Ghoneim, 2003).

3.5. Independent Variables

The major variables of interest of this study amternal and external R&D. These two
variables has been analyz@d-a-vis innovation output.e., product and process innovation.
Similarly, two additional innovation input variaBlehas been used related to firms’
technological acquisition. Specifically, firms’ iestment in internal technology acquisition
(investment in machinery, equipment and softwame) axternal technology acquisition
(patents/licence) have a significant impact onfilmes’ innovation performance (Silvet al.
2012; Crespi and Zuniga, 2012). Moreover, firmgaficial resources have been measured
through internal funds, external finance (bank ityednd public support (subsidy on
R&D/tax incentive). These three explanatory vaesblhould investigate the impact of source

of finance on the firms’ innovation output.

3.6. Control Variables

Previous studies indicate that there are certantofs that influence the innovation
performance of a firm which needs to be controllédr instance, firms’ size and age are
important variables which affect the firms’ innowat output. Firms’ size is included as in

dummy form while firms’ age is included in logamtic form.

4. Econometric Model
A bivariate probit model has been used to estintlaée relationship between R&D and

product/process innovations. This estimation netlemoves the sample selection bias and
also presents more accurate parameters throughdlusion of non-innovative firms (Chun
and Mun, 2012). For instance, Heckman suggestedkiH@ocedure for continuous
dependent variables for sample selection bias. Mekyén this case the dependent variables
are discrete and the use of Inverse Mills RatioR)Nk not an appropriate choice. This study
has used bivariate probit model to correct the $arsgdection bias. Moreover, the correlation
coefficient between the two unobserved factorsidueds) from the two equations indicates

the possible complementarities between the depéndeables. The model is as follows
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1 lf xliﬂl + €1 >0

, — a
i {0 otherwise (2)
y ={1 lf xZi,B2+eZi>O

2t 0 otherwise

y,; andy,; are product and process innovations wleleand e,; are error which are jointly
normally distributed with correlation coefficiept=Corr (;, e,;). In other words, whep+0
indicates that the null hypothesis is rejected lindriate probit model is the correct choice

of estimation.

4.1. Empirical Results

Before estimation, Table 1 provides summary stesisif all variables used in the estimation.
Means, standard deviations and definition of eamtiable is provided in Table 1 for both

countries. In addition, the correlation matrix issed to detect the problem of

multicollinearity. Multicollinearity arises when s@ or all explanatory variables are highly
correlated with each other and it is difficult &l which variable is influencing the predicted

variable (Koop, 2004). However, in majority the redation between variables are lower than

0.5 (Tables can be provided upon request).
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Table 1: Variable definitions and descriptive st@ts

India Pakistan Definition
x c x c
Product Innovation 0.6518 0.4764 0.2286 0.4202 Dyroaded 1 if firm introduce any
innovative products or services in the last two
years
Process Innovation 0.6050 0.4888 0.0905 0.2871 Dynowoded 1 if firm introduce any

innovative method of manufacturing
processes or offering services

Internal R&D 0.4619 0.4986 0.0933 0.2911 Dummy cbdiéf firm conduct internal
R&D for developing innovative products or
services

External R&D 0.0924 0.2897 0.0603 0.2382 Dummy dotéf firm conduct external

R&D undertaken by other firms, public or
private research organization

Log Age 2.7430 0.7458 2.9406 0.6279 Log (2014-Age)

Small 0.2780 0.4481 0.4408 0.4968 Dummy codedrif tmployees are between
(5-19)

Medium 0.4550 0.4980 0.3471 0.4764 Dummy codédidnif employees are between
(20-99)

Technology-acquistionl  0.6331 0.4820 0.1781 0.38T®ummy coded 1 if firm spends on purchase
of new equipment, software to develop
innovative products or services

Technology-acquistion2  0.0630 0.2429 0.0229 0.14®®ummy coded 1 if firm spends on
license/patents or other type of knowledge

Internal Finance 0.9380 0.2393 0.7270 0.4458 Durooded 1 firm finance innovative
activities from internal funds

External Finance 0.5873 0.4923 0.1048 0.3066 Dumwaded 1 if firm finance innovative
activities from banks

Public Support 0.0841 0.2777 0.0143 0.1190 Dumnaedd if firm finance innovative
activities through public support

Sector 0.7800 0.4142 0.8376 0.3690 Dummy codédiriiis from

manufacturing sector otherwise zero

Means and standard deviations are reported.

