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ABSTRAK 

Penbangunan dan Penyelidiken (R & D) di bawah lingkungan skop pengurusan telah 

menjadi satu aspek penting bagi peringkat individu, organisasi dan global. R & D telah 

lama dianggap sebagai keutamaan bagi negara-negara yang sedang membangun. Walau 

bagaimanapun, R & D di seluruh negara-negara membangun menghadapi kekurangan 

penting dalam mengklasifikasikan keupayaan untuk menangani isu ketidakupayaan.  

Hasil daripada masalah tersebut, terdapat permintaan yang berpotensi dalam kalangan 

organisasi awam untuk mewujudkan model secara teori yang berkaitan R & D di 

peringkat organisasi. Objektif utama kajian ini adalah untuk menawarkan sebuah model 

metodologi yang menyokong dalam penstrukturan semula rangka kerja R & D 

berdasarkan keupayaan untuk menyokong pengurusan disiplin. Untuk mencapai 

matlamat utama, kajian ini terdiri daripada kajian teori dan empirikal:  Kajian literatur 

umum;  kajian literatur secara sistematik tentang keupayaan berkaitan dengan sokongan 

disiplin pengurusan yang terlibat di dalam R & D; perbincangan kumpulan fokus 

diaplikasikan untuk menapis keupayaan di bawah pandangan khusus negara;  

Menggunakan model yang dicadangkan dalam kes organisasi awam Pakistan untuk 

menyusun semula orientasi R&D untuk menghadapi cabaran pada masa hadapan. 

Kemajuan berdaya saing dalam mana-mana firma R & D mempunyai implikasi silang 

budaya khusus kepada negara di mana R & D berfungsi sejak kajian ini menarik kes R 

& D di dalam organisasi awam Pakistan. Oleh itu, teknik kumpulan Fokus disesuaikan 

dengan penapisan keupayaan yang berkaitan dengan inovasi pengetahuan dan 

pengurusan teknologi sebagai "menyokong disiplin pengurusan". Keupayaan ini 

dikumpulkan daripada kajian literatur yang sistematik (PRISMA and Co-word 

analysis). Pakar-pakar yang dinamakan terdiri daripada pelbagai pusat penyelidikan 

yang merangkumi universiti, organisasi awam. Tambahan pula, berdasarkan keputusan 

kumpulan fokus hasil hubungan dan keutamaan keupayaan dapat dirumuskan melalui 

teknik DANP Teknik. DANP (DEMATEL Berdasarkan ANP) teknik menggunakan 

pakar-pakar pelbagai disiplin yang membolehkan model umum pemasangan khusus 

untuk R & D dalam organisasi awam. Daripada kajian ini dapat dibuat satu kesimpulan, 

dengan mengisi jurang kekurangan potensi yang berlaku dalam bentuk kegagalan 

keupayaan.  Kajian ini mempunyai konsep novelti pada infrastruktur, proses dan 

perspektif strategik yang berkaitan dengan keupayaan yang dimiliki oleh pengetahuan, 

inovasi dan pengurusan teknologi selari dengan tingkah laku sumber-sumber mereka 

yang secara tidak langsung mempengaruhi kepada R & D. Keupayaan perspektif 

sebagai pembuat keputusan kriteria yang membolehkan untuk menilai kekurangan  

dalam mengklasifikasikan keupayaan untuk menangani isu kegagalan keupayaan. 

Kajian ini membolehkan pembuat dasar membangunkan rangka kerja R & D yang 

mungkin berguna untuk negara-negara membangun yang tidak mempunyai hak 

keistimewaan lain di mana dinyatakan bahawa R & D model  memainkan peranan 

penting dalam membangunkan polisi sains kebangsaan. 

. 
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ABSTRACT 

 

Research and development R&D under the boundaries of management scope has 

become a crucial aspect for individual, organizational and global level. R&D has long 

considered as a top priority for developing countries. However, R&D across developing 

countries confronts vital deficiencies in classifying capabilities to address capability 

failure issue. As result of such problem, there is potential demand among public 

organizations for creating theoretical model dealing R&D at organizational level. The 

prime objective of this research is to classify the capabilities related to supporting 

management discipline that adds their influence on R&D, To analyze the interrelationship 

among the capabilities related to supporting management discipline for R&D in 

Pakistan Public Organizations and To prioritize the capabilities that involve at R&D in 

public organizations based on their interdependency in case of Pakistan . To accomplish 

the primary objective, the research comprise on theoretical and empirical studies: 

General literature review; Systematic literature review gathering capabilities related to 

supporting management disciplines that involve in R&D; Focus group discussion 

applied for refining capabilities under country-specific view; Applying proposed model 

in case of Pakistan public organization to reconfigure R&D orientation to confront 

future challenges. Competitive progression in any R&D firm does have cross-cultural 

implication specific to country within which the R&D functioned since is this study 

draw the case of R&D in Pakistan public organization. Therefore, Focus group 

technique adapted to refining relevant capabilities related to knowledge innovation and 

technology management as “supporting management discipline”. These capabilities 

gathered from the systematic literature review (PRISMA and Co-word analysis). The 

experts nominated from various research centers that include universities, public 

organizations. Furthermore, based on focus group results the interrelationship and 

prioritization of capabilities can be formulate through DANP techniques. The DANP 

(DEMATEL Based ANP) technique utilizes multidisciplinary experts that allow general 

model fitting specifically to R&D’s in public organization. The study concluded, by 

filling the potential gap that occurs in shape of capability failure. Key finding of this 

study is to draws novel Framework on infrastructural, processes and strategic 

perspective related to capabilities that belongs to knowledge, innovation and technology 

management along with behavior of their resources that influence indirectly on R&D. 

The capabilities perspective as criteria’s allowing decision makers to assess the vital 

deficiencies in classifying capabilities to address capability failure issue. This research 

enables policymakers to developed R&D framework that might be useful for other low 

privilege developing countries where state driven R&D model plays a crucial role in 

developing national science policy.  
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CHAPTER 1 

 

 

INTRODUCTION 

1.1 Introduction  

The existing industrial environment has had a considerable impact on 

organizations across the globe (WEF, 2017). An uncertainty and risk-averse allow 

organizations emphases on short-term advantages, and obstructs any long term 

opportunities to highly uncertain assignments for Research and Development (R&D). 

Also, the industrial cutbacks may cause the reduction of various supporting 

management disciplines and human capital in shape of brain drain, including highly 

skilled experts which consider as driving factor for knowledge-based economies 

(Cetindamar et al., 2010; Pellens et al., 2016; Pilkington, 2008). However, it has been 

found that at current circumstances some of technically advance public and private 

organizations have not trivialize the role of supporting management disciplines related 

to R&D even during the worst financial crisis. Conversely, they take as an opportunity 

to raise their spending for R&D (Archibugi et al., 2013; Pellens et al., 2016). The 

vitality of these organizations forced towards rethink to manage their R&D as anti-

catastrophic strategies. Few studies suggested that strong role of supporting 

management disciplines allow R&D to balance short-term and long-term sustainable 

growth (Cetindamar et al., 2010; Pilkington, 2008). Moreover, enabling more 

fundamental approach focusing on R&D at governmental level is significant for 

nurturing an environment to get long-term socio-economic benefits (Şener & Sarıdoğan, 

2011). Conversely, the question of how and what degree that role supporting 

management discipline may contribute to manage R&D at what level that need to 

answer. Thus, it would be better to conduct empirical study which could offers strong 

argument for managing capabilities within organizations, which play significant role in 
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utilizing R&D to enhance national competitiveness such as in R&D in public 

organizations     

1.2 Research Background   

R&D initially known as knowledge translating processes (Clark & Fujimoto, 

1991b; Moenaert & Souder, 1990; Nowotny, 2003; Savory, 2009). Therefore, the 

transformation of information may rely from sources such as customer order, current 

market demand, technological development into product designs and manufacturing 

processes (Khodakarami & Chan, 2014; Rolstadås et al., 2012; Weerd-Nederhof & 

Drongelen., 1994) 

Developing countries looking to contributes more on R&D in public 

organizations, because new capabilities were vital for national competitiveness (Bank, 

2010). This is specifically factual for large developing countries, which have a 

significant mass of resources and proficiency to drive R&D with respect their local 

conditions (OECD, 2016). At least for minimum level, these developing countries 

require aggressive capabilities for R&D in order to align with global industrial demand 

(OECD, 2016). According to world bank public organizations confronting various 

issues during distribution of limited resources specifically deal with R&D due to  policy 

deficiency (WDI, 2016). Therefore, better distribution of such resources should be the 

top priority, including the better understanding of what supporting management 

disciplines that the government should help to maintain the R&D effectiveness among 

pubic organizations (Kahn & McGourty, 2009). The second concern is about the active 

configuration of these resources, specifically their contribution to R&D in public 

organization (OECD, 2016). It is complicated to validate pure scientific research in 

developing countries due to severe socio-economic obligations, when more applied 

R&D can make a considerable footprint (Bank, 2010). Several developing countries are 

unsuccessful to measure effectiveness of R&D in public organizations or implement any 

transparent accountability mechanism. Those public institutions adds insufficient value 

to accomplish the desirable needs for national competitiveness (Bank, 2010). In this 

context, it makes sense for developing countries to classify the resources that drive 

capabilities belongs to supporting management discipline. It helps in dealing with  R&D 

in public organization and need to sustain their managerial disciplines in which they 
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already have a comparative edge (Gaillard, 2010). Not just sustain it, but it is also 

significant for them to expand more on resources related to supporting management 

discipline. (Dutta et al., 2017; Gaillard, 2010)  

 

By 2015, almost $1,800 billion worth of dollars were spent on R&D around the 

world. Over the last two decade, the global resources for R&D has more than doubled 

(Aksnes et al., 2017). During same period, R&D share expends from 1.40 to 1.69 

percent to the global GDP (Aksnes et al., 2017). From 1996 to 2014, there has been an 

apparent shift of global R&D resources from North America to Asia developing 

countries. It is specifically due to the rising industrial growth in china, South-Korea and 

Taiwan (Aksnes et al., 2017). In 1996, the balance of R&D resources contribution to 

world’s R&D by developed countries is about 65% while, developing countries 

contributes 26 %. However, by 2015-2016, the proportion were 48 and 43 percent, 

respectively (Aksnes et al., 2017). It shows the clear trends regarding locating more 

R&D toward developing countries.  

 

However, the majority of developing countries depend on R&D in public sector 

which has so far confronting various capabilities failure due to infrastructural weakness 

among supporting management discipline (Guimón & Agapitova, 2013). The recent 

study made by World Management survey (WMS) which has legitimatized a quantum 

leap in their comparative study regarding contribution of supporting management 

discipline with their implication on R&D competitiveness (Cirera et al., 2017). WMS 

illustrates various systematic failures occurs among public organizations due to  

capability deficiencies related to supporting management discipline, which emerges as a 

critical driver for R&D among several developing countries (Cirera et al., 2017). 

Addressing these deficiencies consider as stressful and engaging process for many 

developing economics to sustain their R&D competitiveness (Guimón & Agapitova, 

2013) 

Evidences suggested that despite the substantial R&D myopia that occurs among 

various developing countries in shape of capability failure, somehow effect the national 

innovation policy (Cirera et al., 2017). Such effect ultimately divert the focus of various 

researchers to emphasize more on the significance of boarder set of capabilities related 

to supporting management discipline at R&D frontier (Cirera et al., 2017) 
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Supporting management discipline is an under researched phenomenon (Mah, 

2015). Majority of firms operating capabilities that belongs knowledge, innovation and 

technology management as supporting management discipline (Cetindamar et al., 2010; 

Pilkington, 2008). Researchers in the field of R&D have explored numerous aspects of 

this phenomenon. Earlier studies, were used to clarify the real boundaries among 

supporting management discipline (Cetindamar et al., 2010; Pilkington, 2008) for 

example Matthews (1996) and Cho and Mathews (2000), downplay R&D-focused 

paradigms and emphases on how latecomer Asian firms looking to acquired capabilities 

that propel supporting management discipline in order to accelerated organizational 

learning as supporting instrument. Huang et al. (2008), more emphases on comparing 

R&D progress on the bases of effective management practice related to technology and 

innovation among public and private organization. Chiesa et al. (2008a) characterized 

multiple R&D configurations on the bases of knowledge management as effective 

supporting management tool and allow their performance indicators to measure long-

term national goal. Although these studies analyze the effective utilization of supporting 

management discipline and only been explore effective involvement of these 

management disciplines to clarify the real boundaries among them (Cetindamara et al., 

2009; Pilkington, 2008; Pilkington & Teichert, 2006). These studies neglecting the 

range of capabilities belong to supporting management disciplines, which share the 

boundaries with  R&D to avoid systematic and market failures among developing 

countries (Foxley & Stallings, 2016; Guimón & Agapitova, 2013) leaving room for 

further research on the same field.  

 

 Few recent studies have focused upon R&D in latecomer industrial countries 

(Huang et al., 2008; Meesapawong et al., 2010; Reddy, 2011). Some recommendations 

have been observed regarding the degree to which developing countries may comply for 

improving their capabilities related to supporting management discipline. Such 

improvement were based on existing strength among their government institutes 

(Anwar-ul-Hassan Gilani 2015; Babelyte-Labanauske & Nedzinskas, 2016). This was 

giving without specific analysis to address significance of capabilities related to 

supporting management discipline in order to improve R&D deficiencies (Foxley & 

Stallings, 2016; Guimón & Agapitova, 2013). Thus, it remains arguable among 

researchers to explore more to address on classification of capabilities related 

supporting management discipline that leads to the capability failure.  
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1.3  Problem Statement  

The existing literature on R&D under the boundaries of management scope has 

become a crucial aspect among individual, organizational, and global level. R&D has 

long considered as a top priority for majority of developing countries  (Polit & Beck, 

2010a). These developing countries consider R&D as a central stream element for 

during the development their science and technology policies to counter economic and 

social challenges. On the other hand, developed countries consider R&D as for 

sustainable competitive tool (Guimón & Agapitova, 2013). There is no reservation 

regarding the significance of R&D among developing countries as a potential 

instrument to confront growing challenges due to exponential technological 

development at a large industrial scale (Wang et al., 2013). However, many developing 

countries still facing the technical barriers due to the slowing progress in their R&D 

(Mazurkiewicz & Poteralska, 2017). OECD (2016) shows the majority of governments 

policies among developing countries used to supports the potential resources for R&D 

in public organizations, but the outcome was remained fragmented and disarticulated, 

making them ineffective (Maloney, 2014). Majority of developing countries spending 

less 0.5 % of their GDP on R&D although the spending  grow up over the period by the 

number of emerging economies the situation remains the same (WEF, 2017). According 

to global innovation index (GII), developing countries rely on spending may confront 

various deficiencies relate to supporting management discipline even though, majority 

of governments among these developing countries advocating the policies that were put 

an effort to enhance their R&D competitiveness at governmental institutions (Ali et al., 

2009; Dutta et al., 2016b; Wamae, 2009). Similarly, innovation mechanism among 

several developing countries faces huge constraints of systematic interaction, that were 

largely absent and depleting processes for capability accumulation that effect largely to 

R&D (Egbetokun et al., 2017)  

More than 50 % of public organizations among these developing countries has 

failed to recognized the knowledge, innovation and technology management as 

supporting management disciplines as significant contributors to R&D (Guimón & 

Agapitova, 2013; Račinskaja et al., 2017). Such issue frequently appeared in shape of  

market failure and systematic failure as outcome of R&D (Guimón & Agapitova, 2013; 

Unsal & Cetindamar, 2015). The prior research more concerning about to rectify market 
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and systematic failure also illustrate the method to overcome these failures (Bounfour & 

Miyagawa, 2014; Guimón & Agapitova, 2013; Lundvall et al., 2011; Meuleman & 

Maeseneire, 2012; Trade & Development, 2003). The prior research unable to highlight 

any narrative on capabilities failures that were appeared during capability learning 

process among various public organizations that are fail to classify the capabilities 

related to supporting management disciplines (Karaveg et al., 2016; Račinskaja et al., 

2017). Therefore, classifying capabilities related to supporting management discipline is 

essential to propel R&D competitiveness with significant impact on national innovation 

system (Anwar-ul-Hassan & Ansari, 2015) 

In a long-term perspective, these capabilities barriers lead to inevitable 

consequences for example, transfer of resources as investment always a weak point for 

developing countries as from development and self-reliance perspective (Ramzi & 

Salah, 2018). Majority of the developing countries remain depended on commercially 

and technological on external sources (Ramzi & Salah, 2018). In fact, the R&D is still 

the unrevealed black box of the developing countries. Prior studies unable to portray 

enough evidences on classifying the capabilities related to supporting management 

discipline that influence the R&D among developing nations (Ramzi & Salah, 2018) 

Since the majority R&D, related activities in developing countries has fall under 

the public organizations (Anwar-ul-Hassan & Ansari, 2015; Guimón & Agapitova, 

2013). Therefore, the effectiveness of R&D is considers an essential tool for national 

innovation system (NIS), that may rely on capabilities related to supporting 

management discipline as a significant approach for developing adequate national 

innovation policies (Anwar-ul-Hassan Gilani 2015; Unsal & Cetindamar, 2015).. 

Besides, prior studies were more about the role of supporting management discipline 

(Karlsson et al., 2011).  However, unable to draw any attention on relationship between 

capabilities related to supporting management discipline (Karlsson et al., 2011; Madeira 

et al., 2013). Thus, more studies are required to justify before any conclusions can be 

drawn. Since, prior studies were more focused on some assumptions without 

considering the differences between developing countries regarding their existing 

development level and their ability to attract R&D opportunity (Karlsson et al., 2011; 

Madeira et al., 2013). 
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In order to remain economical in global arena, Pakistan requires a persistent 

strategy to produce and establish new resources for socio-economic growth (Ali et al., 

2018). This objective can be accomplished if Pakistan is competent enough to increase 

its existing R&D capacity in the use for socio-economic development. Such progress 

also enables comprehensive expansion in science and techno-innovation (STI) through 

aggressive R&D programmes (Ali et al., 2018). Since Pakistan is a middle income 

economy, where R&D can be as potential contributor to their economic growth and 

draw major impact on society in shape of community development, skill development, 

and generation of new knowledge, high education, health, environment and 

sustainability (OECD, 2017). According to OECD 2017 report, among developing 

countries R&D in public organization plays a significant role for long term soci-

economic growth based on true value that relatively small difference in rate of actual 

economic growth contribution maintained over a sustainable period can have enormous 

implication for material living standards(OECD, 2017). Effective R&D practices 

enables socio-economic growth rate of output per person based on community 

development, skill development, and generation of new knowledge, high education, 

health, environment and sustainability upto average value of 2.5 % per year which 

double average living standards in 28 years (OECD, 2017). In case of Pakistan 

according to OECD recent revelation, the situation required major improvement in-case 

of encouraging R&D to enhance soci-economic at present situation the role of R&D on 

community development  from year 2015 to 2019 the average value remain stagnant at 

around 1.5% while, the average contribution of R&D on skill development were close 

upto 1.7%. The role of R&D contribution in case of generation of new knowledge and 

High education the average value remain maintain upto 1.44% and 1.98% over five 

years. R&D practices at public sector has positive influence on health and environment 

at national which shows certain progress over five year period the average value has 

maintain upto 2.1% and 2% respectively while the impact on sustainability remain 

stagnant average value 2.08%. In case of Pakistan, the overall average value that R&D 

contributes on socio-economic growth for common people is 1.84% which less than 

recommend value of 2.5% as shown in Figure 1.1.  Since, Pakistan is a developing 

country the policy makers need more to emphasis on effective R&D practice at public 

sector in order to elevate socio-economic growth for common peoples. 
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Figure 1.1  R&D Contribution on socio-economic Pakistan 2015-2019 

Source: Ali et al.,( 2018) 

In this context Pakistan, is the case of interest for the analysis. According to 

Ministry of science and technology (MOST), Pakistan spend same as India on matters 

concerning to R&D nothing to smirk about since the figure stands below less than 1% 

of GDP (Gross Domestic Product). But the result is significantly hammered (Mannan, 

2013). According to the recent report published by Pakistan Council of Science and 

Technology (PCST) reveals that depleting position of Pakistan among various indexes 

for instance: According to Global Innovation Index -2017,  Pakistan rank 131th out of 

141 countries (Dutta et al., 2017). Similarly, Technology Achievement Index (TAI-

2015) shows more fragile position according to their measurement Pakistan rank at 

127th out of 140 countries (Shahab, 2015). While, according to Global Competitive 

Index (GCI) Pakistan rank at 107th out of 140 countries which gives the clear picture 

about the significance of R&D in public organizations (Schwab, 2016a). From PCST 

recent prediction more than 75.25% research & development falls under the 

responsibility of governmental institutions (Muhammad & Bashir, 2014). Since, 

Ministry of science technology (MOST) has set the 2023 target to promote R&D 

according to UNESCO specification (Shahid, 2016). Therefore, heads of various 

scientific institutions  including, Pakistan Engineering Council (PEC), National 

University of Science and Technology (NUST) and National Commission of Science 

and Technology (NCST) pitched the idea to boost R&D growth and prioritize the 



9 

potentially weak capabilities that are involve as supporting management discipline to 

supplement R&D competitiveness specifically in public institutions (Shahid, 2015) 

1.4 Objectives 

The objectives for this research were three-fold 

 RO1: To classify the capabilities related to supporting management discipline that 

adds their influence on R&D  

 RO2: To develop framework based on interrelationship among the capabilities 

related to supporting management discipline for R&D in Pakistan Public 

Organizations  

 RO3: To prioritize the capabilities that involve at R&D in public organizations 

based on their interdependency in case of Pakistan 

1.5 Research questions 

 

With respect to research objectives, this PhD research looking to assess the 

following overarching question: In investigating such issue, three major research 

questions arises as follows  

 

 RQ1. How to classify the capabilities related to supporting management discipline 

that shares the boundaries with R&D? 

 

 RQ2.  How to develop framework  to draw if there is any relationship among the 

capabilities in case of R&D in Pakistan public organizations?    

 

 RQ3. How to prioritize the capabilities that involve at R&D in public organizations 

based on their interdependency in case of Pakistan? 

1.6  Scope of Study  

This study limited to R&D in Pakistan Public Organizations. The study will 

more focus on classifying the capabilities related to supporting management discipline 

that contributes to R&D.  This study will also, emphasized on determining relationship 
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among the capabilities, and prioritizing them with respect to their interdependency in 

order to address capability failure issue that appear among majority of Public 

organizations of Pakistan. Key invited experts were from R&D in public organization 

with expertise and experience in knowledge management, innovation management and 

technology management. Upon researcher’s consultation with National Productivity 

Organization (NPO), lists of related public organizations were presented with active 

R&D with organizational mission based on knowledge, innovation and technology 

management. 

 

Addressing the multi-disciplinary R&D in public organizations, allow researcher 

to include all the studies based on relevant capabilities under a generic perspective as to 

oppose country-specific review. In this study, the systematic literature review 

(PRISMA) used as to screen out studies from Scopus Database. However, empirical 

studies allow researcher to rectify the gathered capabilities from on expert’s consensus 

under country-specific domain. Furthermore, choosing study related to developing 

country instant of a developed country is motivates by the intensity of public R&D as 

compare to private R&D in developing countries   

 

1.7 Research Motivation 

On the research stream of supporting management disciplines, no exclusive model 

has been ultimately acknowledged. In the context of R&D in Public organizations, some 

conceptual models draw limited narratives on how to manage supporting management 

discipline. Some prior studies draw capabilities prospective related to knowledge, 

innovation and technology management as supporting management discipline that 

shares their boundaries with R&D under individual context. Significance of supporting 

management discipline on R&D has been long been striving to convene capability 

prospective among developing countries. However, prior studies have unable to explore 

the relationship among three set of capabilities all together which could guide R&D in 

public organization. The significance of supporting management discipline on R&D 

among public organizations draw number of challenges in shape of systematic and 

market failure. These challenges are further amplified in shaped of capability failure 

which appear during the capability learning process among majority of R&D in public 

organization across developing economics     
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From the researcher’s 8–year work experience with a Pakistani public organization, 

4 –years as industrial engineer and 4-years as senior researchers, witness to face many 

Pakistani public organizations have been confronting capabilities issues. Although, 

some R&D in public organizations start to respond the situation by assessing 

capabilities failure that appear during the capability learning process related to 

supporting management disciplines how every majority of public organizations unable 

to classifying the capabilities related to supporting management discipline and create 

interrelating influence among these capabilities on R&D. Furthermore, the prioritizing 

mechanism for ineffective capabilities already seems to be late and inadequate in 

dealing with the uncertain R&D in Public organization. Chiesa et al. (2008a) 

characterized multiple R&D configurations on the bases as capabilities related to 

supporting management tool and allow their performance indicators to measure long-

term organizational among public sector. Although these studies analyze the effective 

utilization of supporting management discipline and only been explore effective 

involvement of these management disciplines to clarify the real boundaries among 

them. However, public R&D organisations need conceptual and applied frameworks 

which support the full spectrum of supporting management discipline, to delivering 

values to public organization specifically among developing countries. 

In order the develop an framework related to R&D fit to the context of public 

organization, consensus based opinions from experts under country specific view 

required to rectify capabilities related to the knowledge, innovation, and technology 

management as supporting management discipline that were influencing R&D by 

merely emphasizing on a country-specific context. This is justified by the requirement 

that the rectified capabilities are somehow fit to the context of country. From the 

researcher‘s perspective, the guaranteed and unrestricted access to a R&D in public 

organizations is an essential factor to purse this research study. Hence, Pakistan is 

selected and Pakistani experts were invited to take part to the Focus Group study. 

Furthermore, Pakistan is a developing country striving to achieve R&D 

competitiveness. This is where R&D in Public organization should assist in delivering 

this vision. Therefore, conducting research on R&D in Public organization of Pakistan 

could bridge the large gap in developing sustainable competitiveness and could be 

constructive for other developing countries that  exhibit similar characteristics  
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1.8 Significance of Research 

This research adds to the body of knowledge by offering an integrated 

framework that enables the capabilities of three key disciplines to achieve effective 

R&D outcomes.  

At first, this study employing knowledge management as a catalyst to R&D and 

argues sufficient criteria’s for knowledge management capabilities for R&D. This study 

portrays theoretically relationship among criteria’s for knowledge management 

capabilities that were necessary for decision makers and signifies that how knowledge 

management capabilities become core element during policy making to improve R&D 

 

Secondly, this research adds to establish logical connectivity among processes, 

infrastructure, and strategies regarding capabilities related to technology management 

that considered previously as single sources toward retaining competitiveness. However 

previous studies were theoretically avoiding the potential criteria for technology 

management capabilities which were crucial for R&D. This study probably signifies 

technology management as the dimension that describes rules in the form of 

infrastructures, processes, and strategic capabilities and evaluates the relationship 

among these criteria’s for developing appropriate policy to improve R&D. 

 

Thirdly, this study theoretically contributes by portraying relationship among the 

dimensions and criteria’s related to innovation management capabilities and their 

influence to R&D to draw a general guideline for effective policy-making for 

sustainable R&D. 

 

This research produces some practical impact on R&D in public firm’s in-shape 

of understanding the useful contribution of capabilities related to supporting 

management that uses as a supporting tool to assess the capability failure among R&D 

in public firms. Some studies formulate critical aspects of supporting management 

discipline, but there seems to an absolute lack of agreement among the researchers 

regarding the classification of these capabilities. Secondly, this research highlights 

justifies the argument that how the understandings of industrial experts towards 

capabilities related to supporting management discipline add as significant role during 

R&D configuration. Third, this research produces a retainable impact on national 
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innovation mechanism as sustainable competitiveness for countries with low R&D 

expenditure. Fourthly, this research enables as capacity building for R&D in public 

organization through capabilities learning the process.  

 

The finding of this research contributes to the national level (i.e., Pakistan) as a 

tool for developing a national innovation policy. Other than R&D in Public 

organizations can utilize focus group technique that may also adapt to design new 

network model that includes organizational-specific factors gathered by taking all 

dimensions of public R&D into account, refined by Pakistani experts 

 

1.9 Limitation  

This research posse’s number of limitations. Since, it could be arguable that 

identification of criteria’s and sub-criteria based on extensive systematic review with 

the bibliometric technique known as co-word analysis. The co-word analysis sketch the 

postulations on research article keywords comprise a sufficient narration of its content 

or the adequate associations that paper recognized between problems. But unable to 

draw complete characteristics of research which is based on comprehensive overview of 

abstract  

It could be arguable that the implementation of the illustrative model may not 

country specific. That allows evaluating the significance of DANP-based Model in the 

cross-cultural setting; however, this research argues an in-depth analysis on adopting 

DANP- based network model specific to Pakistan that could provide enough 

interpretation       

It could be argued that findings are based upon insufficient diverse data set. 

However, the research offers some of the standard dimensions for instance, the 

conceptual framework not only contributing to R&D research but also conceived as a 

generic adoption model. Also, the integrated approach is not new now. But the process 

through which they have been utilized to rectify the complication regarding 

multidisciplinary characteristic relate to R&D in public organization. 
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1.10 Operational Definition  

This study comprises number key terms, which require being noticeably 

understood. These key terms are further in detailed with descriptive clarifications under 

the literature review. 

Research and Development: Research, ‘R’ of R&D is an investigating ability that 

explores to recognize the universal principles (discovers new knowledge). While, 

development ‘D’ of R&D is the function of current scientific norms (knowledge), along 

with commercial and other compulsions, start from the layout of devices to the potential 

processes that accommodate the needs of humanity (Gibson, 1981) 

Capability: The tool which enables a broad spectrum of fields, reflects the behavior 

which contributes to high performance (Ingrid Robeyns, 2003). 

Innovation Management: Innovation Management is the ability to managing 

organization’s innovation practices, starting at the initial stages of conceptualization, to 

its final stage of successful implementation. It comprises the decisions, activities, and 

procedure of devising and implementing an innovation strategy (Hargrave, 2006) 

Knowledge Management: Knowledge management describe as practice to encourage 

knowledge growth, extensive sharing of knowledge among the function of the 

organization and the aim to preserve the knowledge resource within the organization 

domain (Steels, 1993) 

Technology Management: Technology management is a set of management 

disciplines that allows organizations to manage their technological capabilities to create 

competitive advantage (Gaynor, 1996) 

1.11 Summary  

This chapter highlights an overview of research, its research background, 

‘Objectives’, Research questions’, ‘Research scope’, ‘Research significance’, ‘Research 
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motivation’, ‘Knowledge contribution’. This chapter aims is to provide readers a 

holistic picture before detailing on the research theme in the subsequent chapters 
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CHAPTER 2 

 

 

LITERATURE REVIEW  

 

2.1 Introduction  

The core purpose of this chapter is to present a careful review of existing 

literature related to supporting management discipline and its effectiveness on R&D. By 

re-examining the appropriate studies along with relevant research backgrounds, 

theoretical concepts, consistent interpretation on this phenomenon, with detailed 

references, where it is relevant to applied among developing countries. This chapter 

provides all the instruments for highlighting research gap and ignored issues. Due to the 

significant nature and high complexity of this research, this chapter is inherently 

specific and limited to the capability-based approach use to explore R&D effectiveness 

in multifaceted domains. Hence this chapters complies with all the relevant patterns of 

capabilities related to supporting management discipline specific to observe its effects 

on R&D 

2.2 Overview on R&D 

In recent time most of the public sector firms seek the opportunity to change 

their resource pattern according to the behavior of high market demand (Teece, 2009). 

The role of R&D remains highly encouraged among developing countries to sustain the 

high market demand in shape of developing new innovation and to survive in uncertain 

conditions (Hosni, 2010; Porter, 1985).  Since the demand fluctuating due to dynamic 

market environment, where most of the public sector firm looking to updated their R&D 

resources with respect to the market demand (Hosni, 2010). The nature of capabilities 

related to supporting management disciplines have abilities to accommodate R&D 

within a complex environment depends on the aggressive innovation policy. Such 
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policies allow public organizations to confront uncertain market behavior (Hosni, 

2010). The evaluation of capabilities was necessary for any public organization that 

potentials rely on R&D in order to sustain the organizational competencies (Hosni, 

2010). Furthermore, these evaluations help to predict future opportunities in order to 

map the maximum competitive advantage during the fluctuating business environment 

(Porter, 1985; Teece, 2009).   

In majority of developing countries the public firms align their industrial 

strategy with respect to capabilities that support R&D at organizational level and allow 

firms to confront uncertain demands (Hosni, 2010). Such strategic alignment may 

facilitate organizational resource to understand the progressive technological 

advancement and technological shift (Hill & Rothaermel, 2003). Similarly, the 

supporting management discipline at capabilities level allows firms to enhance their 

R&D scope in order to understand current and future market trends (Einsehardt & 

Martin, 2000; Rothaermel & Hess, 2006; Unsal & Cetindamar, 2015; Zollo & Winter, 

2002). 

2.3 Generational Overview on R&D 

Several scholars have highlighted R&D significance in the context of 

generational terms (Nobelius, 2004; Rogers, 1996). For instance, “it is understandable 

that firms with R&D function has encountered various management configurations and 

has widened its functional domains to adopt internal and external change” (Howells et 

al., 2008).  Miller (1995a) suggested that continuous evolution of R&D as the function 

is necessary for overall organizational performance. Miller (1995a) represents the four-

level “ladder” whose “rungs” increase from special reserve through a method of steady 

integration of various capabilities for strategic means.   

Majority of industrial corporations observe these strategic mean related to 

various capabilities that were unable to pay substantial interest to their R&D function 

till the end of the nineteenth century (Ganguly, 1999). It is understandable that various 

new innovative products were an outcome of some individual efforts for instance: 

Edison, Wright, and Bell. However, because of the high complexity involve around the 

process of development during new product innovation. Somehow, these individual 
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efforts numerous occasion were unsatisfactory to the market requirement (Ganguly, 

1999). While, most advanced scientific break-through was a result of integrated efforts 

made by the multidisciplinary team’s (Ganguly, 1999). As a result of such efforts, 

prominent industrial organizations initiating their in-house R&D practices, offering the 

best opportunities to scientist and technical consultants to accommodate their demands 

by spending huge budgets on development programs. During that period, various 

patterns were adopted to manage R&D function at each level. Many scholars’ splits 

such transformation into generational context in order to assess the outcome of R&D 

over the period of the half-century.   

Throughout at first generation of R&D (1950 to 1960), several new innovative 

products that were developed in the past become a part of new trends and consider as 

emerging industries. The involvement of technology was mainly seen as the cure for all 

the functional alignments (Pelz & Andrews, 1966; Rothwell, 1994a, 1994b). The first 

generation of R&D as functions undergoes to some of the postulation theories that 

initiate the process of evolution such as more products in; the more products came out.  

In brief, R&D was conceived as organizational function (Roussel, Saad, et al., 1991). In 

case of assessing R&D process, it was observed as a linear function to propel 

technological creativity towards downstream for end-user market (Quinn & Mueller, 

1963).  

Similarly, in first generation R&D majority of firms preferred knowledge 

practices and were relying on significant resources related capabilities belongs to 

knowledge management (Park & Kim, 2005b). First generation R&D covers some 

aspects that initiate innovation trends among emerging scientific corporations and allow 

them to invest more on science and technology (William, 2014).  The technology was 

considered as a tangible asset to managed first generation R&D due to the emergence of 

information technology as computers reachable to few (Rogers, 1996). 

In the second generation (starts mid of the 1960s till the end of 1970s), an 

equilibrium market demand were observed with more balance relationship between 

supply and demand. Escalating market competition allows firms to emphasis more on 

volumes and focuses on developing promotional strategies (Rothwell, 1994a). During 
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that decade, more attention was made on short-term market demand, entirely avoiding 

to acquire long-term capability for R&D to fill market expectation (Rothwell, 1994a).  

In term of practice-wise, the significance of demand and processes were seen as 

opposite in contrast to the first generation. For instance, the creative idea could 

conceived from the market and rectify though systematic R&D processes (Hippel, 

1975). 

The main strength of second-generation R&D was predictability scenes towards 

the development of new product and starched capabilities to influence the external 

organizations in order to complement in-house R&D (William, 2014). During that 

generation, R&D more active to integrate with other business functions. This new 

configuration allow firms to predict the potential values that were necessary for 

successful product development at the project level (Miller, 2014). More efforts were 

made toward management strategies which comprised project cost-sharing within the 

organizational matrix. Technology support mechanisms were also introduced that 

allows primarily data-base for statistical data synthesis as a source of business 

advantage (Rogers, 1996).  

The third generation of R&D can be recognized from the mid -1970s till end of 

1980, where the world economy was fluctuating due to high inflation with demand 

saturation (Miller, 2014; Rothwell, 1994a). Marginalising cost to enhance profit became 

the name of game. Major R&D firms conceived waste reduction technique by 

reconfiguring current practices and modifying new technique to reduce internal cost 

(Miller & Morris, 1998). During that generation range of investment in R&D also 

influence various ways to balance market uncertainty (Cooper, 1983). 

At the early stages, during third generation more emphases were made on 

capabilities that allow faster product development at lower expenditure rate (Miller, 

2014). The new capabilities involve during the development process provides a 

progressive opportunity for cost reduction by integrating waste reduction techniques 

(Miller, 2014). 
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During that period, both individual and global R&D projects were the source of 

replicating the overall R&D strategy for the firms (Park & Kim, 2005b). Hence, it was 

essential for firms to carry out simultaneous processes to fill the individual and global 

requirement. These processes were basically rely on supporting management discipline 

(Park & Kim, 2005b). These disciplines allow firms to undergo aggressive decision 

making with respect to their competitor (Park & Kim, 2005b). 

In case of fourth generation, it starts at the early of 1980s till the end 1990 

during that period the economy recovered and various business leaders looking to 

rethink their business diversification significantly in favour to acknowledge their core 

capabilities. All laying within time-line competition paradigm, for instance: Japanese 

companies like Honda, Sony and Toyota (Rothwell, 1994a). In general, the automotive 

industry considers as an example that was functioned in the similar manner (Aoshima, 

1994; Clark & Fujimoto, 1991a; Tushman & Reilly, 1999). During that generation, the 

focused was switched from manufacturing product to putting a product as an entity of 

total business value for example product volume in shape of product variety, product 

distribution, and product services (Miller & Morris, 1998). The new concepts of product 

development were introduced during that period with the comprehensive integration to 

other organizational units along with parallel activities, which allow firms speedy 

response to the market demand (Cooper & Kleinschmidt, 1995; Eldred & McGrath, 

1997a, 1997b; Trygg, 1991). During this generation, R&D virtualizes as a process of 

synchronized learning and consider as the only solution to confront market dynamism. 

Most of the firms experimenting with IT as aggressive weapon in order to address 

“Productivity Paradox” (Rogers, 1996). 

In fourth generation of R&D, add more supporting management discipline to 

enhance not only products, processes and services. But also improve business structures 

along with the existing industrial model (William, 2014). Such radical enhancement 

depends up internal functions capabilities such as R&D, production, engineering and 

manufacturing or services to manage innovation (Miller & Morris, 1998; William, 

2014) 
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Similarly, In fifth generation it starts at the early of 1990s starches R&D 

boundaries of discussion from internal mechanism to external trends that includes firms 

R&D operations, R&D management, technological ability, and sharing the requirements 

of technology funds (Rothwell, 1994a). Therefore, R&D needs to integrate with the 

business atmosphere along with external factors for example: comprehensive 

understanding on competitors, complete know how about potential suppliers, 

distributors and market customers (Iansiti & West, 1997b). More emphases were made 

on understanding the inherent capabilities related to supporting management discipline 

to interface with the system of multiple stakeholders (MacCormack et al., 2001; 

Tushman & Reilly, 1999). Additionally, these capabilities not only boosting product 

development process but also manage overall operating acceleration promptly.    

The generational classifications of R&D illustrates that the R&D consider as 

potential source to confront market dynamism (Iansiti & West, 1997a). To 

accommodate dynamic business circumstances such R&D can be a potential source for 

firms competitive advantages (Iansiti & West, 1997a). Therefore, majority firms 

realized that being competitive to market response requires reasonable understanding 

towards supporting management discipline that allows firms to adopt creative trend 

successfully as compared to their market competitors (Iansiti & West, 1997a) 

2.4 Evolution of R&D Generations Across Pakistan Public organizations 

Majority of R&D in public sector organization in Pakistan will unable to draw and 

sustain its competitive capacity to confront dynamic industrial trend if it continues to 

ignore investments on human capital and neglecting potential spending on technical 

(Qureshi, 2018). It is well-understood fact that more than part of the socio-economic 

growth among developed countries is based on technological capabilities (Qureshi, 

2018). Pakistan requires to enables strong R&D policies that relates with existing R&D 

generation, which is not only synchronized with all other development policies but also 

established strong capacity building that belongs to education, health, industrial policy 

in order to confront dynamic industrial trend (Qureshi, 2018). Over the last, seven 

decade R&D trend in Pakistan public organization evolved with respect to the industrial 

demand (Qureshi, 2018) 
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In case of R&D evolution, the first generation at early of 1950s to the mid of 1960 

the trend among majority of R&D in public organization of Pakistan were more towards 

technology push oriented (Bashir & Bashir, 2014). More emphases were made on 

scientific breakthrough and less focus were made on inter-organizational coordination. 

In case of second generation from mid of 1960s to early of 1970s a trend of market pull 

oriented approach were observed among major of public organizations (Bashir & 

Bashir, 2014) . Majority of R&D at governmental level were more emphasize on project 

driven strategies. Similarly, the third generation from mid of 1970 to 1980s most of 

R&D in public organization of Pakistan moving away from individual projects views 

and develop a strong association in between strategically balanced project portfolio and 

business strategy as corporate function (Bashir & Bashir, 2014). In case of Fourth 

generation which starts from 1980 to mid of 1990 a comprehensive transformation has 

observed among majority of R&D in public organizations more emphasize has made on 

customer based learning and strategic research alliance to manage internal and external 

knowledge (Bashir & Bashir, 2014). While, the fifth generation starts from mid of 

1990s till upto present situation where majority of R&D in public organization of 

Pakistan were more focused on system integration within and beyond the organizational 

boundaries (Bashir & Bashir, 2014).The complete evolution of R&D generations across 

Pakistan Public organizations is shown in Table 2.1 

Table 2.1  Current R&D generation adapted by Pakistan Public Organizations 

Generation R&D Trends 

General 

characteristics 

Specified R&D 

Characteristics 

Public organization 

with respect to 

sectors 

First (1950s to 

the mid of 1960) 

Incremental 

resource 

allocation  

Science push 

strategy, More 

focus of 

breakthrough 

based on 

individual 

researchers   

Agriculture, 

Medical, 

Engineering and  

Technology, 

Textile, 

Construction   

Second (From 

mid of 1960s to 

early of 1970s) 

Project quality Based on 

Market pulled 

driven 

strategies, 

Project 

evaluation 

technique, 

Project quality,  

Agriculture, Textile, 

Engineering, 

Defences, Medical, 

constructions  
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Table 2.1   Continued 

Generation R&D Trends 

General 

characteristics 

Specified R&D 

Characteristics 

Public organization 

with respect to 

sectors 

Third (From mid 

of 1970 to 

1980s) 

Business 

integration 

Process  

More emphasize 

on business 

alliance, and 

strategic 

partnership 

Agriculture, Textile, 

Engineering, 

Defences, Medical, 

constructions, 

Minerals and 

Petroleum,  

Fourth (From 

1980 to mid of 

1990) 

Connecting  

External and 

internal 

Knowledge  

Organization 

learning from 

Customer based 

perspective,   

Agriculture, Textile, 

Engineering, 

Defences, Medical, 

constructions, 

Minerals and 

Petroleum, 

Telecommunication, 

IT and Finance 

sector  

Five ( From mid 

of 1990s till 

upto present 

situation) 

System 

integration  

Knowledge 

interaction 

within and 

beyond the 

organizational 

boundaries, 

Consistent 

collaboration 

with suppliers, 

customer, 

distributor, 

retailers   

Agriculture, Textile, 

Engineering, 

Defences, Medical, 

constructions, 

Minerals and 

Petroleum, 

Telecommunication, 

IT and Finance 

sector, Marine, Bio 

medical, and 

Pharmaceutical  

  

Source: Bashir & Bashir, (2014) 

 

2.5 Theoretical impression on R&D  

Many organizations enable R&D mechanism for the intention of discovering 

new product and processes, that effectively employ advance version of existing 

mechanism to enhance their productivity (OECD, 2016) 

Research, ‘R’ of R&D is an investigating ability that explores to recognize the 

universal principles (discovers new knowledge). While, development ‘D’ of R&D is the 

function of current scientific norms (knowledge) along with commercial and other 
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compulsions (Gibson, 1981). In simple words, ‘R&D’ considers as single phrase 

preferred by many companies to enhance their knowledge reserves (Niosi, 1999b). In 

case of discussing business aspect, the research argues the process of determining new 

knowledge that offers an infrastructure for innovative product development (Zedtwitz, 

1999). In fact, managing operations related to R&D are the pillars of scientific efforts 

for various organizations subjected for facilitating the majority of their product 

discoveries. R&D contributes by enabling important scientific services for organizations 

sustainable in long run research practices (Bamfield, 2006).  

R&D operations typically deal with three critical types of business domains: 

organizational laboratories, public research center (government funded) or private 

research centers, and university research laboratories (Niosi, 1999). In such perspective, 

Anil (2006) recognizes six different type of operational  pattern related to R&D which 

basically comprises of; basic research, applied research, research based on the 

development of new product or processes, acquiring new product extension, product 

based engineering, and process-based engineering. Anil (2006) suggested starting two 

as general categories of ‘research’ and the last four consider as ‘development.’ An 

earlier studies, Gibson (1981) classifies R&D into two managing groups (managing 

research and managing development) and categories them as following: 

 

 The basic research considers the systematic exploration of universal phenomena. In 

an attempt to classify more specific or to expand fundamental principles of nature 

in the scientific domain  

 Managing applied research consider as resource rectification phenomena that 

carried out specifically within restricted scientific domain under the defined set of 

management rules. This allows firms to utilized the existing knowledge for the 

possible development of new application  

 Managing exploratory expansion termed as that organization already to possess the 

scientific knowledge in order to develop the idea of new product or processes to 

achieve the future goal  

 Managing advance growth as for expansion under exploratory research setting 

along with recognizable technological constraints, to generate an effective 

prototype product or process  
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 Managing engineering advancement under practical restrictions such as commercial 

constraints, manufacturing restrictions, and limitation involve during 

maintainability to the practical application. Managing engineering advancement 

phase allows processes or product organized for full-scale production. Amsden and 

Tschang (2003a) shed a reflection on new typology and categorization to manage 

R&D. They classify it into three categories ‘managing pure science research 

domain, managing basic science research domain, and managing applied science 

research domain’, that ease to identify management style used for R&D. Therefore, 

this seems to be quite similar to Gibson’s typology only they insert pure science is 

the domain of research is shown in Table: 2.2  

Table 2.2  Comprehensive Characteristics to Manage R&D 

Characteristics Pure Sciences 

(a) 

Basic 

Science (b) 

Applied 

Science (c) 

Exploratory 

Growth   

Advance 

Growth 

Search Fundamental 

knowledge 

New 

knowledge 

to  product 

for new 

Market 

Characterize

d with 

respect to 

Product 

Trial 

/prototype 

in as system 

Prototype 

for 

productio

n 

Research Aim Discovering 

new scientific 

Laws 

Follows 

same as 

pure 

sciences but 

with 

application 

that are 

unfamiliar 

Reapply 

known 

concepts for 

Specific 

Market 

Implemente

d concepts 

as industrial  

system 

Reduce 

operation

al cost, 

and 

uncertain

ty during 

productio

n 
Research 

outcome 

Theoretical 

based IP 

Product 

oriented  IP 

Differentiate

d product 

Product 

Design 
Manufact

uring 

product 
Performance Intellectual 

Property 

Product 

based IP 

Niche 

product with 

IP 

Market 

result (Time 

to reach to 

market) 

Market 

result (no 

of 

rejects) 
Generation 

(Time 

horizon) 

Long term Long term Medium and 

short term 

short term Medium 

term 

Methods Experiments, 

trials, 

Mathematical 

techniques 

Similar to 

(a) 

Mathematica

l algorithm 

Engineering 

Design, 

Engineering 

Tool and 

including 

simulation 

Quality 

testing 
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Table 2.2  Continued 

Characteristics Pure Sciences 

(a) 

Basic 

Science (b) 

Applied 

Science (c) 

Exploratory 

Growth 

Advance 

Growth 

Competent 

Skill among 

researcher 

Doctor of 

Philosophy in 

Mathematics, 

Physics or 

Engineering 

Similar to 

(a) 

Bachelor, 

Masters, 

and PhD 

PhD is not 

necessary 

Same as 

(d) along 

with 

manageme

nt skill 

Size of 

Research 

Depends upon 

the domain of 

study 

Typically 

consumer 

oriented 

Niche 

product 

market 

consumer 

Depend up 

the size of 

system 

Depend up 

production 

Source: Amsden & Tschang, (2003a) 

Amsden and Tschang (2003a) suggested these characteristics for R&D 

among middle-income countries materialize in between the extremes of 

managing basic research at one end to the advanced development at the other 

end. Amsden and Tschang (2003a) simplify the comprehensive categorization in 

shape of framework for middle and low income to locate their different type of 

management characteristics for R&D 

In some of the previous studies more focus were made on the recognition 

of R&D management characteristics at international level for example: Medcof 

(1997) designate the types of management activities that are recognized 

internationally during distributed research cubical in context of ‘R&D and 

support.’ 

 Managing research termed as the process of handling new scientific knowledge 

which has the probability to respond as the potential platform along with subsequent 

progress for economically feasible products and processes (Medcof, 1997). There is 

always a matter of managing uncertainty that the research outcome will have 

instantaneously commercial value (Medcof, 1997)  

 Managing development is the process to facilitate innovating ability for new 

products and practices which possess commercial significance. These innovative 

abilities utilize existing platform for available scientific knowledge (Medcof, 1997). 

From such prospective ‘Development’ is not something that predetermined advance 

principle of sciences (Medcof, 1997)  
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 Support considered as factor that accommodates the existing product, or 

processes to specific circumstances (Medcof, 1997). In simple words, support 

does not aim to develop the basic principle of new products or processes 

(Medcof, 1997). The term ‘Support’ mainly preferred for modification of 

product and process for a specific to target consumer    

These activities offers a necessary foundation for more adequate capabilities 

related to supporting management discipline which prevails R&D differences in 

between public and private firms (Amsden & Tschang, 2003a). To understand at what 

extent these capabilities influences R&D that involve in public sector organization. It is 

useful to categorize them on the bases of their complexity and with respect to their 

management discipline (Amsden & Tschang, 2003a). In such a context, Karlsson (2006) 

offers a comprehensive analysis on such management operations. According to him, 

number of public sector firms uses different processes for R&D that can be prioritized 

in the class of technical difficulty both in services and production sectors that is shown 

in Table: 2.3 which illustrates these levels complexity and capabilities appropriate for 

R&D 

Table 2.3  Level of technical complexity used R&D in overlapping types 

Difficulty Manufacturing capability Service capability 

High Level  Advance R&D, “frontier innovation ”,& specified R&D services  

Mid –Level  Creating, plan and approval  High-end service (i.e. 

software expansion ) 

Basic Level  Basic Manufacturing  Low –end-services  

Source: Karlsson, (2006) 

In Table 2.2 there can be three hierarchical phases of organizational functions 

that used to distinguished management complexity at each level of R&D. Karlsson 

(2006), highlights the level of complexity in the shape of capabilities with value added 

sets of high skill.’ 

