Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) J'—,i,!
Vol.4, No.4, 2014 IIS E

Analysing National Innovation System of Pakistan

Muhammad Anwar ul HaCorresponding Author)*, Yan Jingdong
Nazar Hussain Phulpoto, Muhammad Usman
School of Management, Wuhan University of Techngl&uhan, P.R. China
*E-mail of the corresponding auth@ayhag@yahoo.com

Abstract

This paper evaluates the national innovation systémakistan. Our analytical framework develops nupioe
OECD framework to analyze the national innovatigstems. The broader frame of analysis includes the
dimensions of institutional pattern, institutiofiahctions, and institutional interactions. We disethe system of
innovation in Pakistan under the yardsticks of goformulation, research and development activitiesearch
and development funding, development of human mesoutransfer of technology, and technology
entrepreneurship, research and development coliboramong institutions, and technological adaptib has
been found that the Pakistan’s system of innovatiofet at the initial stages of its developmentaspared to
many developing countries. Efforts are being madenany fronts to improve the efficiency of the systit is
recommended that policy formulation process shauttlide all the stakeholders. More efforts are eeefbr
technological diffusion.
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1. Introduction

National Innovation System (NIS) is the web of itgions taking part in process and the facilitatiof
innovations in a country. Freeman (Freeman 1983} fiut forward the concept of NIS and proposed tifva a
network of institutions both in the private and [cilsector make up the system of innovation in ¢ouby
initiating, importing, modifying, and diffusing netchnologies into the economy. An extended exjiinaof
NIS holds that the innovation system consists efrlationships and elements within the boundafes state
which cooperate with each other for the productidiffusion, and use of new and economically luseati
knowledge (Lundvall 2007). National innovation ®yst is a set of institutions which determines the
innovativeness of a country’s enterprises (Nels®f1),. Patel & Pavitt regard innovation systemaaset of
national institutions, their competencies and stme of incentives which guide technological leagin a
country (Patel and Pavitt 1994). Metcalfe, howeviarthers the concept of NIS and includes the polic
formulation process of government into the systéimmovation (Metcalfe 1995). According to MetcalfélS is
the set of distinguished institutions which sepeyaand collectively develop and diffuse novel teclogies.
This set of institutions also provides the framdwor which governments devise and implement pdiidie
order to stimulate the process of innovation. laistructure of institutions interconnected witlcleather to
generate, accumulate, and transmit the knowledgés, @and artefacts which delineate innovativehiealogies.
The set of institutions in National Innovation Syt contribute to the development of new technokgide
institutions also play their part in technologyfdgion throughout the economy. These actors ofjiséem also
provide the mechanism in which government not ankes the policies but also devises the framework t
implement those policies. In this way, the systeéninaovation takes a form of interconnectednessrtate,
store, and transfer knowledge, skills, and objedtich outlines novel technologies. Both the actofshe
system and the contextual elements, are imporiamgrsions of innovations system for the creatiod ase of
knowledge for economic growth (Metcalfe 1995).

A well-functioning National Innovation System depsnupon how the players of the system including
government, firms, academia, research centers,catidborating entities perform their respectiveemland
interact with each other (Chang and Shih 2004).r8foee purpose of this paper is to critically azalythe
performance of national innovation system of Pakisby evaluating functions and interactions of egtéht
players system. Our analysis of the National Intioms system draws upon the framework of OECD
(Organization for Economic Co-operation and Deveiept) despite the fact that Pakistan does make the
membership of OECD. The reason behind using thierizr is its comprehensiveness. Previous studidsifg
and Shih 2004) have also used this broader franmiet@oevaluate NIS. The following section sets orgauder
analytical considerations which we apply in oradenteet the outlined objectives of this paper.