(&) R&D (Internal and External) and Product/Process | nnovation

Table 2 provide information on the relationshipvien R&D (internal and external) and
product/process innovation using bivariate probalgsis for India. A firm’s probability to
introduce product innovation is higher when itigaged in internal and external R&D. This
suggests that internal and external R&D incredseditms’ innovation output. This outcome
is in line with the previous findings of Stam ancehviberg (2009), Gallie and Legros (2012).
This finding confirms the hypothesis which is draiWwom the literature. However, this
relationship is found weakevis-a-vis process innovation. Only internal R&D showed
statistical association with process innovatione @ossibility of this outcome is that Indian
SMEs are more inclined towards undertaking inteR&D related to the process innovation.
This apparently implies that internal R&D undertakiwould likely to reduce the marginal
cost of production. The coefficients of technolagiacquisition 1 and 2 showed positive

association to product innovation. This finding icades that firms’ decision to spend on
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machinery and equipments, licensing, software wdilgkely to introduce more product and
process innovation (see Table 2). This outcomeiwcoafthe finding of Silvaet al (2012)
which states that innovation expenditure increéisegprobability of introducing product and

process innovations.

The coefficient of age showed negative associatiomproduct innovation. This outcome
suggests that younger firms are more likely to gateeproduct innovations than older firms.
In addition, firms’ size (small and medium) showeebative relationship with product and
process innovation. This indicates that Indian SMEesless likely to engage in product and
process innovation compared to large firms. Thiglifig supported the Schumpeterian
hypothesis (Conte and Vivarelli, 2013; Love and pap 1999) that is large firms are more
innovative than small firms because large firms ehdetter knowledge and financial
resources (See Table 2). Further, the parametextefnal finance suggests that 1% increase
in the external finance (borrowing from banks) wbuikely to increase the process
innovation by 21%. This outcome implied that accéssformal credit (banks loan) is
important resource for firms’ process innovatiorending to SMEs through commercial
banks would generate more intensified competitrothe local market because their internal
source of finance is not sufficient to undertakghly risky innovative projects. Similarly,
public support for innovation activities (R&D subgior tax credit) has a positive impact on
the firms’ product innovation. Such support schemeuld accelerate their innovation
spending. This implies that government interventibnough R&D subsidy/grant could
improve the innovation performance. This outcome ¢@nfirmed the findings of Hottenrott
and Lopes-Bento (2012) that is public support toCR&creases the firms’ innovation
performance. Lastly, manufacturing sector is makely to introduce product innovation
than services sector and this results that manufagt sector is more likely to undertake

innovation projects.
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Table 2: Bivariate probit estimation analysis

India
Product I nnovation Process | nnovation
Coeff. Z-value Coeff. Z-value

Internal R&D 0.3718*** 7.65 0.1045** 2.14
(0.0485) (0.0489)

External R&D 0.2144** 2.55 -0.0867 -1.10
(0.0841) (0.0789)

Technology Aquisition-1 0.3675%** 7.38 1.0328*** 21.20
(0.0499) (0.0487)

Technology Acquisition-2 0.1685* 1.80 0.1184 1.23
(0.0936) (0.0961)

Log Age -0.0639** -2.08 -0.0397 -1.28
(0.0307) (0.0311)

Small Firms -0.1239* -1.93 -0.1575** -2.43
(0.0642) (0.0647)

Medium Firms -0.2008*** -3.59 -0.1313** -2.31
(0.0559) (0.0569)

Internal Finance 0.0299 0.28 -0.0494 -0.51
(0.0947) (0.0985)

External Finance 0.0299 0.64 0.2147*** 4,51
(0.0947) (0.0476)

Public Support 0.6522*** 6.62 -0.1073 -1.31
(0.0985) (0.0817)

Sector 0.39]12*** 7.04 0.0774 1.35
(0.0555) (0.0574)

Constant 0.3484** 2.45 -0.3249** -2.24
(0.1422) (0.1447)

Rho (p) -0.3075%** 10.75 - -
(0.0286)

Wald Chi2 819.14***

***p<0.01; *p<0.05;*p<0.10.
Robust standard errors are in parentheses
N=3486

Table 3 showed the bivariate probit estimation ysialbetween R&D and product/process
innovation for Pakistani SMEs. Internal R&D hasstatistical association with product and
process innovation. However, external R&D has $icgmt impact on the firms’ product and
process innovation. There are two main possilslité this outcome. First, this outcome
indicates that Pakistani SMEs are reluctant to gaghrectly in R&D due to risk and higher
cost of innovation. Second, Pakistani SMEs do awelthe sufficient capacity (R&D related
skills) to undertake internal R&D. External R&D prdes shared cost and risk and also
expertise in undertaking joint R&D programs witlhet organizations. This finding confirms