In normal circumstances, there are few value added resources which drives 

capabilities related to R&D. Firstly, in most organizations ‘R&D mode of operatic has 

been considering as the assurance of potential resources for new discoveries and 
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innovation’(Audretsch et al., 2002). Secondly, managing these processes always 

consider instrumental for firms to elevate the degree of complexity. It involves higher 

time frames along with the greater extent of uncertainty (Medcof, 1997). Thirdly, ‘R&D 

is highly recognized to be knowledge-intensive and unrestricted by its character’ 

(Maskell et al., 2007). Effective improvisation of dynamic capabilities allow R&D to 

produce new knowledge (Brockhoff, 2003). Since knowledge has considered as the 

most vital ingredient in the world of business, therefore R&D knowledge is crucially 

considered as a core asset for organizational growth (Meyer, 1993a). Fourthly, they 

segregated by-line to represents R&D management by distinguishing capabilities related 

to the R&D process; it is easier to distinguish from there outcomes (Amsden & 

Tschang, 2003b). Fifthly, R&D becomes crucial aspects that influence speedy trend for 

technological development (Barry et al., 1991). 

 Sixthly, the capabilities that used by supporting management disciplines to 

manage processes generally compensated with high expending budgets with highly 

proficient skilled professionals (Iaccarino, 2004). R&D has become a dominated 

industry in the modern era which can replicate its significance for the development of 

any country economic growth (Iaccarino, 2004). Seventh, ‘R&D by its characteristics 

represents the stable technological ability for the organization to remain competitive 

(Hauser & Zettelmeyer, 1996). Eighthly, the new creative technological growth 

specifically in IT and with the global competition provides a notion of managing 

business-driven R&D which has been highly recognizable as universal phenomena 

(Ganguly, 1999)’. 

2.6 The Role of R&D in Economic Development 

In case of progressive Economic development, the role of R&D has been regarded 

as one of the significant strategies to create knowledge based culture in case of 

developing technological potential (Bayarcelik & Tasal, 2012). In economic 

development context, Research and development (R&D) comprise of creative ability at 

national level that drive systematic foundation in order to enhance the stock of 

knowledge especially among developing countries. Such systematic ability enables 

knowledge culture in order to create new applications (Bayarcelik & Tasal, 2012). The 

potential spending on R&D may increase the possibility to accomplish high standard of 
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technology at national and regional level, that allow policymaker at national level to 

introduces more advance product or process, resulting more value addition in shape of 

capital and economic development (Bayarcelik & Tasal, 2012). According to P. M. 

Romer (1990) based on their growth model draw a relationship in between potential 

spending on technology and R&D expenditure leads to amplify productivity at public 

organizations. In this context, there are several studies that draw comprehensive 

overview regarding the role of R&D on economic development for example, Ballot et 

al. (2001) highlight the impact of human and technological capital on efficiency among 

public firms at national level in France and Sweden based on effective R&D 

mechanism. The study utilizes R&D as tool for human capital that enables public 

organizations to follow knowledge incentive program in order to sustain long term 

industrial growth. Chou (2002) explores the role of R&D and economic development 

based on human capital to observe the Australian economy from the year 1960 to 2000. 

The presented model predicts the long term economic prosperity with steady state 

based on implementation of effective R&D mechanism at national in order to craft new 

ideas. The study concluded that the Australian economic development based on per 

capita income were not totally due to the financial growth factor accumulation but also 

depends on increasing productivity among public organization. More than 28% growth 

was due to progressive growth at high education level while 27 to 57% due to research 

intensity among public organization. Similarly, Lee (2005) evaluate the Korean 

economic development by utilizing the technique of growth accounting. The outcome of 

study shows that difference of performance per human capital gap in between Asian and 

western countries have been fallen during last three decade. The study concluded that 

Korean economy to enhance R&D spending in order to improve the innovation for 

advance technology and upgrade the quality of high education so the desire level of 

economic development can be achieved. Grossmann (2007) suggest a conceptual frame 

to determine the potential contribution of R&D and role of public research institutions 

to economic development. The study revealed that R&D subsidies consider as short 

term solution public welfare and for economic development due to imbalance income. 

The conceptual model for long term economic growth improving high education system 

with high skill in science and technology can provides positive impact on overall 
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national development. Therefore, it recommended that R&D through the promotion of 

public education can be considered as significant instrument for economic development.  

In case of Pakistan, there are some studies that used to recognize the role of R&D 

as potential contributor for long term economic stability but over the period of time. For 

example, Afza and Nazir (2007) suggested a role of R&D and human capital can be 

consider as potential tool for economic competitiveness among South Asian developing 

economies with special reference to Pakistan. But over a period of time, it was observed 

that Pakistan unable to gain the golden opportunities that created due to the 

globalization. Due to brain drain, consider as major factor that keeping Pakistan away of 

availing economic advantages. The study recommended that major improvement 

required in human capital, aggressive reforms required for higher education system, 

major investment required for skill development for R&D in public organization in 

order to confront any economic set back. Similarly, more emphases need on integration 

of human capital with available physical resources and allow public organization for 

joint venturing to get the technological capabilities in order to reduce the economic 

disparities.  The potential economic performance of Pakistan remain notable as 

emerging economy based on Agriculture, industry and services sectors which consider 

as key contributor to GDP (Khan & Khattak, 2013). But, over the period of time, the 

contribution from agriculture sector is decline as compare to share from industrial and 

services which is growing due to industrial globalization (Khan & Khattak, 2013). The 

potential share of agriculture to GDP was almost 53.2% in 1950 which fall down to 

30.6% in 1980. While, in year 2005 it rapidly decline upto 23.3% in case of industrial 

growth the proportion at early 1980s is about 9.6% to GDP which consistently increased 

its shares to 22.6% in 2008-09 (Khan & Khattak, 2013). 

R&D plays a significant role in countries economic development by enabling 

advance technological capabilities and spill over effects. Research and Development 

spending can be more effective if it made more towards on technological sector rather 

than other sector. The trends on spending towards Research and Development (R&D) 

among developing countries were more on science and technology sectors which lead 

towards radical economic development. It has been observed from the investment 

pattern among majority of developed countries utilizing huge pool of resources toward 
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R&D as tool for their economic success. Due to the insufficient data regarding the 

effectiveness on R&D practices among public organization if Pakistan and lack of data 

availabilities regarding the exact spending on high education that drive scientific 

publications allow policymakers to take tough decision in order to retain value added 

growth (Khan & Khattak, 2013). As already discussed above that R&D among public 

sector is so far neglected area in contribution more value as far as it expected. It is 

observed from over the period of time that due to inadequate spending percentage with 

respect to the GDP may cause several economic disparities. Pakistan spent almost spent 

0.16% of GDP in year 1997 and due to economic weakness, this value keep falling over 

few years. But from year 2001 to 2005, a visible expansion of R&D expenditure has 

been observed (0.44% of GDP) (UNESCO, 2018). Such visible expansion allows 

government to realize the significance of R&D as result government shares around 

0.68% GDP in year 2007. But from 2008 to 2018, the situation getting worst in term of 

spending toward R&D and high education remain stagnant upto 0.29% (UNESCO, 

2018). 

2.7 Impact of R&D among Prooly Practice Developing Countries 

R&D is extensively recognized as central steam for economic development across 

the developing countries and some of the prior studies suggested that for radical 

economic prosperity needs higher return on investment with higher R&D spending. Yet 

low income countries were poorly invest on R&D as result they trap in paradox which 

has significant implications on overall economic convergence of supporting 

management discipline among public organization. In order to reduce such implication 

policymakers among developing countries need to mobilize radical investment on 

absorptive capacity to opens their international investment opportunity. It has been 

estimated by OECD 2018 in their recent report that for higher social returns on R&D 

investment must be is round 0.5% to 1% (OECD, 2018). Based on their investment 

pattern OECD 2018 revealed that over the period of 5 years there has been effective 

scope at technology frontier among low-income countries gain their returns to R&D 

investment reach upto trip digit (OECD, 2018). Such return allows policymaker among 

low-income economies not to invest anywhere else other than R&D in order to elevate 

existing economic development (OECD, 2018). There are some studies conducted by 

some international monetary agencies regarding effective R&D practices among low-
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income or non-practiced developing economics especially their public organizations 

(OECD, 2018). Since, low-income economies were always looking to get higher social 

return with less investment. 

In case of developing countries, there are several countries that were unsuccessful 

in enabling effective practices of R&D among public organizations.  Such effort 

required strong mechanism for supporting management capability to exploit their 

economic advancement as similar to developed countries. According to World Bank 

(2018) estimation majority of developing economies pursued the path of economic 

change by utilizing their internal resources based on radical transformation on their 

R&D at national level (Bank, 2018). However, due to inadequate understanding towards 

classification of supporting management capabilities at sectoral basis allow 

governments to take aggressive steps in order to confront global industrial. For example 

according to recent word bank estimation in year 2018 about low income developing 

countries of Sub-Saharan Africa region (Ghana, Cameroon, Côte d'Ivoire, Nigeria and 

Sudan) which invest around 0.1 to 0.2 % on their GDP to R&D (Riemschneider, 2018). 

However, these low income countries need to understand two specific pathways for 

effective R&D practices which might be of unusual relevance for these developing 

countries. Firstly, it is significant to consider how R&D capabilities need to integrates 

with in the informal sector which may consider as potential sources of income for low 

and middle income countries (Riemschneider, 2018). Clearly, effective R&D practice in 

this context is not normally depends on general institutional capabilities but rather on 

supporting management capabilities. Secondly, growth in demand among relatively low 

income sector still required more effective capabilities related to R&D in order to foster 

more equal business opportunity for developing countries. Similarly, in Asian region 

several developing economies which invest around 0.2% to 0.3% for their GDP on 

R&D such as Pakistan, Indonesia, Philippines, Vietnam, Thailand, Bangladesh and 

Srilanka etc these countries requires to emphasis more on developing the foundations 

for R&D activities which based on  supporting management discipline (Riemschneider, 

2018). In case of economic prosperity these low to middle income countries within 

under limited resources are often looking to prioritizing potential skills and building 

strong mechanism for R&D effectiveness among public organizations to achieve 

minimum level of absorptive capacity (Riemschneider, 2018).  
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In case of Latin American, region developing countries like Bolivia, Guatemala, 

Venezuela, Uruguay, Paraguay and Ecuador add 0.2% to its GDP on R&D spending but 

due to lack of R&D, capabilities along with critical weakness among public institutions 

are unable to drive their national innovation mechanism. In case of effective R&D 

practices policymakers among these countries are emphases more on developing design 

capabilities and supporting management capabilities (Riemschneider, 2018). However, 

to confront dynamic industrial growth at global level incremental investment need at 

early stages to upgrade national innovation system by enable R&D capabilities at public 

organizations. While, in case of European region developing countries like Latvia, 

Estonia, Iceland and Bosnia/Herzegovina they invest almost 0.3% of their GDP on 

R&D. However, due to persistent lack clarity regarding the effective policies on in-

house R&D capabilities for public organizations. The complete picture regarding the 

impact of R&D among less effective developing countries is shown in Table 2.4 

Table 2.4  Impact of R&D among Poorly Practice developing countries 

Regions(Developing 

countries) 

Prioritizing policies  to 

develop R&D capabilities  

Instrument for R&D 

practice among Public 

organizations  

In African region 

(Ghana, Cameroon, Côte 

d'Ivoire, Nigeria and 

Sudan ) 

Conventional economic 

element required to 

confront soci-economic 

challenges (focusing on 

institutional productivity, 

knowledge creation, 

developing flexible 

economic policies)   

 

Improve innovation 

management  capabilities 

among public organization  

 

Enabling technology 

management capabilities 

towards integrating 

functional abilities within 

and beyond the 

organizational boundaries  

Strengthen capacity to 

acquire and adapt new 

knowledge  

 

Established innovative 

technologies among local 

setting  

 

Promote collaboration 

with private firms, 

educational institutes and 

Public R&D  

Encourage technological 

and managerial 

competencies of local 

firms  

Encourages domestic 

innovation capabilities  

In Asian region 

(Pakistan, Indonesia, 

Philippines, Vietnam, 

Thailand, Bangladesh 

and Srilanka) 

Latin American region 

(Bolivia, Guatemala, 

Venezuela, Uruguay, 

Paraguay and Ecuador) 

In European region 

(Latvia, Estonia, Iceland, 

Bosnia/Herzegovina) 

 Source: Riemschneider, (2018)    
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2.8 Global Trend on R&D in Public Organizations 

A progressive R&D with strategic spending can sustain long term 

competitiveness at organizational and national level (Boscoianu et al., 2017; Harris, 

2010). However, private firms could have more potential as compare to public firms in 

order to manage R&D for a long run (Boscoianu et al., 2017; Harris, 2010). Due to lack 

of  strategic spending public firms unable to manage R&D at a national level and 

confront market dynamism (Boscoianu et al., 2017; Harris, 2010). In the long run, 

strategic spending can stimulate as significant contributors to R&D that shares 

boundaries with other supporting  management disciplines (Bessant & Tidd, 2007; 

Bowns et al., 2003).   

Although, some studies highlights influence of supporting management 

discipline on R&D and these studies were more focus on the development of 

technological innovation in the private sector as compared to R&D in public sector 

(Huang et al., 2008; Meesapawong et al., 2010). Additionally, there are numbers of 

developing economies that have to still bearing market diversification in public 

organizations due to lack of understanding regarding the capabilities that shares the 

boundaries with R&D (Cozzarin, 2008b; Geffen & Judd, 2004). Although, various 

studies suggest some of the criteria that used to evaluate the management processes in 

R&D especially seen during the execution of project routine (Huang et al., 2008; 

Meesapawong et al., 2010).  

Although, these criteria were inadequate in expressing the complexity that 

involves across R&D in public organization in case of understanding other supporting 

management disciplines (Huang et al., 2008; Meesapawong et al., 2010). For long-term 

national growth R&D in public organization have to be multi-mission such as looking a 

support from external scientific communities and encouraging to manage internal R&D 

practice (Abramo et al., 2009; Lu & Hung, 2011). Therefore, it is necessary to assess 

decisive capabilities related to supporting management discipline that allow multi-

mission which considered as a significant area that shares boundaries with R&D in 

public organization (Abramo et al., 2009; Lu & Hung, 2011). It is crucial to recognize 

organizational features before evaluating the resources that firm required for overall 

organizational growth. Such features allow decision makers a clear path to manage 
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R&D in public organization as compare to R&D in private organization (Cabrales et al., 

2008). Over the period of time limited studies were discuss about the relevant 

capabilities that were utilizes as supporting sources to stabilize R&D in public 

organizations (Huang et al., 2008; Meesapawong et al., 2010).  

This research observes, the role of “capabilities” related to supporting 

management disciplines share the influence on R&D in public organization. In simple 

word, it refers as perseverance to facilitate sustainable R&D practices at the 

governmental. In most cases, R&D in public organization could entirely or moderately 

be funded by federation. Prime mission of such funding is to develop and cultivate 

knowledge came from scientific society or individuals (Cozzarin, 2008a; Greener, 

2009). In most of developing nations, extensive R&D has observed in universities and 

public  R&D firms (OECD, 2015). But in many developed economies, the R&D in 

public organization represents a less visible stake as compared to R&D in private 

organization; for instance, in 2015-2016 the spending on R&D at public organization 

was more on basic research, USA alone spend around $54.10 billion on public sector as 

compared to $340.720 billion on private sector (UNESCO, 2018). Furthermore, the 

majority of 50% federal R&D funds have been allocated directly from national budget 

to supplement R&D in public organization. Universities have received 43% funds 

through governments firms while, rest of 7% drive through non-private organizations 

respectively (UNESCO, 2018). Since, R&D in Public firms substantially adds to 

economic growth (UNESCO, 2018). Therefore, well structure mechanism for R&D in 

public firms can substantially float the national innovation policy in long-term 

(Cozzarin, 2006).  

Hence, a comprehensive understanding of R&D in public organization is 

essential for developing countries to manage their national competence in order to 

overcome innovation barriers (Huang et al., 2008; Meesapawong et al., 2010). 

To manage R&D in public organization requires multiple domains; For example, 

Chiesa et al. (2008a) characterized various R&D configurations to R&D strategies and 

allowed their performance indicators to judge long-term national goal. Similarly, Teresa 
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et al. ( 2008b) integrate effective R&D competitiveness as  Public organization goal in 

the shape of customer expectation. 

2.9 Current R&D Trend in Pakistan   

Pakistan has far lagged behind to their regional and emerging counterparts in 

attracting foreign investment and unable to develop a competitive opportunities for 

them (Anwar-ul-Hassan & Ansari, 2015). The lack of potential opportunities created 

due to low technological growth (Anwar-ul-Hassan & Ansari, 2015). There are numbers 

of internal and external factors were involved in position to seize future opportunity 

further going forward (Muhammad & Bashir, 2014). The investment boost required in 

high education that initiates developing prospect to influence innovation and technology 

in order to cultivate Pakistan as knowledge-based economy (Muhammad & Bashir, 

2014). The conceptual ideology of ‘knowledge-based economy’ cannot perceive 

without nurturing quality high education equip with advance R&D support- both play a 

significant character in shaping the economy and human skill development(Muhammad 

& Bashir, 2014) 

Pakistan remain bottom in the region with approximately around 0.30% of the 

GDP tired on Research and Development (R&D) as compare other developing 

economies such as India, which spend around 0.82% of their GDP, while Turkey paid 

off approximately 0.94% exhausted to their GDP. Followed by Malaysia which allocate 

1.13% of their GDP spending to R&D (Shahid, 2016). Interestingly, this expense of 

0.30% of GDP interpret as Rs. 1300 per capita that government presently spending on 

R&D (Shahid, 2016). Israel place top with Annual expenditure of 4.21% of its GDP, 

following by South Korea which spend around 4.15%, while Japan and USA with 

annual expenditure of 3.41% and 2.81% GDP to their R&D , secure their position at 3rd 

and 4th  places respectively (Shahid, 2016). However, current governments put into ultra 

low priority that directly reflect to major caused for conflict with National Science and 

innovation plan 2012-2022 (Shahid, 2016). According to that policy the preferred 

recommended expenditure forecast is around 1% of GDP for the year 2015, expected 

growth to 2% by 2020 (Shahid, 2016). But in real picture, at current situation is quite 

different, less than 0.30% share GDP (Shahid, 2016). The major projects related to the 
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MOST (Ministry of Science and Technology) was planned in 2007 still unfinished 

piling liabilities 

Pakistan has made inspiring pace towards creating an advanced infrastructure to 

manage R&D in public organization with potential financial backing (Naqvi, 2011). 

However, the expected targets could not been accomplished. It finds quite reluctant to 

manage R&D in public organization developed through academia, however some 

limited momentum adds up from the private sector (Naqvi, 2011). Developing 

capabilities in various areas consider as significant step to superimpose the R&D 

competitiveness  among majority of public organizations (Lau et al., 2010). Several 

scholars have understood R&D competitiveness as a critical factor to influence overall 

national innovation mechanism at domestic level, but also translating innovational 

mechanism to grapes new market opportunities (Lau et al., 2010). There are 

comparatively limited studies available regarding decisive capabilities related to 

supporting management discipline as useful tool under limited expenditure. There has 

been limited empirical evidence regarding capabilities related to supporting 

management discipline to cater R&D policymaking in order to propel National 

innovation mechanism (Hu et al., 2016; Jiaoa et al., 2016; Kafetzopoulos & Psomas, 

2015; Samson & Gloet, 2014; Yam et al., 2011a; Zhu & Xu, 2014). However, there is 

more investigation and in-depth emphasis will required in drawing relationship in 

between capabilities related supporting management discipline along with their 

contributing impact on R&D. To draw a general guideline these interrelationship help 

R&D decision makers to develop adequate policies in order to expand and achieve 

R&D competitiveness at low spending (Akhavana & Hosseinia, 2016; Martin, 2015; 

Minin et al., 2012) 

Pakistan continues to consider as growing developing economy according to 

science and technology (S&T) indicators represent by Pakistan Council of Science 

Technology (PCST). The S&T indictors also shows critical situations among majority 

of R&D in public organizations regarding their innovative ability due to less 

progressive and depleting national innovation mechanism (Naqvi, 2011). These 

deficiencies appears due to instable political drawbacks and complex bureaucracy that 

creates management barrier for sustaining R&D competitiveness (Naqvi, 2011). At 

existing environment, Pakistan’s major public firms have functioned at a loss and been 
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incapable of generating enough capital for reinvestment on their technological 

advancement even after colossal bail out (Gilani & Ansari, 2015). The main constrain 

for this distress is paralyzed energy shortage that appeared at the start of the 1990s 

(Gilani & Ansari, 2015).  

Due to such energy crisis, the economic pressure reverted to the private sector 

that contributes around two-thirds of GFCF (Gross Fixed Capital Formation) for 

dynamic growth. Evaluating from previous long-term performance Pakistan was unable 

to sustain an adequate level of GFCF to maintain stability in their public organization 

that loosely draws various R&D Projects (Gilani & Ansari, 2015).  

Public organizations comprehensively depends on the number of factors-which 

comprise business policies, supporting management capabilities, strong institutional 

policies, macroeconomic conditions (Gilani & Ansari, 2015).   

However, economic expansion strongly depended upon positive Indication to 

GFCF (Gross Fixed Capital Formation) (Hamdani, 2014).  

A cross-country evaluation for 1960-2000 proposes the rang of GFCF in 

between 20-25% of GDP consider as the minimum threshold for the dynamic economic 

expansion (UNCTAD, 2003). 

While, in case of Pakistan Gross Fixed Capital Formation has been well behind 

that level as compared to other regional economies (Hamdani, 2014).  

Pakistan’s relatively weak progressor in technological advancements as compare 

to its neighbors even their regional counterparts also face same situation at the initial 

stage but have passed the 20% minium GFCF level is shown in Figure 2.1-2.2. 
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Figure 2.1  Capital Formation below the Threshold for Dynamic Growth   

Source: (http://data.worldbank.org/) 

 

 

 

 

 

 

 

 

Figure 2.2  GFCF In South Asia (Percent Of Gdp) 

Source (http://data.worldbank.org/)  

Pakistan’s spending toward R&D in public organizations has also been less as 

compared to the other South Asian economies to their GDP. Pakistan has faceless 

progress in acquiring technological achievement and consider as handicap that unable to 

attract global trade and investment (Hamdani, 2014). Textile believes as a primary 

contributing source from Public sector in Pakistan’s export since the 1960’s and now 

facing severe threats due to low-technology up-gradation and low-value addition. 

Pakistan still far behind in case of expanding their export due to lack of technological 
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advancement among R&D in public organization (Hamdani, 2014). Pakistan even far 

behind, to catch up other middle-income economy in term of technical capabilities is 

concern (Shahab, 2015).  According to OIC-2015 TAI (Technology Achievement 

Index) Pakistan place passively under the fragile rang with TAI-0.268 that indicates 

127th position among 140 countries as shown in Figure 2.3. This gauges that Pakistan 

has a very limited R&D based capacity towards technology up gradation among public 

sector organizations, and consequently low pace innovation capabilities as compared to 

their middle-income economies (Shahab, 2015) 

  

 

 Figure 2.3  Technology Achievement Index -2015  

Source: Shahab, (2015) 

2.10 Current Status of R&D in Public Organization of Pakistan  

Pakistan considers as the middle-income economy, where the significance of 

knowledge management capabilities at institutional level has been well recognized  

(Bashir et al., 2018). Arabella Bhutto ( 2012) highlights that due to inadequate practice 

and less effective integration to the national innovation program failed public sector 

R&D to fulfill current demand and unable to interpret current R&D as a tool for 

potential economic revival (Arabella Bhutto, 2012).  
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R&D in public organizations of Pakistan contributes to the production of 

knowledge and enables knowledge management practices as inputs in the industrial 

sector in three major ways (Bashir et al., 2018). First, the R&D in public organization 

receives the knowledge inputs from universities in the form of highly educated capital 

based on complete knowledge sharing as compatible resources that involve across 

public organizations  for effective KM practices; second, by creating and delivering new 

knowledge by encouraging public organization to enable reward mechanism which is 

allows scholars to distributes their knowledge through publications and presentations; 

third, by creating and providing new knowledge through organizational commitment 

which is disseminated through collaborative research projects for the industrial sector 

(Bashir et al., 2018). However, over the period of time R&D in Public organization of 

Pakistan face knowledge crisis due to lack of unclear path in case of achieving 

capabilities related to knowledge management across different public organizations 

(Schwab, 2018). According to Global competitive index, 2018 Pakistan placed at 107th 

position out of 140 countries based on some of resources that measures the knowledge 

management practices across the Public organization of Pakistan (Schwab, 2018).  

The recent report made by Pakistan chamber of commerce based on some 

measuring resources related to KM practices mention in global competitive index-2018 

(Schwab, 2018).  

This study draw current R&D situation in Public organization of Pakistan has 

revels a shocking picture related to various industrial sectors. Based on knowledge 

sharing and organizational commitment majority of R&D in public organization sectors 

were unable to classify the relevant capabilities for effective knowledge management 

practice.  

Also, these public organizations were unclear for developing new resources to 

drive capabilities related to knowledge management. From Figure 2.4 only, fertilizer 

and textile sector enable certain parameter for effective KM practice (Schwab, 2018) 
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Figure 2.4  knowledge management Practices across the R&D in Public organization 

of Pakistan 

Source: Schwab, (2018) 

According to GCI-2018, the R&D progress across governmental fertilizer and 

textile sector has place there mark at 94th and 77th respectively out of R&D in public 

organization across 140 countries (Schwab, 2018). Such progresses were based on 

knowledge sharing and organizational commitment as potential pillar to measure KM 

effectiveness across R&D in public organization. While, rest of others R&D in public 

organizations remain below average in progress (Schwab, 2018). These R&D in Public 

organizations have past experience in patenting and has capability to enhance the R&D 

capacity but in current situation there, effectiveness has been compromised due to 

unclear determination towards sustaining KM capabilities. Majority of R&D in public 

organization remain ineffective because their research mission have more inclined 

toward export the knowledge from external sources.  

Similarly, Pakistan remains bottom in the region with all the essential instruments 

used for measuring capabilities related to overall country’s innovative ability according 

to GII, 2017 -2018  Pakistan faces severe challenges as compares to their regional 

counterparts regarding to acquires creative knowledge and technology advancement 

among their R&D in Public organizations (Dutta et al., 2017). Since approximately, 
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26% of overall GDP and 45% of total employment obtained from agriculture sector till 

2010, now the economic scope shifted from posing innovative ability towards the 

service and manufacturing-based economies (IMF, 2016). However, due to the 

economic instability and regional politics Pakistan GDP growth decrease from 6.1 % in 

the year 2006 and it remains stagnant at a rate of 3.1% till the year 2017-2018.  

 

Figure 2.5  Innovation management Practices across the R&D in Public organization 

of Pakistan 

Source: Dutta et al., (2017) 

Majority of R&D in public organization were unable to classify the relevant 

capabilities for effective Innovation management practice. Also, these public 

organizations were unclear for creating in-house innovational resources to drive 

capabilities related to Innovation management (Dutta et al., 2018). From Figure 2.5 

only, textile, cement and fertilizer sector enable certain parameter for effective IM 

practice. According to GII-2018, the R&D progress across governmental Fertilizer, 

Textile and Agriculture sector has place there mark at 90th, 78th and 64th respectively out 

of R&D in public organization across 140 countries. Such progresses were based on 

organizational networking, organization learning and organizational strategy as 

potential pillar to measure IM effectiveness across R&D in public organization (Dutta et 

al., 2018). While, rest of others R&D in public organizations remain below average in 
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progress (Dutta et al., 2018). These R&D in Public organizations have past experience 

in patenting and has capability to enhance the R&D capacity but in current situation 

there, effectiveness has been compromised due to unclear determination towards 

sustaining IM capabilities (Dutta et al., 2018). Majority of R&D in public organization 

remain ineffective because their research mission have more inclined toward export the 

knowledge from external sources. 

Pakistan has conventionally supported the dominance of classified nature of 

industries and large R&D in public organization with almost no internal competitions in 

between them, that allow companies to operate with no pressure to turn out to be 

efficient (Jamali, 2012). Thus, due to such trend in acquiring or managing the 

technological capabilities for any purpose to become less productive and seem to be less 

practical (Jamali, 2012). In regional economy China operating in isolation- they kept 

sealing their local markets from import until their public sector had achieved adequate 

pace to compete international counterparts. Similarly, India intentionally did because of 

high tariff (Jamali, 2012) 

According to OIC 2015-2016 TAI (Technology Achievement Index) Pakistan 

place passively under the fragile rang with TAI-0.268 that indicates 127th position 

among 140 countries as shown in Figure 2.6 (Shahab, 2015). This gauges that Pakistan 

has a very limited R&D based on capacity towards technology up gradation among 

R&D in public organizations, and consequently low pace to manage technology 

capabilities as compared to their middle-income economies (Shahab, 2015).  

According the Technology Achievement Index 2015-2016 the picture were 

remain unsatisfactory among majority of R&D in public organization in all sectors as 

show in Figure 3 (Shahab, 2015).  

Based on technology infrastructure and implementation as potential resource 

that were used to drives the technology management capabilities among 19 different 

sectors that contributes to GDP growth. Among 19 sector similar pattern were observed 

over 5 years (Shahab, 2015)    
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Figure 2.6  Technology management Practices across the R&D in Public 

organization of Pakistan 

Source : Shahab, (2015) 

2.11 Theoretical Review on Supporting Management Discipline Toward R&D 

Scientific innovation, advanced technologies and supporting managerial 

disciplines diffuse slowly (Ehigie & McAndrew, 2005). Although these supporting 

management disciplines have involved as part of the significant contributor in research 

and development process for over 50 years (Allen, 2004). However, during such period 

the supporting management discipline evolves to drive functional orientation since the 

primary focus was R&D (Allen, 2004).  

There are three common supporting management discipline that involve among 

majority of functional entities based on these dimensions are: ‘knowledge management’ 

in view as knowledge translation ability, ‘innovation management’ as to formulate new 

application and ‘technology management’ as to enhance the technology integration as 

shown Figure 2.7 (Brockhoff, 2017; Cetindamar, 2009) 
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Figure 2.7Supporting Management Discipline to R&D 

Source: Brockhoff, (2017); Cetindamar,( 2009) 

The task of undertaking knowledge management (KM) as supporting 

management discipline is a challenging endeavour (David, 2005; Shariq, 1997; Wang et 

al., 2018). For long-term, industrial stability KM as a discipline were consider as 

progressive tool for knowledge-based organization to satisfy the R&D demand 

(Armbrecht et al., 2016). The pioneers of knowledge management suggested that many 

advance organization runs primarily on the potential success of manufacturing-based 

capital (Armbrecht et al., 2016). These organizations have fallen rapidly due to 

economy transitions from an industrial economy to technology-based knowledge 

economy (Grossman, 2007). Thus, an urge of KM as supporting management discipline 

to enhance their capabilities related to R&D (Armbrecht et al., 2016; Cetindamar et al., 

2009).  

Mills and Smith (2011) investigate the particular ways to measure knowledge 

management as supporting management discipline for R&D. The study illustrates a 

substantial connection among knowledge resources that used to measure overall 

organizational performance based on R&D effectiveness. Gloet (2004) highlight the 

favourable, comprehensive view to adopt knowledge management as sufficient 

dimension for supporting management discipline, which creates an opportunity to 

produce new ways to understand the organizational performance based on R&D. It also 
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helps to formulate new capabilities that encourage innovation. Similarly, Brockhoff 

(2017) portrays innovation and technology management as supporting management 

discipline to propel R&D for national growth. In advance management literature,   

distinguishing technology and innovation management consider as the critical success 

factor for collaborative R&D in case of dealing with economies and region counterparts 

(Marinkovic & Jakšić, 2014). There are high chances of abrupt rise in the development 

of new discipline to handle internal and external technology constraints (Cunningham & 

Kwakkel, 2011). Such chance acknowledge the practical relevance of technology 

management as potential source for competitive advantage (Eskandari et al., 2007; 

Unsal & Cetindamar, 2015). 

 

According to Badawy, technology management (TM) emerges management 

source during integrating a technological strategy with business strategy within 

organization boundaries. Such integration requires reasoned coordination of R&D and 

production, as well as the function of marketing, finances and human resources within 

organization boundaries. Skilbeck (1997) used TM as supporting management 

discipline to reconfigure organizational attributes relating to dynamic environment. 

Such transformation can smoothly progress through consistent technological 

development in order to support R&D competitiveness. It is to be prominent that 

technology management should not be restricted to manage a particular set of 

technologies (Badawy, 1998; Gudanowska, 2017). In the broader spectrum, TM also 

used to drive  technology strategy as resource to measure R&D effectiveness (Badawy, 

1998; Gudanowska, 2017).  

Similarly, the scope of innovation management (IM) has become highly 

significant as supporting management discipline that adds value to R&D 

competitiveness (Jasimuddin, 2012). Innovation management consider as tool to assess 

firms overall performance by driving inputs and outputs resources during fluctuating 

global environment, even though its consider comparatively dynamic area of supporting 

management discipline (Jasimuddin, 2012).  

Some of prior studies, such as Clark and Wheelwright (1993) represent 

innovation management as supporting management discipline in the form of a standard 
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framework, according to them it is used as potential indictor for recognizing 

organizational change. Such organizational transformation based on potential inputs 

resources such as: process of new knowledge acquisitions and relevant of technologies 

used for channelizing the overall R&D competitiveness (Clark & Wheelwright, 1993). 

Goffin and Mitchell (2010) and Bessant et al. (2005) spotlight on a strategic 

aspect of innovation management as supporting management discipline and consider to 

map general guideline for the whole operating structure of R&D.  Such operating 

mechanism includes processes and capabilities with relevant resources that allowing 

systematic interpretation to develop new concepts (Goffin & Mitchell, 2010).  

Cantwell and Zhang (2005) highlight the significance of innovation management 

(IM) as supporting management discipline and highlighting its potential globally during 

recent decade, also globalized the R&D concept among various multinational 

organizations. According to them these organizations have conceived innovation 

management as organizational strength through which they transform their ability from 

sharing knowledge to exchange technological activities (Cantwell & Zhang, 2005). The 

idea of creativity is to declared as significant source of competitive advantage for many 

public sector organizations among developed and developing countries (Jasimuddin, 

2012). Therefore, innovation management as an emerging discipline has gained 

considerable attention among several researchers (Jasimuddin, 2012). The 

transformation of this field since its initiation has been notable. This discipline has 

grown-up tremendously over the past three decades.         

2.11.1 Knowledge Management Association with R&D  

Fascinating evidence show even more surprisingly, the similarity in between 

knowledge management and R&D are virtually unreal (Rothwell, 1994a). Some studies 

claim the narrative that ‘not enough attention’ has made on knowledge management for 

the R&D driven firms (Rothwell, 1994a). In holistic view, knowledge management can 

broad functional advantage for R&D driven organization to their survival, it enables 

R&D driven firms to initiates knowledge screening to knowledge generation (Rothwell, 

1994a). 
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But In practice, some of the studies relevant to technological development now 

transforming their focus from R&D to knowledge based resources (Nieto, 2002) such as 

: knowledge sharing and knowledge communication that can easily excess for single 

interface through online or world wide web (www) (Bolisani, 2000; Dennis et al., 

1998). Just like any other technical processes, both knowledge management and R&D 

are following same evolution pattern along with a number of development occurs in 

recent time (Nelson & Winter, 1982).  

In case of R&D, some of the scientist and researchers distinguish the intrinsic 

changing in managerial practices. These intrinsic variations will also influence 

organizational processes related to knowledge management (Amidon, 1996; Miller, 

1995b; Stamboulis et al., 2002; Tiwana, 2000).   

Similarly, the knowledge itself consistently is evolving in nature (Bowonder & 

Miyake, 2000; Park et al., 2002; Tiwana, 2000). Hence, the relationship in between 

knowledge management and R&D need to examined under dynamic perspective; which 

allows firms to configure their management approach with respect to dynamic business 

environment.  

Some studies represent valuable association in between  knowledge management 

and R&D for instance Rouse (1998) suggested that individuals who manage R&D firms 

must acknowledge relevant resources related to knowledge management practices. 

These resources help in structuring and configuring their organizations to satisfy 

maximum outcome of R&D spending.  

Carneiro (2000) more focuses on recognizing the strategic aims of knowledge 

management. According to his opinion, organizations have to describe the type of 

knowledge which will be more significant to rectify R&D competitiveness.  Knowledge 

management considers a tool to assess overall R&D competitiveness that relates 

circumstantial factors because it affects the overall organizational productivity and 

performance (Carneiro, 2000). Parikh (2001) advocates that variation among 

organizational culture, organizational structure and levels of information technology 

consider as potential resource that should be emphases more on crafting effective 

knowledge management related to R&D. 
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Yasunaga and Yoon (2004) suggested the comprehensive framework based on 

technology diffusion in order to design knowledge applicable for R&D. Designing 

knowledge means to classify the knowledge and to correlate its different types to 

translate the commercial aim related to R&D (Yasunaga & Yoon, 2004). In many 

developing countries, universities and governmental organizations are the leading 

institutes rely on effective R&D and building new knowledge for innovation. At an 

initial stage, Igel and Numprasertcha (2004) highlights some of the significant 

advantages that R&D can achieve by utilizing effective knowledge management across 

governmental institutes such as:  

 

 knowledge acquisition, knowledge sharing, and knowledge diffusion  

 Tacit knowledge, Explicit knowledge  

 Better organizing and continuous improvement to reduce error 

 

Park and Kim (2005a) proposed a model in which knowledge management and 

R&D strictly associated. They highlight the nature of R&D align according to 

knowledge ability possess by scholars, researchers, and manager which allows 

structuring of overall knowledge pattern for R&D. Goh (2005) has acknowledged nine 

objectives for knowledge management align with R&D these nine objectives were split 

into three kinds. 

1. Products 

i. Designing and structuring knowledge  

ii. Developing resource based knowledge  

iii. Enabling knowledge as core for new product or process   

 

2. Processes:  

i. Screening and reapplying knowledge  

ii. Sharing of experience  

iii. Efficient Management of knowledge resources  

3. People: 

i. Developing knowledge teams  

ii. Developing knowledge through experience  
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iii. knowledge sharing among with organizational function and beyond the 

organizational boundaries   

 

Huang and Huang (2007) suggested that knowledge management (KM) must 

align with R&D skill forces that acknowledge actual knowledge to resonant their 

responsibilities and accomplish organizational goals. Knowledge exchange as a 

resource allows knowledge management to starches its influence on organizations to 

rectify its R&D competitiveness.  

Libing and Rong (2007)  highlight knowledge sharing as resource that allows 

KM within the R&D function as core organizational ability during creation of new 

knowledge. Yang et al. (2007) recognized R&D firms as clusters of proficiently skilled 

individuals looking for further development in science and technology. Since 

knowledge management in R&D firms exemplify sharing, diffusion, assimilation and 

storage of knowledge as core resources. Therefore, researchers were more emphases on 

monitoring the externalization of implicit learning. Similarly, Plessis (2007)  used 

knowledge management as tool to accomplish R&D goals. 

i. Exchanging and protecting implicit knowledge  

ii. Creating explicit knowledge in order to incorporate with new and existing ideas  

iii. Encouraging coordination among suppliers, distributors, customers and 

employee to develop new knowledge resource communities  

iv. Promoting effective culture that absorb knowledge for developing and sharing 

mechanism  

 

Linlin and Hui (2008) suggested a decisive management role for a research team 

(a group of highly skilled professionals) during the innovation process and in the 

development of new knowledge for nurturing creative mines. According to them, the 

origination of new knowledge based upon extensive interaction among team members 

with high skills as source of integration.  

Zaaimuddin et al. (2009) further elaborate according to them management 

complexity, strategic planning, culture, structure and knowledge management may 
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significantly influence on firm to align their R&D process. However, from prior studies 

there were unexplored domains exist in areas of employing capabilities along with 

potential resources related to knowledge management as a catalyst for R&D (Andreeva, 

2012; Foss et al., 2010). 

To encounter future applications R&D in most of developing countries always 

looking long-term strategic knowledge management approach to sustain their R&D 

competitiveness (Winter, 2003). However, despite of numerous studies on knowledge 

management with their practical impact to measure R&D effectiveness; but there is still 

lack of an integrative perspective on how knowledge management navigates their 

processes, infrastructure, and strategic capabilities share their influence on R&D 

(Andreeva, 2012; Foss et al., 2010).  

 

2.11.2 Innovation Management Association with R&D 

R&D has a systematic association with innovation management and such 

association allow to utilizing current stock of existing knowledge to create new 

application (Teresa et al., 2008a). Innovation management conceived as facilitating 

ingredient in the process of converting technological creativity into physical 

phenomenon (Teresa et al., 2008a). Most of the R&D driven organization witness their 

growth due to rapid development in science and technology.  In general context, 

increasing growth termed as knowledge to pursuit of innovation management as to 

advocate advancement in industrial policies with growing  emphases to achieve R&D 

competitiveness (Chiesa et al., 2008b). 

However, there are number of studies available in attempt to control R&D as 

functional entity which may influence overall organizational performance due to 

dynamic change of business competition over the period of time. In such circumstances, 

effective innovation management may associate as with R&D function to accomplish 

strategic goal (Chiesa et al., 2008b). 

Ojasalo (2003) describe management of innovation as managing chaos. It was 

due to lack of appropriate configuration among organizational operations with respect to 

R&D which has to bear unexpected business change (Ojasalo, 2003). Innovation 
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Management has been channelized globally during recent decade. It also globalized the 

R&D concept among many multinational organizations through which they transforms 

their ability from sharing knowledge to exchange technological activities (Cantwell & 

Zhang, 2005). 

Sternberg and Arndt (2001) highlight the number of internal factors that 

influence on firm’s innovativeness more than external factors. Such internal influence 

allows effective innovation management as significant approach for R&D to understand 

the market behaviour with respect to companies’ characteristics. These internal 

influences may varies with nature of organizational innovational behaviour (Cooper, 

1998) – Due to these internal factors researchers were more focused to investigates 

suitability of firms internal innovation ability that match to execute innovation process 

in order to quantify the significance of R&D competitiveness. Galende and Fuente 

(2003) suggested number of methods to develop innovative features such as: “ Intrinsic 

technique for new product generation”, “significant source of  information”, “Basic 

observation”, “Intrinsic  mechanism for creative results” and concludes to rectify “The 

nature of innovation management associate with R&D” (Galende & Fuente, 2003). 

Still, the significance of R&D has been transformed as an outcome of diverse 

innovation models (Trott, 2005). Due to such transformation effective innovation 

management required to enhance R&D competitiveness. Trott (2005) highlights five an 

evolutionary courses for innovation management frameworks that initiates from ‘the 

first linear model of innovation management simply notify as technology push model’. 

The first linear model describes basic functional mechanism for any knowledge-driven 

organization initially starts with extensive research. R&D absorb some of core process 

related to innovation management in developing creative ideas and then passes to 

production function that transforms such creative ideas into physical reality in shape of 

prototype. After confirmation from many quality checks the product is then pass to 

distribution for promoting product with respect to current and new market (Trott, 2005). 

The market requirement triggered the second linear framework which was 

termed as market pull model or generally know as the customer demand innovative 

model (Trott, 2005). In this model, dominance of functional stream places their 

supremacy to advocate development of new process. For such purpose, they used 
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business surveys in order to notify R&D about the latest market behaviour and customer 

demand. Thus, the individual from R&D need to collaborate with production unit in 

order to introduce the number of thriving projects with respect to market requirement 

(Trott, 2005). Conversely, the market pull framework has been subject for many critism 

due to its distorted approach. Therefore, the third framework termed as coupling model 

that enables innovation management in house feedback mechanism instead of linearity. 

This coupling framework used to collaborates comprehensive R&D activities govern 

other organizational units in search of developing R&D direction (Trott, 2005). In the 

late 1980s and early 90s, various organizations had to rely on external bounding with 

other external stakeholders for instance: suppliers, customer and competitors in order to 

deal with complex and uncertain nature of innovation. Hence, fourth generation 

integrated model were introduced in order to correspond with external stakeholders. 

This framework comprise of internal and external interactive correspondence (Trott, 

2005).   

The collaborative concepts were extensively created and ensuring of system 

integration to next level which is simply termed as network model (Trott, 2005). This 

model consider as fifth generation model which enables fully integrated mechanism by 

focusing on strategic association with other collaborating organizations (Trott, 2005).  

In general, the internal innovative factors depend upon extensive dependency on 

external and internal source of information.  Accumulative feature in R&D allows firm 

to search new markets and seek new opportunities to get higher returns  due to high 

R&D spending (Galende & Fuente, 2003; Lenz-cesar & Heshmati, 2012). There are 

comparatively limited studies regarding involvement of capabilities related innovation 

management as effective contributors in R&D (Dimitrios Kafetzopoulos 2015; Jiaoa et 

al., 2016; Mei-Chih Hu, 2016; Samson & Gloet, 2014; Yam et al., 2011a; Zhu & Xu, 

2014). More investigation required to classify capabilities belongs to innovation 

management as supporting management discipline and their contributing impact on 

R&D. It helps R&D decision makers for developing policies by using criteria’s based 

on capabilities (Alberto Di Minin 2012; Hosseinia, 2016; Martin, 2015). 
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2.11.3  Technology Management Association with R&D   

The scope of the study expends, as major technology shift has observed towards 

R&D. The organizational evaluation process relies on effective technology management 

for in-house R&D (Rousset et al, 1991). Strategically the focus related to effective 

utilization of technology management was shift in mid of 1980’s when the commercial 

significance of technological innovation were associated with R&D through joint 

venture,  outsourced, and subcontracted (Jacques & Jolly, 1999; Jolly, 1999) 

To implements technology as a core enabler many researchers looking for urgent 

need to enhance the technology management resources for  progressive R&D (Cohen & 

Levinthal, 1989). It was necessary to create resources for absorptive capacity to drive 

strategic capabilities relate to technology management (Cohen & Levinthal, 1989) 

 The number of studies examines companies’ internal behaviour specific for 

managing technological ability influences technological innovation that develops under 

comprehensive R&D support. These studies also investigate the impact of technical 

know-how due to internal organizational characteristics (Einsehardt & Martin, 2000; 

Lichtenthaler & Ernst, 2007; Lin et al., 2006; Tsai & Wang, 2004).  

Cohen and Levinthal (1990b) describe the long relationship between R&D and 

technology management which is complementary as applying core theory of absorptive 

capacity. According to their theory the utilization of absorptive capacity, consider as 

strategic resource for technology management. They also illustrate the effective 

utilization of technology management in shape of technology appropriability and 

technological opportunity that relates R&D competitiveness (Cohen & Levinthal, 

1990b). Furthermore, they  emphasis on organizational in-house R&D that not only 

support the development of new knowledge, but also extend the firm’s ability to absorb 

and utilize to generate knowledge beyond the organizational boundaries (Searching for 

new external knowledge).  

Vega-Jurado et al. (2008) draw capability based view in recognizing strong 

bonding between technology management and R&D which were consider as primary 

source for creating new knowledge for innovation (Vega-Jurado et al., 2008). Similarly, 
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Oerlemans et al. (1998) proposed capabilities based view on fundamental concept on 

organizational innovative performance which  extensively associates R&D with 

technology management resources (Oerlemans et al., 1998). They preferred analytical 

model that begins with the comprehensive selection of resources which drive 

capabilities related to technology management (Oerlemans et al., 1998). These 

resources were relay on intrinsic and extrinsic factors. The intrinsic factors were based 

on technological opportunity focusing on industrial and non-industrial requirements. 

While, remaining intrinsic factors were focusing on methods that enables strategic legal 

protection (Oerlemans et al., 1998). On the other hand, the selected extrinsic factors 

were completely focusing on technological competencies that primarily drive from 

R&D. This preference was established for a purpose to accomplish the primary goal of 

integrating both intrinsic and extrinsic factors to observe the innovative outcome is 

shown in Figure 2.8 

 

 

 

 

 

 

 

Figure 2.8  Relation between factor Technological Opportunity and R&D  

Source: Oerlemans et al. (1998) 
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Gregory (1995) describes capability-based view on exploring the missing link 

between the R&D and technology management. According to him, the technology 

management domain has conventionally concentrated their capabilities to influence 

R&D competitiveness (Gregory, 1995). Some of the prior studies highlight the essential 

demand that allows most R&D based firms to a close integration of R&D with other 

value-add supporting management discipline including technology management 

(Gregory, 1995). These studies were more emphases on the association in between 

R&D and technology management which appears during the estimating and prioritizing 

of R&D projects (Roussel, Sand, et al., 1991). The focus remains very much around 

managing R&D as the function for development rather than more emphasizing on 

capturing technology and developing by utilizing all the intrinsic and extrinsic resources 

from the organization. Gregory (1995) revealed three layer linkages emphasizing on 

R&D as the function: (a) connecting R&D to understand nature of research related to 

basic science and technology, (b) assessing early visibility of technologies, (c) 

managing role of technology during the development of new process and product 

management  

   Talonen and Hakkarainen (2008) similarly portray the significance of 

technology management for R&D in a strategic context. According their postulation 

regarding core theories of technology management being consider as “an 

interdisciplinary area of research” that combines resources belongs to engineering, 

natural sciences, social sciences and management sciences  in order to cater knowledge 

feasible to enhance R&D effectiveness (Khalil & Tarek, 2000). They more emphasize 

on the traditional definition developed by National research and council: According to 

their concepts Technology management consider as “A multidisciplinary field 

associated with forecasting, developing and executing the technological capabilities in 

order to achieve the operational and strategic aims for any organization (N. R. Council, 

1987)”. There are several divergences among strategies that propels the relationship 

between R&D and technology management, depends on mixture of complex strategies 

and tactics (Kaplan et al., 2004). Talonen and Hakkarainen (2008) draw association in 

between R&D and technology management by developing the roadmapping framework 

in order to configure strategic capabilities belongs to technology management.  
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Vega-Jurado et al. (2008) represents resource based theory by describing 

strategic perspective between technology management and R&D. There are common 

cross-functional strategies that exchange across functional and departmental boundaries 

(Vega-Jurado et al., 2008). They illustrates no specific organizational department 

separately make and sketch these strategies (Vega-Jurado et al., 2008). It is the 

integration of business and technology roadmaps that to connect company-wide 

strategic mechanisms by interfacing and searching strategies (Vega-Jurado et al., 2008). 

These mechanisms allow organizations to replicates overall functional strategies into 

resources and driving them operational (Vega-Jurado et al., 2008). In simple words, 

roadmap integrates the multiple approaches to gather; it is a driving force that sticks 

functional strategies as show in see Figure 2.9   

 

 

 

 

Figure 2.9:  Roadmaps interlink the Essential strategies of R&D  

Source: Vega-Jurado et al., (2008) 
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2.12 Theoretical Framing   

This research represents the capability perspective therefore theories that 

belongs to resources are applied that allow researcher on basic understanding 

knowledge, innovation, and technology management  Resources Based Theory (RBT) 

was initially inducted in strategic management literature during the early 1950s 

(Wernerfelt, 1984). After 1950s, RBT was more extensively functional across 

operational and strategic management research. RBT illustrates that the possession of 

resources leads to reinforce organizational competitiveness. Due to heterogeneity these 

resources responsible in characterizing performance differences among organizations 

over the time (Barney, 1991b; Grant, 1991). Organizations relied upon bundle of 

resources that allows firms to hold by them self for long term sustainability. Generally, 

three significant types of resources were acknowledge in Resource Base View (RBV) 

such as human resource, organizational resource and physical resource (Barney, 1991b). 