2. Analytical Framework

A National Innovation System involves six differemtstitutional functions: formulation of policy, R&
activities, R & D funding, personnel developmeriffusion of technology, and technological entregership
(OECD 1999). Science and technology policy mustasid foster reforms in areas like competition, acaids,
and labor and financial markets in order to stineilanovations. An important feature of an effi¢i®iS is to
make good use of partnerships among public/privesearch institutions and commercialization of sffs,
patents, and licenses. The research and develouivities happen to be a main ingredient of N8 ahould
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be fostered through funding either from state onfother funding agencies. Human resource develnoparea
continuous basis keeps an innovation system fumotip Furthermore, an NIS needs to keep a balaateeen
technology support to the economy and diffusiotechnology. Consequently, such a mechanism withdtte
technological entrepreneurship among firms on gelascale which will ultimately contribute to thational
innovation (OECD 1999).

Along with the institutional functions, the intetams among various players of the system may ladsegarded
as an important function of the institutions. Areefive interaction among the institutions in neseey for
knowledge flow in the system therefore guaranteesfficient National Innovation System.

There are four facets of interactions among insitis in NIS. These are joint industry activitigsiblic/private
interactions, technology diffusion, and personnalbifity. These collaborations take the form of w&gic
alliances by capitalizing upon each other’s cajitésl thus eliminating the weaknesses (OECD 1997).

The collaboration among firms takes the form ohtecal resource pooling, achievement of scale ewies
and gaining synergies through sharing of technarad human resources. These collaborations among the
institutions are likely to enhance the innovativen®f the system. The linkage between private andip
research institutions provides a platform for knedge flow in the innovation system. Universitiesl grublic
research institutions are the public part of thigiaction, while private enterprises lie on thkeotside. The
strength of public research institutions and thiakage with the industry supports innovation of tystem to a
larger extent. Public research institutions noyy@aupport innovation through basic research bwt bismaking
available new skills, methods and instruments te phivate sector. Whereas, the public sector rekear
institutions serve as repository of knowledge, dbeess of industry to such knowledge is also ingporfor the
system (OECD 1997).

The knowledge flow occurs in the system throughtdehnology dissemination as innovative machinery a
equipment. The process of innovation diffusion reie years to complete. The speed at which firnepdew
technology differs according to not only their owharacteristics but also according to the contdxthe
economy in which they are operating. Nonetheleks, firm innovative output largely owes to adopting
technology established somewhere else (OECD 1999).

Furthermore, the rate at which people and knowleaigge across the sectors of economy is cruciah#o t
national innovation system. Many at times, the gfanof specific knowledge is not much importarthea an
innovative approach and competence to solve prabldm diffusion of technology studies, the intehaet
capabilities of personnel are important to techggladoption and implementation. The “capabilityadbption”

is largely determined by the qualifications of &mbwledge of the personnel mobility (OECD 1997).

Apart from the formal linkages, the informal lineong different actors of the system also provesfigal to
the system of innovation. The evidence suggestdritgome countries informal links innovate morteetively
than formal links (OECD 1997).

3. NIS of Pakistan

For Pakistan, innovation is not a new phrase. Tiktotty of efforts to stimulate innovations in Pd&is dates
back to 1953 with the establishment of Pakistan ni€buof Scientific and Industrial Research. Simyar
Pakistan Agriculture Research council, and thed¥ati Agriculture Research Centre were establishextder to
give innovative solutions of agricultural problewfscountry (Higher Education Commision of Pakisgdi10).
While on the policy side, the federal Governmemictaned the first draft of the Science and TecbgplPolicy

in 1984. These and many other initiatives have lkbgesl a web to which we may attribute as the Paikist
system of innovation, despite the fact that mogshese efforts were the result of the requiremehtionors and
agencies like WFP, UNIDO, WIPO (Shahab 2011).

In this section we will analyze the National Inntea System of Pakistan based on the analyticahéraork
established above. Subsequently, we discuss thiéutimnal pattern, institutional functions, andsiitutional
interactions respectively.