the second hypothesis.
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Overall, technological acquisition has a positivel aignificant impact on the product and
process innovation. This suggests that innovatiqgreediture on machinery, equipment and
gaining intellectual property rights (patents) webdikely to introduce more product and
process innovation. This outcome is in line witk findings of Crespi and Zuniga (2012).
Only medium size firms’ has positive relationshiphaproduct innovation. The coefficient of
age showed positive association with product intiosa This implies that older firms are
more likely to introduce product innovation becawdetheir experience. However, small
firms showed no association at all. Further, thgatige signs of coefficients for small and
medium size firms without statistical associationprocess innovation suggest the weak
outcome (see Table 3). Regarding the source ohding for their innovation activities, 1%
increase in the internal finance would likely terease the product innovation by 89%. This
is very strong outcome and suggests that intemahte is the major source of financing for
Pakistani SMEs. However, the parameter of extefinahce showed no association. This
indicates that Pakistani SMEs are more externallystrained than Indian SMEs. Overall,

manufacturing sector is more likely to introducedrct innovations.
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Table 3: Bivariate probit estimation analysis

Pakistan
Product | nnovation Process I nnovation
Coeff. Z-value Coeff. Z-value

Internal R&D 0.1154 0.45 -0.0664 -0.20
(0.2574) (0.3366)

External R&D 0.1015* 1.77 0.4433** 2.66
(0.0572) (0.1663)

Technology Aquisition-1 0.3395** 2.13 1.0154*** 5.80
(0.1593) (0.1749)

Technology Acquisition-2 0.6580~* 1.60 0.3973 1.12
(0.4109) (0.3552)

Log Age 0.4957*** 4.49 0.1954 1.54
(0.1104) (0.1267)

Small Firms 0.0359 0.21 -0.0546 -0.25
(0.1704) (0.2187)

Medium Firms 0.3037* 1.82 -0.1721 -0.82
(0.1670) (0.2091)

Internal Finance 0.894 7*** 5.11 0.6304*** 3.06
(0.1749) (0.2057)

External Finance -0.1996 -0.97 0.1062 0.48
(0.2055) (0.225)

Public Support 0.3141 0.65 0.0390 0.07
(0.4828) (0.5459)

Sector 0.4040** 7.04 0.2886 1.15
(0.1982) (0.2501)

Constant -3.3600%** -7.08 -2.8609*** -5.39
(0.4748) (0.5308)

Rho (p) 0.6107*** 8.47 - -
(0.0721)

Wald Chi2 121.24%**

***n<0.01; **p<0.05;*p<0.10.
Robust standard errors are in parentheses
N=648

(b) Complementary Relation between Internal and External R&D

In order to estimate the last hypothesis relatethéocomplementary relationship between
internal and external R&D. Separate probit modelsehbeen used (see Table 4). A number
of researchers used R&D as dependent variablee(@e®radhan, 2011; Ornaghi, 2006; Piga
and Vivarelli, 2004; Becker and Dietz, 2002). Speally, Piga and Vivarelli (2004) study
has found that internal and external R&D are padyntendogenous. Internal R&D is
correlated with the error terms of external R&D &tipn. In order to avoid this endogeneity
problem, this study has preferred to use separata@tpnodels for each dependent variable

(internal and external R&D). Moreover, this empticstudy has followed the estimation
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procedure of Becker and Dietz (2002). Becker anetZD{2002) used internal and external
R&D as dependent variables in the separate equatioestimate their complementary effect.
In this research study internal and external R&Ehtare discrete variables so the choice of
probit models is appropriate. In addition, firmszes has been introduced as continuous
variable (logarithmic form) for two reasons. Fistnumber of researchers (e.g., Demirdias
al. 2011) used firms’ size as continuous variable déstimation to avoid the possible
multicollinearity between firms’ size categoriegcsnd, the sign of coefficient of firms’ size

as continuous variable provides the comparison éatvemall and large firms for analysis.