In case of describing the competitive advantage at organizational level the nature of 

available resources must be precious or valuable, unique or rare, inimitable and non 

exchangeable (Barney, 1991b; Wernerfelt, 1984). The fundamental establishment of 

sustainable performance is determined through effective exploitation related to range 

organization resources, because an appropriate amalgamation of resources construct 

feasible capabilities that  allows firm to prevents against market competitor to imitate 

stock of organizational resources.  

 

2.12.1 The Role of Resource-Based Theory (RBT) in Knowledge Management  

RBT was initially familiarized by the prominent economic theory presented by 

Penrose (1959) who orchestrate organization to attain remarkable performance not only 

equipped with improved resources, but also have a proficiency to utilize those resources 

in efficient way. Several research scholar’s in the field of operational and strategic 

management enables the role of RBT to recognize how organizations can efficiently 

utilized resources to achieve the competitive edge. The research espousing RBV also 

understand that resources hardly act separately in generating value. For instance Wade 

and Hulland (2004) suggested that the performance causes a significant effects due to 

resources related to communication mechanism depends upon how they are 

harmonizing to organizational resources. Black and Boal (1994) describe the resources 
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can have ability to extend and suppresses impact on one and another. RBV suggest that 

resources are reconstructed into output of greater significance through various 

capabilities (Black & Boal, 1994; Grant, 1991). Capabilities may be repetitive in nature 

as actions during the utilization of resources to generate value in shape of products and 

services. Capability includes the concepts of organizational competency that leads 

towards effective proficiencies and practices (Prahalad & Hamel, 1990). In holistic 

view, RBT hypothesizes that resources can influence the development of capabilities as 

to improve organizational performance and effectiveness. Initially RBT generated to 

cater private sector, but over the period of time it is highly recognized as a theoretical 

foundation to investigate the knowledge assets to public organizations. These theoretical 

foundations also depends on the potential resources and capabilities to convey public 

value among potential stakeholders (Piening, 2013). Some application that sketch upon 

RBT For example, Melián-González et al. (2010) recognized IT as resource, that drive 

capabilities related to KM at state universities. These capabilities used to encouraging 

universities to offer training courses, and supervising teaching material. Similarly, the 

Pablo et al. (2007) represents the case of public health services, they discover the 

capability of related to knowledge management by experimenting to acknowledge 

potential demand of  continuous improvement in spite the reduction in financial 

resources. RBT by designed more emphasizes on utilization of internally available 

resources, such characteristic allow RBT applicable to public sector organization (Pablo 

et al., 2007). 

2.12.2 The Role of Capability-Based Theory (CBT) in Innovation Management  

The capability-based theory represented by number of research scholar’s 

adapted from resource-based view of the firms (Barney, 1991a; E. Penrose, 1959; Teece 

& Pisano, 1994; D. Teece et al., 1997; Teece, 2007). This perception within 

organizational boundaries visualizes capabilities as the potential aptitude to integrate, 

combine and relate potential resources to accomplish firm’s competency and remain 

innovative (Schreyögg & Kliesch-Eberl, 2007). The concept of management capabilities 

has come to be noted as illustrating those actions that the organization is competent for 

functioning at each level: capabilities are considerably close to action. Theoretically 

they cannot be disconnected or practicing separately (Schreyögg & Kliesch-Eberl, 

2007). Black and Boal (1994) claimed that capabilities are the “ability to arrange 
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resources generally in-shape of collaboration by utilizing operational activities in order 

to achieve desired outcome.” To interpret that Teece et al. (1997), acclaimed that it is 

not just potential assets that one has to deal with, but it also about how effectively one 

can arrange the resources to configure or reconfigure capabilities with respect to the 

market dynamism. Capabilities that belong innovation management has a  potential 

characteristics related to firm’s vigilance in case of development of organizational 

strength for innovation (Börjesson & Elmquist, 2011)   

 

Under such theoretical conceptualization, a wide variety of capabilities related to 

innovation management that has been recognized after the year of operational practices. 

Leonard-Barton (1992) portrays a range of ‘potential capabilities’ that differentiate 

existing firm strength from others and drive firms to get maximum competitive 

advantages.  

2.12.3   The Role Dynamic Capability Theory (DCT) in Technology Management  

An organization confronts many challenges to attain overall organizational 

competiveness specifically when its resources and capabilities are static in nature with 

respect to the dynamic business environment (Winter, 2003). This is due to potential 

barriers of static resources and capabilities that reluctant to acknowledge effectively in 

extremely uncertain market environment.  While on the other hand dynamic capability 

view (DCV) allows researchers to emphases more on the significance of resources that 

drive capabilities to confront market dynamism for example: the reconfiguring ability to 

attain organizational competitiveness even a market faces high dynamism. This research 

study enables dynamic capability theory (DCT) for technology management in order to 

postulate a novel conceptualization of capabilities that belongs to technology 

management. The dynamic capability theory is an modified version of resource based 

theory (RBT). The essential practices of dynamic capability regard as higher level 

capabilities that used to engaged in reconstructing and reconfiguring the normal 

capabilities in order to achieve maximum competitiveness (Zahra, 2010).  

There are several theoretical interpretation that defined the fundamental concept 

of dynamic capability and also highlights its significance on firms overall performance. 

For example David Teece et al. (1997) define dynamic capabilities as firms aptitude to 
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interface, rebuild and reconfiguring internal and external proficiencies to deal with 

market dynamism. It also exposes the potential trajectory of dynamic capabilities along 

with all the functions that support long-term organizational competitiveness.  

In similar way, several other researches hypothesize with same narrative, 

according to them dynamic capability theory as a potential practices that facilitate firms 

to gain maximum competitive advantage under dynamic environment for example: Wu 

et al. (2018) consider both pervious research studies (Cetindamara et al., 2009; Dilek 

Cetindamara, 2016) based on dynamic capabilities theory (DCT) draw relationship in 

between Technology management capability (TMC) and New product development 

(NPD). They concluded that, dynamic capabilities more precisely act as high level 

management ability that positively integrate, readjust and develop capabilities with their 

resources in order to counter market fluctuation.     

Cetindamara et al. (2009) describe the core concept of Technology Management 

(TM) under the scope of dynamic capability theory (DCT) and offers a Technology 

Management (TM) theoretical model which specifically emphasis on the improvement 

and utilization of technological capabilities. They suggested that technology 

management capabilities is dynamic in nature that enable the potential trajectory 

through which any firm implements its current resources, and identify the spots where it 

need to develop new onces. In simple word technology management capability can be 

viewed as the amalgamation of various resources which can be generated, deployed and 

confined to operates in most effective way in order to attain long-term organizational 

goal (Díaz-Díaz et al., 2008). It is significant in noting that capabilities which belongs to 

technology management emerges to be more crucial asset for R&D in service-based 

manufactures rather than to conventional producers as in shape of tangible assets 

(Gebauer et al., 2012a; Zhen, 2012). Technology management capability can reinforce 

the value creation in shape of sustainable technological development. Since it is ability 

of effective collaboration and exploitation of existing resources to manage technology at 

each organizational level with respect to their requirement (Gebauer et al., 2012a; Zhen, 

2012).  
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2.13 Conceptual Connectivity  To Bridge Theoretical Gap  

This research highlights the capability-view from firms R&D perspective and 

describes the concepts of capabilities which gained traction in the fields of strategic 

management along with peripheral participation of supporting management discipline 

(Teece, 2017). This view appears beyond ‘production function’ to recognize the 

significance of how firms R&D may consider as orchestrate function that sustain the 

national competitiveness  (Bank, 2010). This range of functionalities allows firms to 

accomplish full integrations in the development of un-priced assets. This discrete un-

priced trait enables firms to capture value from R&D (Teece, 2017). Therefore, 

capabilities based view allow researcher to explores innovation, knowledge, and 

technology management as supporting management tools does not fall manna from 

heaven but somewhat associated R&D (Aleksandras Vytautas Rutkauskas & Jurgita 

Raudeliūnienė, 2014; Teece, 2010; Teece, 2017).  In this way, capabilities-views 

endeavours to help in exploring the classification of heterogeneity among capabilities 

related to management supporting discipline with their significance on R&D. Such 

classification based on concepts from knowledge management, innovation management, 

and technology management discipline (Unsal & Cetindamar, 2015) is shown in  Figure 

2.10 

 

 

 

 

Figure 2.10  Theoretical Framing 

Source: Constructed by Author 

Knowledge management recognized as a significant source at a national level 

during policy development among various developing countries (Arrau, 2015). Every 
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developing country has national innovation system (NIS) and policies regarding and 

implementation of knowledge to their public organizations specifically when addressing 

to improve their R&D competitiveness (Elahi et al., 2016). Knowledge management 

(KM) play a significant role to strength NIS policies among the majority of developing 

countries for their formal R&D in public firm (Tieng et al., 2016). According to 

Hutchings and Mohannak (2007) implementation of knowledge management in most of 

the developing countries confront various institutional factor that hinders knowledge 

management practices explicitly dealing with R&D in public firms. These factors 

include Inter-organizational and Intra-organizational relationship (Tsai, 2015). The ties 

suggested the direction of whether firms looking to manage existing knowledge or adapt 

the new knowledge.  

The relationship in between knowledge management and R&D is necessarily 

close because R&D activities can mostly be seen as knowledge management processes, 

for example: translating information for technological advancements which requires 

overall knowledge stock for new product and processes (Park & Kim, 2005b). 

Surprisingly, the association in between the knowledge management and R&D were 

virtually inexistent. However, Some scholars acknowledge, the relationship in between 

knowledge management and R&D by drawing capabilities-based view and consider 

some of constructs which obtained during knowledge transfer (Liao et al., 2010). 

 

Kamath et al. (2016) revealed a capabilities perspective of knowledge 

management by drawing relationship in between knowledge management effectiveness, 

R&D innovation, and firm performance. Dingyong et al. (2009) illustrate that the 

urgency of knowledge management capability as a core strength for those organization 

that is dealing with R&D projects. In contrast, they concluded that with formal R&D 

setting along with measurable tools and resources are not simple to figure out the R&D 

project. Similarly, Lilleoere and Hansen (2011) explore the impact of knowledge 

sharing as core KM process capability on R&D employee to reduce the knowledge 

barrier and emphasis more on a value of synergism. Shankar et al. (2009) looking to 

explore various attributes which influence the strategic alignment of capabilities that 

belongs to knowledge management in order to address R&D competitiveness. 
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Similarly, innovation recognized as a crucial element in the economic strength 

for various developing countries (Elahi et al., 2016). The national innovation system 

(NIS) is quite diverse between different countries have a different innovation 

management criteria to deal with R&D at a national level (Elahi et al., 2016). According 

to Lundvall et al. (2009), a national innovation mechanism consider as an openly 

dynamic and complex system that consists of inter and intra organizational affiliation. 

Such affiliation justifies the direction of the innovation. Therefore, the experience-based 

learning mechanism under this affiliation create capabilities (Elahi et al., 2016) 

Pogrebnyakov and Kristensen (2011) address the challenges for the development 

of innovation management capabilities at subsidiaries level. Also, concluded that the 

significance of maintaining a central R&D function, allow firms to balance inter 

organizational talent. Similarly, Technology considered as a critical component for 

developing the national innovation system (NIS) policies among various developing 

countries (Unctad, 2014). Since the NIS deal with science, technology, and innovation, 

therefore every country has a different specification with respect to their own 

environment. For example, different countries have different technology management 

standard to develop their R&D strength (Gutterman, 2016). 

 Ang and Chai (2010) developed a framework that used to addresses defence 

R&D investment and optional theory; the basic concept behind his work based on 

technology management literature with prime emphasis on developing a capability for 

the indigenous defense industry 

2.13.1 Theory Behind Conceptual Model 

Prior studies were mostly highlights relationship in between knowledge, 

innovation and technology management at individual level and draw capability 

perspective that influence R&D. However, these studies somehow unclear regarding to 

draw relationship among the three concepts together. Therefore, to address this gap in 

the literature, we have looking to explore the relationship among three set of capabilities 

all together. Some researchers believe little association in between capabilities that 

belongs to knowledge management and innovation management that contributes 

potential significance on R&D (Kim et al., 2012). On the other hand, Rizzi et al. (2009) 
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believe that capabilities related to technology management consider as a catalyst for 

knowledge management for effective R&D competitiveness.  Similarly,  Reichert et al. 

(2011) conclude that capabilities related to innovation and technology management are 

the specific component in providing an appropriate environment for sustainable R&D 

growth at the national level. In this research, we tried to identify the proper proxies 

among which helps researcher to classify the capabilities related to knowledge, 

innovation and technology management with respect to their significant influence on 

R&D. The theory behind conceptual model based on combination of Resource Based 

Theory (RBT), Capability Based Theory (CBT) and Dynamic Capability Theory (DCT) 

already discussed in section 2.9. The conceptual model in this research suggested the 

classification of capabilities related to knowledge, innovation and technology 

management as supporting management discipline that contribute their influence in 

R&D, i.e., the conceptual framework that is not specific to R&D function.  

The conceptual model in this research based on a modification of  theoretical 

evidence by (Dilek Cetindamar, 2009; Unsal & Cetindamar, 2015) is shown an Figure 

2.11 

 

Figure 2.11: Boundaries among innovation, technology and knowledge Management 

Source: (Dilek Cetindamar, 2009; Unsal & Cetindamar, 2015) 
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2.13.2 Conceptual Understanding  

. The conceptual model suggested in this research assesses the potential 

capabilities that directly influence the generic R&D competitiveness, i.e., The author is 

aware of the reality that the significant output during the assessment depends upon three 

influential resources that drive capabilities belongs to knowledge, innovation and 

technology management. The unusual interrelating conditions can be represented below 

sections  

2.13.2.1 Relationship in Between KM Capabilities and IM capabilities 

According to Kim et al. (2012), the concept Knowledge Management (KM) 

capabilities overlaps to some extent with Innovation Management (IM) capabilities 

which contributes potential significance on  R&D outcome. The innovative approach 

always relies comprehensively on capabilities that belongs to knowledge management 

to resolve complex innovative resources issue, add values to develop organizational 

competencies (Kim et al., 2012). Indeed, the basic concepts for innovation management 

to some extent overlap with knowledge management specifically when addressing the 

idea of intellectual property (Swan & Scarbrough, 2001). In general, R&D based 

organization must rely on capabilities that related to knowledge and innovation 

management that allow firms to upgrade relevant resources without acquiring them 

externally (Gunsel et al., 2011). In a broader spectrum, it translates as organizational 

ability and allow firms to encourages an responding mechanism regarding what they 

have to act before their business rivals by utilizing of their existing knowledge 

capabilities (Gunsel et al., 2011). 

2.13.2.2 Relationship in Between KM capabilities TM capabilities 

In recent decades, a sequence of questions and confrontation with potential 

criticisms have arisen regarding the selection of relevant capabilities related to 

technology management to cater knowledge management for complex R&D (Rizzi et 

al., 2009). However, to address compound industrial growth, firm existing knowledge 

management discipline needs to redesign in cross-functional way for external 

collaboration which required configuration approach for technology management 

(Chang & Chuang, 2011; Pisano & Figgie, 2016b). Accorsi and Costa (2008) consider 
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capabilities related to technology management as an instrument to develop knowledge 

management system (KMS). Venters (2010), introduce a variety of process capabilities 

associated with the technology management these capabilities allows firms to reshape 

knowledge management capabilities (Venters, 2010). 

2.13.2.3 Relationship in Between IM Capabilities and TM Capabilities 

Innovation management and technology management now considered as 

research areas under the rubric of management scope (similar to strategic management 

or organizational behavior) (Reichert et al., 2011). Both supporting management 

discipline were utilize to sustain R&D competitiveness for organizations to strengthen 

their economic earning and consider as critical factors to enhance overall organizational 

competitiveness (Reichert et al., 2011). These vital factors were based on resources that 

drive capabilities belongs to technology and innovation management allow decision 

makers to address organizational requirements according to the industrial demand 

(Reichert et al., 2011). 

2.14 Knowledge Management  

knowledge management considers supporting management discipline and 

recognized as a significant tool that helps organization for sustainable business 

performance and access to achieve their maximum business goal (Akroush, 2006; 

Bruton et al., 2007). Grant (1996b)  define knowledge as an indefinable resource, and 

its interfaces with existing input to the firm such as existing capital and available 

infrastructure to create capabilities. Knowledge assets can characterize in two different 

ways such as implicit and explicit. Polanyi (1967) describes at late 60’s that the inherent 

character of knowledge asset as supporting management discipline considers as an 

ability to possess knowledge by the individual’s which also known as tacit knowledge. 

While Nonaka and Takeuchi (1995b) describe explicit knowledge asset as the ability to 

maintain awareness that can transfer in the form of systematic code such as database 

reports. Considering the fact that knowledge and knowledge management essentially 

requires a research ingredient in the context of emerging businesses and developing 

economic (Akroush, 2006; Bruton et al., 2007) 
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The phenomena of knowledge management discipline from last two decades 

were considered in contributing for developing economies (Carrillo et al., 2003; Lin & 

Tseg, 2005; Maddan, 2009; Nonaka & Takeuchi, 1995b; Tsai & Shih, 2004; Wong & 

Aspinwall, 2004; Young, 2006). Some of prior studies highlight the effective 

knowledge management at national level as an essential component to make public 

firms as knowledge-base organization. They concluded that knowledge management 

consider as a fundamental source to develop a sustainable indicator for competitive 

advantages and allow improving the economic performance. Novak and Bojnec (2005) 

more focus on the essential features of knowledge management as a supporting 

instrument that helps the Slovenian Economy (Novak & Bojnec, 2005). They concluded 

that under limited number of capital acquiring new resources for knowledge  

management consider being difficult among small and medium scale firms to remain 

competitive (Novak & Bojnec, 2005). Similarly, Kwang et al. (1999) suggested to 

remain competitive, it is essential to enable effective knowledge management as a 

significant tool. But also necessary to understand integration of knowledge resource 

with organizational system that allows firms  to produce positive outcome (Kwang et 

al., 1999). Knowledge management considers as supporting management discipline and 

recognized as significant tool for developing knowledge advancement for sustainable 

business performance (Akroush, 2006; Bruton et al., 2007).  

2.14.1 Knowledge Management Capabilities  

2.14.1.1 General Overview  

Organizational knowledge offered consistent improvements in the path of 

developing processes, operational routine, capabilities and organizational growth 

(Nicolás & Cerdán, 2012; Zabot & Silva, 2002). Therefore, the classification of 

capabilities that belongs to knowledge management consider as essential for R&D 

function among many organizations in the twenty-first century as compared to the 

conventional assets such as manual labour, resources, and technology (Nicolás & 

Cerdán, 2012; Zabot & Silva, 2002). Before that, organizations were more focus on 

R&D that promotes mass production due to the valued for its orientation being 

depended up the quality. At present situation, the creative idea, technical know-how and 

digital code become center of foci (Nicolás & Cerdán, 2012; Zabot & Silva, 2002)   
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There are various resources to visualize capabilities that relates in contrast with 

knowledge management. However, there has been a universal consensus regarding its 

basic resources that drive knowledge management such as: ability to develop, 

proficiency related for knowledge codification, ability to utilization, transfer, and 

preservation of knowledge to accommodate organizational structural challenges or for 

developing additional value (Rowlei, 2000; Tobin, 1998). At current situation, 

organizations is a result of knowledge known as supporting management discipline 

developed through combination of management theories along with competitive 

resources such as: group of proficient skill workforce (Rodan & Galunic, 2004; Zabot & 

Silva, 2002) 

Knowledge management capabilities can offer a possible advantages, because 

over the period of time most market competitors were frequently emphasis on cost or 

quality of the products (Chou et al., 2015). On the other hand, the organizations that 

were more emphases towards capabilities related to knowledge management will able to 

accomplish a new standard of quality, creativity, and effectiveness (Chou et al., 2015). 

The main benefit to acquire or obtain capabilities related to knowledge management as 

core organizational strength, because it produces extensive returns by applying 

knowledge as instruments for competitive advantages (Chou et al., 2015) 

Since, the appropriate capabilities that drive knowledge management was also 

consider as primary base for innovation. Such foundation requires investigation and 

communication among multiple sources engage within and beyond functional 

boundaries (Chou et al., 2015). In order to adapt speedy market variation always 

requires the combination of multiple sources for example: organizational information 

regarding R&D and knowledge to handle market variation. This allows significant 

growth in the level of coordination among organizations (Chou et al., 2015) 

Despite various positive outcomes, still a lot of complexity involve during the 

development of capabilities related to knowledge management. It was due to potential 

malfunction within knowledge resources or unsatisfied by skepticism due to lack of 

organizational ability. Capabilities related to knowledge management engage with 

insubstantial advantages and for such reason it is complex to measure especially during 



71 

the evaluation of R&D effectiveness (Liebowitz, 2013; Poyhonen & Hamalainen, 2001; 

Roper & Dundas, 2015).  

 Mills and Smith (2011) investigate the impact of knowledge management 

capabilities on organizational performance. The study illustrates a substantial 

connection among knowledge resources and overall organizational performance which 

critically argued by several other scholars’, but unable to draw any significant 

conclusion in case of addressing dynamic resources  

Mills and Smith (2011)  suggested that stable link between knowledge 

management and organizational performance. The outcome of their finding suggests 

that decompose approach under complex relationship among resources that effectively 

drive process and infrastructural capabilities related to knowledge management for 

example: organizational structure, knowledge acquisition, knowledge application, and 

knowledge protection were significantly related to organizational performance. 

However, there is no commonly agreed conceptualization that which resources make up 

these process and infrastructural capabilities (Alavi & Leidner, 2001).  

 

Some of prior studies also highlights the impact of knowledge management 

capability to measure various organizational aspects such as: Hayashi (2004) illustrate 

that acquiring specified nature of capabilities related to knowledge management through 

the number of sources not only useful to resolve the technical complexity, but it also 

helps to resolve the risk and uncertain factors which allow firms to variate their R&D 

operations for maximizing competitive advantages. Similarly, Henderson and Cockburn 

(1994) develop a statement to acquire knowledge management capabilities from 

external sources allow maximum organizational success depend upon the collaboration 

of new external information mix with existing knowledge (Henderson & Cockburn, 

1994). Henderson and Cockburn (1994) suggested that to sustain the effective 

performance that advance the organizational activities depend on capabilities and 

resource that drive knowledge management processes. Such capabilities allow smooth 

switching of information in between the function of the organization spread across the 

entire organizational units. Therefore the integration of specialized knowledge would 

impact to the organizational performance (Leonard-Barton, 1992; Teece et al., 1997). 
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Similarly, Teece et al. (1997)  suggested that knowledge management capabilities allow 

knowledge transfer as potential resources that enables range of expertise shared in 

between functional units that helps individual’s to observe and understand each other 

responsibilities and works together for the betterment of organization in order to get the 

common goal. Leonard-Barton (1992) describe the sharing a common knowledge as the 

process capabilities related to knowledge management enables a link in between un-

associated features that create a character to possess a certain similarity in between the 

organizational units. From different studies, it observed that individuals that involve in 

organizational responsibility were more efficient in their responsibilities.  

 

Gold et al. (2001); Khalifa and Liu (2003) argues on fundamental concepts of 

knowledge infrastructure and process capabilities relates to knowledge management that 

requires a complete makeover from state of low capacity (that highlights the less 

availability of resource, less accessibility to adopt the change and less contribution to 

the work practice) to the state of high influence (of more availability of support either 

from external and internal aspects, high accessibility to accept the change because of 

capabilities related to knowledge e management that can easily integrate with any work 

practices). Leonard-Barton (1995) stressed on resources related to process capabilities 

such as: creating, exchange/sharing at organizational level to resolve the issue related to 

KM effectiveness. Pentland (1995) similarly define KM processes as a continuously 

evolving in character which integrated in organizational physical and functional 

structure with core attributes of knowledge as final product. There are number of 

scholars and researchers who draw perspective of organizational capability by 

highlights knowledge acquisition, knowledge conversion, knowledge application, 

knowledge protection as resource to drive knowledge management processes capability 

(Aujirapongpan, 2010; Chan, 2008; Gold, 2001; Suzana, 2010)  

Gold (2001)  used to offer the knowledge management conceptual framework to 

measure capabilities aligned with organizational strength (Gold, 2001). These 

capabilities illustrate the processes and infrastructural perspective of knowledge 

management. The infrastructural stand point of knowledge management capability is 

comprised of technology, organizational structure, and culture (Gold, 2001). While 

process perspective includes acquisition, conversions, and protection, are the significant 

capabilities that aligned with organizational competence and consider as pre-requisite 
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for effective knowledge management. In similar way,  Smith (2006) developed a 

theoretical framework that supports organizational competencies by drawn criteria for 

KM infrastructure capabilities comprise of technology, culture, and structure. Hsu 

(2006) evaluate the relationship between the organizational effectiveness and 

Intellectual capital to enable specific modification of KM infrastructure capabilities 

adjusting Organizational leadership, corporate culture as potential resource. 

Aujirapongpan et al. (2010) also acknowledge knowledge management effectiveness by 

drawing various resources as sub-criteria for knowledge management process capability 

for example knowledge acquisition, knowledge conversion, knowledge application, 

knowledge protection. Similarly,  Tseng (2010) developed a framework to measure 

corporate performance and finds relation in between knowledge conversion and 

organizational culture by draw criteria for process and infrastructural capability related 

to knowledge management. On the other hand, Yang (2010) resolve the regulatory issue 

developed due to changing industrial trend by combining KM strategic capability. 

Smith (2006) adds KM strategy as an essential component to aligned business strategy 

and establish a comprehensive model of KM capabilities with a complete perspective to 

recognize the organizational dynamics.  

Nonaka et al. (2000) developed knowledge management strategic design to draw 

relationship between with KM process capability by applying SECI model to developed 

four strategies of knowledge conversion used in between codified and nonverbal 

expertise(Lee, 2003; Migdadi, 2005; Nonaka, 2000). Johannessen et al. (2001) used IT 

to influence tacit knowledge as essential for an organizational resource to assess the 

firm ability to create maximum competitive advantages. Johannessen et al. (2001) argue 

that the knowledge-base organization relies on both types of knowledge management 

strategies depending on the situation. The two common knowledge management 

strategic capabilities known as codification –personalization were involved in 

addressing these types of innovation (Lee & Choi, 2003; Nguyen & Pham, 2017). The 

number of scholars observed that codification and personalization strategies mainly 

used to facilitate the innovation, but over the range of application their impact was 

varied to their implementation (Choi & Jong, 2010). 
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2.14.2 Global Landscape on Knowledge Management Capabilities  

Knowledge management presently considers as crucial debate in term of 

developing national innovation system (Tariq Mahmood Ali, 2015). But there is a lack 

of theoretical interpretation regarding utilization of knowledge management capabilities 

at a global level. Since the globalization influence on organizational strength, 

knowledge is considered as a surviving soul for any organization. It has been 

recognized as supplement to R&D in order to confronts global business dynamism (Yi, 

2009). Therefore, it signifies that managing knowledge for an organization as similar to 

manage other adequate assets (Yi, 2009). To structure the pathway for strong 

competitive advantage numerous organizations massively rely on capabilities that 

produce new knowledge and that becomes a critical success factor  at organizational and 

national level (Yi, 2009).        

The main comprehension regarding the higher significance of knowledge lies 

beneath the foundation for effective management of knowledge at the organizational 

level (Mohammadi & Franzoni, 2014). As a result, many organizations lift their 

organization horizon due to the successful development and utilization of capabilities 

related to knowledge management. Existing literature suggested that role of knowledge 

management capabilities can consider as a crucial antecedent for sustaining  long term 

creative opportunities (Mohammadi & Franzoni, 2014)   

The high fluctuation in global economy ripples to substantial R&D investments 

around the globe. However, some cautionary steps were implied to reimburse and 

restore more aggressive financial regulation to reserve the global investment 

specifically on developing countries (Kim, 2014). To survive against the global 

competitive environment most developing countries possess retainable capability 

related to knowledge management at institutional level. These capabilities allows firms 

to share collaborative adjustment of their technical knowledge to address their internal 

and external stakeholder (Kim, 2014). In order to encounter future demands, R&D 

sectors in most of developing economies always looking more long-term strategic 

approach to sustain their capabilities that  belongs to knowledge management at public 

sector organizations (Winter, 2003).  According to Organization for Economic 

Cooperation (OECD, 2016) most of the private sector add majority of contribution in 
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term of their domestic R&D spending for example, country like Israel which shares 

80% of their total R&D spending drive from private sector in order to increase their 

knowledge stock, followed by Japan where 73% R&D spending came from private 

sector. Similarly, China and South Korea where private injected more than 70% to 

fulfill domestic R&D requirements (OECD, 2016) 

The main philosophy among these countries possess behind their R&D success 

is due to strong knowledge management capability at institutional level. These 

philosophies allow them to keep formulating, protecting, diffusing, and utilizing 

knowledge as potential resources in shape of wealth creation and employment 

generation (Bakry, 2009). The execution of these activities has been covering enormous 

attention among several researchers over the period of time. This follows towards the 

knowledge-driven societies which encourages to promote knowledge-based culture 

(Bakry & Alfantoukh, 2010).  

The actual concept of knowledge management has adapt at national level and 

acknowledged by the number of researchers during the development of new structure 

belongs to knowledge-based economies for both developing and developed countries 

(Jankowska et al., 2017). There is no specific systematic strategy or any scientific 

approach to determine the capabilities related to knowledge or knowledge management 

for developing countries.  

Therefore, it is significant to browse numerous indexes that have been utilized 

for knowledge development. There are few indicators available to assess the knowledge 

management resources such as Global Competitive Index (GCI), Index of Economic 

Freedom (IEF), European Competitiveness Index (ECI), Knowledge Economy Index 

(KEI) and World Knowledge Competitive Index (WKCI) which covers 2 to 3 resources 

are related capabilities that belongs to knowledge management (Browne & Geiger, 

2010; WEF, 2017).  

According to these indexes, the highest rank countries like Singapore, 

Switzerland, Hong Kong, followed by USA and Scandinavian countries (Katić et al., 

2012). These countries recognized resources related to capabilities that belongs to  
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knowledge management processes such as knowledge creation and knowledge 

utilization as a potential source to propelled economic growth (Kriščiūnas & 

Daugėlienė, 2006).  According to these indices, highly ranked countries are shown in 

see Table: 2.5 

Table 2.5  Knowledge indices of competitiveness 

 Name of the 

institution 

releasing the 

index and 

 

Frequency of 

publication 

Number of 

countries 

ranked 

 

Number of 

variables 

(quantitative/ 

qualitative 

data ratio) 

Ratio of 

weighted 

coefficients 

Knowledge 

Economy Index 

(KEI) and 

Knowledge 

Index (KI) 

 

Milken 

Institute, 

University of 

California 

Periodically 

(1995, 2000, 

2008) 

1. Denmark  

2. Sweden  

3. Finland  

4. 

Netherland            

5.Norway 

Report: 

2008.  

329  

(219/110)  

quantitative 

- 1  

qualitative – 

0,64  

Knowledge-

based Economy 

Index  

 

The World 

Bank 

Institute’s 

Knowledge 

for 

Development 

Program 

(K4D) Since 

1995 

n/a n/a 

 

83 (total)  Equal 

weight  

World 

Knowledge 

Competitivenes

s Index (WKCI)  

 

Centre for 

International 

Competitivene

ss 

Periodically 

(five releases), 

Latest 2008. 

1.San Jose-

Sunnyvale-

Santa 

Clara, US  

2.Boston-

Cambridge

-Quincy, 

US  

3.Hartford, 

US  

4.Bridgepo

rt-

Stamford-

Norwalk, 

US  

5.San 

Francisco-

Oakland-

Fremont, 

US  

Report: 

2008.  

19 quantitative  Equal 

weight  
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Table 2.5   Continued 

 Name of the 

institution 

releasing the 

index and 

 

Frequency 

of 

publication 

Number of 

countries 

ranked 

 

Number of 

variables 

(quantitative

/ 

qualitative 

data ratio) 

Ratio of 

weighted 

coefficient

s 

Global 

Competitivenes

s Index (GCI) 

 

World 

Economic 

Forum since 

1979.(upgrade

d in 2004) 

Annually 1. 

Switzerland 

2. Singapore 

3. Sweden      

4. Finland      

5. USA  

Report:  

111 (35/76)  Not same 

for 

 all 

countries – 

dependent 

on the 

level of 

developme

nt  

Source: Katić et al., (2012) 
 

 

It can be observed that from the above distribution of indexes which comprise of 

specific resources that drive capabilities related to knowledge management that they can 

be incorporated differently in shape of competitiveness. Almost 60% of overall 

indicators reflect the entire evaluating parameters represented by Economic Knowledge 

Index. Among these indicators, still more required to deal with comprehensive 

knowledge management capabilities        

2.14.3 Deficiencies among R&D’s in Public Organization of Pakistan: Knowledge 

Management Capabilities 

Pakistan considers as the middle-income economy, where the significance of 

knowledge management capabilities at institutional level has been well recognized  

(Bashir et al., 2018). Arabella Bhutto ( 2012) highlights that due to inadequate practice and 

less effective integration to the national innovation program failed public sector R&D to 

fulfill current demand and unable to interpret current R&D as a tool for potential 

economic revival (Arabella Bhutto, 2012).  

Pakistan remains under extensive pressure as the country with limited resources, 

a balanced focus on R&D required for continuous research growth (Muqadas et al., 

2017). Progressive advancement at individual level is required also necessary for future 

demand in order to elevate the social and economic status for common people (Abbas, 

2012). Shahid (2016) draw some significant challenges that Pakistani government 
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confronted in case of developing knowledge management capabilities in public R&D 

firms over the period of time these challenges are: consistent flight of capital, lack of 

funding agencies due to worst political turmoil, losing grip to retain technical skill 

causes extensive brain drain (Abbas, 2012). Similarly, Gilani (2015) highlights that 

alarming situation regarding spending or acquiring new knowledge capabilities 

according to him,  Pakistan still far behind among regional economies due to less R&D 

spending and still facing critical issues in improving their existing industrial capabilities 

by starching their R&D organizations to adopt knowledge management routines as a 

critical factor to their performance . 

Implementing knowledge management (KM) is all about delivering accurate 

information to the right set of people promptly (McElroy, 2003). The majority of public 

sector firms are looking for influential accumulated knowledge in order to facilitate 

firm’s innovation ability. This generally came from firm's skill force which basically 

rely on people with high intellectual abilities that drive productive processes along with 

other organizational characteristics (Arabella Bhutto, 2012)   

In case of Pakistan, KM trends quite discouraging as most of the industrial 

sectors were less progressive toward the R&D (Gilani, 2015). Such deficiencies allow 

public organizations to acquired knowledge and technological capabilities externally. 

Due to the inconsistent behavior among majority of public sector, firms in case of 

retaining capabilities related to knowledge management.  As a result of such external 

acquisition the process of absorption required across several public organization allow 

them full transition from being working on static internal resources to practice on 

external knowledge resources (Goedhuys & Mytelka, 2005a). To observe such 

organizational transformation, Pakistan council of science and Technology only 

proposed some measuring indexes that refers patents and scientific publications which 

is unsuccessful to portray any parameters that reflects any role for capabilities related to 

knowledge management at institutional level (Arabella Bhutto, 2012) 

It is observed that effective knowledge management allow firms to address their 

complicated issues that occur during the transformation of knowledge adoption. 

Acquiring new knowledge management capabilities also, allow R&D in public 
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organizations to sustain the process of survival and competencies during dynamic 

industrial environment. In reality, it exemplifies that R&D sectors always looking 

synergistic blend of technical knowledge and processing capabilities for long term 

survival (Malhotra, 2001).  

2.15 Innovation Management 

Innovation Management has evaluated as a crucial enabler in case of delivering 

long-term stability for economic development (Elahi et al., 2016). Innovation is 

considered a core attribute among research based organizations. The fortune in 

achieving high market footprint and growing profitability of R&D firms usually based 

on retaining national competencies (Elahi et al., 2016). However, the present economic 

environment has had a sizable impact on organizations across the globe (Elahi et al., 

2016) 

Organizations have gone through difficult circumstances over a period of the 

extremely competitive environment exemplified by introducing more efficient and 

standardized processes. Such circumstances allows decision makers to understand the 

significance innovative strategies as essential for management process (Hitt et al., 2012; 

Porter, 2009). Therefore, to certify the survival of any business it is essential that all 

processes related to any business must create the potential value, merely not within the 

organizational domain, but also beyond the organizational boundaries (Serio & 

Vasconcellos, 2009) 

The potential contribution of Schumpeter (1984)  establishes to be very 

prosperous in recognizing the significance of innovation at organizational level. Several 

authors highlighted some of drastic changes during the identification of capabilities for 

effective innovation management. These author’s emphases more on innovative 

dimensions belong to new products, new operating practices, and creating new 

resources for raw material. Schumpeter (1984) also an emphasis on connecting 

innovation with multidisciplinary knowledge and cultivating into new product or 

services to society  
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Number of studies highlights multidisciplinary innovation models that not only 

based on the basic concepts of product innovation for normal firms but, also feasible for 

various research based organizations. For instance, the models presented by Utterback 

(1970), Pugh (1991), Thomas (1993), used to relate market as an essential capability for 

concepts development with focus of new product and processes. To handle 

multidisciplinary innovation requires firms to have sufficiently awareness about 

capabilities related to innovation management to deal with complex and 

multidisciplinary integration. 

Clark and Wheelwright (1993) represent innovation management as supporting 

management discipline in the form of a standard framework that allow to recognizes 

innovation as a potential input to the process of acquisitions, relevance of technology 

for competencies and channelizing the regular development route. The foundation of 

this framework based merely on the theory of preference (Silva et al., 2014). In which 

many concepts floating through various stages that are used for specifying only capable 

ones turn out to be feasible for innovation. In some cases effective innovation 

management potentially offers companies to build more competitive by merely utilizing 

new concepts or by just upgrading the existing theories (Forsman, 2011). Innovation is 

no longer considering complex factors but became an influential factor in connecting 

innovation capabilities (Forsman, 2011). Numerous studies still emphases on 

innovativeness that aspire to enable the potential concepts of creativity itself. In order to 

recognize such concepts potential capabilities are required for effective innovation 

management (Alves et al., 2011; Forsman, 2011; Wang et al., 2008; Yam et al., 2011b). 

However, beside these concepts various other factors are still required to fuse with the 

notion of innovation. Therefore, such integration consider as very complicated approach 

and demands effective capabilities related to innovation management in order to receive 

maximum contribution from other organizational functions. 

There are several studies that highlights that how the role capabilities related 

innovation management were significant for research based firms in order to get 

maximum competitive advantages for instance: Rozenfeld et al. (2006), highlights  a 

certain role capabilities related to innovation management  were involve at early stages 

of new product development and allow R&D to align their strategic parameter. 
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However, their finding was more focus on complex product development processes. 

Similarly, Goffin and Mitchell (2010) emphasis regarding the role of organizational 

strategy as a significant resource to initiate processes related to innovation management. 

However, they more focus on organizational behaviors. Similarly, some of prior studies 

also highlights the role of innovation management for example Bessant et al. (2005); 

Khurana and Rosenthal (1998) illustrate the processes and resource structure for 

mapping guiding principles for a whole operating structure for innovation management 

allowing systematic interpretation during the development of new concepts. However, 

these studies more emphases on creating new capabilities for system level innovation 

(Silva et al., 2014) 

In the present circumstances, innovation management consider as guiding 

principle has not yet accomplished the phase of progress to assure the significance to 

innovate among several R&D firms (Bes & Kotler, 2011; Bruce & Birchall, 2009; 

Sigala & Chalkiti, 2015). Therefore, complete transformation required to execute the 

innovation mechanism. However, some time innovation practices classified as 

unbalanced and irregular to understand overall attentiveness of innovation outburst 

which behaves differently to the various sector under specific durations. Similarly, in 

some case firms do not follow a linear model for incremental innovation because 

standard innovation model have a sizeable degree of ambiguity. As a result of the such 

problems innovative significances R&D firms were partially unknown. It exposes on 

cumulative basis specifically those innovation management capabilities that formulate 

changes within an established pattern (Rowlei, 2000; Song et al., 2014).   

2.15.1 Innovation Management Capabilities  

A firm can constantly innovate and retain its competitiveness in the robust business 

environment, depends on capabilities related to innovation management that used to 

facilitate verity of products and process. It also, allows firms to understand the 

conventional perception about innovation (Tidd et al., 2005).  To secure and retain their 

market position for future growth, the firm’s continuously looking in search of 

generating a new conceptual framework for acquiring and modifying  their existing 

capabilities  related to innovation management (Tidd et al., 2005). In order to get 

advance capabilities firm’s divisional heads need to figure out which resources are 
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significant for reconfiguration to match the existing capabilities (Crossan & Apaydin, 

2010). A diverse set of literature available that represents the capabilities related to 

innovation management allow smooth transition during the process of creativity 

(Crossan & Apaydin, 2010). From the contingency point of view some specific 

questions arise on the universal applicability on resources and capabilities related to 

innovation management  

 

The concept of innovation management does not appear overnight, many 

organizations realize that to sustain their current market position or to have significant 

growth in future requires a demand of change in order to survive in the dynamic 

industrial environment (Von Hippel, 1988). Commonly most of the firm’s trip on 

creative concept to manage innovation and try to nurture existing capabilities (Tidd et 

al., 2005). But in most cases organizations who claimed consecutive market successes 

rely on capabilities that drive effective innovation management and enables creativity 

pattern for their operational activities (Tidd et al., 2005). In most cases firms 

extensively invested on their creative capability to generate new concepts to stimulate 

their existing innovation activities (e.g., Story, Hart & O'Malley, 2009). But to acquire 

such innovative ability requires core resources to drive existing innovation management 

capabilities.  Adams et al. (2006); the suggested that the core capabilities related to 

innovation management must be widespread across the organizational boundaries. This 

allows firms to integrate their internal asset for effective innovation process. However, 

these capabilities were based on resources that over the period of time unable to deal 

with dynamic industrial demand. While, according to Akgün et al. (2007) core 

capabilities related to innovation management can also be accessible beyond the 

organizational boundaries which allows firms to accepts existing market pattern. 

 

Most of the theoretical interpretations on innovation management represent the 

blends of capabilities that produce different variety of innovative outcome. For 

example: Danny Samson  Benn Lawson (2001) suggested that most firms were rely an 

robust infrastructure capabilities to execute effective innovation management which 

depends on organizational culture, structure and organizational intelligence parameter 

for successful R&D in case of creating  new product development. However, according 

to their theory developing these resources requires to account several external factors 

that behavior patterns change with respect to future trends (Danny Samson  Benn 
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Lawson, 2001; Hii, 1999). In some case a robust processes technology transfer consider 

as potential resources that drive innovation management capabilities in order to avoid 

uncertainty during the selection processes to get maximum competitive advantages 

(Gryszkiewicz, 2011). Although, there are some studies still highlights that 

effectiveness of innovation management capabilities which allows firms to utilize 

current innovation potential in order to confront (Kalvarskaya, 2009; Saunila, 2012). 

Similarly, in the case of sustainable innovative development that firms were looking 

long-term strategic capabilities for innovation management (Richard Adams, 2014). 

  Kalvarskaya (2009) highlight two significant innovation management 

capabilities which represent processes perspective. According to him, process capability 

related to innovation management considers as a useful tool from the effectiveness and 

speed innovation process. However, their major focus were more on developing and 

motivating human capabilities rather than developing resources related to process 

capability. Saunila (2012) draw narrative on infrastructure and process capability to 

some extent related to innovation management. According to them, process capability 

enables overall system level activities that the organization utilizes to assess the current 

innovation potential. While, infrastructure capabilities is used to enables long term 

competitive edge in shape of organizational culture, external networking structure and 

organizational technical know-how to assess exiting organizational potential. However , 

they were unable to specified innovation processes, they were more emphases on 

general concept of innovation activities to observe normal innovative outcome. 

Similarly, some of prior studies replicating similar type of theories regarding the 

innovation management capabilities for example: Gryszkiewicz (2011) highlights 

potential utilization of process capabilities that drive innovation management as 

emerging sources to support new services by enabling knowledge creation as significant 

resource. However, they were unable to draw other external factors that influence 

process capabilities during the execution innovation activities. Similarly, Martínez-

Román (2011) compares the significant contradiction in between incremental and 

radical innovation as potential resource to drive infrastructure capabilities and 

concludes that both entirely depended upon the level of knowledge that acquired to 

execute for effective innovation management. Although, there are few studies available 

which illustrate the dominance of capabilities as essential tool for innovation 
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management but under limited scope. Some studies acknowledge significance 

capabilities but limits long term effects due to unclassified resources.  But over the 

period of time understanding resources allow  innovation to behave in  complex 

industrial environment especially when triggering new creative concepts lunch in the 

market (Richard Adams, 2014). A comprehensive set of literature available that 

represents the significance of innovation management capabilities. However, prior 

studies limiting their scope regarding behavior patterns of internal and external 

resources that change over the period of time in order to drive capabilities related to 

innovation management. Such changed demands the classification of capabilities to 

exceeds or limit innovation mechanism (Adams et al., 2006; Crossan & Apaydin, 2010; 

Smith et al., 2008; Wolfe, 1994).  

2.15.2 Global Landscape on Innovation Management Capabilities  

 Due to globalization world connects with persistent nature of science, and 

innovation activities. Because of such association innovation are significantly 

considered as a essential component of every policy and regulations (OECD, 2014). 

Most of the developing countries were unable to take precaution during the evaluation 

S&T (science and technology) policy making and cannot afford feasible management 

indicators for innovation. It is extensively acknowledged that diffusion mechanism and 

incremental transformation observed for the majority of the innovation activities 

emerges in developing countries from last two decade (Goedhuys & Mytelka, 2005b; 

Zanello et al., 2015). These diffusions and incremental transformation utilizes existing 

capabilities belongs to innovation management. The incremental transformations always 

depends on various innovation activities such as function collaboration within or 

beyond the organizational boundaries   

Innovation is described as the execution of new or somewhat modified product 

or process; potentially rely on existing capabilities that can manage with effective 

innovation management. Although, such effectiveness were potentially observe among 

developed countries as compare to developing countries that try to practice innovation  

at institutional level (OECD, 2005, 2007a, 2016). Most developing countries were 

utilizing their existing innovation management capabilities on the bases of two 

significant characteristics (OECD, 2005, 2007a, 2016).  First innovation can perceive a 
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range of multiple functions for instance: managing innovation at product level, 

managing innovation at production level and managing innovation at commercial level. 

Such perspective enable diverse mode for capabilities related to innovation management 

and allows firms to distinguish their operating and diffusing pattern (OECD, 2005, 

2007a, 2016). For instance, some recent studies suggested that countries belong to 

OECD (organization of economic cooperation and development) have observed the 

high impact of product innovation on economic productivity. It was basically due to 

effective utilization of capabilities that drive innovation management (Hall, 2011). 

Secondly, innovation could recognize effectiveness among functional entities of any 

individual organization or industrial sector with high impact on their operational 

productivity (Hall, 2011). The impact could describe as capability enhancement which 

relies on resources that execute innovation management at individual firm’s level or 

entire industrial level. There are several indicator  that measure portion of resources that 

drive capabilities related to innovation management for example “The Global 

Innovation Index (GII)” the fundamental aim of this index is used to bargain potential 

metrics and strategies that might be better to conceive and utilize capabilities  related to 

innovation management for the betterment at institutional level (Dutta et al., 2017).  

The primary role of the Global innovation Index GII is to accept the role of 

innovation as a potential driver among governmental institute for economic growth and 

prosperity (Dutta et al., 2017). Initially GII is to develop for confining the various 

characteristics of innovation that were relevant for developing countries (Dutta et al., 

2017). It also helps to measure multiple R&D characteristics that allow policymakers to 

switch their focus from one adaptive resources to other creative resources (Usman & 

Liu, 2015). The global innovation index comprises of two partial-indices (innovation 

input and output as sub-index) each sub-indices already has further interacting pillars 

for example: the five input pillars are institutions, human capital, research 

infrastructure, market complexity and business complexity; while two output pillars are 

knowledge and technology (Usman & Liu, 2015). These indicators cover a portion of 

resources that drive capabilities that belongs to innovation management.  

The Organization for Economic Co-operation and Development (OECD) 

highlight two key dimensions when evaluating the resources that belongs to innovation 
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management capabilities in R&D context. These two dimension are Gross Research and 

Development and (GERD) and Business Enterprise Research and Development (BERD) 

(Pellens et al., 2016). The recent reports argue that to propel the national innovation 

system among developing countries, it is necessary to starch R&D investment on 

emergency bases (Dutta et al., 2017). According to this report investment and 

productivity increase, but still relatively low as compared to desire prediction (Dutta et 

al., 2017). There are several studies that includes various measuring index that used to 

assess portion resources that drives innovation management capabilities at R&D level of 

example: Erciş and Ünalan (2016) developed comparative case study on Turkey and 

South Korea used to compare capabilities pertaining to manage innovation. They used 

to evaluate the microeconomic impact by drawing relationship in between GDP, R&D 

expenditure and international trade on the bases of GII-2016 (Global innovation Index) 

(Dutta et al., 2017).  

Similarly, Usman and Liu (2015) suggested some resources that enables 

effective utilization of capabilities related to innovation management as tool for 

measuring innovation and efficiency among SARAC countries on the bases of  their 

S&T (science and technology) and R&D spending at public organizations. Jankowska et 

al. (2017) observed rigorous pattern among different developing countries and 

concluded that potential impact of national innovation system on economic growth 

depended on two major characteristics: The first one related to effective utilization of 

capabilities that belongs to innovation management at institutional level and second 

defines institutional performance by measuring the transformation of innovative input 

into innovative output. 

 There are few other measuring indexes that internationally recognized to assess 

certain portion of innovation management capabilities for instance: GCI (Global 

competitive Index) the knowledge economy index (KEI) and world Knowledge 

Competitive index (WKEI) ((Huggins et al., 2008). Global Competitive Index (GCI) 

developed by the World Economic Forum (WEF) is considering as one of the most 

well-known competitiveness evaluation (Schwab, 2016b). Global Competitive Index 

(GCI) potentially relates to the concept of innovative effectiveness as its theoretical 

foundation based on main resources that drive innovation mechanism (Schwab, 2016b).   
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In simple word, overall countries innovation competitiveness not only rely on 

acquisition exports but also intrinsically rely on effective utilization of  capabilities 

related to innovative management at organizational level (Petrylė, 2016). According to 

the current situation, Switzerland and USA have placed 1st and 2nd position in the 

context of innovation and sophistication with an average score about 5.80 and 5.63 

followed by Germany and Netherland and with an average rating of 5.61 and 5.62. The 

ranking and score is shown in Table: 2.6 

Table 2.6  The Global Competitiveness Index 2016–2017 

Countries  Overall 

index 

Basic 

Requirement 

Efficiency 

enhancers 

Innovation and 

sophistication 

factors 

Rank  Score Rank         Score Rank       Score Rank         Score 

Switzerland 1 5.80 2 6.29 3 5.62 1 5.80 

Singapore 2 5.72 1 6.37 2 5.73 12 5.25 

United States 3 5.70 27 5.43 1 5.85 2 5.63 

Netherlands 4 5.57 4 6.12        9 5.38 6 5.52 

Germany 5 5.57 10 5.94 7 5.40 3 5.61 

Sweden 6 5.53 7 6.06 12 5.31 5 5.54 

 Source: Dutta et al., (2017) 

2.15.3 Deficiencies in Pakistan R&D Public Organization’s: Innovation 

Management Capabilities 

Pakistan remains bottom in the region with all the essential instruments used for 

measuring capabilities related to overall country’s innovative ability according to GII, 

2016 -2017  Pakistan faces severe challenges as compares to their regional counterparts 

regarding to acquires creative knowledge and technology advancement (Dutta et al., 

2017). Since approximately, 26% of overall GDP and 45% of total employment 

obtained from agriculture sector till 2010, now the economic scope shifted from posing 

innovative ability towards the service and manufacturing-based economies (IMF, 2016). 