3.1. Ingtitutional Pattern

The state of Pakistan embarked upon its journeiQu7 with very weak science and technology institutl
setup. There was only one university, one Colleg@griculture, one research institute and threeotalories
(Shakeel and Khan 2008). However, over time theeguwent recognized the importance of innovations be
establishing different research institutions, cadlgnaf science and technology and programs to imi@gearch
and development (Shahab 2011). From the 1947-1tB@6government of Pakistan established many rdsearc
institutions in areas like agriculture, industniesearch, medical research, and atomic researchevdo despite
these efforts the policy side has been a neglduiit(B, Rashdi et al. 2012). Afterwards, the renale point in
the innovation pattern of Pakistan were the esthbient of organizations like COMSTECH, CAMB (Cerftar
Applied Microbiology), National Commission for Soige and Technology (NCST), Quaid-e-Azam University,
National University of Science and Technology, atdve all the Higher Education Commission of Pakist
(2002) in order to look after higher learning ihgibns (Shakeel and Khan 2008). The latest devedoy in this
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scenario is the announcement of National Sciencéridogy and Innovation Policy 2012. Passing thiotig
evolutionary process the NIS of Pakistan has takeriollowing shape as of today (dég 1).
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Fig 1: NIS of Pakistan (*Offices of Research Innovataond Commercialization) Adapted from: Asia Science
and Technology Portal

3.2. Institutional functions
3.2.1. Policy Formulation

National Council of Science and Technology is tighést policy formulation organ in the innovatioystem
domain of Pakistan. However, science and techngbadigy formulation has been an area of heightareglect

in Pakistan on the part of government. A recenticgodocument issued by the Ministry of Science and
Technology accepts that the process of policy féatian for Science and Technology has been deldged
many years. The first policy was sanctioned in 19841993, an action plan for Technology Policy and
Technology Development was established was formdlafAs a latest development, the ongoing Science,
Technology and Innovation Policy was unveiled i@ ylear 2012 (Government of Pakistan 2012).
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The policy formulation process happens at the stewel in Pakistan. It involves various organs. The
stakeholders of the process include National CduociScience and Technology at the apex. The NGST
directly headed by the Prime Minister Pakistan hofdls its meeting from time to time. Furthermor& 3 is
also responsible for policy formulation and adntigison at all tiers of the system of innovatiorakBtan
council for science and technology advises the gowent through its statistical input. Science polazll
housed at the Ministry of Science and Technologgsponsible to gather the policy input from tHecahcerned
circles and prepares the policy draft. There issmch mechanism embedded in the system which ingltrde
research organizations, academia, and enterprighs policy formulation process.

3.2.2. R&D Activities

Research and development activities in Pakistamlgnaonducted in public research institutions and/ersities.
The public research and development are attachablistments of different ministries of provincaid federal
governments. The public research institutions rafigen areas like agricultural sciences, engineetamgl
technology, medical sciences, energy, biotechnolagyl water resources. Most of the research desvin
Pakistan are concentrated in the agriculture seievith 44 research organizations operating in plaigicular
sector. While there are only 19 Science and teduyyolorganizations operating in the engineering and
technology. There are, only 5 research organizatame concerned with research in medical scienakigf@n
Council of Science and Technology 2009). Despitettlgher number of research organizations in afjuicy
the fruits are far away from realization for theuntry where Pakistan has not yet reached at thel gvself-
sufficiency in food items. There is also a needlitersify research efforts into the areas of engiimg and
technology, and medical sciences also. The R &ti¥ities are also being carried out in the acadespicere as
well. However, enterprises are not very activeeisearch and development in Pakistan.