Table 4 report the results of probit estimation Ifatia and Pakistan. The link test has been
used to see whether the model is adequately satisfithout omitted variable bias. The
variable prediction hat-square indicates that tloelehis correctly specified (see Table 4). In
model 1, 1% increase in the external R&D the prdlplof internal R&D is likely to rise by
53%. Similarly, in model 2, internal R&D has pogitiand significant impact on the external
R&D. In both specifications, the parameters foreinal and external R&D are highly
significant (at the<0.01 level). This outcome is pointing out the céenpentary relationship
between internal and external R&D. External R&D ivates firms to undertake more
internal R&D and expand technological capabilibésSMEs. This result is in line with the
findings of Ceccagnoliet al. (2013); Becker and Dietz (2002) and accepted ther p
expectation. In addition, technology acquisitionadd 2 showed positive association to
internal R&D in the case of India (see Table 4 amoblel 1). This outcome indicates that
firms’ innovation expenditure would likely to in@se the probability of undertaking internal
R&D. However, in model 2 only technology acquisiti® shows positive association to
external R&D. Overall, firms’ size (logged) presquusitive relationship with internal and
external R&D. This outcome suggests Indian and$®aki SMEs are less likely to engage in
internal and external R&D compared to large firdernatively, this outcome indicates that
large firms are more R&D intensive than small firmshis finding accepted the

Schumpeterian hypothesis which is large firm is@nanovative than small firms’.

Similarly, the positive relationship is found betmeinternal and external R&D relationship
for Pakistan in model 3 and 4 (see Table 4). Télistionship is much stronger for Pakistani
SMEs. Overall, in Table 4 the outcome between imatieand external R&D suggest that both
variables have complementary relationship. Doing amernal R&D (or external R&D)

increase the probability of another external R&Difwernal R&D). Furthermore, technology
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acquisition 3 and 4 would likely to increase thelqability of internal R&D. However, model
3 and 4 failed to show the relationship between SMBd internal or external R&D. The
coefficient of internal finance shows that 1% irage in the internal finance; internal R&D is
likely to increase by 85%. This indicates that mi&oof Pakistani SMEs are relying on
internal source finance for their innovation adtes. Lastly, public support to innovation
activities would likely to increase the external B&This suggests that R&D subsidies or

grants significantly and positively influence thaexnal R&D.



Table 4: Probit Model Estimation (Maximum Likelihd®lethod)

India Pakistan

Internal-R&D (Model 1) External R& D(Model 2) Internal-R& D (Model 3) External-R& D (Model 4)

Explanatory Variables Coeff. z-value Coeff. z-value Coeff. z-value Coeff. z-value

Internal R&D - - 0.4606*** 6.79 - - 2.4019*** 8.91

(0.0678) (0.2677)

External R&D 0.5399*** 6.51 - - 2.4239*** 8.46 - -
(0.0829) (0.2862)

Technology Aquisition-1 0.5013** 10.45 -0.0549 -0.80 0.3626* 1.86 0.3203*** 2.60
(0.0479) (0.0689) (0.1951) (0.1228)

Technology Acquisition-2 0.3281*** 3.49 0.2849*** 2.66 1.2141%* 291 0.1126 0.26
(0.0940) (0.1069) (0.4174) (0.4392)

Log Age 0.0268 0.88 -0.0458 -1.11 0.06577 0.41 -0.2618 -1.23
(0.0305) (0.0413) (0.1599) (0.2130)

Log Size 0.2571** 11.61 0.2208*** 2.74 0.2707 1.29 1.7957*** 4.49
(0.0221) (0.0805) (0.2102) (0.4002)

Internal Finance 0.4283*** 4.55 -0.0370 -0.29 0.8533*** 3.97 0.2985 1.03
(0.0942) (0.1278) (0.2148) (0.2904)

External Finance 0.0194 0.42 0.1742** 2.73 0.1149 0.42 0.2345 0.63
(0.0464) (0.0637) (0.2756) (0.3708)

Public Support -0.1188 -1.43 0.0602 0.57 0.3758 0.53 0.6318* 1.78
(0.0833) (0.1069) (0.7127) (0.3548)

Sector 0.5440%*** 9.45 0.0727 0.90 -0.0289 -0.12 0.6041 1.42
(0.0575) (0.0811) (0.2396) (0.4252)

Constant -1.0096*** -7.11 -1.4454** -7.52 -2.6540%** -4.29 -1.9740** -2.49
(0.1420) (0.1921) (0.6191) (0.7919)

Pseudo R? 0.1148 0.0468 0.1468 0.1233

Model Specification Test

Predict hat 1.0015*** 21.19 0.8241 0.91 0.9605*** 7.16 0.7357*** 3.10

Predict hat-Square 0.0068 0.10 -0.0669 -0.19 -0.0436 0.41 -0.1942 -1.21

***n<0.01.**p<0.05,*p<0.10

Robust standard errors are in parentheses
N=3488 (India)