However, due to the economic instability and regional politics Pakistan GDP growth 

decrease from 6.1 % in the year 2006 and it remains stagnant at a rate of 3.1% till the 

year 2016-2017 is shown in Table 2.7  
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Table 2.7  World Economic Outlook 

 

 

 

Source: IMF, (2016) 

 

According to Pakistan Science and Technology Council, STI policy 2015-16 

Pakistan has established comprehensive infrastructure of about 160 High Education 

Institute (HEIs) and these keep rising along with 100 R&D organizations till 2015 

(Anwar-ul-Hassan & Ansari, 2015). But unfortunately, due to the distributed financial 

and innovational mechanism, only 58 public R&D organizations remain functioning 

from 2015 (Anwar-ul-Hassan & Ansari, 2015). This is because of different organization 

structures complex bureaucracy and lack of coordination during exchange of 

capabilities related to knowledge and innovation management at institutional level 

(Anwar-ul-Hassan & Ansari, 2015). At current circumstance without any proper 

coordination R&D deteriorates specifically when there has been no correlation among 

capabilities that draw as supporting management tool (Anwar-ul-Hassan & Ansari, 

2015). According to STI, 2015 indicators overall national innovation productivity 

remain low and not reach to predicted projection as compared to the other regional 

economies. The situation getting even worst according to GII-2016-2017 (Dutta et al., 

2015-2016) Where Pakistan remain at rank  131 positions out of 141 countries and 

similarly according to the Global Competitive Index 2016-2017,  Pakistan made up 

129th mark among 141countries (Schwab, 2016b).  

In current situation, effective utilization of capabilities related to innovation 

management at governmental institute level requires major funding from the 

government agencies (Haq et al., 2014). As according to the current statistics 

accumulate by Pakistan Council of Science and Technology they draw conclusion that 

the Pakistan Gross R&D expenditure spends 0.29% to 0.59% of their GDP to their 

R&D is shown in Table: 2.8. That represents total spending with respect to percentage 

of their GDP (WDI, 2016). The major contribution in gross domestic expenditure came 

Years Real GDP  Consumer Prices  Unemployment  

Projections  Projections  Projections  

Years 2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018 

Pakistan 2.5 3.1 3.5 5.8 5.7 5.2 4.8 3.9 3.4 4.1 -  
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from the government side which around 83%. While, the other contributors includes 

private funding non-profit agencies, non-profit business firms and the universities with 

1%, 3%, 10% respectively (WDI, 2016). Further looking forward the R&D major 

portion is used to spend in agriculture sector which consider as recipient of major 

source of funding. Followed by defense, Health sciences, industrial production and  

engineering and technology respectively (Haq et al., 2014). From above statistical 

indictors illustrate that Pakistan need long way to go for developing more advance 

resources that drive capabilities related to innovation management and more effort 

required to adapt these resources at R&D in public sector firms to promote domestic 

research solutions (Haq et al., 2014).  

Table 2.8  Gross Domestic R&D Expenditure  

 

 

 

 

Source: Bank, (2018) 

Pakistan faces severe challenges as compares to their regional counterparts 

regarding to acquire creative knowledge and technology advancement, comparing with 

other economic. Pakistan remain at 89th position out of 140 countries (Schwab, 2015–

2016). Similarly, India place at 42nd out of 140 countries with slightly higher GDP 

spending on R&D. on the other hand Malaysia and Turkey is more progress middle 

income economies that place their mark 20th and 41st respectively out of 140 countries 

(Schwab, 2015–2016) is shown Figure 2.12 

GERD($ 

millions) 

2009 2011 2013 2014 2015 2016 2017 2018 

Pakistan 3119 2471 2454 2441 2325 2319 2291 2310 

India 39402 48063 - - 48078 - 48070 48064 

Malaysia 5400 6457 - 6741 6789 6791 - 6761 

Turkey 8867 11246 13315 13221 13241 13253 13251 13230 

Japan 136954 148389 160247 17027 17035 17031 17039 17033 

Israel 8507 9523 10774 10671 10709 - 10708 10703 
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Figure 2.12  Pakistan Current Status on Global Innovation Index  

Source: Dutta et al., (2016a) 

 

2.16  Technology Management  

The underlying theoretical concept of ‘technology’ has brought association to 

estimate relevant possibilities, processes, operational routines and regular practices 

through which organizational resources are essentially translates into the individual 

capabilities (Shu-hsienLiao, 2005). Kalantaridis et al. (2013)  have described 

technology as “Application of intelligence.” On the other hand, some prior studies 

highlighted the fundamental concepts related to technology such as: Gendron (1977) has 

illustrated a concept that: “Technology consider as systematic practices of professional 

knowledge, comprehensively based on practical experimentation and conceptual theory 

which is personified in shape of productive skills, processes and processes” (Gaynor, 

1989)  

Over the period, technology has presumed as a significant contributor in 

developing competitiveness among research based firms. Several scholars have more 

focusing on the configuring strategies and processes related to technological parameters 

in order to sustain operational strategy among these firms (Sun & Hong, 2002; Yam et 

al., 2011b).  

Technology Management considers as an ability which comprises of efficient 

planning, effective collaboration, developing and implementation of technological 

resources to achieve strategic goal (Technology, 1987). At organizational level 
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technology management comprise of: (1) Forecasting further improvement of 

technological capabilities; (2) Recognizing the significant technological trends and it 

relevant domain for development; (3) Formulating weather ‘to buy or make ’, i.e. means 

externally acquired or developed internally; (4) Organizing institutional method to 

create active policy indicators for technology controls (Wang, 1993). Noticeably, 

technology management considers not only for accomplish the management needs (of a 

particular range of technologies within the same functional domain and cross-functional 

domain), but it develop the robust strategies to the available resource or existing 

technologies for future markets (Linn et al., 2000).  

In a holistic view, Technology Management is enormously viable to business 

competencies and organizational performance (Sun & Hong, 2002; Yam et al., 2011b). 

Sun and Hong (2002) discover a positive association in between technology 

management and organizational performance according to them technology 

management consider as potential source for strategic business alignment. They 

proposed a suggestion regarding the integration of technology as potential resource in 

between business precedence, technological strategies, and R&D. Such integration, 

enables technology management as a crucial aspect for managing organizational 

competitiveness (Sun & Hong, 2002). Some of prior also highlights significance of  

technology management as tool for achieving strategic goal according to Badawy 

(1998) suggested that technology management can play significant role in integrating 

technological strategy into business strategy but somehow such integration may left 

certain ambiguities. However, they concluded that for more effective integration 

requires relevant capabilities that might be more effectively allow technology 

management in coordinating among R&D and production.    

Jin and zedtwitz (2008) define Technology management as the ability to utilize 

technical know-how and proficiency not only attempt to create products and processes. 

But also upgrade existing technology in order to develop new knowledge to confront 

competitive business environment (Nonaka & Takeuchi, 1995a; E. smith et al., 2008).  

Zarządzenie (2009) concluded that technology management consider essential 

attribute that involves all the operating activities. According to him effective technology 
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management within organizational boundary consider influences assets in determining 

relevant factors for effective technological policies that allows firms to maximize their 

technological advantages. However, they suggested that for radical technological 

progress firms needs to emphases more on capabilities related to technology 

management. Klincewicz (2010) recognize the significance of technology management 

(TM) as potential tool that allows firms to forecast the impact of new technologies on 

existing system. Also, they recognized its significance as role to take effective decision 

making in case of conducting individual R&D activities or development technological 

products. However, they concluded that for effective decision making process always 

relied on firms capabilities that allow TM to execute collaborative or individual R&D 

activities. 

2.16.1 Technology Management Capabilities  

Technology can be considered as the personification and implementation of 

technical and systematic knowledge that predicts the generation of new products and 

services (Drejer, 1997). 

There were number of studies and theoretical concepts which represent the 

comprehensive description of technology management (Floyd, 1997; Steele, 1989; 

Whipp, 1991). These theoretical concepts highlight the potential resources that 

exemplify the nature of technology which reflects specific category of knowledge  

(Drejer, 1997).  

Technology management in simple words, consider as significant discipline for 

firms to have sustainable competitiveness, because it refers to the strategic dimension 

for long term organizational growth as major organizational assets (Phaal et al., 1998). 

Cetindamara et al. (2009) have investigated the scope of technology management under 

the lens of dynamic capabilities and suggested that technology management framework 

based on technology selection, technology development and technology implementation 

as vital resource in that drive capabilities related to technology management as 

supportive tool for innovation.  



93 

Several scholars’ were advocate that technology management capability (TMC) 

can be categories as dynamic capability that leads the firms to recreate its existing 

resources. In general, technology management capability can be observed as the 

combination of process, routines and strategies which are implemented through 

effective utilization of technology management to accomplish long term profitable goals 

(Díaz-Díaz et al., 2008). It is worth significant that technology management capabilities 

(TMC) emerges as service-oriented rather than the manufacturing- oriented (Gebauer et 

al., 2012b).  

There were some other descriptive theories also available regarding the 

comprehensive overview on technology management capability (Gaynor, 1996; 

Roussel, Sand, et al., 1991).  

This theories highlights two significant themes: 

1. Developing and sustaining the link in between the technological reserves and 

organizational goals were significantly curial (Council, 1987; Drejer, 2002). It helps 

organizations to urges an effective interaction in between capabilities related technology 

management which can be relevant for organizational instruments and processes 

(Council, 1987; Drejer, 2002).  

2. Efficient technology management based on number of appropriate capabilities that 

was evolve through various process resources such as: identification, selection, 

technological acquisition, technological exploitation and protection of the technology 

(Council, 1987; Drejer, 2002). These resources were considered as backbone 

mechanism behind value addition to organizational inputs. 

In practical circumstances technology management capability highlights the 

active functional mechanism for commercialization that requires sustainable flow in 

between products and services (Council, 1987; Drejer, 2002). It actively involves 

dealing with all the relevant aspect such as interacting technological challenges during 

business decision making (Council, 1987; Drejer, 2002). It also exerts enormous impact 

during the development of business strategies with active influence on innovation 
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process and new process for product development (Council, 1987; Drejer, 2002). 

Technology Management capabilities considers as systemic approach known for 

forecasting, creating and enabling technical know-how suitable for organizational 

functions ( Council, 1987; Drejer, 2002).   

The basic scope of technology management capabilities is extend a range far 

wider than as compared to the aspects that directly interface with R&D (Rush et al., 

2007). Most of the research scholar’s highlights the multi-layer mix fusion of 

capabilities that used to manage a variety of technological attributes.  

Croteau et al. (2001) represent three layers of infrastructure capabilities belongs 

technology management the first layer constitutes the technological architecture consist 

of applications. The second layers refers to the operation of technological infrastructure 

while, the last layer related to the skill which requires for operating complex technical 

capability. Yildirim et al. (2001)  assess technology management capabilities by draw 

capability profiles for machine manufacturing industry in turkey that use to diagnose 

actual deficiencies in among process capabilities related to TM. Croteau et al. (2001) 

draw infrastructural aspect of TM capabilities that used to reconfigure the 

organizational performance on the bases of potential resources such as effective 

individual’s involvement, functional connectivity and organizational flexibility. 

However, they recommend that some other external factors were also recognizes in case 

of utilizing capabilities for effective TM at each management level. Phaal et al. (2006) 

draw some of theoretical perspective on processes related to TM capabilities. They 

emphases more on the role of process capabilities that allows firms to enables extensive 

technological planning, technology monitoring, mapping the future trends and complete 

integration of firms technological attribute at functional level in order to achieve the 

strategic and operational goal. However, they find complexity surrounds during 

functional integration in case of resources specific process resources that drive 

capabilities related to technology management. Unsal and Cetindamar (2015) represent 

the process and strategic perspective of technology management capability by drawing a 

relationship between technology management practice and firm performance. However, 

they concluded that for effective TM firms need to screen out certain infrastructure 

resources that enable long term competitive advantages    
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Similarly, Cetindamar et al. (2017) highlights infrastructure capabilities that 

belong to technology management which based on organizational potential as driving 

force that used to analyze strength and weakness during technology development audit. 

2.16.2 Trends around Globe: Technology Management Capability 

Most of the policymakers always confront this question from time to time, why 

nations are technologically deprived?  . This issue has been troubling policymaker for a 

very long time (Omer, 2013). The variances among technologically developed and 

underdeveloped countries vary time to time (Omer, 2013). Some of these differences 

were due to industrial productivity, Health, and education system, and more 

specifically, in technology with all its resources. In many research studies, it may 

consider as a long-term phenomenon. Silberglitt et al. (2006) suggested that countries 

fluctuate in their capabilities that belongs to technology management in governmental 

level always requires technology urgent tool to fulfill dynamic industrial demand 

(Silberglitt et al., 2006).  

According to United Nation Conference of Trade and Development in 2016 

highlight that most of the developing countries facing severe technology gaps as 

compared to developed countries and it has grown over the years (UNCTAD, 2017). 

Therefore, a critical argument arises as “why these technology gaps were exits?”, and 

“how it can rectify?” . However experts readily accept that a stable increase in 

economic growth will reduce these gaps, but reality does not support this argument in 

all cases (UNCTAD, 2017). Few developing nations have sustainable technological 

escalation, but they don’t have the supportive infrastructure (Omer, 2013; UNCTAD, 

2017). Since, it is necessary to developed resources that drive TM capabilities at public 

sector firms (Omer, 2013; UNCTAD, 2017).  

Romer (1990) draw diverse resources that drive capabilities related to 

technology management in relation with R&D to get firm competency for effective 

performance. In reality, it directly enhance the technological growth and considers as 

source to propel national productivity in a long-term run among several developed and 

developing countries (Omer, 2013).  
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In reality, developing theoretical phenomena to measure capabilities belongs to  

technology management; with absences of standard unit of analysis allows most 

researchers to rely upon composite indexes (Omer, 2013). This is because to take 

account of prevailing circumstances and suggests policies for the national level (Omer, 

2013). A valuable composite index considers as a base for theatrical foundation and 

helps to construct accurate methodology (Omer, 2013). There are various indexes to 

screen out certain portion of resources that drives capabilities related to technology 

management. These indexes were developed by many international institutes and forum 

such as: European Commission (EU), United Nation (UN), and World Economic Forum 

(WEF )(Omer, 2013).  

There are various new indicators also utilized to measure effectiveness of 

technology management capabilities at government level for instance: Technology 

Readiness index (TRI), Human Development Index (HDI) and TAI (Technology 

Achievement Index) (Shahab, 2015). These indicators allow states to screen out the 

conventional and non-conventional nature of technological changes. Despite these 

composite indexes used to capture number technical variation (Shahab, 2015). But still 

somehow unclear in various aspects to evaluate the strength and weakness (Shahab, 

2015) 

Technology management considers as an inevitable challenge among several 

researchers to prioritize and managing capabilities related to technologies (Omer, 2013). 

Today, most of the significant technological developments in the context of advance 

innovation are confined to developed countries such as the UK, USA and Japan and 

Germany while, most of the developing countries are far way behind to acquire  

capabilities related to technology management at institutional level(Omer, 2013).  

From the technological development point of view Castellacci and Archibugi 

(2008) suggested that the unbalances distribution of knowledge stock across nations 

extensively acknowledge around the globe. Many countries in the global economy were 

symbolizing by different level of technological growth with unbalance knowledge 

stocks.  
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In 1990 there is an empirical study carried out that illustrate the cross-country 

distribution of knowledge stock in a large sample that distinguished countries based on 

adapting capabilities related to technology management, in order to identify the 

technological progress governmental institutions across developed and developing 

countries (Omer, 2013).  

The outcome of this study explains the different segment of technological 

growth split into three categories is shows in Table 2.9 with detail list of countries for 

their categories. 

Table 2.9   list of countries with respect to their categories  

 

 

 

 

 

 

 

 

 

 

 

Source: Castellacci and Archibugi (2008) 

Similarly, comparative study was conducted by Tariq Mahmood Ali (2015) 

pointing out the some relevant resources drive capabilities related to technology 

management (TM) by comparing the Organization of Islamic Council (OIC) and 

Organization of Economic Co-operation and Development (OECD) Countries on bases 

Clusters  Countries  

Advance Countries  Japan, US, Israel, UK, Scandinavian countries, Australia, 

New Zealand, Canada  

Developing countries  China, Hong Kong, Singapore, Malaysia, Philippines, 

Thailand, Fiji, Austria, Belgium, France, Luxembourg, 

Cyprus, Greece, Ireland, Italy, Malta, Portugal, Spain, 

Turkey, Bahrain, Jordan, Kuwait, Lebanon, Pakistan, Saudi 

Arabia, Syria, United Arab Emirates, Argentina, Bolivia, 

Brazil, Chile, Colombia, Costa Rica, Dominican Republic, 

Ecuador, Jamaica, Mexico,  Panama, Paraguay, Peru, Puerto 

Rico, Uruguay, Venezuela, South Africa, Trinidad and 

Tobago, Armenia, Azerbaijan, Belarus, Bulgaria, Croatia, 

Czech Republic, Georgia, Estonia, Hungary, Kazakhstan, 

Kyrgyz Republic, Latvia, Lithuania, Macedonia, Moldova, 

Poland, Romania, Russian Federation, Slovak Republic, 

Slovenia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan  

Underdeveloped Countries  Indonesia, Vietnam, Bangladesh, India, Mongolia, Nepal, 

Papua New Guinea,  

Sri Lanka, Iran, Oman, Yemen, Albania, El Salvador, 

Guyana, Honduras, Guatemala, Haiti, Nicaragua, Algeria , 

Botswana, Mauritius, Tunisia, Zimbabwe  
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of Technology Achievement Index (TAI) which cover certain portion of Technology 

management capabilities that were practices across their governmental institutes. The 

study concluded the OIC countries are far behind as compare to OECD countries to 

achieve both technologically and economically prospective (Tariq Mahmood Ali, 2015). 

Although the majority of OIC countries are relying on natural resources but still 

deprived in shape of real life necessities. The result reveals that 10 % of OIC countries 

have index value above 0.5 % while, rest of OIC countries have to face a long journey 

ahead in catching up to high technological development (Tariq Mahmood Ali, 2015)   

Even the gap within OIC countries during the comparison of different indicators 

is also enormous. For instance, over the years Tajikistan has published 1005 research 

articles from the period of 1996 till 2013 which is 350 times less than Turkey which 

produces 348,836 publications over the last 18 years. Similarly, Malaysia extends their 

educational spending to 5.94% their GDP which almost double than Pakistan which 

spends 2.22% to their GDP on education. Similarly, Saudia Arab spend 0.07% of their 

GDP on R&D which around 15 times lesser than Malaysia which pays 1.07 % of their 

GDP (Tariq Mahmood Ali, 2015)   

2.16.3 Deficiencies in Pakistan Public R&D Sector: Technology Management 

Capabilities 

Pakistan has conventionally supported the dominance of classified nature of 

industries and large public sectors organization with almost no internal competitions in 

between them, that allow companies to operate with no pressure to turn out to be 

efficient (Jamali, 2012). Thus, due to such trend in acquiring or retaining the 

technological capabilities for any purpose to become less productive and seem to be less 

practical (Jamali, 2012). In regional economy China operating in isolation- they kept 

sealing their local markets from import until their public sector had achieved adequate 

pace to compete international counterparts. Similarly, India intentionally did because of 

high tariff (Jamali, 2012) 

At current global industrial situation and with high tariffs policies under WTO 

(World Trade Organization) the major industrial sectors of Pakistan facing extreme 

challenges to starched their quality standard as well as allow technological modification 



99 

to retain  their  retain industrial competencies (Jamali, 2012). Therefore, the significance 

of  technology management capabilities will turn out to be the crucial contributor for the 

public sector firms in order to adopt and absorbs intelligent technologies blend with 

existing industrial strength to modify and create new product and processes (Jamali, 

2012)   

The current R&D infrastructure of the country focused more towards the supply 

side, less attention made towards interaction with local industry (Jamali, 2012). Due to 

insignificant R&D activities practiced across in the primary industrial sector decline 

overall R&D related policies across the country (Jamali, 2012). Thus, a serious effort 

has required to re-orient the management policies for R&D in public organizations in 

order to redefine their existing capabilities related to TM (Jamali, 2012).  

2.17 Summary  

 

This chapter has theoretically reviewed some of similar research studies, including the 

role of supporting management discipline in R&D, the theoretical overview on R&D, 

global trends on R&D in public organization, Current R&D trend in Public organization 

of Pakistan, Developing theoretical framing for overall conceptual connectivity. 

Moreover, developing a conceptual framework to explore capabilities related to 

supporting management discipline that influence R&D. The review of literature 

supports this research in helping to identifying gaps in supporting management 

disciplines and their significance influence on R&D and proposed study in a systematic 

approach.  The following is a summary of the core subjects that discussed in this 

chapter.  

 Theoretical and historical overview on R&D that helps to understands researcher to 

identify the R&D initial characteristics   

 Evaluating current global trends on R&D that allow to researcher to identify the 

R&D capabilities that are currently practices across developed and developing 

countries  

 Analyzing the current  R&D trends among public organizations across developing 

countries  
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 Analyzing the current  R&D trends among public organizations across Pakistan 

public organizations  

 Exploring theoretical interpretation related to supporting management disciplines 

that comprise on knowledge, innovation and technology management  

 Identifying the theoretical barriers among supporting management disciplines that 

draw significant influence on R&D  

 Developing theoretical framing to draw a conceptual connectivity among 

supporting management discipline along with their influence on R&D  

 There is a need for further research on R&D in public examining how to manage 

supporting management discipline that draw their significance on R&D. Such 

significance were based on driving capabilities related to knowledge, innovation 

and technology management and could be viewed as a new perspective fitting the 

context of developing countries, a conceptual model required to justify its 

significance to R&D in public organization .  
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CHAPTER 3 

 

 

METHODOLOGY 

3.1 Introduction 

This chapter aims to describe and justify the research design and methodology 

upon which this research-based on. This chapter links the fundamental literature review 

of Exploring the capabilities related to management supporting discipline that 

contributes their influence on R&D (Chapter 2, 4) for findings (Chapters 4&5) to 

achieve the thesis objectives (stated in Chapter 1).  

First, this chapter presents an overview of philosophical approaches with a view 

of positioning this thesis research approach and justifying the choices of research design 

with data collection processes. The three stages of research methods combining 

theoretical and empirical studies also presented in this chapter. The systematic 

approaches employed at each also step explained in detail.   

3.2 Research Paradigm Adopted in This Research  

Exploring the capabilities related to supporting management discipline that 

contributes to R&D in public organization requires complex social coordination due to 

the involvement of multi-discipline related to R&D. Since the multi-disciplinary view 

requires to assess the research question. In case of this research author considered 

‘Pragmatism’ as valid research paradigm.   

Experts may implement pragmatism as the paradigm which is more relevant for 

answering specific questions. Pragmatism argues that the most significant aspect of 

research philosophy is the research question. This philosophy may also compatible with 



102 

positivism and interpretivism viewpoint. It enables practical relevancy interface with 

different perceptions in order to assist data collection and interpretation (Saunders et al., 

2009)  

This research based on Multi-disciplinary R&D which deals with multi-

disciplinary view and may embrace pragmatism as most suitable research paradigm that 

navigates significant understanding in practices rather than in ambiguous philosophical 

debate.  

Pragmatism research paradigm helps to deal the scientific subject of knowledge 

management which play significant role in R&D. Adopting pragmatism allows 

significant knowledge in practices, rather than considering a tool for collection of facts 

(Blosch, 2001).  

Pragmatism will offer experts to influence their environment with respect to 

specific task. This appears to resemble the nature of relevant knowledge and realistic 

dimension. A conceptual framework developed using a pragmatic approach highlighting 

a comprehensive association among knowledge, context and practice (Blosch, 2001). 

Recognizing such association allows practical sketch for both R&D experts and 

researchers to develop knowledge based economic both at organizational level and 

national level     

In case of this research, a pragmatic paradigm allows intuitive and rich 

understanding in context for addressing the complex issues associated with 

organizational R&D and practices. A pragmatic approach is not restricted to the 

question of how knowledge claims are validated, but rather explores or assess 

alternative orientations.  

For such characteristics of pragmatism allows range of diversity to the study of 

organizational R&D and practices such as considering the outcome of action  
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3.3 Research Design Employed in This Research  

In reality, ‘feasibility to identify the outcome of research question requires 

research design,’ the general sketch to tackle research question for searching the 

research reliability (Polit & Beck, 2010b). A research design comprises of data 

collection design and development of research instrument that assists the researchers to 

reconfigure their limited resources  (Cooper, 1985; Lee & Lings, 2008). 

Due to sensitive nature of research domain, limited research has been drifting 

out to exploring capabilities related to supporting management discipline that 

contributes on R&D. To dressing up the gap requires extensive exploration to justify the 

research questions and enables multidisciplinary view to assess the research outcome. 

Thus, the research model was chosen to justify the research objectives. The research 

design adopted in this thesis as shown in Figure 3.1 split into two phases.  

The first phase starts with an explanatory research study through a general 

literature review to identify the theoretical foundation following by systematic literature 

review (PRISMA with Co-word Analysis) in search of studies specifically under R&D 

scope.  

The literature review comprehensively based on exploring capabilities that 

belongs to knowledge, innovation and technology management as supporting 

management discipline. This phase of research design helps to develop an appropriate 

framework that represents capability perspective fitting to address capabilities learning 

issue which appears majorities of R&D in public firms. In case of second phase its splits 

into two steps, step (I) based on conducting focus group within the domain of specific 

country. While, step (II) based on conducting DANP (DEMATEL Based ANP) 

techniques in case to establish model that used to fit among R&D in public 

organizations of Pakistan.  
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Figure 3.1  Research Design  

First phase of research design describe general literature review based on 

theories belongs to knowledge, Innovation and technology management know as 

“Supporting management discipline”. The first phase represents the basic interpretation 

that allows researcher to select dimension and criteria related that related to supporting 

Chapter 1 
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Objective 1 

Chapter 6 

Chapter 5 
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Determining the Research Problem 

 

 

 

Literature review: Dimension, Criteria,  

Systematic Literature: Identifying the Sub-

Criteria 

 

Phase I 

Theoretical  

 

 

Conducting Focus Group: within the 

domain of specific country, justifying the 

significance of the factors 

Phase II 

Empirical (StepI) 

 

 

Conducting DEMATEL Based ANP 

technique in case to establish model that 

used managing in R&D Public 

organization in Pakistan 

Empirical (Step II) 

 

Conclusion   
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management discipline with their contributing impact on R&D. These basic theoretical 

interpretations allows researcher to conduct systematic review presented in (chapter 4). 

The systematic review based on (PRISMA with Co-word analysis) allow researcher to 

represents in-depth findings related to supporting management discipline (knowledge, 

innovation and technology management) in form of “sub criteria” along with practical 

relevance with R&D. In second phase split into two steps: First step (I) belongs to data 

gathering depends upon the instruments used for retrieving data under practical setting.  

This step used to rectify the selected attributes drive from systematic literature review 

allows researcher ease data collection for specific orientation such as: the collected data 

were country specific (focus group). The basic purpose of the second step (II) is to test 

significance related to the factors that were extract from focus group discussion. This 

allows researcher to sketch the future orientation base on prioritizing capabilities related 

to supporting management discipline that influence R&D based on their 

interdependency. DANP (DEMATEL Based ANP) justifies its suitability in resolving 

the complex multi-dimensional issues by interlink the criteria and sub-criteria related to 

R&D (Cheng et al., 2017). The result and extensive analysis presented in chapter 5 

while conclusion is describe in chapter 6  

 

3.4 Systematic Literature review  

This research uses to uncovering all the relevant empirical substantiation that 

flexibly adjust to pre-defined eligibility criteria to support the specific research 

question. It utilizes conventional techniques that allow selecting studies with less bias, 

therefore taking credible decisions from which the conclusion can draw (Antman et al., 

1992; Oxman & Guyatt, 1993). This research preferred systematic literature review 

based on these features: (1) a transplanted set of aims with unambiguous stated goals, 

with consistent applicable methodologies; (2) a intelligent searching scheme allow 

researchers to recognized the all the relevant studies that would precisely fit under 

eligible criteria ; (3) An evaluation regarding to the validity of pertinent findings which 

uncovers the cumulative quality of the studies; or risk of bias; (4) complete synthesis of 

relevant information for selected studies. This study enables systematic search to 

identify empirical studies that involved under the scope of knowledge, innovation and 

technology management that focused on contributing their significance on R&D. The 
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identified studies meet the pre-determine inclusion criteria that were based on Title, 

rational, methods and results.   

3.5 PRISMA Protocol Employed In This Research   

PRISMA (Preferred Reporting Items for Systemic View and Mata Analysis) 

employing in this research followed transparent reporting system recommended by  

Liberati et al. (2009) and  Kagohara et al. (2013) 

Study design: The systematic review includes all the relevant study designs. The 

studies that qualified for inclusion are Journal articles, working paper, editorial reviews, 

short surveys, commentaries and Technical notes. 

1. Populations: Overall, 2674 studies were included in the data synthesis. 

 

2. Interventions: The research literature available before 1990 is excluded. 

 

3. Comparators: All stakeholders that engage in R&D were eligible for inclusion. 

 

4. Outcomes: The outcome of bibliometric visualization pattern belongs to 

knowledge, innovation and technology management capabilities were based on 

an extensive searching string applied on Scopus to reclaim all the significant 

studies related to all three set of supporting management capabilities that 

influence on R&D. The typological configuration is represented in Appendix G 

 

5. Timing: The analysis highlighted from the period 1990 to 2018. 

 

6. Setting: There were no location restrictions. 
 

3.5.1 Report Characteristics:  

1. Geographical location: We include studies from any country as this will enable us 

to analyze the current situation of R&D sector  

2. Language: English language studies were eligible for inclusion  
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3. Publication type: unpublished and published article were identified and with 

respect to source tile while unpublished studies may have been less likely to 

satisfy the literature outcome  

 

 

 

3.5.2 Information Sources 

 

Scopus were selected as the major database sources for the extensive search from the 

period 1990 to 2018. 

3.5.3 Search Strategy 

The recommended criteria according to the PRISMA guideline were applied to 

identify the literature:1) research with popular exposure of keywords for instance 

“capability”, “Knowledge”, “Innovation”, “Knowledge management”, “Innovation 

management”, “Technology management”, “Innovation management capabilities”, and 

“technology management capabilities” with all the typology (ies) or taxonomy (ies); and 

2) literatures review reporting with respect to specific research area that selected 

typology (ies) or taxonomy (ies) for instance “R&D”. The medium of understanding or 

publication language is English. The complete searching sequence along with Boolean 

operators a logical and systematic research pattern can be explained in Appendix G. 

 

3.5.4 Study Records 

1. Data management 

Overall, the studies that were found were downloaded into Microsoft Excel in 

the Csv file (Comma separated value) format from the Scopus database from the 1990 

to 2018 period.  

 

2. Inclusion criteria 

 The inclusion criteria based on assessing the strength of the studies which 

reflects from article title, key-phrases that appear in other studies that have also been 

extensively analyzed. The strength of study also relies on study title, relevant abstract, 
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rationale, methods, future implications and limitations. While the exclusion criteria 

were based on weakness among studies that’s unfulfilled criteria, no registration 

number, weak searching strategy, few detail in methods section, and studies unable to 

draw relationship between knowledge, innovation, and technology management under 

R&D. Any disagreements regarding the inclusion processes was noted and were 

discussed with a supervisor to determine whether a research article should be included 

or not. Any causes for exclusion were recorded. 

3. Data collection process 

After summering the data inclusion process, the data extraction allow author to 

get more specified results. Therefore, in order to get more instant picture, a Co-word 

analysis allow author to recognize two key-phrases co-occurring within the same 

research article indicates a signal of concern association to which they refer (Callon et 

al., 1991; Cambrosio et al., 1993). Since the ‘Co-word analysis’ condenses enormous 

data sets that allow author to draw specific visualized patterns that preserve the crucial 

information enclosed in the data (Raan & Tijssen, 1993). This analysis depends on the 

word characteristic that represents an emerging scientific concepts, creative ideas and 

new knowledge. A bibliometric mapping tool known as the VOSviewer was used to 

construct a recognizable pattern based on occurrence of words. The initial mechanism 

that the VOSviewer software used to construct the bibliometric pattern based on the 

large quantity of data downloaded from Scopus database. The VOSviewer enables 

multi-dimensional scaling (MDS) technique to visualize the bibliometric data. By 

default, the VOSviewer at the initial level only exhibits the nodes in bibliometric 

analysis and allows the illustration of the numerous inflow and outflow edges between 

the nodes. The node represents the strength of key phrases, while the edges represent 

the occurrence among two entities (Van Eck, 2014). For, further comprehensive 

evaluation of extracted dataset was analyzed as a discrete time series, i.e., a series of 

inspection that is arranged with respect to time dimension. Many studies are created at 

frequency-spaced intervals (in weeks, months, issues, volumes, or years). The Sci2 tool 

currently uses the Kleinberg's burst detection algorithm which assesses unexpected 

increases in the occurrence of words with respect to time (Kleinberg, 2002). The basic 

mechanism behind the algorithm allows a probabilistic estimation that responds when 

there is an increasing occurrence of individual words with respect to time. State 
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switches correspond to the approximate time at which the occurrences of words 

significantly appear. In addition to the co-word analysis the data extraction from 

included study were also approved by supervisor along with data mining expert who 

verified the data accuracy. In case of disagreement on extracted data article were re-

examined until consensus (100% agreement) was reached. The extracted data is 

presented on Tables 4.4-4.6, 4.10-4.12, 4.16-4.18  

3.5.5 Data Items 

Data was extracted from the eligible studies and summarized in Table: 4.3, 4.9, 

4.15 after vigilant assessment, twenty eight research studies were selected; these 

revealed three sets of criteria: (1) process capabilities, (2) infrastructure capabilities and 

(3) strategic capabilities. Data (dimensions, criteria and sub-criteria) included specific 

study distinctiveness on the degree to which the study theme and preliminaries reveals 

the nature of each criteria  

3.5.6 Outcomes and Prioritization 

The primary outcome of this review is to assess at what extent that three 

research theme appear frequently. Any areas which do not comply with the frameworks 

or that are missing entirely will be re-examined. 

3.5.7 Data Synthesis 

A descriptive analysis will be carried out in order of analyze the degree to which 

studies meet the relevant criteria. The narrative analysis will pursue the complete 

structure recommended by the PRISMA-P 2015 that will be used as a framework for 

this systematic review protocol (Moher et al., 2015) 

 

3.6 Focus Group  

Focus group considered as a discrete instrument that utilizes the group of 

individuals with a range of pre-determined questions that lead directed to the particular 

discussion in order to retrieve valuable data (Corbin & Strauss, 2008). In this approach, 

wider research questions along with all positive and negative pre-classified concepts 
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were recognized in a structured pattern from data” (Corbin & Strauss, 2008). In several 

research studies, focus group discussion termed as premeditated persistent technique. It 

is systematic in character, which can execute sequentially in a consistent manner 

(Krueger & Casey, 2009). The methodology has an upsurge in both business and 

academic research. “Most extensively famous among researcher and widely used as 

research tools in Business and social sciences (Stewart et al., 2007b). According to 

Krueger & Casey (2009), the main purpose for a focus group discussion is to identify 

the range of definitive perception on complicated research domain systematically as for 

data collection. The focus group discussion (FGD) gives research scholar’ s a possibility 

to examine the relevant association among the group candidates, how they behave and 

confront to each other’s arguments, in order  to offer a data not accessible through 

papers or observational evaluations” (Byers & Wilcox, 1991). The Focus groups 

primarily utilized for creating information through collective discussion. While, the 

translation of information fundamentally depend upon the judgment made through 

consensuses during that discussion. Focus group discussions (FGD) were also 

constructive in developing a rich understanding among participants concerning their 

professional knowledge and experiences (Morgan, 1998).  

 

3.6.1 Conducting Focus Groups: Group Composition and Size 

The configuration for the focus group requires enormous care to obtain the most 

exceptional quality of discussion. Typically, there is no significant clarification about 

simple group configuration, and mix-group configuration. Some studies indicates that 

mix-group configuration will always influence data, according to items for instance: 

ages, sexes, and the professional and social profile of the participants (Stewart & 

Shamdasani, 1990b). But, what else more crucial is that researcher provides suitable 

consideration to observe the impact of mix group (for example: to understands the 

behavior of entire group, researchers need to emphasize more on how the focus group 

cooperates with each other) before the discussion proceeds (Stewart & Shamdasani, 

1990b) 

The group size and group composition is an essential feature in focus group 

discussion. There were some prior studies which highlights general composition of 

focus group for example: Stewart and Shamdasani (1990a) proposed that it is 
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exceptional to have some extent over-recruits for a focus group discussion and 

progressively controls as a slightly oversized group. This avoids researcher to bear 

potential risk of an under-size group, which leads to short debate. It is advisable that 

each focus group likely to have two non-attenders (Bloor et al., 2001). The perfect size 

for the focus group is around five to eight individuals (Excluding Moderator). However, 

in normal circumstances focus group work smoothly with as few as four as many as 14 

individuals. While, over sizable group can be more chaotic and stressful to handle and 

also annoying for participants because they feel inadequate opportunities to contribute 

their opinion (Bloor et al., 2001)  

3.6.2 Preparing an interview schedule 

Like any other research interviews, the interview agenda for focus groups are generally 

presented with flexible schedule related to the theme of discussion. But, Stewart and 

Shamdasani (1990b) proposed two universal principles: 

• The nature of question should shift from more general to more precise questions  

• Question precedence should be comparative to the significance of issues in the 

research schedule  

 

However, there is still a lack of clarity between these two principles. A flexible bargain 

is frequently required, although frequent discussions will verify the order through which 

the research problem is described (Chioncel et al., 2003). Generally, not more than a 

dozen prearranged questions were required for research interviews as with an interview 

discussion, the researcher will also investigate and mold the research problem according 

to the focus group discussion (Chioncel et al., 2003) 

 

3.6.3 Moderating 

The moderation is considering as a significant entity that weight till the 

successful completion of a focus group discussion. While, several focus group patterns 

utilize the least amount of moderator’s involvement. These focus groups mostly rely on 

highly proficient researchers that carry forward the group discussion. “An expert 

moderator always conceived as the crucial feature for gathering rich and legitimate 

insight from focus discussion (Stewart et al., 2007a). Redmond and Curtis (2009) 
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mention a description of active moderators has a personality with analytical and 

listening skill. But these are not simply the only proficiencies that moderator must be 

competent. Focused interview gurus Merton et al. (1956) reveals that facilitator must be 

skilful with neutrality as much as equivalent to a professional journalist or social 

scholar’s. Some of the recent studies also reveal moderator acquire multitasking ability. 

“It signifies that the facilitator initially drafted relevant activities whose basic goal is to 

promote both coherence and comforting judgments within the group discussion that is 

why, moderators have to support a group argument instant of group meeting” (Acocella, 

2012). Krueger and Casey (2009) have an as same opinion: “Interviewing session 

appears to be deceptively simple, but it involves psychological sentiments, during the 

interview preparation and group interaction. In most case, the success of focused 

interview session relies on a well-structured questionnaire, but in addition to that 

moderator seems to be considered as another essential component.”   

At the first step moderator starts is a welcome note to all the focus group 

participants with an opening speech. Then moderators allow groups to initiate; group 

interaction initiates with the introduction of the subject and the research team. Then in 

second step moderator describe the complete rules for engagement for the conversation 

and it is necessary to appeal all participants for their extensive involvement during 

interview discussion. From second steps moderator must productively switch 

conversation into the line of the primary debate along with detail questioning. 

Fundamental approach that preferred in most of focus group discussion such as: (1) 

moderator must carry pausing and probing ability, (2) during discussion moderator must 

enquire the relevant clarification or detailing, (3) To overcome temperamental 

behaviour of participants and encourages under spoken ones into part of discussion, also 

infusing non-verbal reply and humour when conceivable (Krueger & Casey, 2009).  The 

moderator must obtain some observational notes during the focus group discussion as a 

caution to registered information to maintain the reliability and assess along with 

terminating argument for consideration in a suitable manner  

 

Selection of moderators in case of this research , In the first phase of focus group 

discussion, the questionnaire sends to various experts belongs to expertise related to 

knowledge management, innovation management, and technology management by NPO 
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(National Productivity Organization) to rectify moderators. This process split into two 

phases at first stage covers 32 Public organizations out of 81 R&D’s among Public 

organizations (Bhutto et al., 2012). Almost 71 comprehensive questionnaires along with 

complete instructions defining all set of rule relate to focus group discussion were sends 

to different moderators at the national level. In return, 25 questionnaires were received 

with 78.91% response rate. Similarly, in second stage almost 71 complete questionnaire 

were sends to covers remaining 47 R&D’s in Public organization nearly 30 

questionnaires were receive with 63.78% response rate. These moderators agreed to 

consider as the role for moderator in focus group discussion. These moderators are the 

certified professional along with expertise dealing with R&D. A group of 45 moderators were 

selected from 81 R&D in Public organization these moderators were certified from National 

Science Foundation, Pakistan Engineering Council and Pakistan science and technology 

council; a list of active public organization is represented in Appendix E. During the Focus 

group discussion this moderators responsible to make sure that within focus group 

discussion all experts unwraps each of the research questions, to enquire for further 

clarification or additional debate, ultimately to recommend a concise review. During the 

argument moderate must be adequately engage to fullfil the responsibility as facilitator, 

but not consider as dominant bias or slow down the discussion. Over enthusiastic or 

aggressive participant within the focus group who seeks to dominate, the group need to 

handle carefully. Uninterested and marginalized participant were carefully handle. 

In case of  this research, the gender dimension both during the configuration of the group 

may relate to reliability of focus group. In short, creating consistency as a supporting 

instrument for wide range of argument requires the moderator to strive for an active 

contribution during discussion without influencing argument among participants.  

Moderator also responsible for descriptive and interpretive validity and also responsible for 

scanning the missing non-verbal communication These moderators were also responsible in 

translating information that is certainly exhorting and complicated process. 

Summarizing information not so complicated, but translating the information is difficult 

this result a conflict in between theoretical and interpretive validity.  Such confrontation 

guide to a computational practice that follows the actual research questions so that it 

further align with respect to the expert’s desire.  
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3.6.4 Setting  

The Focus group venue based upon some aspects. If the exploring domain is 

related to Business Administration than formal configuration is used. While in the case 

of social sciences focus group may be operated with the flexible and suitable location 

near operating domain related to research subjects (Krueger & Casey, 2009). These 

research venues may be a recreational center, a community center, university union 

center, private home or college campus (Krueger & Casey, 2009). Generally, focus 

group discussion mostly around 60 to 90 minutes. But in some cases, researchers sketch 

the pattern that leads participants to commit approximately up to two hours (Krueger & 

Casey, 2009).  

The focus group is generally arranged in a way that each participant within the group 

can be visible faces to face and can hear easily. Usually, the participant remains seated 

around the table with facilitator join them. The presence of the researcher within the 

room helps to avoid any complexity involve during the discussion. During the 

discussion refreshments and drinks usually are caters to group participants. 

3.6.5 Number of Group Discussions in a Study  

Greenbaum (1993) soon suggests that quantity of focus group remain as low as 

possible, according to him expense is proportional to number of groups. “For instances 

six focus groups are roughly one third time more expensive as compare to four groups; 

while, the cost of bearing ten groups roughly twice than five. Many firms handle as 

many as more focus groups then they requires in order accommodating their research 

objectives” (Greenbaum, 1993). Crabtree et al. (1993) suggested the significant thumb 

rule to meet the detail research objectives requires eight to ten groups, while in several 

circumstances more than 30-40 groups might be preferred. Morgan (1996) suggests that 

four to seven focus groups are usual preferred in normal circumstance; however, both 

researchers in their research case have handled up 30-40 focus clusters in one sitting.  

 

3.7 The Focus Group study in a particular country: Data Collection Tool  

From prior discussion on focus group technique, allow author in adapting focus 

group as core method to assess the impact of capabilities related to knowledge, 
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innovation and technology management as “supporting management discipline” with 

their influence on R&D. In order to present practical relevance author must portray 

suitability of this research fitting to serve in public organization. Therefore, this 

research study adopting focus group technique for refining relevant capabilities related 

to knowledge, innovation and technology management as “supporting management 

discipline” gathered from the systematic literature review. 

3.7.1 Multi-section questionnaires preparation 

A questionnaire is a tool that circulated among interviewing participants to 

gather data by enquiring the range of questions (Bryman, 2004). Collecting data by 

circulating questionnaire under the supporting values of a moderator is the most 

attractive mean in focus group technique (Krueger & Casey, 2009).  

 In case of this research the preparation of focus group questionnaires from 

literature engages a set of questions based on the interconnected sections (e.g., the 

initial questionnaire section, reflects the dimensions related to exploring theme, criteria 

based on relevant dimensions, and the appropriate sub-criteria based on relevant 

criteria)  

The initial questionnaire of this research study based on relevant aspects about 

capabilities belongs to knowledge, innovation, and technology management were 

known as ‘Management supporting discipline’ that contributes their significance on 

R&D. The initial design of questionnaire was based on the combination of open-end 

questions and closed-ended questions. These questions were based on the data drive 

from systemic review presented in chapter 4. The first section of questionnaire was 

based on open-ended questions, asking the participant to rate the appropriate 

capabilities with respect to their practical relevancy according to their influences. The 

section two based on closed-ended questions assist participants to rate the influences 

among the capabilities in shape of criteria and sub-criteria.  

The initial questionnaire was pre-tested and dispatched to an expert who has 

expertise related to research Methodology and R&D Management. A modified version 



116 

of the questionnaire, based on the comment of the first experts was dispatched to second 

and thirds experts      

3.7.2 Panel selection 

The primary objective for using focus group technique is because of its 

comprehensible and transparent characteristics. The basic concept is to recognize the 

decisive procedure for compromise on the most exceptional outcome (Kreuger, 1998), 

In addition Morgan and Kreuger (1998) affirm that the method practicability makes it 

ultimate in areas where complicated decision may cause conflict of consensus. 

In case of this research, panel selection depends upon expertise to understand the 

research domain and the number of available participants. Various research studies 

preferred that self-rated proficiency can be utilized to classify the expertise (Bloor et al., 

2000). The consensus rating approach permits experts to offer a possible consensus 

score in the ordinal-scaled question which reflects their level of expertise. Several 

empirical research studies related to focus group technique usually selects experts based 

on their professional experience within the same domain of research problem (Agar & 

MacDonald, 1995). In case of this research, besides the professional designation of 

participants that could be considered as a potential specification for the expert selection. 

This study follow three main criteria for recruiting experts which depends on 

comprehensive guideline presented by Meesapawong (2013) specifically for R&D in public 

organization  all the following criteria:   

• People who hold the position as Chief scientific officer, Consultant, 

Professional engineer, Academician, Technical research offices, and R&D managers or 

senior researchers  

• Experts in R&D management, knowledge management, Technology 

management and innovation management  

• People who respond to invitation letters that they agree to participate.  

 

According to Colucci (2008), conducting focus group discussion on cross-

cultural research which includes diverse range of experts and due to the involvement of 

multidisciplinary view, it produces different outcome due to varied socio-economic 
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factor. Therefore, in this research the participants were country-specific (Pakistan). In 

several developed countries, the potential spending on private R&D firms quite higher 

than public R&D firms. In case of developing economies majority of R&D is carry out 

on public funds. Therefore, majority of R&D related activities is performed in public 

organizations setting (Kim, 2014).  In case of, applying focus group to address R&D 

deficiencies in public organization for developing countries might bring the economic 

benefit to the state and enhance the R&D competitiveness at national level. In this 

research, the focus group panel comprises of experts from the multidisciplinary field of 

science and technology those have a robust professional credential in managing multi-

mission R&D at the public organization.  In the case of Pakistan, experts from public 

R&D organization with multidisciplinary backgrounds will be invited for focus group 

session. All the arrangement has been made by Asian Science Consortium (ASC) and 

National Productivity organization (NPO) under the umbrella of the Ministry of 

Production Pakistan. The degree of quality in focus group discussion is traditionally 

quantified by recognizing the novelty of a scope based on R&D with appropriate 

practicability that rectifies complex problem. The participant comply their justification 

by using consensus-based rating questionnaire.  Experts from 58 Public R&D firms 

were invited for focus group discussion with at least 8 to 15 years professional 

experience. 

3.8 Overview of Focus Group Discussion (FGD) study in Pakistan  

The focus group study has the primary goal to rectify capabilities related to the 

knowledge, innovation, and technology management discipline that were influencing 

R&D by merely emphasizing on a country-specific context. The three essential 

management supporting discipline (i.e., knowledge management, innovation 

management, technology management) gather from the literature review become initial 

scope for focus group discussion. A set of questions specifically design based on five-

point scale (0, 1, 2, 3, and 4) allows experts to draw significance of each discipline. The 

consensus also allowed the experts to suggest additional factors related to knowledge, 

innovation and technology management and illustrate their levels of significance by 

using the five-point rating scale 
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In the first phase of focus group discussion, the questionnaire sends to various 

experts belongs to expertise related to knowledge management, innovation 

management, and technology management by NPO (National Productivity 

Organization) to rectify moderators. This process split into two phases at first stage 

covers 32 Public organizations out of 81 R&D’s among Public organizations (Bhutto et 

al., 2012). Almost 71 comprehensive questionnaires along with complete instructions 

defining all set of rule relate to focus group discussion were sends to different 

moderators at the national level. In return, 25 questionnaires were received with 78.91% 

response rate. Similarly, in second stage almost 71 complete questionnaire were sends 

to covers remaining 47 R&D’s in Public organization nearly 30 questionnaires were 

receive with 63.78% response rate. These moderators agreed to consider as the role for 

moderator in focus group discussion 

In case inviting experts for focus group discussion, NPO (National Productivity 

Organization) under Pakistan Ministry of Production send invitation on behave of Asian 

Science consortium. All active R&D in public organization those organization missions 

relates to ‘Knowledge Management’, ‘Innovation Management’ and ‘Technology 

management’ were carefully screened.  Out of 81 active Public R&D organization 58 

were acknowledge rest of them discarded on the bases of three significant criteria first 

‘Organization mission’, ‘Source of funding ’, ‘Number of  Existing R&D projects ’  

On 3 Mar 2018, the researcher sent invitation letter (see Appendix B) to target 

experts from 81 public organizations. These R&D experts acquired the position of 

manager or research scientist, or senior research fellow. Around 58 firms were responds 

and agree to participate in Focus group discussion.  

On 16 April 2018, At morning, the A group discussion comprise of two session 

were organized by NPO (National Productivity Organization) and sponsored by Asian 

Science consortium under the Asian Science Fund (see Appendix C) verified and pre-

tested questionnaire was distributed during the session that were validated by the 

experts belongs to Asian Science consortium (ASC) and NPO.  

At first session Focus group discussion (FGD) were performed based on 

purposive sampling. While, second session was based on the outcome of first session in 
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order to measure the interrelationship among capabilities and prioritizes with respect to 

their significance. Almost 195 participant, where compose into 41 groups.  

Out of the 41, only 39 groups were choose as valid group for discussion with the 

potential response rate ((No of met respondent)/ (Total number of respondent) ×100) for 

first session was 95.121 % is shown in Table 3.1.  

According to (Arber, 2001; Hall, 2001). The response rate of return of 50-60% 

is justifiable, whereas Kelley et al. (2003), Sitzia and Wood (1998), and Sumsion (1998) 

recommended a response rate of 70% for each session of focus discussion group (FGD).  