3.2.3.R& D Funding

The system of innovation in Pakistan gets fundinginty from the government. Firms, the third tier of
innovation plays a meager role in research andldereent funding. According to latest available istats
compiled by Pakistan Council of Science and Teabtmplgross expenditure on R&D in Pakistan is 0.5%hef
GDP. The share of government funding in Gross Déim&xpenditure is as high as 83%. The other sauote
funds for research and development include higdercation, business sector, private non-profit, amdling
from abroad with 10 %, 3%, 2%, 1%, and 1% respecsivare in the overall funding. A deeper look itite
R&D expenditure reveals that major recipient of R&ding is agricultural sciences, with industriesearch,
defense, health, engineering and technology iness@ order (Pakistan Council of Science and Teldgy
2009). These figures suggest there is still a vag to go for the system of innovation in Pakist@here is a
need to enhance the role of commercial sector movation funding. Moreover agriculture sector bethg
highest recipient of funds has not produced theltesip to the expectations. The allocation of fustiould be
diversified to create a balance in the system dwation. The ratio of expenditure on researchaeklopment
also rests a very lower level.

3.2.4. Human Resource Devel opment

The total number of researchers in Pakistan ar@26thich counts to only 162 individuals per milliaf
population, a number far below many developing toes Of the total researchers 17147 are emplaoged
Higher Education Institutions and 8982 are workingR&D organizations. Out of these scientists mang
working in natural sciences domain followed by @&wegring and technology, medical sciences, agrialltu
sciences, social sciences, humanities and othlelsfiéddn odd to the human resources of Pakistan wgrk
contributing in innovation system is the lack ofnér qualification. At the moment, only 10 % of tlesearchers
hold PhD qualification (Pakistan Council of Scienaed Technology 2009). However, the ratio PhD
qualification is on the rise over the last few yearhere are nearly 8500 PhDs by the end of yeaB 20
Pakistan.

Higher Education Commission has played a major irolgeveloping the human resources in Pakistariotfar
scholarship schemes were introduced over thedaslyéar to motivate the student to pursue highatias. In a
recent press statement, an HEC official (Naqvi 2@1&med that researchers trained through thesenses are
likely to play an major role for the improvementresearch and development potential universitielsveth also
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contribute to the development of industry.
3.2.5. Technology Transfer

There is no common mechanism in the Pakistan tlgbrihe technology between the research and dewelap
institutions and the commercial sector. The R&Dtitodons are themselves responsible to marketr thei
innovation to the industry. Pakistan Council ofeftific and Industrial Research (PCSIR) the apetitution

for industrial research, the National Agriculturedearch Council (NARC), and universities have tleves
established linkages with industry for technologigping. The Industrial Linkage Program of PCSIR leeen
started with the aim to strengthen R&D capabilitgl &stablish linkages with pharmaceutical, mategénces,
food, textiles, and chemical industry. Technologgnsfer with the Leather Research Centre, and Ifozad
manufacture is under process. Nearly 57 agreentavs been signed for technology (PCSIR 2013). Natio
Agriculture Research Council of Pakistan has eisabtl an agricultural marketing company in order to
commercialize R&D based agricultural innovationstte agricultural sector. The functions of compamg
consultancy, joint projects, quality assurance, stachdardization (PARC 2008). For the commercitibnaof
academic research, Offices of Innovation Reseanth @mmercialization (ORIC) have been established i
universities. ORICs are trying to establish andrggthen the university-industry relationships (HEX12).

3.2.6. Technological Entrepreneurship

For the promotion of technological entrepreneurshipeconomy needs to have efficient venture digigaand

technology parks. Venture capital firms providedseapital to the aspiring entrepreneurs, while nedbgy

parks play their role in commercializing the aca@eimnovations. In Pakistan, venture capital firnzs/e been
operating since last two decades while the idescieince and technology Parks is at the very instiajes. A
recent survey of the economy of Pakistan notesahigt 18-20% of the final requirements of IT comjggnare
fulfilled by financial institutions and venture degists. Venture capitalists should focus on pdiwy the seed
capital to such sectors (Ministry of Finance 2005)rthermore, the entrepreneurs themselves arendated

towards raising the capital through venture caigiigisince they do not want to share their familnership of
their business with other firms. Moreover, the ardthinders the riskier endeavors, because failredermed
as losers (Imamuddin 2009).