N= 648 (Pakistan)
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4.2. Discussion
This study provides the relationship between R&dteinal and external) and product and

process innovations. SMEs are engaged in interndl external R&D is more likely to
introduce product and process innovation. This @ute is stronger for Indian SMEs. While,
in the case of Pakistani SMEs, only external R&D@vebd positive association to firms’
product and process innovation. This implies theltigtani SMEs are reluctant to engage in
internal R&D due to higher cost of innovation arsks. Furthermore, Indian SMEs is found
dominant in terms of undertaking R&D, product andgess innovation than Pakistani
SMEs. This suggests Indian SMEs are more innovatempared to Pakistani SMEs.
Moreover, Indian SMEs are relying not only on ingdrsource of financing but also external
finance (from banks) as their major source of feiag for innovation activities. Nonetheless,
Pakistani SMEs are dependent upon only on intexmaice of finance which is not sufficient
to undertake internal R&D activities. This indicatihat Pakistani SMEs are more externally

constrained than Indian SMEs.

The positive relationship between internal and e R&D shows the complementary
relationship between internal and external R&D.sT$uggests that investing in internal R&D
would likely to increase the probability of doingternal R&D andvice versa. This outcome
confirm the findings of Ceccagnddt al. (2013); Piga and Vivarelli (2004); Bergman (2010).
Lastly, the negative relationship between firmgescategories (SMEs) and product and
process innovation shows that Indian SMEs faceuregoconstraints. In addition, in Table 4
the positive relationship between firms’ size (@ombus variable) and R&D implies that
large firms are likely to undertake internal andeemal R&D than small firms. This outcome
has supported the finding of Schumpeter which agbat large firms are innovative than
small firms. Going back to the initial research sfien, does internal and external R&D
affect product and process innovation? The answéhis question is internal and external
R&D significantly affects the SMEs innovation perftance. However, this effect is found

stronger for Indian SMEs.

5. Conclusion

This research study found that internal and exteR&D positively influences the SMEs
innovation performance. However, this effect waseniified stronger for Indian SMEs.
Similarly, Indian SMEs were dominant in terms ofdertaking internal R&D, product and

process innovation compared to Pakistani SMEs. d&albg in the case of Pakistani SMEs
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only external R&D showed positive association toduct and process innovation. This
finding implied that Pakistani SMEs were reluctémtengage in internal R&D because of
higher cost of innovation and risks. Moreover, mi&oof Pakistani SMEs relied on internal
source of financing for their innovation activitieshis outcome suggested that Pakistani
SMEs were more externally constrained comparedntiah SMEs. The relationship
between firms’ size and innovation performance sugo the Schumpeterian hypothesis that
large firms were more innovative than small firrhastly, this study supported the findings
of Ceccagnoliet al. (2013) and Becker and Dietz (2002) related to ¢hmplementary
relationship between internal and external R&D.isTéutcome implied that external R&D
encourages SMEs to undertake more internal R&D gmdvide technological

competitiveness.

The research study provides important policy ingilans. The complementary relationship
between internal and external R&D implies that stugent in R&D is pre-requisite for SMEs
innovation performance. Business managers carzaitiie balance combination of internal
and external R&D to increase the SMEs innovatiorigomance. However, this study has
found that R&D undertaking is higher in large firf® both countries. Therefore, policy
makers should enhance the R&D culture in SMEs. 8pakty, the R&D gap is wider

between Indian and Pakistani SMEs. Pakistani SMiss kengage in undertaking R&D
undertaking, product and process innovation contpirdndian SMEs. This requires robust
policies to encourage R&D undertaking in PakistaNEs. For instance, public support for
innovation such as R&D grants/subsidies and taditoemuld encourage SMEs to undertake

more radical innovation output.

The relationship between firms size and innovapierformance implies that specific policy
instruments are needed through the help of Smadllidinies Development Bank of India
(SIDBI), State Financial Corporations of Indian,dasmall and Medium Enterprise

Development Authority (SMEDA) of Pakistan, SMEs kann Pakistan to facilitate the

financing of “Innovative Business Plans”. In pautar, Pakistani SMEs are externally
constrained and cannot meet the innovation and etiagk costs of product and process
innovation. Financial assistance and financing Wotker interest rates could overcome their

problems.
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This empirical paper has certain limitations. Then ravailability of financial information

(R&D expenditure, technological acquisition expeémd and borrowing) for Pakistani SMEs
restricted this study to use dummy variables. Tée of dummy variables does not provide
sufficient information on variables. For instanigghe financial data on internal and external
R&D was available for Pakistani SMEs, then an mté&we variable can be introduce to
investigate the complementary relationship betwtbentwo variables. The future research
can use patent count or patent citation as depéndeiables which measure the quality of
innovation. Lastly, the study can be extended tweotSouth Asian countries (Sri Lanka,

Bangladesh etc) to broader the analysis of innomgierformance of SMEs.
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