The complete Demographics analysis is represent in (Appendix G)   

Table 3.1: Focus Group Discussion Evaluations 

Issue  Section 1 

Purpose of Questionnaire  Evaluating 

dimension 

Evaluating 

Criteria 

Evaluating 

sub-criteria 

No of listed capabilities 3 9 89 

No. of distributed 

questionnaires  

 

41 Groups 

(5 people) 

41 Groups     

(5 people) 

41 Groups (5 

people) 

No moderators  39 39 39 

No. of retuned questionnaires  39 39 39 

Response rate (%)  95.121 % 95.121 % 95.121 % 

 

The principal behind the selections of criterion is to refine capabilities that 

reflect as dimension by simply taking the average of each dimension appears after 

consensus among each focus group.  

While the criteria and sub-criteria related to the capabilities also follows in a 

similar manner applying mean technique to represents average significance that drives 

after group consensus.  

These capabilities gathered from the literature review (theoretical and systematic 

review) based on three dimensions, nine criteria, and 89 sub-criteria. The experts-
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suggested capabilities having acceptable levels of significance based on following 

condition (Average ≥ 3 out of 5) is shown in Figure 3.2 

 

Figure 3.2  Focus Group Discussion Rating Instrument 

Therefore, On 16 April 2018 an open-ended structure questionnaire comprising 

the three dimension, nine criteria, 89 sub-criteria, was distributed.  

The set of questions also allows experts to suggest additional factors related to 

knowledge, innovation and technology management.  
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The experts were requested to evaluate the listed capabilities. Out of the 41 

distributed questionnaires, 39 received. The data analysis based on following condition 

(Average ≥ 3 out of 5) to refine capabilities derived from each section in case of 

evaluating dimension, criteria and sub-criteria.  

3.8.1 Pre-Test Study  

The pilot study was carrying out before Focus Group discussion. A group of 45 

experts who were currently associated with R&D in Public organizations were recruited 

as moderators also choose for pre-test. The utilization of few respondents for pre-test is 

predominant and widely acceptable for Focus group discussion. If one looks to the 

study at small scale in order to test, the instrument nine groups that comprise of 5 

experts each were adequate for consensus study such as current study. The same group 

of panellist were also involve in piloting both DANP instruments  

   

The main purpose of pilot study is to overcome any shortcomings before data 

collection to test data gathering instrument in order to assure the potential quality of the 

questionnaire. Furthermore, the pilot study were also utilize to test the effective 

mechanism for conducting focus group discussion in order to observe to ensure that the 

instrument were free from any bias as possible. All the experts in the pilot study were 

not being a part of main study. Although the pilot groups small in nature, but it did give 

some interesting facts, hence the data gathered from pilot test were consider as 

significant in administrating the actual study with large panel of experts. This attempt 

could insert more confidence to the author that the information gathered from the focus 

group was effective and reliable. Therefore, the pilot study was conducted from 10 

April 2018 to 12 April 2018, and the comprehensive suggestion were describe below  

 

 The sentence structure of questionnaire was to be improved, specifically 

reducing the number of phases in statement 

 Proofread the complete questionnaire and lengthy statement  

 Review the grammatical mistake  

 Provide comprehensive description of each key indicator.  
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All the feedbacks were acknowledged from the pilot focus group were considered, and 

revaluation required in order rectifying any unusual ambiguity to structured instrument 

for Focus grouped and DANP studies. Furthermore, for more clarity sentence phases 

were changed as to accommodate the expert’s recommendations  

  

3.9 DANP (DEMATEL BASED ANP) 

3.9.1 DEMATEL (Decision making Trial Evaluation Laboratory) 

DEMATEL was firstly implemented by Battelle Memorial Institute for resolving 

the mathematically lead project by Geneva Research Center (Naser et al., 2010). It was 

designed to address the complex causal effects issues which require interrelating 

approach to rectify complex factors. DEMATEL is more useful to validate the 

complicated interrelationship cause because of the nature of factors involved during the 

selection of criteria’s (Chiu et al., 2006; Jiann & Gwo-Hshiung, 2011; Wu & Lee, 

2007).  DEMATEL allow researcher to solve the structure problem based on 

multicriteria and consider as significant tool in order to estimate the interrelationship by 

analyzing causal influence among criteria  

3.9.2 Mathematical overview  

DEMATEL used to state the better working link and more robust to illustrate the 

practical solution for any cascaded cluster problem (Chiu, 2006). DEMATEL enable 

some of the sufficient features to optimize overall system by translating the 

characteristics of factors in the form of matrices. These factors allow decision makers to 

understand direct and indirect effects among them. This study use to highlight the 

bidirectional relationships among capabilities with respect to their dependency on 

certain criteria and sub-criteria. This study followed complete range of mathematical 

steps presented by Gölcük and Baykasoğlu (2016)   

Step 1: Estimates the initial average matrix by scores: To formulate the initial 

average matrix first, the responded are asked to draw degree of influence whether direct 

influence or indirect influence on each factor or element in criteria i exert on each factor 

j under the effective range of scale (0, 1, 2, 3, and 4). This range of scale used to 

translate the linguistic variable range from “no influence” to “high influence.” This 
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method helps responded to develop a direct matrix. As result of such formulations of 

influences, an average Matrix A is derived by calculating the mean value of same 

elements in direct matrices. The average matrix A is used to represents by Equation 3.1  

 

𝐴=  

[
 
 
 
 
𝑎11 ⋯𝑎1𝑗 𝑎1𝑛

⋮ ⋮ ⋮
𝑎𝑖1 𝑎𝑖𝑗 𝑎𝑖𝑛

⋮ ⋱ ⋮
𝑎𝑛1 ⋯𝑎𝑛𝑗 𝑎𝑛𝑛]

 
 
 
 

 

3.1 

 

   

Step 2: Estimate the initial influence matrix. To formulate the direct influence 

matrix some pre-normalization method required to carry this method further step 

forward. Therefore, it is necessary to normalization the average the matrix A, as result 

of normalization matrix  X = [xij]n×n
 obtained. In order to illustrate in simple way using 

Equation 3.2 and Equation 3.3 give a general idea to obtain the matrix X 

 X=s.A 
3.2 

 

𝑠 = min [
1

max
𝑖

∑ |𝑎𝑖𝑗|
𝑛
𝑗=1

,
1

max
𝑗

∑ |𝑎𝑖𝑗|
𝑛
𝑗=1

] 
3.3 

 

    

Step 3:  Estimate the full direct and indirect influence matrix 

To develop the interface with the indirect effects in order to address relevant 

problem along with the power of  𝑋1, 𝑋2, 𝑋3, 𝑋4, … , 𝑋𝑘 𝑎𝑛𝑑 lim
𝑘→∞

𝑋𝑘 = [0]𝑛×𝑥 , when 

𝑋 = [𝑥𝑖𝑗]𝑛×𝑛
, 0 ≤ 𝑥𝑖𝑗 < 1 𝑎𝑛𝑑 0 ≤ ∑𝑋𝑖𝑗 𝑜𝑟  ∑𝑋𝑖𝑗 < 1  only one column or one row 

sum equals 1, As result of that the total  influence matrix used to illustrate as follow 

 𝑇 = 𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 + ⋯+ 𝑋𝑘 = 𝑇 = 𝑋(1 + 𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 + ⋯+ 𝑋𝑘)  the 

complete mathematical steps represented in Equation 3.4     

 

𝑇 = 𝑋(𝐼 − 𝑋𝑘)(𝐼 − 𝑋)−1 

 𝑇 = 𝑋(𝐼 − 𝑋)−1 when 

lim
𝑘→∞

𝑋𝑘 = [0]𝑛×𝑥 
3.4 

    Where [ ]ij n nt T , , 1,2,..., .i j n  In addition, the method presents each row sum 

and column sum of matrix T shows in Equation 3.5  
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 𝑟 = (𝑟𝑖)𝑛×1 = [∑ 𝑡𝑖𝑗
𝑛
𝑗=1 ]

𝑛×1
 or 

c= (𝑐𝑖)𝑛×1 = [∑ 𝑡𝑖𝑗
𝑛
𝑖=1 ]

𝑛×1
 

3.5 

 

        

From set of above, equations 𝑟𝑖 use to represent the row sum of the  𝑖𝑡ℎ row that 

belongs to matrix T, and used to draw the sum of direct and indirect causal and effects 

of the elements on   𝑖𝑡ℎ  row to the other elements. In similar way,  𝑐𝑗 
represents column 

sum of the   𝑗𝑡ℎ column that belongs to T matrix, represents the sum of the direct and 

indirect causal and effect of the elements on   𝑗𝑡ℎ column on the other elements. To 

analyze the mechanism let as investigate with deep complexity as i=j (i.e., the sum of 

elements in row and sum of the element in column cumulative) (𝑟𝑖 + 𝑐𝑗) this show that 

the degree of strength of influence deliver and received. In simple words (𝑟𝑖 + 𝑐𝑗 ) 

represent the degree of significant control of i  used to carry during translating the 

problem. Similarly (𝑟𝑖 − 𝑐𝑗) is positive in nature than it used to translate that factor i is 

going to affect other factors, if (𝑟𝑖 − 𝑐𝑗) is negative in nature than it used to represent 

that factor i is being influenced by other factors (Tamura et al., 2002; Tsang et al., 2015)  

Step 4: Formulate the threshold value  

To minimize the minor effects, it is necessary to establish the specific threshold 

value ‘α’ which filters out the insignificant results appears in Matrix T. It is essential to 

isolate the relation structure of the elements. As verifying a matrix T, each factor in 

matrix T uses to illustrate the specific information. To reduce the complexity for 

researchers and decision makers a set the specific threshold value allow scaling the 

influence level. The threshold value can formulate by using Equation 3.6 

 
∝ = 

  ∑ ∑ tij
n
j=1

n
i=1

N
 3.6 

 

Where N represents the number of elements in Matrix  

The general representation of direct influence matrix can shown in Equation 3.7  

 

 

T  = 

𝐶1

𝐶2

𝐶3 [
 
 
 
 
𝑡11 ⋯ 𝑡12 𝑡13

⋮ ⋮ ⋮
𝑡21 𝑡22 𝑡23

⋮ ⋱ ⋮
𝑡31 ⋯ 𝑡32 𝑡33]

 
 
 
 

 

3.7 
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One most exciting feature that leads DEMATEL different among other decision-

making tools it used to illustrates feedback relations. It also highlights the bidirectional 

association and quantifies the direct and indirect relationship among the significant 

elements with their effect on each other element  

3.9.3 DANP for Finding the Influential Weights in Each Criterion 

 Several researchers have overviewed number integrated techniques based on 

DEMATEL and ANP over the period. The DANP technique utilized by Chen et al. 

(2011a) used to modify the traditional ANP to ease its inherent complexity in case 

original ANP (Analytic Network Process) the survey questionnaire can be quite 

complicated for decision makers to translates and present the precise information. The 

DANP technique integrates four different strategies as shown in Figure 3.3  

 

 

 

 

 

Figure 3.3  Components of DANP Method 

Source: Gölcük & Baykasoğlu, (2016) 

 

In original ANP technique, the unweighted supermatrix is materialize with 

respect to pair-wise comparisons and fundamentally the criteria weights which 

designate to ‘Eigen values’ are represented into relevant columns of the supermatrix. In 

order to rectifying complexity during pair wise comparison as decision makers bears 

intellectual burden. DANP technique modifies the exiting pair wise comparison pattern 
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with respect to questions used to determine the values. Despite that, DANP structures a 

comprehensive unweighted matrix by constructing direct-influence matrix where pair 

wise comparisons were not only performed within the clusters but to overall system. In 

this regard, DANP technique simplifies the complex design of inner-dependency 

segregations by DEMATEL technique. Finally, DANP technique by-passes the 

complexity of 9 scale pair wise compassion survey questions and puts the total relation 

matrix configuration as substitute. The DANP (DEMATEL based ANP) is a suitable 

instrument to include interaction and interconnectivity in between the dimension and 

criteria that materialized in the cases of real practical problems. DANP can satisfy the 

interrelationship among characteristics of variables involve in developing criteria’s or 

dimensions, and it ease to construct a relationships that replicates those features with an 

essential system and transformative in nature (Jeng & Tzeng, 2012; Liou, 2012; Liu et 

al., 2012; Shen et al., 2011; Tzeng & Huang, 2011; Wang & Tzeng, 2012; Yang et al., 

2011).   

Step 5:  Estimation of Network Relation Map for ANP  

The fundamental steps of DANP techniques were adopted from Chen et al. 

(2011b) and represented as follows; At first stage, the estimation of  ANP  is measured 

by simply applying traditional DEMATEL techniques after measuring the threshold 

value “α” presented by İlkerGölcük and AdilBaykasoğlu (2016).  After that, an 

unweighted supermatrix of overall system is assembled. The total influential matrices 

for dimension and criteria are determined. The total relation matrix of overall criteria is 

represent as Tc as shows in Equation 3.8 

 𝐷1 ⋯ ⋯ 𝐷2 ⋯ 𝐷3

⋮ 𝐶11𝐶12 ⋯ 𝐶1𝑚1 ⋯ 𝐶𝑛𝑚𝑛

⋮ ⋮ 𝑇𝑐
11 ⋯ ⋯ ⋯ 𝑇𝑐

1𝑛

⋮ 𝐶12 ⋮ ⋯ ⋯ ⋮
𝐷2 ⋮ ⋮ ⋯ ⋯ ⋮
⋮ 𝐶1𝑚1

⋮ ⋯ ⋯ ⋮

⋮ ⋮ ⋮ ⋯ ⋯ ⋮
𝐷3 𝐶𝑛𝑚𝑛

𝑇𝑐
𝑛1 ⋯ ⋯ 𝑇𝑐

𝑛𝑛

 

 

                             

3.8 

 

𝑇𝑐= 
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Step 5:  Normalizing Total Influence Matrix  

The normalized total influential matrix for overall criteria, represented as 𝑇𝑐
∝ 

which is drive from row sum of each sub-matrix Tc for normalization is shown Equation 

3.9 

 𝐷1 ⋯ ⋯ 𝐷2 ⋯ 𝐷3

⋮ 𝐶11𝐶12 ⋯ 𝐶1𝑚1 ⋯ 𝐶𝑛𝑚𝑛

⋮ ⋮ 𝑇𝑐
11 ⋯ ⋯ ⋯ 𝑇𝑐

1𝑛

⋮ 𝐶12 ⋮ ⋯ ⋯ ⋮
𝐷2 ⋮ ⋮ ⋯ ⋯ ⋮
⋮ 𝐶1𝑚1

⋮ ⋯ ⋯ ⋮

⋮ ⋮ ⋮ ⋯ ⋯ ⋮
𝐷3 𝐶𝑛𝑚𝑛

𝑇𝑐
𝑛1 ⋯ ⋯ 𝑇𝑐

𝑛𝑛

 

               3.9 
 

Where   𝑡𝑐𝑚𝑖  i
th row sum of the total influential matrix of Tc .The individual row 

is divided by equivalent row sum to normalized the total influential matrix represent in 

Equation: 3.10 

 𝐷1 ⋯ ⋯ 𝐷2 ⋯ 𝐷3

⋮ 𝐶11𝐶12 ⋯ 𝐶1𝑚1 ⋯ 𝐶𝑛𝑚𝑛

⋮ ⋮ 𝑡𝑐11
11 ÷ 𝑑𝑐1

11 ⋯ ⋯ 𝑡𝑐1𝑚1
11 ÷ 𝑑𝑐1

11

⋮ 𝐶12 ⋮ ⋯ ⋯ ⋮
𝐷2 ⋮ ⋮ ⋯ ⋯ ⋮
⋮ 𝐶1𝑚1

⋮ ⋯ ⋯ ⋮

⋮ ⋮ ⋮ ⋯ ⋯ ⋮
𝐷3 𝐶𝑛𝑚𝑛

𝑡𝑐𝑚11
11 ÷ 𝑑𝑐𝑚1

11 ⋯ ⋯ 𝑡𝑐𝑛𝑚𝑛
11 ÷ 𝑑𝑐𝑚1

11

 

3.10 
 

    

The normalized total influential matrix for overall criteria represents in Equation: 3.11 

 

𝑇𝑐
∝=[

𝑇𝑐11
∝11 ⋯ 𝑇𝑐1𝑚1

∝11

⋮ ⋱ ⋮
𝑇𝑐𝑚11

𝑛11 ⋯ 𝑇𝑐𝑚1𝑚𝑛
∝12

] 
3.11 

 

 

 

 

𝑑1
12 ∑ 𝑡1𝑗 ,

𝑚
𝑗=1 i=1, 2, 3 

𝑑𝑚1

12 ∑ 𝑡1𝑗 ,
𝑚
𝑗=1 i=1, 2, 3 

𝑇𝑐= 

𝑇𝑐
∝=  
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Step 6: Construct the Unweighted Super Matrix  

The next stage is to construct the unweighted supermatrix. The unweighted 

supermatrix is constructing by simply taking the transpose of normalized 𝑇𝑐
∝ matrix 

now as seen in Equation:  

 
=(𝑇𝑐

∝)=[
𝑊11 ⋯ 𝑊1𝑛

⋮ ⋱ ⋮
𝑊𝑛1 ⋯ 𝑊𝑛𝑛

] 
3.12 

 

   

 

After developing unweighted supermatrix for criteria, the total relation matrix 

for dimension, 𝑇𝐷  is used to weight the unweighted supermatrix the entire steps 

regarding developing total relation matrix for dimension can be represent in following 

Equations 3.13, 3.14, 3.15, 3.16   

 

𝑇𝑐
∝=[

𝑡𝑐11
∝11 ⋯ 𝑡𝑐1𝑚1

∝11

⋮ ⋱ ⋮
𝑡𝑐𝑚11
𝑛11 ⋯ 𝑡𝑐𝑚1𝑚𝑛

∝12
] 

3.13 

  

Step 7: Total influential matrix for Dimensions 

Traditional cluster- weighted ANP based model utilizes DEMATEL approach to 

estimate the significant influence among dimension, and employ these potential values 

to weight the overall unweighted supermatrix. But the inner and outer interconnectivity 

among the dimensions are still evaluated through normal pair wise comparison 

approach of ANP. Each weighted section in supermatrix has been drive by using 

DEMATEL method. The comprehensive procedural steps on dimension weighted ANP 

DEMATEL method technique is represented in Equation 3.14 (Yang et al., 2008)  

 

 

 

 

 

 

𝑇𝐷
∝=  

[
 
 
 
 
 𝑢𝐷

11 ⋯𝑢𝐷
1𝑗

𝑢𝐷
1𝑛

⋮ ⋮ ⋮

𝑢𝐷
1𝑗

𝑢𝐷
𝑖𝑗

𝑢𝐷
1𝑛

⋮ ⋱ ⋮

𝑢𝐷
𝑛1 ⋯𝑢𝐷

𝑛𝑗
𝑢𝐷

𝑛𝑛]
 
 
 
 
 

 

 

3.14 

 

𝑊𝑐
∝=  
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Total relation matrix is drived from DEMATEL techniques that allows to set the 

threshold value in order to estimate the significant values for relevent dimensions and 

ignor the relations that have minor influence. The relationship influence smaller than 

thresold the value set to be zero in total influenctial matrix. The total influential matrix 

for  dimension can be represented as 𝑇𝐷. In next stage to normalized the overall total 

relations matrix  row-sum are calculated where total sum of ith row  is represented as 

Equatiom: 3.15 

Row sum are utilized to estimate the normalized total influential relation matrix for 

Dimension, which is represent by 𝑇𝐷
∝ 

Step 8: Normalized Total Influential Relation Matrix  

The normalized total influential relation matrix for Dimension, which is 

represent by 𝑇𝐷
∝ shown in Equation 3.16 and 3.17  
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𝑇𝐷= 
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Step 9: Weighted Supermatrix   

The weighted supermatrix can be represented as following as shown in Equation 3.18 

  

 

 

 

    

3.18 

 

 

 

As the weighted super matrix is constructed, the limiting super matrix can be 

estimates to reach overall priorities by rising to the power until it converges to large 

stable matrix in order to drive the global weight with vectors precedence w= 

(𝑤1 …… . . 𝑤𝑗 … .𝑤𝑛) represent as influential weights 𝑊∗ = lim
𝑔→∞

𝑊𝑤
𝑔

 

 

3.10 Overview on DANP In Case of R&D in Pakistan Public Organization   

After completion of first session, the outcome from expert’s consensus would 

develop a pre-determined model fit to the characteristic related to R&D in Public 

organizations of Pakistan. The experts were responsible for approving the model 

relevant to address the research problem. The experts invited for focus group discussion 

were agreed that the capabilities should be split up into three dimensions, nine criteria 

and 51 sub-criteria.  The outcome of first session allow researcher to arrange conceptual 

framework based on dimensions, criteria’s and sub-criteria. In conceptual model 

knowledge, innovation and technology management set as prime dimension based on 

the nine criteria that involve in managing R&D in-shape of processes, infrastructural 

and strategic levels. While, these criteria also depend upon 51 sub-criteria which the 

author already investigate through a systematic review in chapter 4 

Outcome of focus group discussion draw conceptual orientation based on three 

dimensions that used to contributes their significance on R&D. Therefore, DANP technique 

were applied to measure contributing impact among dimensions, criteria’s and sub-criteria’s 

with respect to their interrelationship. DANP technique allows researcher, an in-depth 

configuration to map interrelations between capabilities. Also, prioritise them according to 

their interrelated significance.  For in-depth discussion, same panel of experts were 
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invited for session 2. Now, the experts approved model was used for further discussion in 

case of developing interrelationship and prioritization among capabilities. Therefore, 

closed-ended questionnaires were step up to gauge interrelationship among criteria and 

sub-criteria (see Appendix B). The numerical values were derived from the DANP 

questionnaire includes the significance among capabilities with their contributing 

influence. The numerical information formulates the intensity among capabilities which 

allow decision makers to canvas the deficiencies among appropriate orientation for R&D 

in public organizations of Pakistan. On 16 April 2018, after completing the first section 

the experts from 58 public organizations were also invited for second session allows to 

answer the DANP questionnaire and rate their judgment  

3.11 Validity  

The research characteristic creates the research design to rectify the research 

question; however, the suitability of each stage requires to be considered. This relates to 

the basic concepts of validity. Validity relates to the integrity of the outcome developed 

from research (Bryman, 2004).  

3.11.1 Validation of This Research  

In this research, validity based on the core characteristics of estimation whether 

a test used to measure an actual variable that researcher is looking to measure (Cooper 

& Schindler, 2008). Numerous types of validities created; this research study based on 

Face validity: (Kumar, 2011).  This validity is more related to an intellectual consensus 

on whether a research tool and its measuring variables used to satisfy the research 

objective. The level of agreement was based on expert’s professional experience and 

level of expertise. That allows the formulation of logical connection in between selected 

research instrument and research objective is known as face validity (Kumar, 2011) 

3.11.1.1 Validity Test  

In the current study, R&D in public organization experts were scrutinized based on 

the pre-determine criteria and invited to be the expert panellists. Additionally, the focus 

group discussion was performed into single round, thus complied with validation 
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criteria suggested by (Krueger & Casey, 2009). In addition, three more are applied test 

related to justify the validity of this research. First, the supervisor was consulted 

regarding to validate the readability, quality of content, ease of answering and the 

instrument scale used. Second, the expert’s were consulted to valid content in order to 

rectify the validity issues related to interview questionnaire. Two experts from Asian 

Science Consortium (ASC) and the National Productivity organization (NPO) were 

selected to evaluate the initial interview questionnaire. It intended to make sure that all 

definitions were valid, comprehensible and practically applicable. Experts have proven 

their research expertise related to focus group study and R&D in Public organization. 

These experts did not participate in any contribution during content validity exercise. 

Third, pilot study base on eight focus group based on 40 moderators who comply with 

pre-determine criteria were performed to analyze the effectiveness of interview 

instrument. All of these three validity test were used to establish the face validity related 

to interview questionnaire, in order to be achieved the content validity. Moreover, the 

focus group discussions were statistically calculated using SPSS 22.0 statistical 

software packages. As the data was not large, it was controlled by the researcher’s 

supervisor for accurate feedback during focus group discussion to increase the validity. 

In case of missing data, the panelists were informed accordingly to ensure the validity 

of the rated measures. The utilization of importance scales for consensus development 

in order to ensure and achieved internal consistency.  

3.12 Reliability Test  

The features of traditional focus group discussion make it unfeasible to carry out 

the reliability analysis as similar in case of quantitative research. Such similarity, is 

because the interview questionnaire in case of focus group discussion may consider as 

open-ended questions where the reliability analysis ineffective to apply. However, the 

question arise regarding how if the preliminary step of the focus group discussion 

utilizes a structured questionnaire in case current research study, can reliability 

measure? To this end, the author argued regarding reliability analysis which can 

possibly implement on focus group discussion where more structured interview 

questionnaire is utilizes specifically when dealing with modified scales in contrast to 

current study. Therefore, in case of this research study Cronbach’s α analysis is applied 

for reliability analysis and internal consistency for each element asked during the 
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interview session by using SPSS version (22.0). The Cronbach’s α correlation 

coefficient is extensively recognized as statistical instrument in order to analyze the 

internal reliability. Thus, it is adequate to estimate reliability of interview questionnaire 

that is used in focus group discussion.  

3.12.1 Instrument Realibility  

However, there was no indication in the literature regarding the reliability of the 

focus group study, but, an effort has been made to establish the reliability of the focus 

group instrument being used. The researcher argued regarding the measurement of the 

instrument reliability could be achievable if the pre-test can be performed by using more 

structured questionnaire.  

 

However, during the focus group research may apply the more open-ended 

questionnaire in order to get the reliable feedback.  Reliability was determined by using 

Cronbach’s α that evaluates the internal consistency.  

 

All the relevant criteria or sub-criteria as variable were allowed to test by using the 

reliability function of the SPSS (22.0) from the data retrieve from pilot study. 

According to instruction made by George and Mallery (2010) were used proposed 

certain value Cronbach’s α for effective reliability such as:  α ≥ .9 consider as excellent 

to measure reliability among the variable while, α ≥ .8 rated good for reliability. After 

analysis, the Cronbach’s α for the instrument was found as α= .82 which consider as 

good reliability (George & Mallery, 2010).  

 

The overall result of item- total statistics shows that just minor adjustment in the 

Cronbach’s α if any of the criteria or sub-criteria were deleted. Due to such minor 

adjustment in Cronbach’s α, allow researcher to utilize the same variables without 

altering any of the items asked being remove from the instrument.  

 

The following Table 3.2 show the overall reliability analysis among the criteria and 

sub-criteria that were presented during focus group discussion 
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Table 3.2  Reliability Analysis of The Evaluation Scale for the Focus Group 

  Items  α α if 

items 

deleted 

 Overall   0.948  

1  KM Process Capability  .983 

2  KM Infrastructure Capability  .983 

3  KM Strategic Capability  .983 

4  IM Process Capability   .984 

5  IM Infrastructure Capability   .983 

6  IM Strategic Capability   .983 

7  TM Process Capability  .983 

8  TM Infrastructure Capability  .983 

9  TM Strategic Capability   .983 

10  Knowledge Sharing  .983 

11  Join Scense  .983 

12  Affective Commitment  .984 

13  Knowledge Transfer  .984 

14  Knowledge creation  .984 

15  Knowledge generation  .983 

16  Knowledge utilization  .983 

17  Knowledge protection  .984 

18  Knowledge Acquisition  .983 

19  Knowledge implementation  .983 

20  Intellectual knowledge portfolio  .983 

21  Organization Learning  .984 

22  Culture  .983 

23  IT  .983 

24  Community of Practice  .983 

25  Technology  .984 

26  People  .984 

27  Contribution of Skill and Expertise  .984 

28  Novelty & uniqueness of innovation  .984 

29  Role of leadership innovation & supports  .984 

30  Structure  .984 

31  R&D cooperation   .984 

32  Acquisition Internal R&D  .984 

33  Acquisition External R&D  .983 

34  Technology Transfer trends  .983 

35  Decision Making process   .983 

36  Knowledge Sharing Ability   .983 

37  Inbound Open Innovation  .983 

38  Project management (control & monitoring)  .984 

39  Innovativeness compatibility  .983 

40  Rate of introduction of new product/ service per 

year 

 
.983 
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Table 3.2  Continued 

  Items  α α if 

items 

deleted 

41  Internal & external Knowledge sharing ability  .983 

42  Knowledge creation practice   .983 

43  R&D investment  .983 

44  External Networking  .983 

45   R&D Employee   .984 

46  New Knowledge   .984 

47  Radical Innovation  .984 

48  Knowledge incentives  .983 

49  Formulation   .983 

50  Absorptive capacity  .983 

51  External knowledge Trends  .983 

52  IP performance   .984 

53  Technological Performance   .983 

54  Innovative Performance  .983 

55  Technology trends   .984 

56  Organization strategy  .984 

57  Innovation strategies and initiatives   .983 

58  Technology Acquisition   .983 

59  Technology Exploitation  .983 

60  Technology Identification   .984 

61  Technology learning   .984 

62  Technology Protection   .984 

63  Technology Selection  .984 

64  Technology Planning   .984 

65  Technology Development   .984 

66  Technology deployment   .984 

67  Technology Assessment   .984 

68  Technology Forecasting  .983 

69  Technology Watch   .983 

70  Technology Transfer  .984 

71  Technology Improvement   .983 

72  Management competency  .983 

73  Facility  .983 

74  Organization potential  .983 

75  Personal skill  .983 

76  Strategic Technology Road Mapping  .983 
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Table 3.2  Continued 

  Items  α α if 

items 

deleted 

79  Technology absorptive capability   .984 

80  Technology innovation capability  .983 

81  Absorptive capacity   .983 

82  Descriptive capacity  .984 

83  Corporate Technology Strategy  .983 

84  Corporate Business Strategy  .984 

85  Technology Alliance Strategy  .983 

 

3.12.1.1 Error Ratio Gap Reliability Test for DANP Method  

The most important factor that endorsed reliability factor that one-on-one focus 

group discussion provide a better understanding to review true value of data (Garcia-

Hernandez, 2015). Some of the previous studies enable formulates reliability in case of 

DANP is shown Table 3.3      

Table 3.3  Reliability Test for DANP 

 

It was necessary to design the interview guideline in such pattern that provide 

complete understanding to respondents and help to produce an accurate nature of data. 

Some pre-analysis to develop an interview guideline base on clarification of content, 

basic terms and statements need to be clear along with appropriate response time for 

interview.  The sample size based on the principle of theoretical saturation and to justify 

the reliability with sustainable consistency among responded (Chiu et al., 2013). DANP 

used EGR (Error Gap and Ratio) as shown in Equation 3.19   

Studies Reliability 

 Error Ratio 

Gap(α) Must be 

less than 5% 

Confidence(1- α) 

must over 95% 

Liou et al. (2017) 1.70% 95% 

Yang et al. (2017) 3% 97% 

Chen et al. (2016) 4.766% 95.234% 

Lu, Tzeng, and Tang (2013) 3.16% 96.84%, 

Su et al. (2015) 0.34% 99.652% 

Lu, Tzeng, Hu, et al. ( 2013) 0.082% 99.918% 
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Where p denotes the number of samples and 𝑎𝑖𝑗 
𝑝

 is the average influence of i 

criteria on j; the number of gap ratio elements is n (n - 1). When EGR is α, the 

significant confidence is (1 - α). In general, when α is less than 5%, and have over 95% 

confidence to note that there are no significant differences between evaluations of 

sample sizes p and p -1. Consequently, it is reasonable to propose that sample size p is 

significantly closer to the theoretical saturation and is qualified to be an appropriate size 

(Chen et al., 2016). 

 

3.13 Summary 

This chapter has presented research paradigms, research design, research 

methodology related to this research. At current circumstance researcher adopted the 

paradigm of pragmatism which illustrates the significant insights regarding influential 

contribution of supporting management discipline on R&D. In term of research design, 

this research follows mixed-method to fill the research gap during the exploring 

capabilities related to supporting management discipline that contributes to R&D. Thus, 

the research design comprise on three stages: on theoretical and two empirical studies. 

The main purpose of dividing the research into three stages is draw a clear 

understanding towards subjects that under investigation. First phase of research design 

describe general literature review based on theories belongs to knowledge, Innovation 

and technology management know as “Supporting management discipline. These basic 

theoretical interpretations allows researcher to conduct systematic review presented in 

(chapter 4). The systematic review based on (PRISMA with Co-word analysis) allow 

researcher to represents in-depth findings related to supporting management discipline 

(knowledge, innovation and technology management) in form of “sub criteria” along 

with practical relevance with R&D. In second phase split into two steps: First step (I) 

belongs to data gathering depends upon the instruments used for retrieving data under 

practical setting. While, the second step (II) is to test significance related to the factors 

that were extract from focus group discussion.  

 

 

EGR=
1

𝑛(𝑛−1)
∑ ∑

|𝑎𝑖𝑗 
𝑝

−𝑎𝑖𝑗
𝑝−1

|

𝑎
𝑖𝑗
𝑝

𝑛
𝑗=1

𝑛
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CHAPTER 4 

 

 

SYSTEMATIC REVIEW   

4.1 Introduction 

This Chapter concentrates to achieve RO1 which is requires classification  the 

capabilities related to supporting management discipline that adds their influence on 

R&D and RO2 which requires development of Framework that draw interconnectivity among 

the capabilities related to supporting management discipline. This Chapter portraying a 

theoretical interpretation on systematic review of the literature. For this purpose, 

extensive bibliometric interpretations based on (PRISMA with co-word analysis) were 

performed. Such extensive research helps author to investigate the existing research 

studies gauging on the bases of the number of published research article within the 

domain of specific topics. The extraction of some of emerging dimensions depends 

upon on reliable sources; In case of this research, Scopus database allow research to 

extract some of the emerging themes under the scope of given research domain. This 

chapter used to represents the complete set of information that satisfies the adaption of 

appropriate literature suitable for this research thesis. Furthermore, it also highlights a 

systematic approach for literature section by analyzing co-word analysis for existing 

studies in order to get results that are more specific.  

4.2 Co-word Analysis  

In conventional bibliometric techniques such as authors, journals and co-citation 

exploration generally based on the assessment of citations included in research articles. 

While this type of extensive analysis shaped some of the exciting outcomes, but it does 

not drive, an instant picture of the factual content is compatible with literature. Co-word 

analysis, used to assess the co-occurrence of keywords in a given research topic within a 
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specified research area (Courtial & Sigogneau, 1993). Co-word analysis condenses 

enormous data sets that allow researcher to draw specific visualized pattern with the 

preservation of crucial information enclosed in the data. It depends on the characteristic 

of words, which consider as the significant carrier to represents emerging scientific 

concepts, creative idea and new knowledge (van Raan & Tijssen, 1993). Co-word 

analysis sketch the postulations that a research article keywords comprise a sufficient 

narration of its content or the adequate associations that paper recognized between 

problems. Two key-phrases co-occurring within the same research article indicates a 

signal of concern association to which they refer (Cambrosio et al., 1993). The traces of 

multiple co-occurrences around the same word or clusters of words regarded as a 

cornerstone of strategic association within papers that may reflect emerging research 

theme. Co-word analysis illustrates research pattern in a particular research discipline 

by estimating the correlating strengths of various terms. The most crucial feature of the 

co-word analysis is that it sketches specific research domain into maps of the theoretical 

space with respect to time-frame (Ding et al., 2001) 

 

A most advanced bibliometric mapping tool know as VOSviewer  developed by 

Van Eck and Waltman 2010 in Leiden University, The Netherlands, for constructing the 

recognizable pattern among existing literature and visualizing the bibliometric model 

(Van Eck, 2014). The initial mechanism of VOSviewer software used to build the 

bibliometric profile based on a significant amount of data source which can be 

downloaded from famous international bibliographic database sources such as Scopus  

In order to formulate the most emerging and dwindled trend within specific 

scientific domain smart algorithm known as burst detection can be applied by using 

Sci2 tool that explores the keywords and article title helps researchers to determine the 

emerging and faded trends (Leydesdorff, 2006). Before analyzing the information 

specific option used to configure sci2 tool that allow data need to lowercased; with 

common set for stop and tokenized (Kleinberg, 2003) (Note: Complete description 

represents in Appendix I) 

http://www.sciencedirect.com/science/article/pii/S0306457300000510#BIB32
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4.3 Classifying Knowledge Management Capabilities 

On 12 Dec 2017, an extensive searching string applied on Scopus data was 

performed based to reclaim all the significant studies related to Knowledge management 

capabilities impact on R&D.  

The following typology configuration was applied into Scopus search engine: 

Searched for article:  “Research and Development”, “R&D”, “Knowledge management 

with R&D” OR “Knowledge organization capabilities” OR “R&D and Knowledge 

capabilities” OR “Knowledge and R&D” OR “Knowledge Management in R&D” OR 

“Knowledge Management on R&D” OR “Knowledge Management Capability related 

to R&D ” OR “Knowledge Capabilities in R&D ” OR “Knowledge Management Public 

sector” OR “K.M capabilities” OR “K.M capabilities with R&D” OR  “K.M 

infrastructure”, Boolean operator “K-M”, “K&M and R&D”, “KM and R&D”, “K.M 

and R&D” 

All the probable keywords relevant to Knowledge management Capabilities (K.M 

capabilities) were take into account during systematic searching query. The search 

reclaimed 1040 document which had emerges in 412 journals from 1990 to 2018.  

Those article were published frequently by 25 institutions spread across 52 

countries and by 156 frequent authors these documents comprise on 788 (62%) journals 

article, conference article 208 (31.3%), Review 28 (4.2%), Book chapter 7 (1.05%), 

conference review 5 (0.75%), Article in Press 3 (0.45%), Short survey 1 (0.15%)  

The outcome of bibliometric visualization belongs to knowledge management 

capabilities from the sequential point of view is drive from the smart configuration of 

key phrases with unique typological pattern used to apply during the advance searching 

string which discuss earlier.  

The analysis was spotlight from most product period 1990 to 2018. Now, 

Comprehensive representations for exclusion of records at each stage are acknowledged 

in the PRISMA Flow diagram is shown in Figure 4.1  
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Figure 4.1Flow diagram on Knowledge Management Capabilities during 1990–2018 

We acknowledged 7892 relevant article by systemically searching on Scopus 

Database. After removing research article that were not fulfill the eligibility criteria 

based on PRISMA already discuss during in chapter 3. A total of 1040 articles were 

recognized, Number of research article with author supplied keywords (n=512) from 

period 1990-2018, While the number of research studies without Keywords (n=528) 

from period 1990-2018 were also analyzes. Research article analyzes on the bases of 

Tile, Keywords and Abstract. Because of the characteristic of acknowledge in eligibility 

criteria, we exclude overall 6852 article. The bibliometric illustration of the knowledge 

management capabilities from the sequential perspective is derived from the smart 
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configuration of key phrases with unique typological patterns that are used to apply an 

advanced searching string technique. The analysis highlighted the period 1990 to 2018 

periods can be shown in Figure 4.2 as below  

Figure 4.2: The term maps from the 1990 to 2018 period 

A total of 15534 authors supplied keywords; however, only 692 met the 

minimum occurrence threshold value; therefore, the 692 keywords were split into 13 

clusters. A complete descriptive analysis can be shown in Table 4.1 
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Table 4.1  Descriptive Analysis 1990 -2018 

Descriptive Analysis   

years 1990-2000 2001-2018 

Total Paper 512 528 

Minimum no of  keywords 107 2243 

Minimum occurrence 5 5 

Minimum Threshold 13 112 

Highest total link strength 245 232 

Highest occurrence 28 165 
  

As 13 clusters shown in Figure 4.2, the group of keywords in these clusters 

helps researcher to identify the overall connectivity with the emerging research theme. 

The complete sketch of some of the clusters highest occurrence of keyword was shown 

in (Appendix-F). 

Currently, within research domain of KMC (knowledge management 

capabilities), most clusters indicates various research domain for instance clusters 1 

shows keywords that belong to “computer science and Artificial intelligence” , cluster 2 

more focus towards “E-learning and Education sector”, while cluster 3 & 4 more 

emphases on “social impact of new product development”, cluster 5 more relate towards 

“ Banking and operational management”, while cluster 6, 7 and 8 used to represent core 

concepts of KM capabilities belongs to process, infrastructure and strategic domains 

within R&D are represented by prospective keywords, which include: combination, 

internalization, socialization, knowledge generation, knowledge creation, knowledge 

implementation, organization culture, IT, organization structure. While cluster 9 and 10 

more relates to the value, creation and value chain under dynamic capability with more 

precisely focus on organizational design and organizational performance. Cluster 11 

more relates to “Business strategy and business performance,” while cluster 12 more 

toward the architecture and environment development and 13 clusters relate more to 

developing innovativeness more towards services and corporate social response.  

4.3.1 Emerging and disappearing themes (burst detection) 

In order to get more specified outcome, the extracted data used for further analysis 

by applying burst detection technique on extracted dataset in order to explores emerging 

and faded them. After applying burst detection techniques 18 emerging and fading 



144 

themes were appear in after exploring, both title and author supplied keywords with 

respect to time frame are shown in Table 4.2.   

Table 4.2  Keywords of Emergent and Fading subject 

latest bursting and disappearing topics 

In the titles 

Word Level Weight Length Start End 

volum 1 8.146203 3 2011 2013 

technolog 1 3.82957 11 1992 2002 

sustain 1 3.57236 2 2009 2010 

2012 1 4.380297 1 2012 2012 

2013 1 6.13927 1 2013 2013 

America 1 5.614195 2 2012 2013 

servic 1 6.476224 2 2010 2011 

amci 1 5.614195 2 2012 2013 

confer 1 8.482029 2 2012 2013 

inform 1 10.58485 2 2012 2013 

empir 1 3.918114 7 2002 2008 

ici 1 3.476513 3 2011 2013 

18th 1 3.748391 1 2012 2012 

research 1 1.908279 1 2012 
 

book 1 1.479245 1 2010 2010 

mechan 1 1.652 1 2010 2010 

patient 1 1.54516 1 2012 
 

In author supplied keywords 

Word Level Weight Length Start End 

combin 1 3.68998 1 2016  

chang 1 3.591327 2 2011 2012 

explicit 1 6.205393 9 1998 2006 

implicit 1 7.290948 9 1998 2006 

extern 1 6.506434 7 1997 2003 

extern 1 8.439011 1 2016  

collabor 1 7.101395 8 1994 2001 

social 1 5.52395 1 2016  

inform 1 3.461626 1 2013 2013 

intern 1 7.051246 7 1997 2003 

intern 1 4.481888 1 2016  

base 1 3.658767 8 1996 2003 

innov 1 4.338578 1 2011 2011 

technolog 1 4.513605 11 1997 2007 

human 1 8.174665 27 1976 2002 

perform 1 9.010913 27 1976 2002 

process 1 5.869818 3 2014  

 

 The start, and end dates explain the emergence and fading indication. If there is no 

end date, this indicates that the term remains active; when the keyword possesses both 

start and end dates, this shows the inactive emergence of conditions that less frequently 

appear among various publications over the period. Currently, in the field of KMC 

(knowledge management capabilities), most crucial phrase themes that are used to 

influence the process, infrastructure and strategic domains within R&D are represented 
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by prospective keywords, which include: combination (2016-Active), internalization 

(2016- Active), and socialization (2016- present).  

These keywords represent the probable research themes that are very active in the 

current research pattern; conversely, there are faded themes that are not significant and 

that are less followed in contemporary research trends.  

The following keywords have not been included in either the Author’s supplied 

keyword list or in the research titles: implicit (1998-2016), Explicit (1998-2006), 

external (1997-2003), internal (1997-2003), Performance (1976-2002), base (1996-

2003), system (2012-2013), Human (1976-2002), and collaboration (1994-2001); these 

have appeared less in contemporary research. 

It has been observe from the huge range of article selected from 1990 to 2018. 

By applying multi-dimensional scaling (MDS)  along with burst detection algorithm 

explores around 132 words meet the minimum threshold  5 occurrence among these 132 

words there are number of emerging and fading themes appears with respect to selected 

scientific domain (Nadzar et al., 2017).  

 

These key words splits into five clusters that associated with respect to the 

nature of their characteristics, as result these co-occurrence keywords represented with 

five different colours based on highest co-occurrence. From Figure 4.3 the 3rd, 4th and 

5th cluster visualizes more closes to KM capabilities that influence processes, 

infrastructure and strategic prospective of R&D.  

 

. 
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Figure 4.3: VOS viewer Pattern of Knowledge Management Capabilities 

It is quit appealing that after extensive analysis cluster 3 (Blue in colour) the 

nature occurrence-keyword represents closer to knowledge management capabilities. 
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This cluster more aligned to reflect capabilities closer to processes perspective related to  

knowledge management some of keywords are represents as:  Knowledge sharing, Joint 

scene-making, Knowledge Implementation, Knowledge Transfer, Knowledge creation, 

Knowledge generation, Knowledge protection, Knowledge Acquisition, Knowledge 

Utilization. While, cluster 4 (yellow in colour) expended with in-depth focus on 

occurrence-keywords reflects more strategic aspect related to knowledge management 

capabilities along with internal and external organizational dimensions some of key 

trends are represents as: External knowledge sourcing; internal knowledge sourcing; 

explicit knowledge; joint learning internal collaboration; joint learning external 

collaboration; Externalized; Internalization; Combination; Socialization; R&D 

expenditure.  

 At last, cluster 5 in (Pink in colour) the pattern of occurrence keywords that 

directly referred to infrastructure that arrange comprehensive knowledge infrastructure 

interface with firms existing culture and structure some of trends are represents as 

Organizational learning; Culture; IT; Community of Practice; Technology; Structure; 

People; Contribution of skills & expertise 

This study explores new opportunities in knowledge management capabilities as 

catalyst that shares the influence with R&D. Not only has that it also, led researcher to 

understand all the assessment and validation towards new practical evolution that retain 

R&D competitiveness. After careful consideration there are some studies emerges that 

closely relates with topics as shown in Table 4.3 
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Table 4.3  KM capabilities Dimensions 

Authors Process KM 

infrastructure 

Strategy 

Denicolai et al. 

(2016) 

N/A N/A External   Knowledge 

source                           

Internal  Knowledge 

source 

Bäck and 

Kohtamäki 

(2016) 

Knowledge sharing                   

Joint scene-making        

Knowledge 

Implementation 

N/A Joint learning :                  

internal collaboration       

External collaboration  

Žemaitis (2014) Knowledge Transfer  N/A Tacit  Knowledge 

(Personalization)        

Explicit 

Knowledge(Codificatio

n) 

Potgieter et al. 

(2013) 

Knowledge sharing 

Knowledge creation 

Organizational 

learning          

Culture              

Structure 

K.M strategy: 

Personalization 

(Human-oriented)  

He-jiang (2013) Knowledge 

Acquisition  

N/A N/A  

Zammit and 

Woodman 

(2012) 

N/A N/A Codification          

Personalization  

Camelo-Ordaz 

et al. (2011) 

Knowledge Sharing         

Organization 

commitment  

N/A HRM Practices                  

Performance 

Satyanarayan 

and Azumah 

(2011) 

Knowledge 

generation              

Knowledge 

protection  

Culture                         

IT                 

Community of 

Practice  

Codification  

Jain et al. 

(2010) 

Intellectual 

knowledge portfolio 

-Contribution of 

skills & expertise            

-Novelty & 

uniqueness of 

innovation                

-Role of 

leadership 

innovation & 

supports 

-R&D expenditure               

- Success rate of R&D            

products                         

R&D intensity 

C. Liao, H.-Y. 

Wang, S.-H. 

Chuang, M.-L. 

Shihand, et al. 

(2010) 

Knowledge Creation 

Knowledge Sharing  

Knowledge 

Utilization  

Technology  

Structure         

Culture            

People  

N/A 
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After a vigilant assessment, ten research studies were selected; that characterise 

three sets of capabilities: (1) process, (2) infrastructure and (3) strategic capability. (1) 

process capabilities relates as knowledge management recognized as an, effective 

process that influence to R&D in order to sustain the core competencies for  developing 

new set of Skill and knowledge through the comprehensive transformation of implicit 

knowledge into open knowledge. (2) Similarly, the KM infrastructure capabilities 

translate long-term organizational goals based on new knowledge as an R&D 

fundamental source. While, (3) KM strategic capabilities encourage the organizations to 

maintenance of knowledge as the exceptional strategic factor as for sustainable growth. 

From the existing literature, numerous practitioners and researchers have examined 

critical resources that drive KM capabilities that share its influence on R&D. Therefore, 

the comprehensive bibliometric extraction as shown in Table 4.4-4.6 

Table 4.4  Internal Determinates of KM dimension under R&D scope  

 

 

 

 

 

 

 

 

  Enablers Description References 
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knowledge 

Acquisition 

The process which is use to 

enables firms regarding 

knowledge from external 

sources.  

(Burton-Jones, 

2000);(Satyanarayan 

& Azumah, 

2011),(Yli-Renko, 

2001) 

 

Intellectual 

knowledge 

portfolio 

 

The process of intellectual 

knowledge used as potential 

indicator to measure R&D 

knowledge management 

capability.  Intellectual 

knowledge relies on number 

of innovative product count 

and number of scientific 

linkage in shape of patent, 

publications and number 

citation. 

(Carayannis & 

Provance, 2008a; 

Daniels & Smits, 

2005), (Wang et al., 

2007b), (Jain et al., 

2010) 

 



150 

Table 4.4  Continued 
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Knowledge 

sharing  

Define as process to 

exchange knowledge 

through official and 

unofficial coordination 

among customer, suppliers 

and customer. 

(Chang, 2007; Selnes 

& Sallis, 2003), 

(Corsaro et al., 2012), 

(Garvin, 1993; 

Kohtama¨ki & 

Bourlakis, 2012.), 

(Gro¨nroos, 2013) 

Joint scenes 

Making  

The process through which 

collaborative parties can 

mutually interact with 

respect to their ability under 

define step of rules. 

(Echtelt et al., 2008), 

(Weick, 2005), (Chang 

& Gotcher, 2007; 

Huikkola et al., 2013), 

(Huikkola et al., 2013) 

 

Knowledge 

Implementation  

It engages in the 

comprehensive trigging of 

creation, combination, 

sharing, and transformation 

of knowledge among 

individuals. 

(Crossan & Apaydin, 

2010; Kuwada, 1998), 

(Fang, 2011) 

 

knowledge 

Creation  

Process through which 

organizations were looking 

to expends knowledge 

capability across functional 

domain. 

(Cuervo-Cazurra & 

Asakawa, 2010; Gulati 

& Singh, 1998; Nieto 

& Santamaria, 2010),  

(Eisenhardt & Martin, 

2000;  Shihand, et al., 

2010) 

Affective 

commitment 

A process through which 

individual commitment and 

personal affiliation with the 

organizations is consider as 

prime goal.  

(Allen, 1996; Camelo-

Ordaz et al., 2011; 

Hislop, 2003; Meyer, 

2002), ( Cabrera, and 

Cabrera, 2005; Hislop, 

2003; Kim, 1998; 

Tagliaventi, 2006) 

knowledge 

Utilization  

The process which enables 

potential consumption of 

knowledge capacity that 

used to illustrate 

organizational value-added 

activities.  

(Grant, 1996c); 

(Potgieter et al., 2013); 

(Liao et al., 

2010);(Stefan 

Güldenberg 

2008),(Potgieter et al., 

2013) 
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Table 4.4  Continued 

 

 

 

 

 

 

 

Table 4.5  Internal Determinates of KM Dimension under R&D scope 
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knowledge 

Transfer  

Knowledge exchange 

processes among 

employees, groups of 

employees or from on 

organization to others. 

(Arvanitis et al., 2008); 

(Van Zyl et al., 2007); 

(Brennenraedts et al., 

2006) 

Knowledge 

Protection  

The potential process which 

is used to protect 

confidential information 

related to organizational 

resources such as: Advance 

knowledge stock, products 

designs and process designs. 