The academic sphere has started to recognize fhartamce of science and technology parks for tieenption

of technological entrepreneurship. National Uniitgroof Science and Technology (NUST), situated in
Islamabad, the federal capital of Pakistan, ihegrocess of establishment of National ScienceTastinology
Park. The plan of establishment of Park has beepagped after wider research and with the helptefiational
and domestic organizations namely World Bank, hd#onal Finance Corporation, Pakistan Ministrysaefence
and Technology, Higher Education Commission of &taki, and Pakistan Software Export Board. Among the
stakeholders of NSTP are university itself, redeamstitutions, venture capitalists, nascent em&eeurs and the
Government. NSTP aims to develop and strengtherarels and development collaboration between urityers
and industry. The main purpose of NSTP is to wark Knowledge-intensive ventures while operatingttos
“services” model as opposed to “landlord” model.rBtaver, the interaction will be strengthened byjsion of
training facility to firms (Hashmi and Shah 2012).

3.3. Interactions of institutions
3.3.1. R& D collaboration

Inventions which are unable to meet the marketrrigay not contribute towards prosperity of country.
Pakistan, public sector research institutions amdeusity are conducting their research withoukdige with the
private sector. There is a lack of inclination teggincluding firms in the setting of research atgefor public
sector research organizations. Such an approactesnalnovations less competitive (Higher Education
Commision of Pakistan 2010). The lack of linkagéaleen research performers further leads to thetsateof
research projects base on interests of individesgarchers rather than the demands of businessuatyni\s a
result, very few research outputs are adopted dy¥itins (Butt 2001). A recent strategy of promotafrscience
and technology in Pakistan outlines the commemztithin of research and development as the maircypoli
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objective. They strategy aims to realize this gbedugh the signing of memorandums of understandéatgieen
research and development organizations, academimdustry (PCST 2013).

3.3.2. Technology Diffusion

For proper technology diffusion, research and dgwakent collaboration among the actors of innovasigstem

is very important. Higher the rate of adoption wfiavation by the firms, higher will be the rate diffusion,
which can only be assured through effective collatbon. In Pakistan, most firms are non-researci an
development based which is itself impediment todHusion of technology. The attitude towards teclogy
adoption also varies from smaller to bigger firmsth bigger having higher orientation towards tealogy
adoption. Likewise, firms having higher sale tureanadopt technology at a faster pace. Domesticsfiamd
firms having acquired certifications adopt techigglohave a high probability of adoption of technglog
(Mahmood, Din et al. 2009).

The National Technology Policy 1993, of Pakistatlioed the necessity of extension services as fciesft
way of technological knowledge diffusion. It wasphed that SMEs will establish their own extensienters
for designing, testing, training, and informatioensces with the help of government (Bhutto, Raséidal.
2012). Realizing the lower rate of technology difin, the National Science Technology and Innovagiolicy
(2012) outlines the measures for the effective fastier diffusion of technology at national, andtitasional
level. The measure include: capacity building fshinology transfer, enhancing capacity absorptmcity of
firms, and industry-university collaboration.

4, Conclusion and Recommendations

The innovation system of Pakistan has evolved tiwe. In the efforts to make the system of innamatinore
effective there is a need to diversify the polioynfiulation process. Unless until all the stakeholle taken
onboard while formulating policy the developmentaof effective and interactive system will remaidraam.
There is also need to diversify the existing reseaafforts as they are mostly concentrated in técalture
sector. Furthermore, the research activities ae a¢eded to be carried out in private sphere #sTere is a
need develop a structure to enhance the role @hterisector research in Pakistan by encouraging thet
research activities and research and developmewlirfg. One practical step may be to start indusRteD
programs with the collaboration and universitied private sector entities.

In order to enhance the collaborative arrangememisng institutions the development of technologizaks of
universities may be a very practical step where@researcher, the entrepreneurs and the fundemgceg meet
each other. Such collaborations will be fruitfulimaking research efforts more applied in naturerddeer, this
will give a boost to meagre technology diffusiorinnovation system of Pakistan.
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