(Satyanarayan & 

Azumah, 2011);(J. 

Barney, 1991; Porter-

Liebskind, 1996) 
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Organization 

Learning  

Consider as 

organizational 

infrastructure resource 

for KM that enables 

organizational 

transformation due to the 

knowledge which is 

generated via 

organizational practices. 

(Miron-Spektor, 

2011); (Davies, 

2000; Kotnour, 

2000); (Tomblin, 

2010); (Alasoini et 

al., 2006) 

Culture Consider as resource for 

KM infrastructural 

capability that engages 

for shared value and brief 

that produces norms. 

(DeLong, 

1997),(Ginsberg, 

1998),(Satyanarayan 

& Azumah, 

2011),(Holden, 

2002) 
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Table 4.5  Continued 
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Structure A KM infrastructural 

resource that 

fundamental purpose is 

used to reduce the 

individual functionality 

that creates a physical 

constrain. 

( Shih, et al., 

2010),(Choi, 2003), 

(Nonaka, 1995) 

Technology  Considers as the medium 

to mobilize the 

information during the 

development of new  

knowledge 

(Grant, 1996c),(Scott, 

1998),(C. Liao, H.-Y. 

Wang, S.-H. Chuang, 

M.-L. Shih, et al., 2010; 

Sanchez  & Mahoney, 

1996),(Satyanarayan & 

Azumah, 2011) 

People Consider as resource for  

Infrastructural  potential 

and contributors in 

successful delivering KM 

capabilities 

(C. Liao, H.-Y. Wang, 

S.-H. Chuang, M.-L. 

Shihand, et al., 2010), 

(Holsapple, 2001; 

Ndlela & Toit, 

2001),(Choi, 2003) 

Community 

of Practice  

Enable as potential 

resource belongs to KM 

infrastructural ability that 

is used for creating 

virtual or face to face 

informal meeting for 

collaborative learning. 

(Erasmus, 2005 

),(Satyanarayan & 

Azumah, 2011), 

(Cristol & Mellet, 

2013),(Rhéaume & 

Gardoni, 2016) 

IT Firm’s technical 

competency reflects as 

KM infrastructure 

resources that allow 

flexible interface with 

internal and external 

factors.   

(Fink & Neumann, 

2007),(Bharadwaj, 

2000; Byrd et al., 2000; 

Chuang et al., 2005) 
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Table 4.5  Continued 

 

 

 

 

 

 

 

 

 

 

Table 4.6  Internal Determinates of  KM Dimension under R&D scope 
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K
n
o
w

le
d
g

e 
M

an
ag

em
en

t 
C

ap
ab

il
it

y
 

In
fr

as
tr

u
ct

u
re

 

Contribution of 

skills & 

expertise 

Competences and 

proficiencies may 

contributes to sustain a 

coordinated implementation 

of assets and resources as 

infrastructural strength that 

enabling the firms to utilize 

potential competencies and 

unique skills for 

competitiveness 

(Mohammed et al., 

2017), (Blomqvist, 

Harkink, Kuittinen, et 

al., 2004; Jain et al., 

2010) 

Novelty & 

uniqueness of 

innovation 

Novelty or uniqueness 

normally reflects R&D 

commitment to delivers the 

product innovativeness 

through certain 

modification on existing 

products. 

(Freel & Jong, 2009), 

(Tödtling et al., 2008), 

(Jain et al., 2010) 

 

Role of 

leadership 

innovation & 

supports 

Consider as potential 

resource for KM 

infrastructure strength. That 

allows recognizing the role 

of innovation within the 

boundaries of organization 

along with administrative 

tolerance. It helps in modify 

the best environment for 

delivering innovation, 

where the conflict 

declaration may be 

essential. 

(Muzamil & 

Naqshbandi, 2018), 

(F. Damanpour, 1991), 

(Jain et al., 2010), 

(Dodge et al., 2017) 
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Enablers Description References 

Tacit Knowledge A resource that 

allow firms to 

inherit personal 

wisdom and 

professional 

experienced that 

enables firms to get 

long term strategic 

goals.   

(Nonaka, 1995), 

(Kidd, 1998),(Stewart, 

1997) 
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Table 4.6  Continoued 
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Codification  Capturing and storing 

knowledge in explicit 

forms. Codified 

knowledge can easily be 

transferred from one 

organizational entity to 

other organizational 

entity.  

(Zammit & Woodman, 

2012); (Potgieter et al., 

2013); (Žemaitis, 2014) 

Personalization  Facilitates and 

encourages knowledge 

sharing “person-to-

person”, IT is used to 

interpersonal 

communication, 

connecting people 

(Zammit & Woodman, 

2012); (Potgieter et al., 

2013); (Žemaitis, 2014) 

R&D 

expenditure 

K.M strategic capability 

that basically allow 

decision makers to aware 

about amount of 

spending on R&D 

resource and high 

education  

(Murovec & Prodan, 

2009b), (Kostopoulos et 

al., 2011), (Blomqvist, 

Harkink, et al., 2004a; 

Elahi et al., 2016; Vitola 

& Erina, 2015) 

Success rate of 

R&D products 

Success rate of R&D 

product consider as a 

resource that indicates 

profit share on innovative 

product sale.    

(Arora et al., 2008; Jain 

et al., 2010), (Wang et 

al., 2008), (Haner, 

2002a), (Aziz et al., 

2011) 

R&D intensity 

R&D intensity basically 

strategic KM resources 

that illustrates  

percentage ratio of 

researcher and experts 

over all employee, 

pattern of technology 

trends in filed patents 

over an year, technical 

skill employees, 

individual innovativeness 

and the efficiency of 

innovative development. 

(Jimenez-Barrionuevo et 

al., 2011a; Muralidar & 

Santhanam, 1990; 

Murovec & Prodan, 

2009b), (Jain et al., 

2010) 
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Table 4.6  Continoued 
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External 

Knowledge 

Source  

To reduce in house 

knowledge gaps by 

acquiring knowledge 

externally. 

(Prodan, 2008), 

(Gunasekara, 2006),   

(Keeble, 1999),  (K. a. 

A. S. Laursen, 2006); 

(Brockhoff, 1992; 

Pisano, 1990; Shan, 

1994), (McGrath, 2013) 

Internal 

Knowledge 

Source  

Developing new 

knowledge by utilizing 

existing knowledge 

practices 

(Prodan, 2008),(Shane, 

2000), (Khilji, 2006; 

Smith, 2006), (Grimpe 

& Kaiser, 2010) 

Joint 

internal 

Collaborati

on  

An opportunity to 

interface with the 

capability of isolated 

subdivisions 

(Andersson, 2003; 

Mcevily, 1999; Yamin, 

2011),(Kohtamäki, 

2016) 

Joint 

External 

Collaborati

on 

Proficiency to interface 

and switch the valuable 

knowledge to their 

partners 

(Huikkola et al., 2013), 

(Kogut, 1996), 

(Brennan, 1999; Walter, 

2003), (Walter, 2003), 

(Van Echtelt, 2008; 

Wagner, 2006; Walsh, 

1995), (Moorman, 

1997); (Kohtamäki, 

2016) 

HRM  Promoting individuals to 

exchange knowledge 

 (Cabrera et al., 2006); 

(Cabrera, 

2005);(Camelo-Ordaz 

et al., 2011) 

Innovation 

Performanc

e  

The potential resource 

which indicate internal 

and external sourcing 

that  become positive 

gain to overall innovation 

activity  

(Kaiser, 2010), 

(Barthélemy, 2006; 

DeSarbo, 2005), 

(Howells, 2006; 

Howells et al., 2008) 

Explicit  A potential knowledge 

source that comprised of 

technical data sets, 

academic facts, 

mathematical expression 

scientific notation and 

patents 

(Liebowitz & Wilcox, 

1997), (Potgieter et al., 

2013),(Satyanarayan & 

Azumah, 

2011),(Žemaitis, 2014) 
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From the recent findings, some of emerging trends draw within R&D context 

allows to address process capabilities related to KM, which include (Knowledge 

sharing, knowledge implementation, knowledge transfer, Joint-sense-making, 

knowledge creation, organizational commitment, knowledge protection, knowledge 

identification, and knowledge exchange).  Similarly, finding also includes some of 

trends that were focuses on enabling technologies that conceived as potential resource 

for infrastructure capability related to KM that interface with firms’ existing cultures 

and structures. In this manner, some publication topics mainly stressed certain general 

perspectives of firms’ existing capabilities (technology, People, organizational culture, 

organizational structure, the community of practices, and employees). Lastly, it also 

shows some of strategic aspect of knowledge management capabilities in addition to 

internal and external organizational dimensions. These researcher trends allow 

researchers to emphasis on knowledge sharing through inter-functional integration such 

as: implicit knowledge, joint learning internally, and internal functional collaboration 

4.4 Classifiying  Innovation Management Capabilities 

The innovation management capabilities strongly referred as firms core ability 

that allow to manage R&D  for new product development (Laurindo, 2016).  

In simple words, innovation management capability is not only sufficient for 

radical innovation at governmental level, but it also promotes science and technology to 

enhance R&D competitiveness in order to create new innovative products.  

For example accommodating accessibility toward internal and external 

collaboration, encouraging relevant environment for social exchanges, and strong 

research support mechanism (Serje Schmidt 2016). 

Since, innovation has been recommended as the major contributor on public 

sector firms to drive overall innovation mechanism at governmental level (Dutta et al., 

2014; OECD, 2007b; Van de Ven, 1986). This study suggested new opening in 

Innovation management capabilities as potential booster to enhance R&D 



157 

competitiveness, with all the estimation and justification that leads towards new 

practical progression.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4  Flow diagram for Innovation Management Capabilities during 1990–

2018 

 This research accepted 6769 relevant articles by systemically searching the 

Scopus Database. After removing research article that were not fulfill the eligibility 

criteria based on PRISMA already discuss during in chapter 3, a total of 972 articles 

were recognized. Research articles with author-supplied keywords (n=619) from the 

1990-2018 period and research studies without Keywords (n=353) from the 1990-2018 

period were analyzed. The research articles were analyzed on the based on Tiles, 

Studies published  

With Keyword 1990-2000 

(n =17) 

No keyword 1990-2000 

(n=53) 

 

Studies published in 

With key word 2000-2018 
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(n=300) 

Study literature assessed for 

eligibility 
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Number of Article containing no- keywords 

n = (353)  

 

Record Screen 
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Keywords and Abstracts. Because of the characteristics described in the eligibility 

criteria, we excluded a total of 5797 articles. The comprehensive representation of the 

record exclusion at each stage is shown in Figure 4.4. The outcome of bibliometric 

visualization of Innovation management capabilities from the sequential point of view is 

drive from the smart configuration of key phrases with unique typological pattern used 

to apply during the advance searching string as we discuss earlier. The analysis 

highlighted the 1990 to 2018 period, is shown in Figure 4.5. 

Figure 4.5       VOS viewer Pattern of Innovation Management Capabilities 
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Although 9394 authors supplied keywords, only 480 meet the threshold 

minimum 5; therefore, nearly 9394 author supplied keywords were traced from the 

corpus. The 480 keywords were split into 5 clusters. A basic descriptive analysis is 

shown in Table 4.7 (Note:  Appendix I) 

Table 4.7  Descriptive Analysis 1990 -2018. 

 

 

 

 

The outcome of VOS viewer pattern based on 12 clusters, the group of 

keywords in these clusters helps researcher to characterize some of emerging research 

themes. The complete sketch of some of the clusters highest occurrence of keyword 

where shown in (Appendix-F). Currently, with in research domain of IMC (Innovation 

management capabilities), most clusters relates to diverse research themes for instance 

clusters 1 shows keywords that belong to “Business Administration and business 

performance”, cluster 2 focuses more on towards themes which addresses technological 

aspect of IM which allow to setting up overall firms “technological strategies and 

initiatives for innovation”. While cluster 3, represents some of the key trends that were 

more aligned towards ‘innovation competitiveness’ that represents innovation diffusion 

as tool for IM. The cluster 4 shows some of emerging themes that belongs towards 

“innovation policy”.  In case of cluster 5, it used to represents core concepts that 

associate innovation management with corporate governance. The cluster 6 represents 

some of emerging concepts that used to measure innovation and technological 

performance at organizational and functional level’. The cluster 7 reflects some of 

emerging trends that used to illustrate the commercial aspects of IM. In case of cluster 

8, it highlights trends that enable the role of innovation management related to ‘supply 

chain’. The cluster 9 emanates some of key trends that used to draw the relationship 

between IM and IT in case of handling ‘Big data’ and cloud computing’. The clusters 

Descriptive Analysis 1990 -2018 

years 1990-2000 2001-2018 

Total Paper 70 902 

Minimum no of  keywords 66 873 
Minimum occurrence 3 5 

Minimum Threshold 3 26 

Highest total link strength 6 219 

Highest occurrence 6 51 
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10 highlights some of IM themes belong to address manufacturing flexibility’. The 

cluster 11 refers to process capabilities related to IM such as knowledge sharing 

process, knowledge creation, and technology transfer. The cluster 12 represents the 

concepts of absorptive capacity as firm core innovation resources    

4.4.1 Emerging and disappearing themes (burst detection) 

In order to get more specified outcome, the extracted data used for further analysis 

by applying burst detection technique on extracted dataset in order to explores emerging 

and faded them. After applying burst detection, technique 26 emerging and fading 

themes were appearing by exploring title only. While, 29 emerging and fading themes 

were appear by exploring keywords of extracted data with respect to time frame are 

shown in Table 4.8. 

Table 4.8  Keywords of emergent and fading subjects 

 

 

 

 

 

 

 

 

 

latest bursting and disappearing topics 

In the titles 

Word Level Weight Length Start End 

success 1 2.507393 2 2006 2007 

energi 1 2.524447 1 2010 
 

product 1 6.210285 3 2001 2003 

element 1 2.649457 1 2010 
 

develop 1 2.925772 2 2001 2002 

small 1 3.206891 1 2006 2006 

organ 1 2.963422 4 2003 2006 

2008 1 2.690328 1 2008 2008 

2007 1 3.388337 1 2007 2007 

nuclear 1 2.61664 2 2003 2004 

health 1 2.464596 2 2003 2004 

competit 1 2.511899 2 2001 2002 

firm 1 2.841077 1 2003 2003 

agenda 1 2.489341 4 2001 2004 

share 1 2.810559 1 2007 2007 

new 1 4.053195 3 2002 2004 

tool 1 2.480229 3 2003 2005 

continu 1 2.438552 1 2008 2008 

integr 1 3.056669 1 2005 2005 

compet 1 2.489125 2 2002 2003 

key 1 2.679947 5 2001 2005 

sector 1 2.697859 4 2003 2006 

lead 1 3.392705 4 2002 2005 

strategi 1 2.522441 1 1995 1995 

success 1 2.507393 2 2006 2007 

energi 1 2.524447 1 2010 
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Table 4.8  Continued 

 

 

 

 

 

 

 

 

 

 

The start, and end dates explain the emergence and fading indication. If there is 

no end date, this indicates that the term remains active; when the keyword possesses 

both start and end dates, it shows the inactive emergence of conditions that less 

frequently appear among various publications over the period.  Currently, in the field of 

IMC (knowledge management capabilities), the above as show in Table 4.8 trends 

signify with respect to their occurrence in studies belong to R&D. Therefore, from the 

co-occurring keyword perspective some of emerging themes are: Evaluation (2010-

Active), Base (2010- Active), independent (2009-Active), and retract (2010-Active). 

These themes are the probable research themes that are very active in the current 

research patterns. Conversely, there are certain faded themes that are not significant and 

that follow contemporary research trends less; these keywords are not included in the 

latest bursting and disappearing topics 

In author supplied keywords 

analysi 1 3.411704 1 2008 2008 

success 1 2.507393 2 2006 2007 

process 1 3.506707 1 2005 2005 

corpor 1 2.736561 2 2003 2004 

univers 1 3.135266 1 2008 2008 

custom 1 2.731154 1 2006 2006 

global 1 2.518794 2 2007 2008 

disrupt 1 2.436466 3 2003 2005 

internet 1 3.35806 2 2002 2003 

strategi 1 2.76029 3 2001 2003 

research 1 6.745098 3 2001 2003 

technolog 1 4.365171 1 2002 2002 

mechan 1 3.207627 1 2010  

continu 1 2.479377 3 2001 2003 

compet 1 3.131403 2 2002 2003 

collabor 1 2.67418 3 2006 2008 

r&d 1 2.088961 1 2012 2012 

absorpt 1 2.565614 1 2012 2012 

intern 1 2.619999 1 2012 2012 

collabor 1 2.67418 3 2006 2008 

retract 1 6.510619 1 2010  

mechan 1 3.854026 1 2010  

evalu 1 7.319149 2 2009  

base 1 2.725118 1 2010  

energi 1 2.524447 1 2010  

independ 1 2.923765 2 2009  

proceed 1 2.469733 3 2008  
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Author’s supplied keyword list or in the research titles: Development (2001-2002), 

Competitive (2001- 2002), strategies (1995- 1995), integration (2005-2005), and health 

(2003-2004). These key words splits into 5 clusters that associated with respect to the 

nature of their characteristics and co-occurrence is shown in Figure 4.6 

 

 

 

 

 

 

 

 

 

 

Figure 4.6  VOS viewer Pattern of Innovation Management Capabilities 

 

It has been observe from the huge range of article selected from 1990 to 2018. 

By applying multi-dimensional scaling (MDS) along with burst detection algorithm 

explores around 1627 keywords that were screen out. Among 1627 keywords 75 words 

meet the minimum threshold of 5 occurrences.  Among these 75 words there are number 

of emerging and fading themes appears with respect to select research topic (Nadzar et 

al., 2017). In case of cluster 2; (Green in colour) represents some of trends that reflect 

the process aspect of IM capabilities that contributes their influence on R&D. Some of 
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keywords trends includes (R&D cooperation; Acquisition Internal R&D; Acquisition 

External R&D; Technology Transfer Decision Making process; Knowledge Sharing; 

Inbound Open Innovation; Project management (control & monitoring) Innovativeness 

compatibility; Internal & external Knowledge sharing ability; Open Innovation; 

Knowledge creation process). The cluster 1 and 5 (Red and pink in colour) reflects 

some of the themes that represents the strategic prospective of IM capabilities these 

themes includes (IP performance, Technological Performance, Innovative Performance, 

Technology trends, Organization strategy, Innovation strategies and initiatives. In case 

of cluster 3 (Blue in colour) represents infrastructural aspects of IM capabilities these 

themes includes: (R&D investment; External Networking;  R&D Employee; New 

Knowledge; Radical Innovation; External knowledge; Formulation; Absorptive 

capacity; Knowledge incentives). At last clusters, 4 represents some of key trends 

related to effective policy development for technological learning among developing 

countries   

 Clusters 2 (Green in colour) 

R&D cooperation;  Acquisition Internal R&D; Acquisition External R&D; Technology 

Transfer; Decision Making process;  Knowledge Sharing;  Inbound Open Innovation; 

Project management (control & monitoring) Innovativeness compatibility;  Internal & 

external Knowledge sharing ability; Open Innovation; Knowledge creation process. It is 

quite interesting that after extensive analysis Cluster 2 seems to be observing as an 

operational agent. Due to characteristics of occurrence-keywords reflect as innovative 

capabilities was basically influential on developing processes for managing innovation  

 

 Cluster 3 (Blue in colour) 

R&D investment; External Networking;  R&D Employee; New Knowledge; Radical 

Innovation; External knowledge ; Formulation; Absorptive capacity; Knowledge 

incentives. Its seems to be more expending as majority of research studies reflects 

infrastructural prospective of innovation management capabilities   

 Cluster 1 and 5 (Red and Pink in colour) 

IP performance, Technological Performance, Innovative Performance, Technology 

trends, Organization strategy, Innovation strategies and initiatives In similar in case of 
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Innovation Management this co-occurrence keyword helps to identify the appropriate 

studies with core concepts of Innovation management capabilities with enablers behind 

the dominance of Innovation capability with influence on R&D as show in Table: 4.9 

 

Similarly, for Innovation management, after an attentive assessment, the nine 

selected research articles revealed three sets of capabilities split into several different 

sub-criteria.  

These three sets of capabilities are classified into the following: (1) process, (2) 

infrastructure, and (3) strategic capabilities for the Innovation management (IM). The 

innovation-oriented process was split into three segments: front end, new product 

creation, and induction of new product or services into the market.  

The essential scope of innovation management is far broader than the aspects 

that directly interface during process innovation and research and development. 

Similarly, (2) Infrastructure capabilities are recognized as the tendency of the firm's 

innovation capability to create and patent innovations. (3) Strategic capabilities that 

respond to the time progression enable rapid resource distribution and encourage the 

execution of R&D goals. Therefore, the overall driving factors are represented in Table 

4.10-4.12. 
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Table 4.9  IM Capabilities Dimension 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Authors Process IM 

infrastructure 

Strategy 

Rodriguez and 

Wiengarten 

(2017) 

-R&D cooperation         

-Internal R&D                  

-External R&D 

N/A N/A 

Chanwoo Cho 

(2016) 

N/A -R&D 

investment,          

-External 

Networking         

-R&D Employee 

-IP performance   

-Technological 

Performance 

Kondratiuk-

Nierodzińska 

(2016.) 

Technology Transfer -New 

Knowledge          

-Absorptive 

capacity 

N/A 

GarcÃa-

Granero et al. 

(2014) 

-Decision Making 

process                          

-Internal R&D               

- External R&D 

-External 

knowledge           

-Formulation 

-Innovative 

Performance 

Sáenz et al. 

(2012) 

-Knowledge Sharing 

(IT, Personal 

Interaction, Embedded 

in Management 

process) 

N/A N/A 

Spithoven et al. 

(2011) 

-Inbound and 

outbound Open 

Innovation 

-Absorptive 

capacity 

N/A 

Jain et al. 

(2010) 

-Project management 

(control & monitoring) 

-Innovativeness 

compatibility                

-Rate of introduction of 

new product/ service per 

year                                   

-Internal & external 

Knowledge sharing 

ability 

N/A -Innovation 

strategies & 

initiatives             

Technology 

trends 

assessment 

Numprasertchai 

et al. ( 2009) 

-knowledge creation 

process 

-Knowledge 

incentives 

-Organization 

strategy 

Stüer et al. 

(2008) 

-Inbound Open 

Innovation 

-Radical 

Innovation 

N/A 
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Table 4.10  Internal Determinates of IM Dimension under R&D scope  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 

In
n
o
v
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n
 M
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t 
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y
 

P
ro
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ss

 

Technology 

Transfer 

A process that is utilize 

for licensing or acquiring 

skilled knowledge along 

with technological 

capabilities. 

(Rombach, 2007; 

Tran, 2009),(Allen, 

2014; Dasgupta, 2011; 

Mom, 2012; 

Morrissey, 

2005),(Sazali & 

Raduan, 2011) 

Decision 

Making Process  

A process capability that 

enables assessment 

mechanism that supports 

firm’s for developing 

new innovations. 

(GarcÃa-Granero et 

al., 

2014),(Damanpour, 

1991),(Song, 

2005),(Rios, 2011) 

Open Innovation   A process capability that 

enables a combination of 

in-house R&D and the 

knowledge source 

acquired externally for 

new innovation.   

( Laursen, 2006), 

(Collins, 2006), 

(Dahlander, 2010; 

Huizingh, 2011; 

Lichtenthaler, 2011; 

Trott, 2009; Van De 

Vrande, 2010); 

(Chesbrough, 2003a) 

Project 

Management 

Describe as process to 

organize R&D 

responsibilities in shape 

of projects rather than 

performing just simple 

functional 

responsibilities.  

(Kavanagh, 2009), 

(Edgett, 2014), 

(Filippov & Mooi, 

2010) 

Innovativeness 

Compatibility  

End customer would 

acknowledge the 

innovativeness 

(Xiaofen Ji, 2007), 

(Oostrom, 2013), 

(Damanpour, 1989; 

Hall, 1986; Haner, 

2002b; Jain et al., 

2010) 

Knowledge 

creation process  

The process capability 

belongs to IM that is used 

intrinsically based on 

idea of developing new 

knowledge concepts.  

(Dachs, 

2008),(Popadiuk, 

2006), (Soo, 2002; 

Swan, 2000), 

(Liebowitz, 2000) 
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Table 4.10  Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 
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R&D 

Corporation  

The process that allows 

collaboration with 

external stakeholder to 

enhancing firm’s 

efficiency in shape of 

managing innovative 

capabilities for new 

market.  

(Beers & Zand, 

2014), (Amara & 

landry, 2005; 

Belderbos et al., 

2004), (Chanwoo 

Cho, 2016) 

Internal R&D 

Acquisition 

Consider as resource for 

process capability that 

refers to R&D activities 

within a firm boundary.  

(Kim et al., 2014; 

Liu & Wan‐Hsin, 

2014),(Santos et 

al., 2005), (Kale, 

2012a) 

External R&D 

Acquisition  

External R&D network 

consider as resource that 

drive IM process 

capability based on 

relationships with 

external partners such as 

research institutions, 

other firms (local and 

multinational), and the 

government.  

(Helble & Chong, 

2004); (Gulati, 

1998; Gulati et al., 

2000; Holm et al., 

1999) 

Knowledge 

Sharing  

Knowledge sharing 

consider as main indictor 

in forecasting the success 

of knowledge sourcing. A 

resource that allow 

Firm’s to predict the 

requirement of new 

knowledge from external 

source  

(Cummings, 2004), 

(Kim, 2012 ), 

(Ford, 2003; Lee, 

2002), (Shu-hsien 

Liao, 2007), 

(Weenen, 2004), 

(Quinn et al., 1996) 
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Table 4.10  Continued 

 

 

 

 

 

 

 

 

 

 

 

Table 4.11  Internal Determinates of IM Dimension under R&D scope  

 

 

 

 

 

  Enablers Description References 
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Internal & external 

Knowledge sharing 

ability 

It considers as resource 

that drive process 

capability belongs to 

innovation management. 

The main criteria for 

internal and external 

knowledge sharing 

ability depends on the 

potential intensity to 

collaborate with external 

R&D units through 

knowledge networking  

and newness of 

innovation related to 

firms and new to market 

(Blomqvist, Harkink, 

et al., 2004b; Wang 

et al., 2007a), 

(Carayannis & 

Provance, 2008b), 

(Svetina & Prodan, 

2008) 

 

Rate of 

introduction of 

new product/ 

service per year 

Process driven resource 

that normally estimated 

number of patents 

registered as criteria 

(John Hagedoorn, 

2003), (Freeman, 

1997), (Acs, 1989; 

Ahuja, 2001; 

Archibugi, 1992; 

Ernst, 2001; 

Freeman, 1997; 

Grupp, 1994.; 

Lanjouw, 1999; 

Stuart, 2000; 

Trajtenberg, 1990), 

(Singal, 2010) 
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Enablers Description References 

R&D 

Investment 

A resource that is used to 

drive IM infrastructural 

capabilities as a potential 

input for R&D in order to  

generate intangible 

returns on investment in 

shape of product 

innovation. 

(Deepika rohatgi, 

2016), (Yasemin, 

2006),(Peters, 

2009),(Chanwoo 

Cho, 2016) 
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Table 4.11  Continued 
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External 

Networking  

Firms expend their potential 

knowledge in order to 

starching their innovative 

ability. 

(Brunswicker, 2014; 

Chesbrough, 2003c; 

Chesbrough & 

Crowther, 2006), 

(Harold Alvarez 

2015),(Antikainen, 

2010),(Freeman & 

Soete, 1997) 

R&D Employee  Potential resource that 

drives R&D inputs that in 

order to estimate firm’s 

percentage of R&D 

expenses over R&D staff.  

(Albaladejo, 

2000),(Fan, 2006) 

,(Chanwoo Cho, 

2016),(Edler et al., 

2016) 

 Absorptive 

capacity 

Organizational ability 

absorbs external 

knowledge. 

(Cohen & Levinthal, 

1990a) , (Veugelers, 

1997) , (Lane, 

2006),(George, 

2002), (Chiara 

Franco, 

2012),(Raisch, 2009) 

New knowledge    A potential resource that is 

used to drives IM 

infrastructure capabilities in 

search of technical 

knowledge in order to carry 

forward long term 

innovation processes. 

(Prajogo, 2006), 

(Bukhamsin, 2015), 

(C. Liao, H.-Y. 

Wang, S.-H. Chuang, 

M.-L. Shihand, et al., 

2010), (Kale, 2012b), 

(Wamae, 2009), 

(Kondratiuk-

Nierodzińska, 2016.) 

External 

Knowledge 

Acquisition 

A compatible tool that 

allow firms to drives 

infrastructure capabilities 

related to IM and enables 

technical know-how 

according to market 

competitor.  

(Brunswicker, 2014; 

Chesbrough, 2003c; 

Chesbrough & 

Crowther, 2006), 

(Harold Alvarez 

2015),(Freeman & 

Soete, 

1997),(Antikainen, 

2010) 
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Table 4.12  Continoue 

 

 

 

 

 

 

 

 

 

 

Table 4.12  Internal Determinates of IM Dimension under R&D scope 

 

 

 

 

 

 

  Enablers Description References 
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Formulation Resource that drive 

infrastructural 

capabilities related to 

I.M used in order to 

strengthen existing 

operational processes 

and bound employee’s 

liberty not to diverge 

from standard 

procedures 

(Chang, 2012; 

GarcÃa-Granero et 

al., 2014; Jansen, 

2006), (Benner, 

2003; Benner, 

2002) 

Knowledge Incentive Ability that drives 

infrastructural 

capabilities related to 

I.M and enable rewards 

scheme for R&D to 

encourages R&D 

employees to put their 

effort 

(Lerner, 2007), 

(Numprasertchai et 

al., 2009), (Coombs, 

1991), (Lévêque & 

Ménière, 2004) 

Radical Innovation Radicalness” consider as 

resource that enables 

firms to oversee 

emerging technologies 

and allow them to adapt 

with rapid pace.  

(Chandy & Tellis, 

2000; Slocum & 

Rubin, 

2008),(Garcia, 

2002) 
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Innovative 

Performance  

Ability to drive 

strategic capability 

related to IM that 

purely draw 

organizational 

financial 

performance which 

include share price, 

profit and capital 

return on investment.  

(Calantone, 2002),(Tidd, 

2001),(Lawless, 

1996),(Subramanian, 

1996),(Gopalakrishnan, 

2000) 
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Table 4.12  Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 
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Innovation 

strategies  & 

initiatives  

Resources that drive 

strategic capabilities 

belong to IM, and allow 

firms to integrate 

appropriate knowledge 

with current operational 

activities. 

(George et al., 2002; 

Zahra, 2002),(Oana 

Branzei a, 2006), 

(Chesbrough, 2003b), 

(Fey, 

2005),(Evangelista, 

1997),(Burgelman, 

2004),(Wang, 2007), 

(Hollenstein, 1996), 

(Blomqvist, 2004) 

Technology 

Trends  Consider as firm 

strategic instrument to 

drive IM strategic 

capability by enabling 

technological 

forecasting methods that 

estimate future trends.  

(Yoon, 2012), (Martino, 

1993),(Jain et al., 

2010),(Coates, 2001; 

Griliches, 1990; Pianta, 

1996) 

Organization 

strategy 

Resource that used to 

enables strategic 

alignment at 

organizational level and 

allows R&D for crafting 

prosperous innovation 

mechanism. 

(Danny Samson Benn 

Lawson, 

2001),(Reichstein & 

Salter, 

2006),(Numprasertchai 

et al., 2009),(Schroeder, 

1990) 

Intellectual 

Property 

Performance  

Ability of R&D firms to 

strengthen intellectual 

property rights as major 

means for firm’s 

strategic ability, in order 

to manage efficient 

innovation management. 

(Choong, 2008), (Edler 

et al., 2015), (Doyle & 

O’Connor, 2013; Edler 

et al., 2015; Schwab et 

al., 2011; Stern, 2003) 
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Table 4.12  Continued 

 

 

 

 

 

 

 

 

 

The selected articles from 1990 to 2018 were illustrated and divided into three 

different areas of innovation management capabilities (IMC) with respect to their 

similar characteristics; First research area directly refer as: Process capabilities, which 

includes (Technology transfer, Project management, Decision Making process, Open 

innovation, knowledge creation process, compatibility and Rate of Introduction of new 

product). The second research area refer to drive infrastructure capabilities related to 

innovation management that is required for the R&D function to strengthen their 

competencies that interface with existing capabilities. In this manner, publication topics 

have mainly focused on several different dimensions that directly relate to the R&D 

such as (R&D intensity, External Networking, Employee learning, new knowledge, 

Absorptive capacity, Formulation, Internal and external knowledge sharing, 

organization strategy, Incentives, and Knowledge management). The third research 
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Enablers Description References 

Technological 

performance 

Firm’s innovational 

resource that drive IM 

capabilities under 

strategic means  and  

relates R&D with 

overall innovational 

ability for instance: 

R&D expenditures and  

Patent data 

(Jimenez-

Barrionuevo et al., 

2011b; Kostopoulos 

et al., 2011), (Sher & 

Yang, 2005), 

(Antonio et al., 

2010; Jacobsson et 

al., 1996) 

External R&D 

Function  

A resource that drives 

firm strategic 

capabilities related to 

innovation 

management.  Purely 

depends upon the 

ability to understand 

intrinsic R&D 

relationship with 

external collaborators.   

(Helble & Chong, 

2004); (Gulati, 1998; 

Gulati et al., 2000; 

Holm et al., 1999) 
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areas were fall to drive strategic capabilities relate to Innovation management, this 

research area includes: (Performance, Innovation capability, own R&D function, 

Innovation strategies Initiative, Technology Assessment, and R&D capabilities) 

4.5 Classifying Technology Management Capabilities  

In most recent studies, extensive bibliometric analyses related to Technology 

management (TM) have been performed to represent general trends on TM (Pilkington, 

2014); however, these studies have been unable to identify the core capabilities that 

were involved contributing their influence on R&D competitiveness.  

Many studies highlight specific research areas adjacent to technology 

management. For instance, Culnan (1986) applies a co-citation strategy to identify the 

fundamentals of IS (information system) and canvases the area of research to create 

more resemblance of an information system rather than more specific to organizational 

learning.  

Similarly, Karki (1996) investigates the pillars of the sociology of sciences 

literature and identifies the unique relationship between information scientists and 

sociologists, who share creative ideas only when they scholarly interact with each other. 

The closest study that discusses the extensive analysis on Technology management 

(TM) through the bibliometric review is Pilkington 2014, which illustrates the various 

trends of technology management over the 2007 to 2014 period.  

Somewhat unpredictably, all this existing literature they identifies the utilization 

of TM with a diverse approach to draw general perspective of TM; however, they rarely 

classify the resources that drive capabilities related to Technology Management (TM). 
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Figure 4.7  Flow diagram for Technology Management Capabilities during 1990–

2018 

We accepted 13567 relevant article by systemically searching on Scopus 

Database (n=13567). After removing research article that were not fulfill the eligibility 

criteria based on PRISMA already discuss during in chapter 3, a total of 662 non -

duplicate articles were recognized, Number of research article with author supplied 

keywords (n=394) from period 1990-2018. While, the number of research studies 

without Keywords (n=268) from period 1990-2018 were also analyzes. Research article 

analyzes on the bases of Tile, Keywords and Abstract. Because of the characteristic of 

acknowledge in eligibility criteria, we exclude overall 12808 article. The 

Studies published  

With Keyword 1990-2000 

(n =36) 

No keyword 1990-2000 

(n=58) 

 

Studies published in 

With key word 2000-2018 
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Study literature assessed for 
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Number of Article containing keywords 

n = (394)  

Number of Article containing no- keywords 
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comprehensive representation of the record exclusion at each stage is shown in the 

PRISMA diagram Figure 4.7.  Similarly, to trace the potential literature on technology 

management capabilities, a logical configuration of key phrases with a unique 

typological pattern was employed in the advanced searching string, which was 

discussed earlier. The analysis highlighted the 1990 to 2018 period, as shown in Figure 

4.8. (Appendix I) 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: The term maps from period of 1990 to 2018 
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Table 4.13  Descriptive Analysis 1990 -2018 

 

 

 

The 10 clusters shown in Figure 4.8 the group of keywords in these clusters 

helps researcher to identify the overall connectivity with the emerging research theme. 

Table 4.13 represents the complete descriptive analysis. The complete sketch of some of 

the clusters highest occurrence of keyword where shown in (Appendix-F). 

Currently, with in research domain of TMC (Technology management 

capabilities), most clusters relates to various research trends for instance clusters 1 

shows keywords that belong to “Business strategy, business performance”, cluster 2 

more focus towards computer networking and mobility management while cluster 3 

more emphases on “knowledge creation ”, cluster 4 more relate towards “determining 

and distributed system”, while cluster 5  shows core concepts of crisis management and 

risk management. In case of cluster 6 and 7, they describe telemedicine and health 

management system. Cluster 8 more relates toward “IT service, process modeling and 

IT governance”. Cluster 9 emphases more on towards business intelligence and business 

value; cluster 10 reflects more emerging themes related to information security and 

intelligent agent.   

4.5.1 Emerging and disappearing themes (burst detection) 

In order to get more specified outcome, the extracted data used for further analysis 

by applying burst detection technique on extracted dataset in order to explores emerging 

and faded them. After applying burst detection technique almost 47 to 50 emerging and 

fading themes were appear by exploring title. While, 50 emerging and faded themes 

were appear after exploring keywords with respect to time frame is shown in Table 4.14  

 

Descriptive Analysis 1990 -2018 

years 1990-2000 2001-2018 

Total Paper 94 568 

Minimum no of  keywords 152 1129 
Minimum occurrence 3 5 

Minimum Threshold 4 35 

Highest total link strength 9 389 

Highest occurrence 3 37 
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Table 4.14  keywords of emergent and fading subjects 

latest bursting and disappearing topics 

In the titles 

Word Level Weight Length Start End 

volum 1 4.663473 2 2012 2013 

util 1 2.377221 1 2013 2013 

softwar 1 2.205353 1 2014 2014 

system 1 4.108759 1 2013 2013 

design 1 3.430824 2 2015 
 

19th 1 2.535035 1 2013 2013 

17th 1 2.53569 1 2011 2011 

2011 1 5.13143 1 2011 2011 

compani 1 3.287214 1 2011 2011 

2010 1 2.502768 1 2010 2010 

2013 1 6.568964 1 2013 2013 

america 1 2.784436 3 2011 2013 

decis 1 2.08223 1 2010 2010 

amci 1 2.784436 3 2011 2013 

confer 1 2.12198 2 2012 2013 

inform 1 6.198066 1 2013 2013 

adopt 1 2.36177 2 2013 2014 

ici 1 2.21862 1 2013 2013 

organis 1 2.273573 2 2012 2013 

role 1 4.4471 7 2011 
 

busi 1 2.933504 3 2001 2003 

capable 1 5.761972 3 2015 
 

product 1 4.999968 11 1990 2000 

Enterprise 1 5.227033 5 2013 
 

design 1 4.710003 3 2013 2015 

2012 1 6.499614 1 2012 2012 

2011 1 6.32575 1 2011 2011 

manufacture 1 8.434381 15 1985 1999 

2013 1 7.731247 1 2013 2013 

America 1 7.832402 3 2011 2013 

manag 1 4.454555 3 1987 1989 

inform 1 8.727171 1 2013 2013 

acquisition 1 4.499209 11 1996 2006 

ici 1 4.052319 3 2011 2013 

18th 1 3.887223 1 2012 2012 

volum 1 9.277554 4 2010 2013 

system 1 7.586908 2 2012 2013 

strateg 1 3.903115 1 1995 1995 

innov 1 4.33185 2 2010 2011 

electron 1 4.8662 13 1991 2003 

decis 1 5.130489 2 2010 2011 

amci 1 7.997926 3 2011 2013 

confer 1 11.78668 3 2011 2013 

emerg 1 5.903353 4 2011 2014 

softwar 1 2.183268 1 2014 2014 

compani 1 3.796763 1 2011 2011 

decis 1 2.344426 1 2010 2010 

 

 

 



178 

Table 4.14  Continued 

latest bursting and disappearing topics 

In the Keywords 

Word Level Weight Length Start End 

framework 1 2.394371 2 2015 
 

design 1 2.111547 3 2014 
 

led 1 2.577693 1 2011 2011 

Technology 

breadth 
1 2.396732 2 2013 2014 

emerg 1 2.396732 2 2013 2014 

govern 1 2.396569 1 2014 2014 

framework 1 2.101704 2 2015 
 

led 1 2.621172 1 2011 2011 

plan 1 2.680235 1 2013 2013 

posture 1 2.396569 1 2014 2014 

process 1 4.812644 5 1998 2002 

manufacture 1 4.914048 4 2004 2007 

Technology level 1 4.885668 2 2014 2015 

strategi 1 8.30742 12 1990 2001 

electron 1 4.308646 12 1992 2003 

dynam 1 4.732141 2 2014 2015 

analysi 1 3.732285 1 2008 2008 

area 1 3.043425 4 2007 2010 

busi 1 2.933504 3 2001 2003 

micro grid 1 3.685219 4 2014 
 

smart 1 2.96581 2 2016 
 

Techno timing 1 4.281443 1 2014 2014 

virtual 1 3.256993 2 2011 2012 

execute 1 2.944126 3 2011 2013 

leadership 1 2.97387 2 2012 2013 

acquisition 1 2.924045 3 2003 2005 

storage 1 2.948039 4 2014  

cloud 1 3.628274 5 2013  

big 1 2.985318 4 2014  

framework 1 2.394371 2 2015  

control 1 4.186465 1 2014 2014 

brand 1 3.146538 2 2012 2013 

power 1 3.166639 4 2014  

inform 1 2.842111 1 2013 2013 

adopt 1 2.397288 2 2013 2014 

organis 1 2.559503 2 2012 2013 

intellig 1 3.170296 2 2008 2009 

compani 1 4.643708 1 2011 2011 

step 1 2.931369 4 2003 2006 

web 1 3.337052 6 2002 2007 

orient 1 2.912103 2 2006 2007 

data 1 3.684005 3 2012 2014 

chang 1 3.339958 2 2002 2003 

program 1 3.620025 4 2001 2004 

engin 1 4.391811 2 2007 2008 

captur 1 3.005358 1 2015 2015 

model 1 3.050095 1 2015 2015 

control 1 2.992354 1 2014 2014 

mission 1 3.686478 3 2004 2006 

outsourc 1 3.964885 5 2005 2009 

assess 1 3.492136 4 2001 2004 
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The start, and end dates explain the emergence and fading indication. If there is 

no end date, this indicates that the term remains active; when the keyword possesses 

both start and end dates, it shows the inactive emergence of conditions that less 

frequently appear among various publications over the period.  

Therefore, some of active emerging theme are: Framework (2015-active), design 

(2014- active), Microgrid (2014-active), Smart (2016-active), storage (2014-Active), 

cloud (2013-active), Big (2014- active), Power (2014-active), capability (2015-Active).  

These are the probable research themes that are very much active in current 

research pattern on the other hand there are some fade theme that not significant and 

less followed on contemporary research trends such keywords are unsuccessful to be 

included either the part of Author’s supplied keyword list or in research titles:  

dynamic (2014-2015), Analysis (2001- 2002), strategies (1990- 2001), 

technology Breadth (2013-2014), emergence (2013-2014), technology level (2014-

2015), execution (2011-2013), technology posture (2014-2014), leadership (2012-

2013), acquisition (2003-2005), technology timing (2014-2014), model (2015-2015), 

control(2014-2014), mission (2004-2006), Assess(2001-2004), outsource ( 2005-2009). 
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Figure 4.9  VOS viewer Pattern on Technology Management Capabilities 

From Figure 4.9, It has been observed from the range of articles selected from 

1990 to 2018,  3 cluster appear to be linked to due to the frequent appearance of co-

occurrence keywords therefore with respect to the nature of their appearance these co-

occurrence keywords represented with three different colour with regard to highest co-
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occurrence some of the keywords belong to these clusters for instance:  The cluster 1 

(Red in colour) includes (Management Capability; Facility; Organization capability; 

Personal skill) more align to represents capabilities that translates infrastructural 

perspective of TM. While, cluster 3 (Blue in colour) comprises (Strategic Technology 

Road Mapping; Descriptive capacity; Corporate Technology Strategy; Corporate 

Business Strategy; Technology Alliance Strategy), which is more aligned toward 

capabilities that translates strategic perspective of TM that adequately involve in R&D 

as supporting management discipline.  

On the other hand, cluster 2 (Green in colour) visualizes more closes to 

capabilities represents process perspective of TM that contributes their significance on 

R&D (Technology Acquisition, Technology Exploitation, Technology Identification, 

Technology learning, Technology Protection, Technology Selection) 

Cluster 1 (Red in colour): Management Capability; Facility; Organization 

capability; Personal skill:  It is used to drive capabilities that refer infrastructure 

perspective of TM.  

Cluster 2 (Green in colour): Technology Acquisition; Technology Exploitation; 

Technology Identification; Technology learning; Technology Protection; Technology 

Selection: Visualized pattern illustrates the resemblance and the characteristics of their 

occurrence to some themes which drive process capabilities that belong to TM   

Cluster 3 (Blue in colour): Strategic Technology Road Mapping; Desorptive 

capacity; Corporate Technology Strategy; Corporate Business Strategy; Technology 

Alliance Strategy: From clusters logical traces leads toward capabilities that illustrates 

strategic prospective of TM. These occurrences- keywords helps to identify the traces of 

relevant studies through which Technology management capabilities with influential 

enablers may recognize as a potential driving factors behind the dominance of 

Technology management capability influential impact of R&D as show in Table: 4.15 
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Table 4.15  TM Capabilities Dimension 

 

Authors Process IM 

infrastructure 

Strategy 

Dilek 

Cetindamara 

(2016) 

Technology Acquisition 

Technology Exploitation 

Technology 

Identification 

Technology learning 

Technology Protection 

Technology Selection 

N/A N/A 

Günther Schuh 

(2015) 

Technology Planning 

Technology 

Development 

Technology deployment 

Technology protection 

Technology Assessment 

Technology Forecasting 

N/A N/A 

W.-I. Lee (2015)  N/A N/A Strategic Technology 

Road mapping 

Zabala and 

Iturriagagoitia 

(2014) 

Technology Watch 

Technology Exploiting 

Technology 

Development  

N/A N/A 

Lee (2013) N/A N/A Strategic Technology 

Road Mapping 

Won and 

Sangbum (2011) 

N/A N/A Strategic Technology 

Road mapping 

Arasti et al. (2010) N/A N/A Corporate business 

strategic  capability 

Corporate 

Technology strategic 

Capability 

Technology Alliance   

Lichtenthaler 

(2010) 

Technology transfer N/A Absorptive capacity 

Descriptive capacity 

Cetindamar

a et al. (2009) 

Identification          

Selection  Acquisition  

Exploitation          

Protection                

Learning   

Management 

Competency, 

Facility, 

Organization 

Potential,    

Personal skill 

N/A 

Jun Jin (2008) Technology Acquisition 

Technology 

Assimilation 

Technology 

Improvement  

N/A N/A 
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Table 4.16  Internal Determinates of TM dimension under R&D scope  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 

T
ec

h
n
o
lo

g
y

 M
an

ag
em

en
t 

C
ap

ab
il

it
y

 

P
ro

ce
ss

 

Technology 

Acquisition 

A resource that drive 

process capability belong to 

TM allow R&D to adopt 

the new technologies with 

respect to technological 

environment. 

(Lanctot, 2000),(Hung, 

2008),(Pavitt, 1990), 

(Dilek Cetindamara, 

2016; Jun Jin 2008) 

Technology 

Exploitation 

Technology exploitation is 

consider to be somewhat 

sourcing of known 

technologies.  

(Cetindamara et al., 

2009),(Escher, 2001), 

(Levin & Barnard, 

2008) 

Technology 

Identification 

The firm ability that is used 

to enables general browsing 

of new technologies 

through conferences, 

symposiums, and supplier’s 

feedback. 

(Cetindamar, 

2009),(Phaal et al., 

2006),(Jemala, 

2012),(Schmidt, 

2011),(Kirby, 2011), 

Technology 

Learning 

Technological proficiency 

that reflects on 

accomplishing complex 

technical project and 

processes carried out within 

and beyond organizational 

boundaries. 

(Dilek Cetindamara, 

2016),(Nordhaus, 

2009),(Gillingham et 

al., 2008) 

Technology 

Planning 

The process of determining 

firm’s intensity that can 

utilize technology to retain 

their organizational 

mission. 

(Sungjoo Lee, 2009), 

(Strebel, 2007), 

(Pleschak, 2002), 

(Klappert, 2006) 

Technology 

Development 

The development process 

that is used to enables 

systematic utilization of 

scientific, technical and 

commercial knowledge to 

meet organizational 

requirements. 

(Cetindamar et al., 

2009), (Ehrlenspiel, 

2007), (Nazarko, 

2013), (Halicka, 2015) 

Technology 

selection 

Ability to match right 

technology in order to 

expanded technical domain 

within the organizational 

boundaries.  

(Kodanu, 

1992),(Meyer, 1993b) 

,(Abetti, 1989),(Clark, 

1989) 
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Table 4.16      Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Enablers Description References 
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P
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Technology 

Deployment 

Establishing innovation 

that involves creation of 

new knowledge’s and 

processes to resolve 

complex issues and 

extend human 

capabilities.  

(Croteau & Bergeron, 

2001), (Sagar & van der 

Zwaan, 2006),(Günther 

Schuh, 2015) 

Technology 

Assessment 

Technological evaluation 

that based on short term 

and long term technical 

deficiencies at each 

organizational level due 

to utilization of 

technologies. 

(Thien A. Tran, 2008); 

(Rasa Laliene, 2014); 

(Jemala, 

2012);(Fleischer, 2008) 

Technology 

Forecasting 

The ability to estimate 

technological trend and 

rate of technological 

dynamic for effective 

(Ying, 2012),(Ayse 

Kaya Firat, 2008), 

(Linstone, 2003), (Preez 

& Pistorius), (Fildes, 

2006), (Meade & Islam, 

2006) 

Technology 

Assimilation 

Describe as a use of 

technology spreads 

across organizational 

processes and become 

operational in activities. 

(Watanabe, 2007), 

(Silva, 2011), (Isabel et 

al., 2015), (Niosi, 2010) 

Technology 

research 

It reflects the way that 

most of firms utilize 

technology as significant 

source for operational 

means. 

( Technology, 

2007),(Jemala, 2012) 

Technology 

Protection 

A ability that directly 

linked with preservation 

of the technical 

knowledge and potential 

competencies that 

acquire during 

development of product 

(OMITI, 2011), 

(Cetindamar et al., 

2016),(Cetindamara et 

al., 2009) 

Technology 

Improvement 

Ability to execute all the 

technical functions 

entailed in improving 

productive facility. 

(Lin, 2003) , (Anadon, 

2016),(Jun Jin 2008) 
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Table 4.17  Internal Determinates of TM dimension under R&D scope  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 
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n
o
v
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n
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an
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C
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In
fr

as
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u
ct

u
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Management 

competency 

Define as potential 

infrastructural resources 

that drive TM 

capabilities on the bases 

of strong decision 

making within complete 

synchronization of 

technological resources. 

(Zawislak et al., 

2012), (Pufal et al., 

2014), (Cetindamar 

et al., 2016), 

(Baecker, 2006) 

Organizational 

Potential 

 

Define as organizational 

strength that based on 

resources that were 

more aligned with R&D 

function such as New 

Product Development 

NPD and R&D 

proficiency. 

(Grant, 1996a; 

Matear et al., 2004; 

Pavlou & Sawy, 

2006) (Guo et al., 

2014) 

Facility and 

Equipment 

capability 

Describe as potential 

resources that refer to 

satisfy TM capabilities 

on the bases of such 

arguments for instance: 

whether there is 

availability sufficient 

equipment support for 

R&D, whether there is 

adequate facility for 

R&D team.    

(Baccarini et al., 

2004), (Cetindamar 

et al., 2016), 

(Eugenia et al., 

2006) 

Personal Skill Refer as, relevant skills 

and proficiencies in 

shape of resources 

(human) that were 

required to support as 

TM infrastructural 

strength in term of 

increasing R&D 

knowledge domain. 

(Hammond, 2011; 

Kristensson, 2010; 

Weisberg, 1999), (J. 

Edler et al., 2016), 

(Huw Lloyd-Ellis, 

2002),(Cetindamar 

et al., 2016), 

(Karahanna & 

Watson, 2006), 

(Jolly & Nasiriyar, 

2007) 
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Table 4.18  Internal Determinates of TM dimension under R&D scope  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Enablers Description References 

T
ec

h
n
o
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C
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S
tr

at
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y
 

Desorptive  

capacity 

Desorptive capacity is refers 

as firm’s internal strength to 

classify comprehensive 

transfer of technology 

depends on a firm’s strategy 

to externalized technology to 

end user 

(Lichtenthaler, 

2009),(Dell’Anno & 

Del Giudice, 

2015),(Cohen & 

Levinthal, 1990b) 

T.M 

(Corporate 

Technology 

Strategy) 

Corporate technology 

strategy refer as process to 

identify the technological 

strategies at all level with in 

the corporations for long term 

technological planning. 

(Dodgson et al., 2008), 

(Unsal & Cetindamar, 

2015), (Burgelman et 

al., 2001; Cetindamara 

et al., 2009; Sahlman, 

2010) 

T.M(Corporate 

Business 

Strategy) 

Define as strategic ability that 

based on four principles to 

such as: portfolio 

management, restructuring, 

transferring skills and enable 

sharing activities.   

(Arasti et al., 2010), (I. 

A. F. M. O. 

Technology, 2007), 

(Unsal & Cetindamar, 

2015) 

T.M(Technolo

gy Alliance 

Strategy) 

Define as inter-firm 

collaboration that involves 

the use of resource 

(technology) to achieve 

specific organizational goals 

setup by other organizations.  

(Reuer, 

2002),(Rothaermel, 

2009), (Cohen & 

Levinthal, 1990b) 

Strategic 

Technology 

Road Mapping 

Define as flexible planning 

tool to help strategic long-

term planning by matching 

long-term and short-term 

goals. 

(W. Lee, 2015), (Phaal 

et al., 2004), (Martin, 

2004; Won & 

Sangbum, 2011), (Lee, 

2013) 

Absorptive 

capacity 

Absorptive capacity refers to 

inbound technology transfer. 

The basic idea involves the 

notion of the prior 

technological knowledge 

needed to acquire external 

technologies for successful 

development. 

(Volberda et al., 

2010),(Lichtenthaler, 

2009),(Lichtenthaler & 

Lichtenthaler, 2010) 
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Similarly, for technology management after evaluation, Ten studies were 

selected that revealed three set of TM capabilities. These three capability sets are 

classified as follows: (1) process, (2) infrastructure, and (3) strategic capabilities. The 

Technology management process capability consists of numerous processes within 

functional units of an organization. The basic scope of technology management is far 

wider than the aspects that directly interface during process innovation and R&D. 

Similarly, (2) Infrastructure capabilities are recognized as an essential contributor to the 

knowledge-oriented economy. To construct and utilize new knowledge, the sharing of 

information among the existing knowledge need to be supported by integrating the 

different technological platforms. However, (3) strategic capabilities should not be 

created alone independent of the existing business strategy; relative technological assets 

should be recognized as major components of business planning. Therefore, the 

comprehensive driving factors are represented in Table 4.16-4.18. 

4.6 Conceptual Framework  

 After extensive systematic review the researcher, allow to unlock the existing 

research studies which comprehensively based on capabilities which belong to 

knowledge, innovation and technology management that contributes their significance 

on R&D. The outcome of systematic review draw the three critical capabilities that 

were emerges consistently over the period of time which reflects process; infrastructural 

strategic perspective of knowledge, innovation and technology management. Thus, the 

capabilities related to knowledge, innovation and technology management as supporting 

management discipline that contributes their influence on R&D can be represents in 

conceptual framework as show in Figure 4.19 
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Figure 4.10  Conceptual Framework 

 

4.7 Summary  

The overall aim of this chapter is to explore the classifications of capabilities 

related to supporting management discipline that contributes to R&D through a 

systematic literature review. The including theories and literatures from both developed 
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and developing countries, allow researcher to identify 101 factors- classified into three 

dimensions along with nine criteria driven by 89 sub-criteria –consider as supporting 

management discipline for R&D in public organization. However, the comprehensive 

set of gathered capabilities needs to be refined with suitable orientation related to 

country-specific by the number of experts in the same field.  

The systematic literature review is comprised on PRISMA with Co-word analyses 

that allow researcher an in-depth search on studies specifically under R&D scope. The 

systematic literature review comprehensively based on exploring the classification of 

capabilities that belongs to knowledge, innovation and technology management as 

supporting management discipline.  

Since co-word analysis’ condenses enormous data sets that allow author to draw 

specific visualized patterns that preserve the crucial information enclosed in the data. 

This analysis depends on the word characteristic that represents an emerging scientific 

concepts, creative ideas and new knowledge. A bibliometric mapping tool known as the 

VOSviewer was used to construct a recognizable pattern based on occurrence of words. 

The initial mechanism that the VOSviewer software used to construct the bibliometric 

pattern based on the large quantity of data downloaded from Scopus database.  

The outcome of systematic review draw the three critical capabilities that were 

emerges consistently over the period of time which reflects process; infrastructural 

strategic perspective of knowledge, innovation and technology management. Thus, the 

classification of capabilities related to knowledge, innovation and technology 

management as supporting management discipline that contributes their influence on 

R&D can be represents in conceptual framework in the end 
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CHAPTER 5 

 

 

DANP RESULT AND DISCUSSION 

5.1 Introduction  

The content of this chapter split into two parts in order to achieve RO2 and RO3. 

The primary objective of the first part is to answer the first research question. That 

argues about the classification of capabilities regarding supporting management 

discipline (knowledge, innovation, and technology management) that were appears after 

systematic review. This part illustrates the process of refining and validating these 

capabilities by applying Focus Group Discussion (FGD) technique, with a complete 

analysis of seeking expert’s consensus. The outcome of focus group discussion becomes 

the initial step to address second research question. The prime objective second part is 

to address second and third research question by applying DANP (DEMATEL based 

ANP) in order to determine the interrelationship among these capabilities and prioritizes 

with respect to their influence.    

5.2 Overview on Focus Group Discussion on R&D in Public Organization of  

Pakistan  

The focus group study has the primary goal to rectify capabilities related to the 

knowledge, innovation, and technology management discipline that were influencing 

R&D by merely emphasizing on a country-specific context. The three essential 

management supporting discipline (i.e., knowledge management, innovation 

management, technology management) gather from the literature review become initial 

scope for focus group discussion. A set of questions specifically design based on five-

point scale (0, 1, 2, 3, and 4) allows experts to draw significance of each discipline. The 

consensus also allowed the experts to suggest additional factors related to knowledge, 
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innovation and technology management and illustrate their levels of significance by 

using the five-point rating scale 

In the first phase of focus group discussion, the questionnaire sends to various 

experts belongs to expertise related to knowledge management, innovation 

management, and technology management by NPO (National Productivity 

Organization) to rectify moderators. This process split into two phases at first stage 

covers 32 Public organizations out of 81 R&D’s among Public organizations (Bhutto et 

al., 2012). Almost 71 comprehensive questionnaires along with complete instructions 

defining all set of rule relate to focus group discussion were sends to different 

moderators at the national level. In return, 25 questionnaires were received with 78.91% 

response rate. Similarly, in second stage almost 71 complete questionnaire were sends 

to covers remaining 47 R&D’s in Public organization nearly 30 questionnaires were 

receive with 63.78% response rate. These moderators agreed to consider as the role for 

moderator in focus group discussion 

In case inviting experts for focus group discussion, NPO (National Productivity 

Organization) under Pakistan Ministry of Production send invitation on behave of Asian 

Science consortium. All active R&D in public organization those organization missions 

relates to ‘Knowledge Management’, ‘Innovation Management’ and ‘Technology 

management’ were carefully screened.  Out of 81 active Public R&D organization 58 

were acknowledge rest of them discarded on the bases of three significant criteria first 

‘Organization mission’, ‘Source of funding ’, ‘Number of  Existing R&D projects ’  

On 3 Mar 2018, the researcher sent invitation letter (see Appendix B) to target 

experts from 81 public organizations. These R&D experts acquired the position of 

manager or research scientist, or senior research fellow. Around 58 firms were responds 

and agree to participate in Focus group discussion. On 16 April 2018, At morning, the 

A group discussion comprise of two session were organized by NPO (National 

Productivity Organization) and sponsored by Asian Science consortium under the Asian 

Science Fund (see Appendix C) verified and pre-tested questionnaire was distributed 

during the session that were validated by the experts belongs to Asian Science 

consortium (ASC) and NPO. At first session Focus group discussion (FGD) were 
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performed. While, second session was based on the outcome of first session in order to 

measure the interrelationship among capabilities and prioritizes with respect to their 

significance. Almost 195 participant, where compose into 41 groups. Out of the 41, only 

39 groups were choose as valid group for discussion with the potential response rate 

((No of met respondent)/ (Total number of respondent) ×100) for first session was 

95.121 % is shown in Table 5.1. According to (Arber, 2001; Hall, 2001). The response 

rate of return of 50-60% is justifiable, whereas Kelley et al. (2003), Sitzia and Wood 

(1998), and Sumsion (1998) recommended a response rate of 70% for each session of 

focus discussion group (FGD).  The complete Demographics analysis is represent in 

(Appendix G)    

Table 5.1  Focus Group Discussion Evaluations 

Issue  Section 1 

Purpose of Questionnaire  Evaluating 

dimension 

Evaluating 

Criteria 

Evaluating 

sub-criteria 

No of listed capabilities 3 9 89 

No. of distributed 

questionnaires  

 

41 Groups 

(5 people) 

41 Groups     

(5 people) 

41 Groups 

(5 people) 

No moderators  39 39 39 

No. of retuned questionnaires  39 39 39 

Response rate (%)  95.121 % 95.121 % 95.121 % 

 

5.3 Importance and consensus of factors 

The mean values for criteria, have been carefully evaluated on the bases of two 

principles: (a) to examine proficiency among focus groups (b) whether the results show 

enough stability to conclude the final list of dimensions, criteria, and sub-criteria. Based 

on Median value that allow to researcher to find index of middle number in order to 

estimate stability among the discussion. Moreover, the information obtained from the 

sub-criteria was compared with every focus group as they exhibit the same number of 

factors. The questionnaires comprise on two sections. The first section was based on 

open-ended questions comprising on three dimensions, nine criteria, and 89 sub-criteria. 

The analysis of focus group was made accomplished through M.S Excel. The degree of 
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opinion on dimensions, with respect to their relevant criteria’s are shown in Table 5.2 to 

5.5 

Table  5.2  Medians and Average of Dimension-related to R&D  

Dimensions involve in R&D  Median Average 

Knowledge Management Capability  3 3.158 

Innovation Management Capability 4 3.24 

Technology Management Capability 3 3.13 

 

Table  5.3  Medians and Average of Criteria-related to KM Capability 

Criteria’s  belong Knowledge Management Capability Median Average 

Knowledge Management Process Capability  3 3.273 

Knowledge Management Infrastructure Capability 4 3.105 

Knowledge Management Strategic Capability 3 3.05 

Table  5.4  Medians and Average of Criteria-related to IM Capability 

Criteria belong Innovation Management Capability Median Average 

Innovation Management Process Capability  3 3.42 

Innovation Management Infrastructure Capability  4 3.211 

Innovation Management Strategic Capability  3 3.052 

Table 5.5  Medians and Average of Criteria-related to TM Capability 

Criteria belong Innovation Management Capability Median Average 

Technology Management Process Capability 4 3.26 

Technology Management Infrastructure Capability 4 3.3412 

Technology Management Strategic Capability  3 3.18 

 

5.4 Findings from Focus group Discussion  

From data analysis (Table: 5.2-to 5.5). In the First section from Focus group 

discussion, the data reveals that all 9 capabilities meet the criterion with (mean value ≥ 

3 out of 4). Additionally, all dimensions were also acceptable amongst experts. The 

complete information about the level of consensus among dimensions and criteria’s 

selected by each focus group were presented from Table 5.6 to 5.11 
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Table 5.6  Consensus on knowledge Management capability as Dimension 

Dimension Level/degree No of additional 

Dimension 

Dimension   

Knowledge 

Management 

Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 22  

 4= very Important= 13  

Level of consensus  Agreed to all dimension = 39  

 Disagreed to any dimension =0  

 

Out of 41 focus groups 39 were consider as valid for data analysis. While, 

remaining two focus groups are based on experts who unable to meet the evaluation 

criteria based on (listing/ranking, discourse analysis, conversation analysis). From 

Table: 5.6,  among 39 focus groups two groups are agreed on the significance of 

knowledge management capability as ‘moderately important’ to shares its influence on 

R&D .While, 22 focus groups considered knowledge management capability as an 

essential dimension that can easily get along with R&D in public organizations. The 

remaining thirteen focus groups are highly rated knowledge management capability, as 

most significant dimension that contributes its influence on R&D. The overall degree of 

consensus is shown in Figure: 5.1 the outcome of focus groups discussion based on the 

total mean value which is equal to 3.252, while the median value is equal to 3. 

 

 

 

 

 

 

 

Figure 5.1  Overall Focus Groups Consensus on KM Capability 

From Table 5.7, among 39 selected groups only one focus group consider 

Innovation management capability as “moderately important” dimension, which shares 

the boundaries with R&D. While, rest of the other focus groups are highly accepted as a 
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critical dimension, which influence on R&D in public organizations. Among these 39 

groups, 27 of them consider as ‘significant’ entity, while 12 of them rated as ‘highly 

significant’ or substantial dimension that can potentially interact with R&D. 

Table 5.7  Importance and consensus on Innovation Management Dimension 

Dimension Level/degree Additional 

Dimension 

Dimension   

Innovation  Management 

Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 1  

 3= Important= 27  

 4= very Important= 12  

Level of consensus  Agreed to all dimension = 39  

 Disagreed to any dimension =0  

             

The overall degree of consensus among 39 focus groups is shown in Figure: 5.2.  

The outcome of focus groups discussion based on the total means value which is equal 

to 3.23 while, the median value is equal to 4. 

 

 Figure 5.2   Overall Focus Groups Consensus on IM Capability 

 

From Table 5.8, among 39 focus groups, two groups accepted Technology 

management capability as “moderately important” dimension, which contributes their 

influence on R&D as supporting management discipline. While, 27 focus groups rated 

technology management capability as “important” or significant entity. The remaining 

seven focus groups highly rated as most important dimension, due to its utilization to 

enhance R&D competitiveness as various levels.  
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Table 5.8  Importance and consensus on Technology Management as Dimension  

 

 

 

 

 

 

 

 

 

The overall degree of consensus is shown in Figure: 5.3. The outcome of focus 

groups discussion based on the total means value which is equal to 3.13 while, the 

median value is equal to 3 

 

 

 

Figure 5.3  Overall Focus Groups Consensus on TM Capability 

In case of selecting criteria,  the outcome of focus group discussion from Table: 5.9 

reveals that, all three criteria related to knowledge management capability meet the 

expert's expectation with respect of their significance (mean ≥ 3 out of 4). 

Additionally, all criteria were highly acknowledge by multi-disciplinary experts during 

the discussion. In case of Knowledge management capabilities, there has been 

common consensus spread across all focus groups regarding three criteria. These 

criteria’s were illustrated as knowledge management process capability, knowledge 

management infrastructural capability, knowledge management strategic capability. 

There is no additional criteria were recommended after panel discussion. There is no 

additional criteria were recommended for further panel discussion.    
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Dimension Level/degree Additional 

Dimension 

Dimension   

Technology  

Management Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 29  

 4= very Important= 8  

Level of consensus  Agreed to all dimension = 39  

 Disagreed to any dimension =0  
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Table 5.9  Importance and level of consensus on KM Capability as criteria 

Criteria Level/degree Additional 

Criteria 

Criteria   

Knowledge  Management  

Process Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 27  

 4= very Important= 12  

Level of consensus  Agreed to all criteria = 39  

 Disagreed to any Criteria =0  

Knowledge Management 

infrastructure Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 26  

 4= very Important= 11  

Level of consensus Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

Knowledge  Management 

Strategic Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 30  

 4= very Important= 6  

Level of consensus  Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

 

The level of consensus among experts on knowledge management process 

capability, as criteria was highly accepted across 39 focus groups is shown in Table: 

5.9. Among 39 discussions group, two focus groups rated as “moderately important” 

criteria. While, 27 groups rated as “important” criteria. The remaining 12 focus groups 

strongly preferred to rate as “very important” criteria for knowledge management (KM) 

capability. The overall mean value among 39 focus groups is equal to 3.231, while the 

median value is equal to 3. Similarly, knowledge management infrastructure capability 

consider as another criteria for Knowledge management capability. Among all focus 

groups, two groups were preferred to recognize as “moderately important” criteria. 

While, 26 of them rated as “important” criteria to measure knowledge management 

capability. The remaining 11 groups rated as “very important” criteria for knowledge 

management capability. The total average value across 39 focus groups with overall 
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mean values is equal to 3.13, while the median value is equal to 4. The knowledge 

management strategic capability considers as a third criteria that highly acceptable 

among experts, 30 focus groups were preferred to rate as “important” criteria. While, 6 

groups highly preferred as “very important” criteria, only two groups rated “moderately 

important” as criteria for knowledge management capability. The total average value 

across 39 groups was equal to 3.104 while the median value equal to 3 overall degrees 

of consensus is shown in Figure 5.4 

 

 Figure 5.4  Overall Focus Groups Consensus on Criteria related to KM Capability 

In similar fashion, Innovation management capabilities commonly accepted for 

further consensus on evaluating the primary criteria. The common judgment reveals that 

all three criteria that are presented all of them meet the expert’s expectations with 

respect to their significance (mean ≥ 3 out of 4). These three criteria illustrate as 

process, infrastructure and strategic aspect of innovation management capability. There 

is no additional criteria were recommended for further panel discussion.       
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Table 5.10  Importance and consensus on criteria IM Capability as criteria 

Criteria  Level/degree Additional 

Criteria 

Innovation Management 

Process capability 

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 19  

 4= very Important= 20  

Level of consensus Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

Innovation Management 

infrastructure capability 

0= not Important at all  =0 Nil  

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 25  

 4= very Important= 12  

 Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

Innovation Management 

strategic capability 

0= not Important at all  =0 Nil  

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 28  

 4= very Important= 9  

Level of consensus Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

 

The level of consensus among experts on Innovation management process 

capability as criteria highly accepted across 39 focus groups is shown in Table: 5.10. 

Among 39 groups, two focus groups rated as “moderately important” criteria. While, 

the majority of the groups accepted as significant criteria. Around, 19 focus groups 

consider to rate as “important” criteria. While, 20 groups strongly preferred as “very 

important” criteria for IM capability. The overall mean value across 39 focus groups is 

equal to 3.41, while the median value is equal to 3. Similarly, Innovation management 

infrastructure capability also accepted as major criteria for IM capability. From 39 focus 

groups 2 groups were recommended as “moderately important” criteria. While, 25 of 
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them rated as “important” criteria. The remaining last 12 groups strongly preferred to 

rates as “very important” criteria for innovation management capability. The average 

mean value across 39 focus groups is 3.205 with the median value 4.  

The Innovation management (IM) strategic capability considers as third criteria 

that highly acceptable among experts, around 29 groups strongly preferred as 

“important” criteria. While, nine groups strongly preferred as “very important” criteria, 

only two groups suggested IM strategic capability as “moderately important” criteria for 

Innovation management capability.  

The total average value across 39 focus discussion groups equal to 3.05 with 

median value equal to 3 overall degrees of consensus is shown in Figure 5.5 

Figure 5.5  Overall Focus Groups Consensus on Criteria related to IM Capability 

Technology management capabilities were also accepted for further consensus 

in case of exploring their basic criteria.  

The experts across 39 groups agree upon the common consensus on three major 

criteria that meet expert’s required expectations with respect to their significance (mean 

≥ 3 out of 4).  

These three criteria illustrate the process, infrastructure and strategic aspect of 

Technology management capability 
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Table 5.11  Importance and consensus TM Capability as criteria 

Criteria Level/degree  

Technology management process 

Capability 

0= not Important at all  =0 Nil  

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 26  

 4= very Important= 11  

Level of consensus Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

Technology management Infrastructure  

Capability 

0= not Important at all  =0 Nil  

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 21  

 4= very Important= 16  

Level of consensus Agreed to all Criteria = 39  

 Disagreed to any Criteria =0  

Technology  Management Strategic 

Capability  

0= not Important at all  =0 Nil 

 1= of little significance =0  

 2= moderately important= 2  

 3= Important= 25  

 4= very Important= 12  

Level of consensus  Agreed to all criteria = 39  

 Disagreed to any criteria =0  

 

 

The level of consensus among experts on Technology management process 

capability as criteria highly rated across 39 focus groups is shown in Table: 5.11. 

Among 39 discussions group, two of them preferred as “moderately important” criteria. 

While, the majority of the groups accepted as “significant criteria”. Almost 26 groups 

were preferred to rate as “important” criteria. While, 11 focus groups strongly preferred 

to rate as “very important” criteria for Technology management capability. The overall 

mean value is equal to 3.26 while the median value is equal to 4. Similarly, Technology 

management infrastructure capability also recognized as major criteria. Among all 

focus groups, two groups were recommended “moderately” as criteria, while 21 of them 

suggested as “important” criteria. The remaining 16 focus groups strongly preferred to 
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rates as “very important” criteria for technology management capability. The average 

mean values overall 39 focus groups in case of infrastructure capability are 3.333 with 

the median value 4. Technology management strategic capability also considers as third 

criteria that were highly acceptable among experts across 39 focus groups. Around 25 

focus groups rated as “important” criteria.  

While, 12 focus groups strongly preferred as “very important” criteria. The 

remaining two groups suggested strategic capability as “moderate important” criteria for 

Technology management capability.  

The total mean average value across 39 focus groups is equal to 3.18, while the 

median value equal to 3 overall degrees of consensus is shown in Figure 5.6 

Figure 5.6  Overall Focus Groups Consensus on Criteria related to TM Capability 

In case of selecting sub-criteria, around 89 elements were extracted from systematic 

literature review (Chapter 4). For knowledge management process capability eleven 

sub-criteria were chooses for expert opinion.  

Out of 11 sub-criteria, only 6 of them meet the experts expectations on which 

knowledge management process capability rely on. Intellectual knowledge portfolio 

consider as additional sub-criteria recommend through group consensus. The all the 

sub-criteria along with their mean value is presented in Table 5.12  
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Table 5.12  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Additional 

Sub-criteria 

Knowledge  

Management  Process 

Capability (Criteria ) 
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Knowledge Sharing 0 0 3 21 15 3 3.256  

Join Scense 6 20 13 0 0 2 1.179 

Affective Commitment 3 21 15 0 0 1 1.31 

Knowledge Transfer 0 0 2 26 11 4 3.23 

Knowledge creation 0 0 3 24 12 4 3.205 

Knowledge generation 3 23 13 0 0 2 1.256 

Knowledge utilization 2 18 19 0 0 2 1.44 

Knowledge protection 6 23 10 0 0 1 1.103 

Knowledge Acquisition 0 0 3 17 19 4 3.41 

Knowledge 

implementation 

0 0 0 25 14 3 3.359 

Intellectual knowledge 

portfolio 

0 0 3 22 11 4 3.256 

 

The overall mean value across 39 focus groups is shown as: knowledge sharing 

(3.256), knowledge transfer (3.23), knowledge creation (3.205), knowledge acquisition 

(3.41), knowledge implementation (3.359) and Intellectual knowledge portfolio (3.256) 

with respect of their significance (mean ≥ 3).  

 

While join scene (1.179), Affective Commitment (1.31), Knowledge generation 

(1.256), Knowledge utilization (1.44), Knowledge protection (1.103) overall average 

value is shown in Figure 5.7 
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Figure 5.7  Overall Sub- Criteria Average value For KM Process Capability 

After mutual consensus, among 39 groups Intellectual knowledge portfolio 

perceived as only the sub-criteria that used to add during evaluation.  In case of 

knowledge management process capability, the level of consensus across 39 focus 

groups during the selection of sub-criteria they highly rated knowledge acquisition with 

respect to its significance, while knowledge protection made limited significance among 

experts opinion. During refining process, experts from focus groups have made 

reasonable preference on knowledge acquisition process due to its significance. These 

preferences were based on group consensus. According to their judgment on knowledge 

acquisition process, consider as resources to drive KM process capability. Similarly, 

majority of experts agreed on utilization other processes with respect to their 

significance like: knowledge transfer, knowledge creation, Intellectual knowledge 

portfolio, and knowledge implementation as a core pillar to manage their internal 

knowledge capacity. Similarly, they agreed upon common opinion on knowledge 

creation. According to their judgment, it helps to execute a routine for translating new 

set of proficiency to enhance existing R&D competitiveness. Similar type of arguments 

were float during the selection of intellectual knowledge portfolio and knowledge 

implementation . However, limited preferences were made during the group discussion 

on “Joint scene making, Affective commitment, knowledge generation, knowledge 

utilization and knowledge protection”. According to experts opinion, less concentration 

were observe with respect to operational relevancy in the case of R&D in public 

organizations. Similarly, for KM strategic capability fifteen elements were extracted 

from systematic review (Chapter 4). These elements were chosen for further expert’s 

opinion as sub-criteria, which belong to KM strategic capability. Out of 15 sub-criteria, 

only 6 of them meet the experts' expectations. From Table:5.13 the overall mean values 

across 39 focus groups is presented as Codification (3.231), Personalization (3.256), 
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External   Knowledge source (3.308), Internal  Knowledge source (3.28), R&D 

expenditure (3.3) and Success rate of R&D stocks (3.256) with respect of their 

significance (mean ≥ 3 out of 4). While External Knowledge source (1.154), Internal 

Knowledge source (1.256), Joint learning: internal collaboration (1.18), Joint learning: 

External collaboration (1.1), tacit knowledge (1.26), Explicit knowledge (1.18), HRM 

Practices (1.282), Performance (1.05) with respect to their significance their mean value 

(less ≤3) overall average value shown in Figure 5.8 

Table 5.13  Importance and consensus on sub-criteria 
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Joint learning 

:internal 

collaboration 

4 24 11 0 0 2 1.18  

Joint learning 

:External 

collaboration   

4 28 7 0 0 1 1.1 

Tacit knowledge  3 25 11 0 0 2 1.26 

Explicit knowledge 4 24 11 0 0 2 1.18 

HRM Practices 3 22 14 0 0 1 1.282 

 Performance 6 25 8 0 0 2 1.05  

Codification   0 0 2 27 10 3 3.231 
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Table 5.13  Continued 

 

Figure 5.8:      Overall Sub- Criteria Average value For K.M Strategic Capability 

Based on their professional relevancy majority of experts were agreed on 

general perspective of Personalization, and consider driving resource for KM strategic 

capability. According to them, human-oriented strategy enables collaborative and face 
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Personalization  0 0 2 24 13 4 3.256  

External   

Knowledge source   

0 0 2 24 13 3 3.308  

Internal  Knowledge 

source 

0 0 2 23 13 3 3.28 

R&D expenditure  0 0 1 26 12 4 3.3 

Success rate of 

R&D products  

0 0 2 25 11 3 3.256 

R&D intensity  6 2

1 

12 0 0 2 1.154 
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to face interaction. It helps R&D managers to draw analytically rigors recommendations 

on complex strategic problems by channelizing individual’s experience. Similarly, 

majority of experts were also agreed on the adaption of External knowledge as a KM 

strategic tool that allows R&D managers to adapt new knowledge and blend with 

existing knowledge in order to achieve long term strategic goal. Majority of experts 

were agreed on considering an option for public firm whether or not pursing R&D 

sourcing for spreading the potential risk involved during the development process. 

Similarly, majority of experts across 39 focus groups were developed positive 

consensus on internal knowledge sourcing. According to them, it is crucial element to 

drive KM strategic capability for obliging R&D to accomplish long term strategic goal. 

It helps to develop new knowledge by utilize existing knowledge practice. Similarly, 

overall consensuses across 39 focus groups were also made on “success rate of R&D 

product” and represents as profit share on innovative product sale, skill compatibility 

with overall acceptance rate throughout the workforce. Also, the majority of experts 

were agreed regarding the strong narrative on R&D expenditure, According to them, 

continuous investment in R&D is a crucial pre-requisite for the development of the 

knowledge based economy and for achieving strategic goals in shape of spending on 

knowledge capabilities. On the other hand, limited priorities were made among the 

experts' opinion during focus group discussion on Joint learning: internal 

collaboration, Joint learning: External collaboration, tacit knowledge, explicit 

knowledge, HRM Practices, Performance, R&D intensity to accept as sub-criteria. 

These limitation were based on certain factors such as: lack professional relevancy, 

organizational barriers and internal deficiencies among R&D in public organizations 

due to complex organizational bureaucracy. In case of, KM infrastructural capability Out 

of 9 sub-criteria only 6 of them meet the expert’s expectations. From Table: 5.14 the 

overall mean values across 39 focus groups is presented as organization learning 

(3.179), Culture (3.282), Technology (3.31), People (3.256) and Role of Leadership 

innovation & support (3.41), Structure (3.307) with respect of their significance (mean 

≥ 3 out of 4). While IT (1.03), Community of Practice (1.331), Contribution of skill and 

Expertise (1.44), Novelty and uniqueness of innovation   (1.103), with respect to their 

significance, their mean value (less ≤3) the overall average value shows in Figure 5.14 
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Table 5.14  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Additional 

Sub-criteria 

Knowledge  Management  

Infrastructure  Capability 

(Criteria ) 
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Organization Learning 0 0 3 26 10 4 3.179  

Culture 0 0 2 24 4 3 3.282  

IT 5 27 7 0 0 2 1.03 

Community of Practice 0 21 15 0 0 2 1.33 

Technology 0 0 2 21 14 3 3.31 

People 0 0 4 23 12 3 3.256 

Contribution of Skill and 

Expertise 

2 18 19 0 0 2 1.44  

Novelty & uniqueness of 

innovation 

6 23 10 0 0 1 1.103 

Role of leadership 

innovation & supports 

0 0 3 17 19 4 3.41 

Structure 0 0 3 21 15 3 3.307  

 

 

Figure 5.9  Overall Sub- Criteria Average value For KM Infrastructure Capability 

During refining process, experts from focus groups have made reasonable 

preference to involvement of Technology is necessary due to its significance. Majority 

of experts across 39 focus groups were agreed on involvement of some other resources 
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that can consider as sub-criteria for KM infrastructural capability with respect to their 

significance like: culture, structure, organizational learning, and people, Role of 

leadership & innovation support.   

Based on their professional relevancy majority of experts were agreed on 

general narrative about the role of technology as sub-criteria. According to them, an 

active R&D support relies on technology as a medium to mobilize the information 

during the development of new knowledge. Similarly, majority of experts were also 

agreed on organizational culture need to be considered as sub-criteria. According to 

their opinion, it helps in managing knowledge with the comprehensive shared value 

under organizational norms. Similarly, majority of experts were agreed upon the 

suitable role of organizational learning need to consider as potential sub-criteria for KM 

infrastructural capability. From their opinion, it’s allowing organizational 

transformation under knowledge which is generated via organizational practices. 

Similarly, majority of experts agreed upon the significant Role of leadership. According 

to their opinion, it helps in modify the best environment for delivering innovation, 

where the conflict declaration may be essential. Similar types of arguments were also 

float during the selection of right individual’s (people) as potential resource to drive 

KM infrastructural capability. 

On the other hand, limited priorities were made among the experts' opinion 

during groups’ discussions on IT, community of practice, contribution of skill & 

expertise, Novelty & uniqueness of innovation. Since they already select technology and 

consider IT as part of technology.  

These limitations were based on certain factors such as: lack professional 

relevancy, organizational barriers and internal deficiencies among R&D in public 

organizations due to complex organizational bureaucracy. 

In the case of IM process capability, twelve sub-criteria were chooses for expert 

opinion. Out of 12 sub-criteria, only 8 of them meet the expert’s expectations on which 

process capability rely on. From the Table: 5.15.  
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The overall mean values across 39 focus groups is presented as; cooperation 

(3.308), Technology Transfer (3.32), Decision Making process   (3.23), Inbound Open 

Innovation (3.359) and Project management (control & monitoring) (3.256), 

Innovativeness compatibility (3.211), Rate of introduction of new product/ service per 

year (3.2615), Internal & external Knowledge sharing ability (3.2308) with respect of 

their significance (mean ≥ 3 out of 4). While, acquisition Internal R&D (1.36), 

Acquisition External R&D (1.101), Knowledge Sharing (1.28), Knowledge creation 

process (1.26), concerning their significance their mean value (less ≤3 out of 4) the 

overall average value is shows in Figure 5.10 

Table 5.15  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Additional 

Sub-criteria 

Innovation   Management 

Process Capability (Criteria 
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R&D cooperation  0 0 2 23 14 3 3.308  

Acquisition Internal R&D 2 21 16 0 0 2 1.36 

Acquisition External R&D 6 23 10 0 0 1 1.101  

Technology Transfer 0 0 2 21 15 3 3.32 

Decision Making process  0 0 4 23 12 3 3.23 

Knowledge Sharing  3 22 14 0 0 1 1.28 

Inbound Open Innovation 0 0 2 21 16 3 3.359 

Project management 

(control & monitoring) 

0 0 2 25 12 3 3.256  

Innovativeness 

compatibility 

0 1 1 28 9 3 3.211  

Rate of introduction of new 

product/ service per year 

0 0 2 25 12 4 3.2615  

Internal & external 

Knowledge sharing ability 

0 0 2 26 11 3 3.2308  

Knowledge creation process  5 19 15 0 0 2 1.26  
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Figure 5.10  Overall Sub- Criteria Average value For IM Process Capability 

During refining process, experts from focus groups have made reasonable 

preference to R&D cooperation due to its significance. Majority of experts agreed on 

involvement of other elements that can consider as sub-criteria for IM process 

capability. In similar way, according to their significance these elements: R&D 

cooperation, Decision-making process, Technology Transfer, Inbound Open Innovation 

and Project management (control & monitoring), Innovativeness compatibility, Rate of 

introduction of new product/ service per year, Internal & external Knowledge sharing 

ability were also selected for further discussion.  

Based on their professional relevancy majority of experts were agreed on 

general narrative upon the role R&D cooperation as sub-criteria for IM process 

capability. According to their opinion, the impact of R&D cooperation allowing 

external collaborator’s to enhancing the firm’s efficiency in shape of managing 

innovative capabilities for new market. Majority experts were also agreed on active role 

of decision-making process. According to their opinion, effective decision making can 

boost up firm’s external knowledge sourcing ability by decreasing the essential barrier 

for consistent feedback to a higher management. Similarly, majority experts were also 

agreed on role technology transfer. According to their opinion, adopting technology 

transfer as core resource for process capability which allow R&D to acquire and license 

skills knowledge in shape of advancing intellectual property, production equipments 

and facilities to and from other public and private research agencies. Similarly, majority 

experts were also agreed on utilization Project management (control & monitoring) 

tools. According to their opinion, it provides comprehensive understanding to control 

and monitor processes such as idea evaluation, innovation design, and concept testing, 
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profitability analysis. It helps R&D managers to draw consistent translation of overall 

innovation processes to upper streams of management. Similarly, majority experts were 

also agreed on Innovativeness compatibility as essential element. According to their 

opinion, it helps to R&D decision maker, to draw the degree of innovativeness, type of 

innovation and innovation newness with the effective rate of innovation adoption. 

Similar type of arguments were float during the selection of Rate of introduction of new 

product/ service per year, Internal & external Knowledge sharing 

On the other hand, limited priorities were made among the experts' opinion 

during groups’ discussions on acquisition Internal R&D, Acquisition External R&D and 

Knowledge creation process. Since they already selects knowledge creation process as 

part of KM process capability. These limitations were based on certain factors such as: 

lack professional relevancy, organizational barriers and internal deficiencies among 

R&D in public organizations due to complex organizational bureaucracy. In the case of 

Pakistan, most of R&D in Public organization faces specific hindrance in promoting or 

transferring knowledge due to operational and managerial bureaucracy 

In the case of IM infrastructure capability, nine sub-criteria were driven from 

systematic literature for expert opinion. Out of 9 sub-criteria, only 5 of them meet the 

expert’s expectations. From Table: 5.16 

 The overall mean value across 39 focus groups is presented as: External 

Networking (3.2), R&D Employee (3.28), Radical Innovation (3.28), knowledge 

incentives (3.26) and, Absorptive capacity (3.282) with respect of their significance 

(mean ≥ 3). While, R&D investment (1.385), New Knowledge (1.15), Formulation 

(1.077), External Knowledge (1.4), concerning their significance their mean value (less 

≤3) the overall average value shows in Figure 5. 11 
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Table 5.16  Importance and consensus on sub-criteria 

Sub-Criteria  Level of consensus  Additional 

Sub-criteria 

Innovation   Management 

Infrastructure Capability 

(Criteria ) 
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R&D investment 0 22 16 0 0 2 1.385  

External Networking 0 0 2 24 12 3 3.2 

 R&D Employee  0 0 2 26 0 3 3.28  

New Knowledge  5 23 11 0 0 1 1.15 

Radical Innovation 0 0 2 24 13 3 3.28 

Knowledge incentives 0 0 3 21 14 3 3.26 

Formulation  5 26 8 0 0 1 1.077 

Absorptive capacity 0 0 2 24 13 3 3.282  

External knowledge 1 23 15 0 0 2 1.4 

         

 

Figure 5.11  Overall sub- criteria average value for I.M Infrastructure Capability 

During refining process, experts from focus groups have made highest   

preference on Absorptive capacity and R&D Employee due to its significance. Majority 

of experts were agreed upon the involvement of other elements that can consider as sub-

criteria for IM process capability with respect to their significance these elements are: 

External Networking, Radical Innovation, and knowledge incentive. Based on their 

professional relevancy majority of experts were agreed on general narrative of 
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Absorptive capacity as sub-criteria for IM infrastructural capability. According to their 

opinion, for long term R&D competitiveness its essential for organizations must have 

resources to absorbs external knowledge. In case of R&D Employees majority of experts 

were agreed on the significance of R&D Employees.  

According to their opinion, it indicates firms’ R&D spending as a percentage of 

their revenue on R&D staff with respect to percentage of total employment. Similarly, 

majority experts were also agreed on utilization Radical Innovation to get competitive 

advantages. According to their opinion, R&D firms need to enhance their innovative 

infrastructure by acknowledging market deficiencies.  

Therefore, radical innovation as resources allows R&D firms to get rid 

traditional innovational approach in order to remain sustainable with respect to the 

market demand. Similar types of arguments were float during the selection External 

Networking, and knowledge incentive.  

On the other hand, limited priorities were made among the experts' opinion 

during groups’ discussions on New Knowledge, Formulation, and External Knowledge. 

These limitation were based on certain factors such as: lack professional relevancy, 

organizational barriers and internal deficiencies among R&D in public organizations 

due to complex organizational bureaucracy 

In case of IM strategic capability, six sub-criteria were drive from systematic 

literature for expert opinion. Out of 6 sub-criteria, 4 of them meet the expert’s 

expectations. From Table: 5.17 the overall mean value across 39 focus groups is 

presented as: Innovative Performance (3), Technology trends (3.23), Organization 

strategy (3.28), and Innovation strategies and initiatives (3.26) with respect of their 

significance (mean ≥ 3 out of 4). While, IP performance (1.282), Technological 

Performance (1.2), Formulation (1.077), Knowledge incentives (1.4), with respect to 

their significance their mean value (less ≤3) the overall average value shows in Figure 

5.12 
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Table 5.17  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Addit

ional 

Sub-

criter

ia 

Innovation   Management strategic 

Capability (Criteria ) 
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IP performance  0 22 14 0 0 1 1.282  

Technological Performance  5 21 13 0 0 2 1.2 

Innovative Performance 0 0 3 22 14 3 3  

Technology trends  0 0 2 26 11 3 3.23 

Organization strategy 0 0 2 25 11 3 3.21 

Innovation strategies and 

initiatives  

0 0 2 23 13 4 3.26 

 

 

Figure 5.12  Overall sub- criteria average value for IM Strategic Capability 

During refining process, experts from focus groups have made highest preference 

on Innovation strategies, and initiatives due to its significance. Majority of experts were 

agreed upon the involvement of other elements that can consider as sub-criteria for IM process 

capability with respect to their significance these elements were: Innovative Performance, 

Technology trends, Organization strategy. Based on their professional relevancy majority of 

experts were agreed on general narrative of Innovation strategies, and initiatives as sub-
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criteria for IM strategic capability. According to their opinion, the involvement of 

Innovative strategies and initiatives allow firms strengthen their R&D on the bases of 

consistent assessment to their existing technological capabilities, innovativeness on core 

machineries and long-term policy for strategic innovation. Similarly, majority experts were 

also agreed on innovative performance. According to their opinion, it indicates 

organizational financial performance (profit and capital return on investment in 

percentage) and firm current organization market value in-shape share prices. Similar 

types of arguments were float during the selection Organization strategy, and Technology 

trends.  

On the other hand, limited priorities were made among the experts' opinion 

during groups’ discussions on IP performance, Technological Performance. These 

limitation were based on certain factors such as: Weak mechanism towards measuring 

intellectual property along with all the licensing rights, lack professional relevancy, 

organizational barriers and internal deficiencies  

In the case of TM process capability, fifteen sub-criteria were drive from 

systematic literature for expert opinion. Out of 15 sub-criteria, 7 of them meet the 

expert’s expectations. From Table: 5.18  

 

The overall mean value across 39 focus groups is presented as, Technology 

Acquisition (3.231), Technology Exploitation (3.28), Technology Identification  (3.28), 

Technology Protection (3.181), Technology Selection (3.308), Technology 

Development (3.333) with respect of their significance with and mean ≥3. While, 

Technology Planning (1.282), Technological deployment (1.15), Technology 

Assessment (1.179), Technology Forecasting    (1.256), Technology Watch    (1.103), 

Technology Transfer    (1.23), Technology Improvement    (1.18), with respect to their 

significance their mean value (less ≤3 out of 4) the overall average value is shows in 

Figure 5.13 
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Table 5.18  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Additional 

Sub-criteria 

Technology  Management 

Process Capability (Criteria ) 
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Technology Acquisition  0 0 2 26 11 4 3.231  

Technology Exploitation 0 0 2 24 13 3 3.28 

Technology Identification  0 0 3 18 18 4 3.38 

Technology learning  0 0 3 25 11 3 3.21 

Technology Protection  0 0 4 24 11 3 3.181 

Technology Selection 0 0 4 19 16 4 3.308 

Technology Planning  4 20 15 0 0 2 1.282 

Technology Development  0 0 4 18 17 3 3.333 

Technology deployment  6 21 12 0 0 2 1.15 

Technology Assessment  5 22 12 0 0 1 1.179 

Technology Forecasting 5 19 15 0 0 0 1.256 

Technology Watch  4 27 8 0 0 1 1.103 

Technology Transfer 4 22 13 0 0 2 1.23 

Technology Improvement  6 20 13 0 0 2 1.18 

 

 

Figure 5.13  Overall sub- criteria average value for TM Process Capability 

During refining process, experts from focus groups have made highest 

preference on Technology development Majority of experts were agreed upon the 

involvement of other elements that can consider as sub-criteria for TM process 
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capability with respect to their significance these elements were: Technology 

Acquisition, Technology Exploitation, Technology Identification, Technology learning, 

Technology Protection, and Technology Selection. Majority of experts were agreed that 

it illustrates essential requirement for technical planning. This interprets that, for new 

technological development requires utilization of existing internal resource within R&D 

or acquired externally to get higher market returns. Similarly, majority experts were 

agreed on basic narrative of Technology Acquisition. According to their opinion, 

acquiring new technology for consistent sustainability allow firm to strengthen their 

R&D capabilities to get the edge over their competitors. Similarly, majority experts 

were agreed on Technology Exploitation process. According to their opinion, it helps to 

indicates somewhat sourcing of known technologies to get aggressive R&D growth. 

Similarly, majority experts were agreed on Technology Identification process. 

According to their opinion, it helps R&D firms to remain competitive by general 

browsing on technology through conferences, technology symposiums, and supplier’s 

feedbacks and through scientific publications to relevant technical specifications. 

Similar types of arguments were float during the selection Technology learning, 

Technology Protection, and Technology Selection. 

On the other hand, limited priorities were made among the experts' opinion 

during groups’ discussions on Technology Planning, Technology deployment, 

Technology Assessment, Technology Forecasting, Technology Watch, Technology 

Transfer, and Technology Improvement. These limitation were based on certain factors 

such as: Some element contrasting similar meaning, lack professional relevancy, 

organizational barriers and internal deficiencies  

TM Infrastructure capability four sub-criteria were chooses for expert. Out of 4 

sub-criteria, 4 of them accept the expert’s expectations. From Table: 5.19 the overall 

mean value across 39 focus groups is presented as: Management competency (3.35), 

Facility (3.3), Organization potential (3.28), Person Skill   (3.281), with respect of their 

significance (mean ≥ 3 out of 4) the overall average value shows in Figure 5. 14 
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Table 5.19  Importance and consensus on sub-criteria 

Sub-Criteria Level of consensus Additional 

Sub-criteria 

Technology  Management 

Infrastructure Capability (Criteria 
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Management competency 0 0 2 22 16 3 3.35  

Facility 0 0 2 24 14 3 3.3 

Organization potential 0 0 1 23 16 4 3.38 

Personal skill 0 0 2 25 13 3 3.281 

 

 

 

Figure 5.14  Overall sub- criteria average value for TM Infrastructure Capability 

During refining process, experts from focus groups have made highest 

preference to Organization potential due to its significance. Majority of experts agreed 

on involvement of other elements that can consider as sub-criteria for TM 

infrastructural capability with respect to their significance these elements are:  Personal 

skill, management competency, Facility and equipment. Based on their professional 

relevancy majority of focus groups were agreed on general narrative regarding impact 

of Organization potential as potential resource that used to align organizational strength 

with R&D function in order to support New Product Development (NPD) and R&D 
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competency.. Similarly, majority experts were agreed on active role of management 

competency as potential resource for TM infrastructure capability. According to their 

opinion, it facilitates R&D function to translate firm’s potential ability into technology 

development ability. Similar types of arguments were float during the selection of 

Personal skill and Facility and equipment. 

TM strategic capability eight sub-criteria were drive from systematic literature. 

Out of 8 sub-criteria, five of them meet the expert’s expectations. From Table: 5.20, the 

overall mean value across 39 focus groups is presented as: Strategic Technology Road 

Mapping (3.21), Descriptive Capacity (3.29), Corporate Technology Strategy (3.395), 

Corporate Business Strategy (3.368), Technology Alliance Strategy    (3.184) with 

respect of their significance (mean ≥ 3). While   Technology absorptive capability 

(1.11), Technology Innovation capability (1.16), Absorptive capacity   (1.24) to their 

significance their mean value (less ≤3) overall average cost shows is Figure 5.15 

Table 5.20  Importance and consensus on sub-criteria  

Sub-Criteria Level of consensus Additiona

l Sub-

criteria 

Technology  Management 

Strategic Capability (Criteria ) 
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Technology 

absorptive 

capability 

Technology 

innovation 

capability 
Two groups 

among 39 FGD  

Insisting  to add 

how ever 

majority of 

groups draw 

less 

significance 

Strategic Technology Road 

Mapping 
0 0 4 22 12 3 3.21  

Technology absorptive capability  6 22 10 3 3 2 1.11 

Technology innovation capability 4 24 10 0 0 1 1.16 

Absorptive capacity  4 21 13 0 0 1 1.24 

Descriptive capacity 0 0 3 21 14 3 3.29  

Corporate Technology Strategy 0 0 2 21 17 4 3.395  

Corporate Business Strategy 0 0 3 18 17 3 3.368  

Technology Alliance Strategy 0 0 4 23 11 3 3.184  
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Figure 5.15  Overall sub- criteria average value for T.M Strategic Capability 

During refining process, experts from focus groups have made highest 

preference to Corporate Technology Strategy due to its significance. Majority of experts 

agreed on involvement of other elements that can consider as sub-criteria for TM 

strategic capability with respect to their significance these elements are:  Strategic 

Technology Road Mapping, Desorptive capacity, Corporate Business Strategy 

Technology Alliance Strategy. Based on their professional relevancy majority of focus 

groups were agreed on general narrative regarding impact of Corporate Technology 

Strategy as potential resource that allow “technology-centric know-how,” and enables 

R&D decision makers to consider strategic role of technology in corporate business. 

Similarly, majority of consensus were also made on Strategic Technology Road 

Mapping. According to their opinion, it helps to upgrade existing R&D by measuring 

technological exploration and technological utilization for long term competitive 

advantages. Similar types of arguments were float during the selection of Desorptive 

capacity, Corporate Business Strategy Technology Alliance Strategy. On the other hand, 

limited priorities were made among the experts' opinion during groups’ discussions on 

Technology Absorptive capacity. This limitation was based on contrasting argument 

made during the selection sub-criteria for IM infrastructure capability. The outcome of 

comprehensive consensus among 39 focus groups were approved 3 dimension, 9 

criteria’s and 51 sub criteria’s for capabilities related to knowledge, innovation and 

technology management. The expert approved capabilities is presented in Figure 5.16   
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Figure 5.16  Expert-approved  model for devising R&D orientation 

 

5.5 Overview on DANP in case of R&D in Pakistan Public Organization   

The second section of this chapter reflect the rating of experts–approved 

capabilities related to knowledge, innovation and technology management (supporting 

Management discipline) used in R&D in public organization. In order to investigate 
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interrelation among these capabilities DANP technique were applied. The outcome of FGD 

allow researcher to utilise this information as input to DANP model (In order to 

priorities the capabilities in between the criteria’s and sub-criteria’s along with 

relevantweight). The Error gap ratio also explained in the following section in order to 

justify the reliability of measuring tool. The last section concluded the finding the third 

stage designed instrument, based on the DANP    

5.6 Finding from DANP (DEMATEL Based ANP) 

After completion of first session, the outcome from expert’s consensus would 

develop a pre-determined model fit to the characteristic related to R&D in Public 

organizations of Pakistan. The experts were responsible for approving the model 

relevant to address the research problem. The experts invited for focus group discussion 

were agreed that the capabilities should be split up into three dimensions, nine criteria 

and 51 sub-criteria.  The outcome of first session allow researcher to arrange conceptual 

framework based on dimensions, criteria’s and sub-criteria. In conceptual model 

knowledge, innovation and technology management set as prime dimension based on 

the nine criteria that involve in managing R&D in-shape of processes, infrastructural 

and strategic levels. While, these criteria also depend upon 51 sub-criteria which the 

author already investigate through a systematic review in chapter 4 

Outcome of focus group discussion draw conceptual orientation based on three 

dimensions that used to contributes their significance on R&D. Therefore, DANP 

technique were applied to measure contributing impact among dimensions, criteria’s 

and sub-criteria’s with respect to their interrelationship. DANP technique allows 

researcher, an in-depth configuration to map interrelations between capabilities. Also, 

prioritize them according to their interrelated significance.  For in-depth discussion, 

same panel of experts were invited for session 2. Now, the experts approved model was 

used for further discussion in case of developing interrelationship and prioritization 

among capabilities. Therefore, closed-ended questionnaires were step up to gauge 

interrelationship among criteria and sub-criteria (see Appendix B). The numerical 

values were derived from the DANP questionnaire includes the significance among 

capabilities with their contributing influence. The numerical information formulates the 

intensity among capabilities which allow decision makers to canvas the deficiencies 
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among appropriate orientation for R&D in public organizations of Pakistan. On 16 April 

2018, after completing the first section the experts from 58 public organizations were 

also invited for second session allows to answer the DANP questionnaire and rate their 

judgment  

In case of criteria, the outcome of second session helps to formulate the total average 

matrix T (Criteria) from 39 focus groups is shown in Table: 5.21   

 

 

 

 

 

 

 

 

% of Error gap is used to test the reliability for data instrument that is employ in second 

session, Total Average matrix T (Criteria) were also formulated again (n-1) number of 

focus groups. In this case, (n-1) =38 focus groups. Therefore, the total average matrix 

from 38 focus groups is shown in Table 5.22   

Table 5.21  Total Average matrix T (Criteria) ( Drive From 39 Focus Group ) 
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 KM process Cap 0 2.179 2.231 2.1026 2 2 2.3 2.3 2.2 17.3 

KM Infra Cap 2.13 0 2.359 2.1282 2.128 2 2.2 2.4 2.4 17.7 

KM Strate Cap 2.23 2.769 0 2.0256 2.282 2 2.2 2.3 2.5 18.3 

IM Process Cap   2.31 2.231 2.103 0 2.128 2 2.4 2.5 2.3 17.9 

IM infra Cap   2.26 2.128 2.051 2.1026 0 2 2.2 2.3 2.2 17.4 

IM Strate Cap   2.46 2.103 2.205 2 2.051 0 2.1 2.5 2.1 17.6 

TM Process Cap 2.15 2.154 2.821 2.9231 2.897 3 0 2.5 2.2 20.5 

TM Infra Cap   2.1 2.385 2.205 2.1538 2.41 3 2.5 0 2.2 18.5 

TM Start Cap   2.62 2.359 2.231 2.9231 2.436 3 2.4 2.2 0 19.7 

 

18.3 18.31 18.21 18.359 18.33 18 18 19 18 
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Errors of gap ratio (%) =  
1

𝑛(𝑛−1)
∑ ∑

|𝑔𝑐
𝑖𝑗𝑝

−𝑔𝑐
𝑖𝑗(𝑝−1)

|

𝑔𝑐
𝑖𝑗𝑝

𝑛
𝑗=1

𝑛
𝑖=1  = 3.05 % less than 

5%, i.e., significant confidence is 96.95%, where p=39 denotes the number of focus 

groups and 𝑡𝑖𝑗
𝑝

 is the average influence of criterion i on criterion j, and denotes number 

of criteria; here when =9, n×n matrix deducts the diagonal elements; the number of gap 

ration element n (n -1) =9×8 (Appendix D) 

 

In order to formulate the direct and indirect influence some pre-normalized 

method required to carry further steps forward. Therefore, the normalized matrix is shown 

in Table: 5.23 

 

Table 5.22  Total Average matrix T (Criteria) (38 Focus Group ) 
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KM process Cap 0 2.11 2.16 2 1.9 1.96 2.2 2.2 2.1 
KM Infra Cap 2.06 0 2.29 2.1 2.1 1.94 2.1 2.3 2.3 
KM Strate Cap 2.16 2.68 0 2 2.2 1.99 2.1 2.2 2.4 
IM Process Cap   2.24 2.16 2.04 0 2.1 1.94 2.3 2.4 2.2 
IM infra Cap   2.19 2.06 1.99 2 0 2.14 2.1 2.2 2.1 
IM Strate Cap   2.39 2.04 2.14 1.9 2 0 2.1 2.4 2 
TM Process Cap 2.09 2.09 2.73 2.8 2.8 2.78 0 2.4 2.1 
TM Infra Cap   2.04 2.31 2.14 2.1 2.3 2.44 2.4 0 2.1 
TM Start Cap   2.54 2.29 2.16 2.8 2.4 2.46 2.3 2.1 0 
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Table 5.23  Normalized initial direct-relation T (Criteria) 
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KM process Cap 0 0.1 0.1 0.1 0.1 0.1 0 0.1 0.1 

KM Infra Cap 0.11 0 0.1 0.1 0.11 0.1 0 0.1 0.1 

KM Strate Cap 0.11 0.1 0 0.1 0.11 0.1 0 0.1 0.1 

IM Process Cap   0.12 0.1 0.1 0 0.11 0.1 0 0.1 0.1 

IM infra Cap   0.11 0.1 0.1 0.1 0 0.1 0 0.1 0.1 

IM Strate Cap   0.12 0.1 0.1 0.1 0.1 0 0 0.1 0.1 

TM Process Cap 0.11 0.1 0.1 0.1 0.14 0.1 0 0.1 0.1 

TM Infra Cap   0.12 0.1 0.1 0.1 0.12 0.1 0 0 0.1 

TM Start Cap   0.12 0.1 0.1 0.1 0.11 0.1 0 0.1 0 

After Pre-normalization of initial direct matrix, the total relational matrix for T (Criteria) 

can be obtained that is shown in Table 5.23 , While the Total relation matrix T (Criteria)  

is shown in Table 5.24 

Table 5.24  Total relation matrix T (Criteria) 
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 KM process Cap 1 1.1 1.1 1 1.1 1 1 1.1 1.1 9.99 

KM Infra Cap 1.2 1.1 1.2 1 1.2 1 1 1.2 1.2 10.4 

KM Strate Cap 1.2 1.2 1.1 1 1.2 1 1 1.2 1.2 10.8 

IM Process Cap   1.3 1.2 1.2 1 1.2 1 1 1.2 1.3 11.1 

IM infra Cap   1.2 1.2 1.2 1 1.1 1 1 1.2 1.2 10.4 

IM Strate Cap   1.2 1.2 1.2 1 1.2 1 1 1.2 1.2 10.6 

TM Process Cap 1.3 1.3 1.3 1 1.3 1 1 1.3 1.3 11.8 

TM Infra Cap   1.3 1.3 1.2 1 1.3 1 1 1.1 1.3 11.2 

TM Start Cap   1.3 1.3 1.3 1 1.3 1 1 1.3 1.2 11.5 

 

10.9 10.8 10.8 10.69 10.8 10.7 11.1 10.85 10.99  
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The   𝑟𝑖use to represents the row sum of the 𝑖𝑡ℎrow of the matrix T (Criteria). While, 

𝑐𝑗 represents column sum of the 𝑗𝑡ℎ column of the matrix T (Criteria).. R (row) + C (Column) 

shows that the degree of strength of influence delivers and received. In simple words, R 

(row) + C (Column) represent the degree of significant control of i  used to carry during 

addressing the problem. Similarly if R (row) - C (Column) is positive in nature than it used to 

translate as factor i is going to affect other factors, if R (row) - C (Column) is negative in 

nature than it used to represent that factor i is being influenced by other factors. 

Therefore, the cause and effect among the T (Criteria) is shown in Table 5.25. 

Table 5.25  Sum of the columns and row from the total-influence matrix T (Criteria) 

R(row) C(Column) R(row)+ C(Column) R(row)- C(Column)  

9.98522 10.93184 20.9170585 -0.94661324 Affected 

10.4227 10.85479 21.2774573 -0.43211685 Affected 

10.8135 10.81541 21.6289274 -0.00189395 Affected 

11.0937 10.68941 21.7830994 0.404280608 Cause 

10.4269 10.82518 21.2520527 -0.3983149 Affected 

10.5923 10.73754 21.3298047 -0.14528481 Affected 

11.7754 11.11227 22.8876222 0.663082074 Cause 

11.1664 10.84698 22.0133558 0.31939364 Cause 

11.5228 10.98532 22.5081145 0.53746743 Cause 

 

 

From Table 5.26 Technology management process capability has the highest 

positive value of R (row) - C (Column) (0.663082074) such a positive value implies a strong 

influence on other sub-criteria.  

 

On the other hand, Knowledge management process capability reflects very low 

R (row) - C (Column) value (-0.94661324) thus, it has been susceptible for further influence.  

 

Therefore, the improvement priorities can be ordered from Technology 

management process capability as highest priority while Knowledge management 

process capability corresponds to low precedence for further improvement 
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Table 5.26  Summary of the influences given and received among criteria 

T(Criteria) R(row) C(Column) R(row)+ C(Column) R(row)- C(Column) Rank  

KM process Cap 9.98522 10.93184 20.9170585 -0.94661324 9 

KM Infra Cap 10.4227 10.85479 21.2774573 -0.43211685 8 

KM Strate Cap 10.8135 10.81541 21.6289274 -0.00189395 5 

IM Process Cap   11.0937 10.68941 21.7830994 0.404280608 3 

IM infra Cap   10.4269 10.82518 21.2520527 -0.3983149 7 

IM Strate Cap   10.5923 10.73754 21.3298047 -0.14528481 6 

TM Process Cap 11.7754 11.11227 22.8876222 0.663082074 1 

TM Infra Cap   11.1664 10.84698 22.0133558 0.31939364 4 

TM Start Cap   11.5228 10.98532 22.5081145 0.53746743 2 

 

In case of sub-criteria, the outcome of second session based on pair-wise comparison 

questionnaires that collected across 39 focus groups that helps to formulate the total 

average matrix T (Sub- Criteria) from 39 focus groups is shown in Table: 5.27  (Note: The 

List of Abbreviation Appendix F) 

% of Error gap is used to test the reliability for data instrument that is employ in 

second session, Total Average matrix T (Sub- Criteria) were also formulated again (n-1) 

number of focus groups. In this case, (n-1) =38 focus groups. Therefore, the total 

average matrix from 38 focus groups is shown in Table 5.29   

Errors of gap ratio (%) =  
1

𝑛(𝑛−1)
∑ ∑

|𝑔𝑐
𝑖𝑗𝑝

−𝑔𝑐
𝑖𝑗(𝑝−1)

|

𝑔𝑐
𝑖𝑗𝑝

𝑛
𝑗=1

𝑛
𝑖=1  = 3.43 % less 

than 5%, i.e., significant confidence is 96.57 %, where p=39 denotes the number of 

experts and 𝑡𝑖𝑗
𝑝

 is the average influence of criterion i on criterion j, and denotes number 

of criteria; here when =9, n×n matrix deducts the diagonal elements; the number of gap 

ration element n (n -1) =51×50 (Appendix C). In order to formulate the direct and 

indirect influence some pre-normalized method required to carry further steps forward. 

Therefore, Normalized initial direct-relation T (Sub- Criteria) is shown in Table 5.30 
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The list of Abbreviation used for this Matrix is in Appendix F Table 5.27  Total Average matrix T (Sub- Criteria)  39 Focus group  
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Table 5.29  Total Average matrix T (Sub- Criteria)  ( 38 group) 
The list of Abbreviation used for this Matrix is in Appendix F 
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Table 5.30  Normalized initial direct-relation T (Sub- Criteria) The list of Abbreviation used for this Matrix is in Appendix F 
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Estimation of the full direct and indirect influence matrix is obtained by employing by 

following Equation 3.4 which is already presented in chapter 3.  

𝑇 = 𝑋(𝐼 − 𝑋𝑘)(𝐼 − 𝑋)−1 

 𝑇 = 𝑋(𝐼 − 𝑋)−1 when 

lim
𝑘→∞

𝑋𝑘 = [0]𝑛×𝑥 
 

5.1 

 

Where [ ]ij n nt T , , 1,2,..., .i j n  In addition, the method presents each row sum and 

column sum of matrix T shows in Equation 3.5  

 𝑟 = (𝑟𝑖)𝑛×1 = [∑ 𝑡𝑖𝑗
𝑛
𝑗=1 ]

𝑛×1
 or 

c= (𝑐𝑖)𝑛×1 = [∑ 𝑡𝑖𝑗
𝑛
𝑖=1 ]

𝑛×1
 

5.2 

 

 

From equation 5.1 and 5.2, the   𝑟𝑖use to represents the row sum of the 𝑖𝑡ℎrow of 

the matrix T (Sub-Criteria).. While, 𝑐𝑗 represents column sum of the 𝑗𝑡ℎ column of the matrix 

T (Sub-Criteria).. R (row) + C (Column) shows that the degree of strength of influence delivers 

and received. In simple words, R (row) + C (Column) represent the degree of significant 

control of i  used to carry during addressing the problem. Similarly if R (row) - C (Column) is 

positive in nature than it used to translate as factor i is going to affect other factors, if R 

(row) - C (Column) is negative in nature than it used to represent that factor i is being 

influenced by other factors. Therefore, the cause and effect among the T (Sub-Criteria) is 

shown in Table 5.31. 

To minimize the minor effects, it is necessary to establish the specific threshold 

value ‘α’ which filters out the insignificant results appears in Matrix T. It is essential to 

isolate the relation structure of the elements. As verifying a matrix T, each factor in 

matrix T uses to illustrate the specific information. To reduce the complexity for 

researchers and decision makers a set the specific threshold value allow scaling the 

influence level. The threshold value can formulate by using Equation 3.6. Therefore, the 

Total relation matrix T (Sub- Criteria) with α value is shown in Table 5.32  
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Table 5.31  Total relation matrix T (Sub- Criteria) The list of Abbreviation used for this Matrix is in Appendix F 
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Table 5.32  Threshold value α: 0.083386. The values were marked when higher than the threshold value 
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. In simple words, R (row) + C (Column) represent the degree of significant control of 

i  used to carry during addressing the problem. Similarly if R (row) - C (Column) is positive in 

nature than it used to translate as factor i is going to affect other factors, if R (row) - C 

(Column) is negative in nature than it used to represent that factor i is being influenced by 

other factors. In case of KM capability, the overall influences given and received among 

T (Criteria) and T (Sub-Criteria) Therefore, the cause and effect among is shown Table 5.33 

Table 5.33  Overall influences given and received among T (Criteria) and T (Sub-Criteria) 

Total Average matrix  

T(Sub-Criteria) R(row) C(Column) R(row)+ 

C(Column) 
Ra

nk 

R(row)- 

C(Column) 

Rank 

KM process capability T(Criteria) 9.985223 10.93184 20.917058 9 -0.946613 9 

Knowledge Creation  5.126536 4.90933 10.035870 1 0.2172015 19 

Knowledge  Acquisition  4.02973 4.1846 8.2143333 34 -0.154876 32 

Intellectual Knowledge Portfolio 4.28062 4.23949 8.5201134 19 0.041131 23 

Knowledge Sharing  4.95476 4.96322 9.9179816 3 -0.008462 26 

Knowledge Implementation  4.0069 4.77816 8.7850583 15 -0.771253 51 

Knowledge Transfer  4.19393 3.95349 8.1474195 38 0.240437 18 

KM.Infra. capability T(Criteria) 10.42267 10.85479 21.27745 7 -0.43211 8 

Culture  4.04964 4.39398 8.443612 21 -0.3443 40 

Structure  4.49452 4.04838 8.542892 18 0.44614 10 

Technology  3.88152 4.25891 8.14043 40 -0.3774 41 

People 4.16536 4.1655 8.330851 27 -0.0001 25 

Role of Leadership & Support 3.33143 3.26481 6.596246 51 0.06662 22 

Organizational Learning  3.93941 3.5269 7.466315 47 0.41251 11 

KM Strate. capability T(Criteria) 10.81352 10.81541 21.628927 5 -0.001894 5 

Success rate of R&D products  4.22336 3.92383 8.147191 39 0.29953 14 

R&D Expenditure 4.7924 4.65372 9.446113 9 0.13868 20 

Codification  5.13501 4.45036 9.585365 8 0.68465 2 

Personalization 3.93196 4.13738 8.06934 43 -0.2054 37 

External knowledge source 4.30893 4.00588 8.314813 28 0.30305 13 

Internal Knowledge source 4.86949 4.79967 9.669163 6 0.06982 21 

 

  

 

In case of IM capability, the overall influences given and received among T 

(Criteria) and T (Sub-Criteria) Therefore, the cause and effect among is shown Table 5.34 
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Table 5.34  Summary of the influences given and received among criteria and sub-

criteria 

T(Sub-Criteria) R(row) C(Column) R(row)+ 

C(Column) 

Ran

k 

R(row)- 

C(Column) 

Ran

k 

I.M Process Cap T(Criteria) 11.0936 10.6894 21.78309

9 

4 0.404280 3 

Technology Transfer 3.99763 4.71549 8.71312 16 -0.7179 49 

Decision Making Process  4.33691 4.01047 8.34738 25 0.32644 12 

Open Innovation   3.87581 4.4279 8.303709 29 -0.5521 46 

Project Management 4.51725 3.97936 8.496606 20 0.53789 6 

Innovativeness Compatibility 3.90073 4.38281 8.283543 31 -0.4821 43 

Rate of Introduction New Product 4.11305 4.1699 8.282944 32 -0.0568 29 

Internal & External Knowledge 

Sharing  

3.31595 3.47217 6.788117 50 -0.1562 33 

R&D Corporation  3.96648 3.42688 7.393356 48 0.5396 5 

I.M infra Cap T(Criteria) 10.4268 10.8251 21.25205

3 

8 -0.398314 7 

External Networking  4.28058 3.75357 8.034154 44 0.527 7 

knowledge incentives 4.62029 4.78727 9.407557 11 -0.167 34 

Radical Innovation 5.24719 4.53671 9.783903 4 0.71048 1 

Absorptive capacity  4.04177 4.36731 8.409074 23 -0.3255 39 

R&D Employee  4.23177 4.20838 8.44015 22 0.02338 24 

I.M Strate Cap T(Criteria) 10.5922 10.7375 21.32980

5 

6 -0.145284 6 

Technology Trends  4.76054 5.01937 9.779905 5 -0.2588 38 

Innovative Performance 4.09507 4.84538 8.940453 12 -0.7503 50 

Innovation strategies and initiatives  4.4054 3.77324 8.178643 36 0.63216 3 

Organizational strategy 3.8763 4.46595 8.34225 26 -0.5897 47 
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In case of TM capability, the overall influences given and received among T 

(Criteria) and T (Sub-Criteria) Therefore, the cause and effect among is shown Table 5.35 

Table 5.35  Summary of the influences given and received among criteria and sub-

criteria 

 

The findings are discussed as follows. At first account, according to the total 

influence matrix produce from DEMATEL technique. In case of criteria, the degree of 

importance among them is shown in Table 5.33 to 5.35 TM processes Capability 

(22.887622) >    TM strategic capability (22.5081) >  TM infrastructure capability 

(22.0133) >  IM process capability (21.783099) >  KM strategic capability 

(21.628927)  > IM strategic capability (21.329805)  >  KM infrastructure capability 

(21.27745) >  IM infrastructure capability (21.252053) >  KM process capability 

(20.917058). Contrary to the importance of individual criteria, the net interrelationship 

T(Sub-Criteria) R(row) C(Column) R(row)+ 

C(Column) 
Rank R(row)- 

C(Column) 

Rank 

T.M Process Cap T(Criteria) 11.7753 11.1122 22.8876 1 0.663082 1 

Technology  Acquisition  4.53437 4.26201 8.79638 14 0.27236 17 

Technology Exploitation  3.79301 4.2993 8.092317 42 -0.5063 45 

Technology Protection  4.03635 4.16669 8.203035 35 -0.1303 31 

Technology Learning  3.41398 3.45193 6.86591 49 -0.0379 28 

Technology Selection  4.07431 3.45553 7.529841 46 0.61878 4 

Technology identification 4.15359 3.86317 8.016761 45 0.29043 15 

Technology development 4.60978 4.80904 9.418817 10 -0.1993 36 

T.M Infra Cap T(Criteria) 11.1663 10.8469 22.0133 3 0.3193936 4 

Management Competency  4.6825 5.29434 9.976846 2 -0.6118 48 

Facility and Equipment   4.13246 4.16199 8.294453 30 -0.0295 27 

Organization Potential 3.99141 4.16359 8.155003 37 -0.1722 35 

Personal Skill  
4.60219 5.02952 9.631714 7 -0.4273 42 

T.M Start Cap T(Criteria) 11.5227 10.9853 22.5081 2 0.537467 2 

Strategic Technology Road Mapping 4.06501 4.18949 8.254502 33 -0.1245 30 

Corporate Technology Strategy 3.94634 4.44706 8.393402 24 -0.5007 44 

Corporate Business Strategy 4.29305 3.82349 8.116534 41 0.46956 9 

Technology Alliance Strategy 4.47457 4.19524 8.669809 17 0.27932 16 

Desorptive Capacity   4.65839 4.14736 8.805755 13 0.51103 8 
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among criteria, TM process capability (0.663082) > TM Strategic capability (0.537467) 

> IM process capability (0.404280) > TM infrastructure capability (0.3193936) > KM 

strategic capability (-0.001894) >  IM Strategic capability (-0.145284) >  IM 

infrastructure capability (-0.398314) > KM infrastructure capability (-0.43211) >  KM 

process capability (-0.946613)  

In case of sub-criteria, the degree of importance among them is shown in Table 

5.33 to 5.35(K.cre) 10.03587 > (Mang Comp) 9.976846 > (K.shar) 9.917982 > (Rad 

Inn) 9.783903 >(Tech Tren) 9.779905 >(Inter) 9.669163 >(Pers. Skil) 9.631714 > 

(Code) 9.585365 >(R&D Exper) 9.446113 > (Tech Deve) 9.418817 >  (Know .Inc) 

9.407557 >  (Inno. per) 8.940453 > (Desor. Cap) 8.805755 >  (Tech. Acq) 8.79638 

>(K.Imp) 8.785058 > (Tech .Tran) 8.71312 > (Tech Alli) 8.669809 >(stru) 8.542892 

>(Int Kno Port) 8.520113 >  (Proj. mang) 8.496606 > (cult) 8.443612 > (R&D Empo) 

8.44015 > (Abso. Cap) 8.409074 > (Corp Tech Stra) 8.393402 >  Dec.Mak)8.34738 > 

(Org.Str)8.342253 > (Peop) 8.330851 >  (Ext) 8.314813 >  ( In. Op Inn) 8.303709 

>(Fac) 8.294453 > (Inn. com) 8.283543 > (Rate Int) 8.282944 > (Str Tech) 8.254502 

>(K.Acq) 8.214333 > (Tech. Pro) 8.203035 > (Inov Str& ini) 8.178643 > (Org. poten) 

8.155003 >(K.tran) 8.14742 >(Succ. Rate) 8.147191 >(Tech) 8.14043 >(Corport Bus 

Strat) 8.116534 >(Tech. Expo) 8.092317 >  (Pers) 8.06934 >  (Ext Net) 8.034154> 

(Tech. Iden) 8.016761 >(Tech. Sele) 7.529841 >(org. Lear) 7.466315 > (R&D.Corp) 

7.393356 >(Tech. lear) 6.86591 > (Int & Ext Kno) 6.788117 >(Lead& Supp) 6.596246 

Contrary to the importance of individual criteria the interrelationship among 

sub-criteria Rad Inn (0.710484), Code (0.684652), Inov Str& ini (0.632157), Tech. Sele 

(0.618779), R&D.Corp (0.539597), Proj. Mang (0.537887), Ext Net (0.527004), Desor. 

Cap (0.511034), Corport Bus Strat (0.469564), stru (0.44614), org. Lear 

(0.412506),Dec.Mak(0.326441),Ext(0.303051),Succ.Rate(0.299526),Tech.Iden(0.29042

7),Tech.Alli(0.279324),Tech.Acq(0.272357),K.tran (0.240437), K.cre (0.217202), R&D 

Exper (0.13868), Inter (0.069823), Lead&Supp (0.066624), Int Kno Port (0.041131),  

R&D Empo (0.023383), Peop(-0.00014), K.shar(-0.00846), Fac(-0.02953), Tech. Lear(-

0.03794),  Rate Int(-0.05685), Str Tech(-0.12447), Tech. Pro (-0.13034),K.Acq(-

0.15488), Int & Ext Kno(-0.15622) Know .Inc(-0.16699), Org. Pot(-0.17218), Tech 

Deve(-0.19926), Pers(-0.20541),Tech Tren(-0.25883), Abso. Cap (-0.32554), cult (-



239 

0.34434), Tech (-0.37739), Pers. Skil (-0.42733), Inn. Com (-0.48209), Corp Tech Stra 

(-0.50072), Tech. Expo(-0.50629), In. Op Inn(-0.5521), Org.Str (-0.58965) Mang 

Comp(-0.61184), Tech .Tran(-0.71786), Inno. Per (-0.75032), K.Imp (-0.77125). 

In term of criteria more improvement required to made on the Technology 

Management process capability that leads R&D toward the progressive and productive 

outcome more or less there is various other factors also involve for further up gradation. 

But, in case of technology management process capability public firms requires more 

emphasis on identification, selection, technological acquisition, technological 

exploitation and protection of the technology. These resources were considered as 

backbone mechanism behind value addition invisibly to organizational inputs 

The influential significance within the Sub-criteria related to KM process capability 

Table 5.36 

Table 5.36  Influential significance within KM Process Capability (TSub-Criteria) 

 

K
.C

r 

K
.A

q
 

II
N

 K
P

 

K
.S

h
 

K
.I

m
 

K
.T

r 
 K.Cr 0.09454 0.099455 0.09809 0.1205 0.12066 0.08609 0.09454 

K.Aq 0.09068 0.064873 0.08730 0.0982 0.08822 0.07171 0.09068 

IN.KP 0.09670 0.091944 0.07016 0.10885 0.09306 0.07535 0.09670 

K.Sh 0.11885 0.109208 0.10636 0.09416 0.10581 0.08492 0.11885 

K.Im 0.09275 0.079578 0.07846 0.09157 0.07306 0.08332 0.09275 

K.Tr 0.08773 0.080909 0.08529 0.09657 0.09949 0.06242 0.08773 

 
0.09454 0.099455 0.09809 0.12051 0.12066 0.08609 0.09454 

A positive value for R (row) - C (Column) reflects the situation in which the sub-

criterion influenced other sub-criteria, as compared to that it gets affected by other sub-

criteria, which put sub-criteria in question that it need to prioritizes for further 

improvement. For instance, knowledge transfer as sub-criteria has the highest R (row) - C 

(Column) positive value (0.049) it reflects the strong influence on other sub-criteria’s. On 

the other hand, knowledge implementations have very low R (row) - C (Column) value (-

0.082) as sub-criteria, thus it has vulnerable to influence is show in Table 5.37. 



240 

Therefore, the priority can be ordered. The priority configuration can be represented as 

K.Tr > K.Cr > IN.KP> K.Sh> K.Aq> K.Tr 

Table 5.37  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ C(Column) R(row)- C(Column)  

 K.Cr 0.61936 0.58128 1.2006 0.038 Cause  

 K.Aq 0.501 0.52597 1.027 -0.025 Affected 

 IN.KP 0.53609 0.5257 1.0618 0.01 Cause  

 K.Sh 0.61933 0.60988 1.2292 0.009 Cause  

 K.Im 0.49877 0.58033 1.0791 -0.082 Affected 

 K.Tr 0.51244 0.46383 0.9763 0.049 Cause  

Similarly, the influential significance within the Sub-criteria related to KM 

infrastructure capabilities is shown in Table 5.38 

Table 5.38  Influential significance within K.M Infrastructure Capability T (Sub-

Criteria) 
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 Cul 0.0679 0.0748 0.0771 0.0848 0.0604 0.0641 0.4293 

Str 0.0894 0.0695 0.0897 0.0840 0.0707 0.0692 0.4729 

Tec 0.0816 0.0731 0.0629 0.0841 0.0637 0.0664 0.4321 

Peop 0.0945 0.0733 0.0913 0.0663 0.0630 0.071684 0.46035 

Ro.Le 0.06833 0.06380 0.06759 0.06645 0.041179 0.056228 0.36358 

Or.L 0.07616 0.07033 0.09030 0.08119 0.059058 0.053194 0.43024 

 

0.47813 0.42495 0.47901 0.46709 0.35838 0.38099 

 

The sub-criteria for KM infrastructure capability has reflected numbers of space for 

further improvement. From Table 5.39 organization learning has a highest positive 

value of R (row) - C (Column) (0.049) such a positive value implies a strong influence on 

other sub-criteria. On the other hand, organizational culture reflects very low R (row) - 

C (Column) value (-0.049) thus it has been susceptible for further influence. Therefore, 

the improvement priorities can be ordered  from organization learning as the highest 
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priority while organizational culture corresponds to low precedence for further 

improvement. The priority configuration can be represented as Or.L > Str > Ro.Le > 

Peop> Tec> Cul 

Table 5.39  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

 

 

 

 

Similarly, the influential significance within the Sub-criteria related to KM Strategic 

capabilities is shown in Table 5.40 

Table 5.40  Influential significance within KM Strategic Capability T (Sub-Criteria) 
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 Suc.R 0.06344 0.0900 0.0840 0.07603 0.07329 0.08891 0.47578 

R&D.Exp 0.08524 0.0853 0.1066 0.09252 0.08995 0.11324 0.57297 

Code 0.09119 0.1148 0.0860 0.09849 0.09330 0.11244 0.59631 

Pers 0.06870 0.0852 0.0667 0.06265 0.08234 0.09408 0.45986 

Exter.kn 0.07307 0.0901 0.0884 0.09058 0.06635 0.10678 0.51533 

Inter.Kn 
0.08158 0.1071 0.0986 0.10756 0.10084 0.08922 0.58507 

 

0.46325 0.5728 0.53059 0.52785 0.50610 0.60469  

Similarly, From Table 5.41 Codification has a highest positive value of R (row) - C 

(Column) (0.0657235) such a positive value implies a strong influence on other sub-

criteria. While, Personification shows very low R (row) - C (Column) (-0.068) it has 

vulnerable to influence. Therefore, the improvement priorities can be ordered from 

Codification as highest priority for further improvement to Personification low priority 

  R(row) C(Column) R(row)+ C(Column) R(row)- C(Column)  

 Cul 0.42933 0.47814 0.9075 -0.049 Affected  

 Str 0.4729 0.42496 0.8979 0.048 Cause  

 Tec 0.43216 0.47901 0.9112 -0.047 Affected  

 Peop 0.46035 0.46709 0.9274 -0.007 Affected  

 Ro.Le 0.36358 0.35838 0.722 0.005 Cause  

 Or.L 0.43025 0.38099 0.8112 0.049 Cause  
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for further improvement. The priority configuration can be represent as Code > Suc.R 

> Exter.kn > R&D.Exp > Inter.Kn > Pers 

Table 5.41  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ C(Column) R(row)- C(Column)  

 Suc.R 0.47578 0.46325 0.939 0.013 Cause 

 R&D.Exp 0.57297 0.57285 1.1458 0.00011 Cause 

 Code 0.59631 0.53059 1.1269 0.0657235 Cause 

 Pers 0.45987 0.52785 0.9877 -0.068 Affected 

 Exter.kn 0.51534 0.5061 1.0214 0.009 Cause 

 Inter.Kn 0.58508 0.6047 1.1898 -0.02 Affected 

  

In case of IM process capability, the Influential significance within sub-criteria is 

shown in Table 5.42 

Table 5.42  Influential significance within IM Process Capability T (Sub-Criteria) 
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 Tech.Tran 0.07 0.083 0.0858 0.0731 0.0754 0.075 0.0627 0.0626 0.590 

Dec.Ma.Pr 0.10 0.065 0.0899 0.0799 0.0862 0.082 0.0739 0.0708 0.650 

Open. Inn 0.09 0.070 0.0651 0.0706 0.0757 0.081 0.0614 0.0605 0.576 

Proj.Man 0.09 0.082 0.0908 0.0688 0.0919 0.08 0.0742 0.0680 0.657 

Innov.Comp 0.08 0.073 0.0825 0.0721 0.0649 0.084 0.0669 0.0652 0.593 

Rate of In 0.08 0.081 0.0946 0.0722 0.0926 0.065 0.0658 0.0694 0.628 

Inter&Ext 0.07 0.064 0.0682 0.0625 0.0688 0.066 0.0436 0.0547 0.498 

R&D Cop 0.08 0.074 0.0769 0.0701 0.0926 0.081 0.0624 0.0521 0.595 

 

 

0.68 0.595 0.6542 0.5696 0.6485 0.623 0.5112 0.503  

From Table 5.43 R&D Corporation has the highest positive value of R (row) - C 

(Column) (0.091928) such positive value illustrates the strong influence on other sub-

criteria. While, Technology Transfer show very low R (row) - C (Column) (-0.09497) it has 
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susceptible to influence. Therefore, the improvement priorities can be ordered from 

R&D Corporation as the highest priority for improvement to Technology Transfer low 

priority for further improvement. The priority configuration can be represented as R&D 

Cop > Proj.Man > Dec.Ma.Pr > Rate of In > Inter&Ext > Innov.Comp> Open. Inn> 

Tech.Tran 

Table 5.43  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ C(Column) R(row)- 

C(Column) 

 

 Tech.Tran 0.590822 0.685790384 1.277 -0.09497 Affected  

 Dec.Ma.Pr 0.650824 0.595560223 1.246 0.055264 Cause  

 Open. Inn 0.576401 0.654221464 1.231 -0.07782 Affected  

 Proj.Man 0.657285 0.56966301 1.227 0.087622 Cause  

 Innov.Comp 0.593825 0.648526567 1.242 -0.0547 Affected  

 Rate of In 0.628596 0.623189743 1.252 0.005407 Cause  

 Inter&Ext 0.498534 0.511264278 1.01 -0.01273 Affected  

 R&D Cop 0.59556 0.503631849 1.099 0.091928 Cause  

 

In case of IM infrastructure capability, the Influential significance within sub-

criteria is shown in Table 5.44 

Table 5.44  Influential significance within I.M Infrastructure Capability T (Sub-Criteria) 
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 Ext.Net 0.0618 0.09352 0.08532 0.08052 0.0774 0.398 

Kno.Inc 0.07958 0.08429 0.10538 0.09404 0.0911 0.454 

Rad. In 0.09003 0.11814 0.09002 0.10504 0.0990 0.502 

Abs. Cap 0.06653 0.08982 0.08598 0.06818 0.0869 0.397 

R&D Emp 0.06920 0.09073 0.09020 0.09386 0.0688 0.4128 

 

0.367157 0.476527 0.456922 0.441671 0.42346  
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From Table 5.44 Radical Innovation has the highest positive value of R (row) - C 

(Column) (0.0453472) such a positive value illustrates the strong influence on other sub-

criteria. While, Absorptive capacity show very low R (row) - C (Column) (-0.0441448)  it has 

susceptible to influence, Therefore, the improvement priorities can be ordered from 

Radical Innovation as the highest priority for improvement to Absorptive capacity low 

as the priority for further improvement. The priority configuration can be representing 

Rad. In > Ext.Net > R&D EMP > Kno.Inc > Abs.Cap 

Table 5.45  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ C(Column) R(row)- C(Column)  

 Ext.Net 0.398834 0.36787 0.766704 0.030963883 Cause 

 Kno.Inc 0.454704 0.479726 0.934429 -0.025022286 Affected 

 Rad. In 0.508648 0.457794 0.966442 0.050853567 Cause 

 Abs. Cap 0.397734 0.442546 0.840281 -0.044812172 Affected 

 R&D Emp 0.413101 0.425084 0.838186 -0.011982993 Affected 

In case of IM Strategic Capability, the Influential significance within sub-criteria 

is shown in Table 5.46 

Table 5.46  Influential significance with in IM Strategic Capability T (Sub-Criteria) 
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 Tech.Tran 0.091948 0.103059 0.079487 0.095162 0.369657 

In.Pr 0.094249 0.076034 0.079694 0.087956 0.337934 

In. Str 0.101541 0.104917 0.062754 0.091796 0.361007 

Or Str 0.090564 0.091657 0.067735 0.066095 0.316051 

 

0.378302 0.375668 0.289671 0.341009   

From Table 5.47 Innovation, strategies and initiatives have the highest positive 

value of R (row) - C (Column) (0.0713367) such a positive value illustrates the strong 

influence on other sub-criteria. While, Innovative Performance show very low R (row) - C 

(Column) (-0.0377339) it has susceptible to influence.Therefore, the improvement 

priorities can be ordered from Innovation strategies and initiatives as the highest 

priority for rectification to Innovative Performance as low priority for further 
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improvement. The priority configuration can be representing In. STR > Tech.Tren > Or 

Str > In.Pr 

Table 5.47  Sum of the columns and row from the total-influence matrix T (Sub-Criteria) 

  R(row) C(Column) R(row)+ 

C(Column) 

R(row)- 

C(Column) 

 

 Tech.Tran 0.36966 0.378301846 0.747959 -0.0086444 Affected 

 In.Pr 0.33793 0.375667611 0.713601 -0.0377339 Affected 

 In. Str 0.36101 0.289670777 0.650678 0.0713367 Cause  

 Or Str 0.31605 0.341009248 0.65706 -0.0249583 Affected 

In case of TM Process Capability, the Influential significance within sub-criteria is 

shown in Table 5.48 

Table 5.48  Influential significance with in TM Process Capability T (Sub-Criteria) 

 

From Table 5.49 Technology Selection has the highest positive value of R (row) - 

C (Column) (0.0885) such a positive value illustrates the strong influence on other sub-

criteria. While, Technology Exploitation show very low R (row) - C (Column) (-0.08073) it 

has susceptible to influence. Therefore, the improvement priorities can be ordered from 

Technology Selection as the highest priority for rectification to Technology Exploitation 

as low priority for further improvement. The priority configuration can be representing 

In. Tech Sel > Tech Id > Tech Acq >Tech Lear > Tech Pro > Tec De> Tech Exp 
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 Tech Acq  0.0743 0.092 0.0846 0.074 0.069 0.08 0.1 0.567124 

Tech Exp 0.0748 0.062 0.0824 0.065 0.064 0.07 0.08 0.505903 

Tech Pro 0.0752 0.09 0.0644 0.065 0.069 0.08 0.09 0.528105 

Tech lear 0.0677 0.069 0.0678 0.045 0.056 0.06 0.07 0.439342 

Tech Sel 0.0759 0.093 0.0841 0.064 0.054 0.09 0.09 0.552278 

Tech Id 0.078 0.094 0.0884 0.063 0.079 0.06 0.09 0.555575 

Tec De 0.0878 0.086 0.0862 0.068 0.073 0.08 0.08 0.56736 

 

0.5338 0.587 0.558 0.443 0.464 0.52 0.61 
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Table 5.49  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ C(Column) R(row)- 

C(Column) 

 

 Tech Acq  0.5671238 0.534 1.274787 0.03335 Cause  

 Tech Exp 0.5059031 0.587 1.249882 -0.0807 Affected  

 Tech Pro 0.5281054 0.558 1.251143 -0.0299 Affected  

 Tech lear 0.4393423 0.443 1.016002 -0.0039 Affected  

 Tech Sel 0.5522778 0.464 1.197225 0.08851 Cause  

 Tech Id 0.5555753 0.522 1.230504 0.03381 Cause  

 Tec De 0.56736 0.608 1.342066 -0.0411 Affected  

 

In case of TM Infrastructure Capability, the Influential significance within sub-criteria is 

shown in Table 5.50 

Table 5.50  Influential significance with in TM Infrastructure Capability T (Sub-

Criteria) 

 

M
an

.C
ap

 

F
ac

&
E

q
 

O
rg

.C
ap

 

P
er

.S
k
i 

 Man.Cap 0.093 0.0889 0.099 0.117 0.4 

Fac&Eq 0.099 0.0659 0.088 0.101 0.35 

Org.Cap 0.098 0.0864 0.064 0.104 0.35 

Per.Ski 0.119 0.1037 0.1 0.089 0.41 

 

0.409 0.3448 0.35 0.411 

 

Table 5.51 shows that Facility and Equipment have the highest positive value of 

R (row) - C (Column) (0.009008) such a positive value illustrates the strong influence on other 

sub-criteria. While, Management capability show very low R (row) - C (Column) (-0.010333) 

it has susceptible to influence. Therefore, the improvement priorities can be ordered 

from Facility and Equipment as the highest priority for rectification to Management 

capability as low priority for further improvement. The priority configuration can be 

representing In. Fac&Eq > Org.poten > Per.Ski > Man.Comp 
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Table 5.51  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  R(row) C(Column) R(row)+ 

C(Column) 

R(row)- 

C(Column) 

 

 Man.Comp 0.3984686 0.409 0.80727 -0.01033319 Affected 

 Fac&Eq 0.353832 0.345 0.698656 0.00900805 Cause 

 Org.Pont 0.3517403 0.35 0.702057 0.0014237 Cause 

 Per.Ski 0.4108618 0.411 0.821822 -9.8559E-05 Cause 

In case of TM Infrastructure Capability, the Influential significance within sub-

criteria is shown in Table 5.52 

Table 5.52  Influential significance with in T.M Strategic Capability T (Sub-Criteria) 
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 St.Tec 0.0646 0.092 0.077 0.08 0.07 0.38355 

Corp.Tec 0.0834 0.066 0.057 0.08 0.07 0.355391 

Corp. Bus 0.089 0.085 0.063 0.08 0.08 0.395819 

Tech.Alli 0.08 0.089 0.079 0.07 0.09 0.407361 

Des.Cap 0.088 0.092 0.085 0.09 0.07 0.425167 

 

0.405 0.424 0.361 0.39 0.39 

 

In a similar way From Table 5.53 Desorptive capacity has a highest positive 

value of R (row) - C (Column) (0.039848) such a positive value illustrates the strong 

influence on other sub-criteria. While, corporate Technology Strategy show very low R 

(row) - C (Column) (-0.06818677) it has susceptible to influence.  

Therefore, the improvement priorities can be ordered from Technology Alliance 

as the highest priority for rectification to corporate Technology Strategy as low priority 

for further improvement. The priority configuration can be representing In. Des.Cap > 

Corp. Bus> Tech.Alli > St.Tec> Corp.Tec 
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Table 5.53  Sum of the columns and row from the total-influence matrix T (Sub-

Criteria) 

  

5.6.1 Finding the Influential Weight of Criteria Using the DANP 

DANP can satisfy the interrelationship among characteristics of variables 

involve in developing criteria‘s or dimensions, and its ease to construct a relationship 

that replicates those features with transformative system.  After measuring the 

interrelationship among the criteria and sub-criteria that involve to contributes on R&D 

resulted from DEMATEL is shows in Table (5.33-5.35), the DANP techniques are then 

used to acquire the sub-criteria relative influence weights subsequently applied ANP 

procedure.  The interrelation among the criteria and sub-criteria can be clarified from 

the unweighted supermatrix. But to assess the influence of all the sub-criteria and 

criteria simultaneously, it is necessary to construct the weighted supermatrix, the limits 

of which can be applied to measure the global weighted matrix for all the criteria and 

sub- criteria. For unweighted supermatrix at first, the total influential matrices for sub-

criteria need to normalize and then transpose of the normalized influential matrix 

consider as unweighted matrix. While on the other hand, similar steps would take for 

criteria matrix only criteria matrix need to get normalized. At last, for weighted 

supermatrix the transpose of normalized sub-criteria matrix multiple with criteria 

normalized matrix 𝑾∝= 𝑻𝑫∝ × (𝑇𝑐∝)'. Some pre-normalized method required to carry 

further steps forward. Therefore, normalized initial direct-relation 𝑇 (Criteria)  and T (Sub- 

Criteria) is shown in Table 5.54 -5.56 

  R(row) C(Column) R(row)+ 

C(Column) 

R(row)- 

C(Column) 

 

 St.Tec 0.383549 0.405 0.788513 -0.02141381 Affected 

 Corp.Tec 0.355391 0.424 0.77897 -0.06818677 Affected 

 Corp. Bus 0.395818 0.361 0.756378 0.03525895 Cause 

 Tech.Alli 0.407361 0.393 0.800228 0.01449362 Cause 

 Des.Cap 0.425166 0.385 0.810485 0.039848 Cause 
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The list of Abbreviation used for this Matrix is in Appendix F Table 5.54  Normalized Total influential Matrix 𝑇∝ (Sub-

Criteria) 
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Table 5.55  Total influential Matrix 𝑇 (Criteria) 

Some pre-normalized method required to carry further steps forward. Therefore, 

normalized initial direct-relation 𝑇∝ 
(Criteria) is shown in Table 5.56.  

Table 5.56  Normalized Total influential Matrix 𝑇∝ (Criteria) 
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KM process Cap 0.1 0.11 0.1 0.11 0.111 0.11 0.11 0.113 0.1 

KM Infra Cap 0.1 0.10 0.1 0.11 0.11 0.1 0.11 0.114 0.1 

KM Strate Cap 0.1 0.11 0.1 0.11 0.112 0.1 0.11 0.113 0.1 

IM Process Cap   0.1 0.11 0.1 0.10 0.111 0.1 0.11 0.11 0.1 

IM infra Cap   0.1 0.11 0.1 0.11 0.101 0.11 0.11 0.113 0.1 

IM Strate Cap   0.1 0.11 0.1 0.11 0.11 0.10 0.11 0.114 0.1 

TM Process Cap 0.1 0.11 0.1 0.11 0.113 0.11 0.10 0.112 0.1 

TM Infra Cap   0.1 0.11 0.1 0.11 0.112 0.11 0.11 0.102 0.1 

TM Start Cap   0.1 0.11 0.1 0.11 0.112 0.11 0.11 0.111 0.1 

Before, weighted supermatrix the transpose of normalized sub-criteria is shown 

in Table 5.57  At last, for weighted supermatrix, The transpose of normalized sub-
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 KM process Cap 1 1.1 1.1 1 1.1 1 1 1.1 1.1 9.99 

KM Infra Cap 1.2 1.1 1.2 1 1.2 1 1 1.2 1.2 10.4 

KM Strate Cap 1.2 1.2 1.1 1 1.2 1 1 1.2 1.2 10.8 

IM Process Cap   1.3 1.2 1.2 1 1.2 1 1 1.2 1.3 11.1 

IM infra Cap   1.2 1.2 1.2 1 1.1 1 1 1.2 1.2 10.4 

IM Strate Cap   1.2 1.2 1.2 1 1.2 1 1 1.2 1.2 10.6 

TM Process Cap 1.3 1.3 1.3 1 1.3 1 1 1.3 1.3 11.8 

TM Infra Cap   1.3 1.3 1.2 1 1.3 1 1 1.1 1.3 11.2 

TM Start Cap   1.3 1.3 1.3 1 1.3 1 1 1.3 1.2 11.5 

 

10.9 10.8 10.8 10.69 10.8 10.7 11.1 10.85 10.99  
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criteria matrix multiple with criteria normalized matrix 𝑾∝= 𝑻𝑫
∝ × (𝑇𝑐∝)'. Some pre-

normalized method required to carry further steps forward is shown in Table 5.58
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Table 5.57  Transpose of Normalized sub-criteria Matrix “Un-Weighted Super Matrix” (𝑇∝ 
(Sub-Criteria)) 
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Table 5.58  Weighted Super Matrix 𝑾= 𝑻∝
 (Criteria) × (𝑇∝

 (Sub-Criteria))'    
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In order to create most precise weights for the concerned criteria are formulated 

by using pair-wise comparison of the unweighted super matrices, the limiting power of 

the weighted supermatrix is achieved is shown in Table 5.59, and  

Table 5.59  Influential weights by stable matrix of DANP when 

power𝑙𝑖𝑚
𝜃→∞

(𝑊𝑆𝑡𝑎𝑏𝑙𝑒 𝑚𝑎𝑡𝑟𝑖𝑥
∗ )𝜃 

𝒍𝒊𝒎
𝜽→∞

(𝑾𝑺𝒕𝒂𝒃𝒍𝒆 𝒎𝒂𝒕𝒓𝒊𝒙
∗ )𝜽 Stable matrix 

Knowledge Creation  0.021366482 

Knowledge  Acquisition  0.018331038 

Intellectual Knowledge Portfolio 0.018596176 

Knowledge Sharing  0.021481339 

Knowledge Implementation  0.020689195 

Knowledge Transfer  0.017477966 

Culture  0.017629256 

Structure  0.019240313 

Technology  0.019786602 

People 0.02160632 

Role of Leadership & Support 0.015852068 

Organizational Learning  0.016717911 

Success rate of R&D products  0.015038582 

R&D Expenditure 0.020694122 

Codification 0.019404846 

Personalization 0.017710483 

External Knowledge Source 0.017129161 

Internal Knowledge Source 0.020446506 

Technology Transfer 0.013958564 

Decision Making Process  0.015942745 

Open Innovation   0.016367277 

Project Management 0.014166057 

Innovativeness  compatibility  0.014568272 

Rate of Introduction New Product 0.01462377 

Internal & External Knowledge Sharing  0.012377231 

R&D cooperation  0.012357182 

External Networking  0.017307008 

knowledge incentives 0.025383864 

Radical Innovation 0.023295642 

Absorptive capacity  0.0220755 

R&D Employee  0.021298132 

Technology Trends  0.026759543 
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Table 5.59  Continued 

𝒍𝒊𝒎
𝜽→∞

(𝑾𝑺𝒕𝒂𝒃𝒍𝒆 𝒎𝒂𝒕𝒓𝒊𝒙
∗ )𝜽 Stable matrix 

Innovative Performance 0.029803396 

Innovation strategies and initiatives  0.023346047 

Organization strategy 0.0276401 

Technology  Acquisition  0.01483629 

Technology Exploitation  0.017922845 

Technology Protection  0.016681599 

Technology Learning  0.014768769 

Technology Selection  0.01384275 

Management Competency  0.015394291 

Facility and Equipment   0.018788719 

Organization potential   0.025566641 

Personal Skill  0.024388788 

Strategic Technology Road Mapping 0.026931401 

Corporate Technology Strategy 0.031692392 

Corporate Business Strategy 0.018549302 

Technology Alliance Strategy 0.025678614 

Desorptive Capacity   0.021840791 

Strategic Technology Road Mapping 0.021925541 

  

The steady –state condition that indicates appropriate weight along with local 

and global weight of each criterion based on several sub-criteria is shown in Table 5.60 

Table 5.60  Overall Local and global weights of criteria related. 

 Local Weight  

(DANP) 

Global Weight 

(DANP) 

RANK 

KM Process Capability 0.117942  3 

Knowledge Creation  0.181160624 0.021366482 17 

Knowledge  Acquisition  0.155423914 0.018331038 29 

Intellectual Knowledge Portfolio 0.157671953 0.018596176 27 

Knowledge Sharing  0.182134468 0.021481339 16 

Knowledge Implementation  0.175418093 0.020689195 21 

Knowledge Transfer  0.148190947 0.017477966 33 

KM Infrastructure Capability  0.110832469  5 

Culture  0.159062194 0.017629256 32 

Structure  0.17359816 0.019240313 25 

Technology  0.178527123 0.019786602 23 
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Table 5.60  Continued 

 Local Weight  

(DANP) 

Global 

Weight 

(DANP) 

RANK 

People 0.19494576 0.02160632 15 

Role of Leadership & Support 0.143027289 0.015852068 40 

Organizational Learning  0.150839474 0.016717911 36 

KM Strategic Capability  0.110424  6 

Success rate of R&D products  0.1361898 0.015038582 42 

R&D Expenditure 0.187406529 0.020694122 20 

Codification 0.175730813 0.019404846 24 

Personalization  0.160386608 0.017710483 31 

External Knowledge Source 0.155122141 0.017129161 35 

Internal Knowledge Source 0.185164109 0.020446506 22 

IM Process Capability  1.1015236  1 

Technology Transfer 0.136843414 0.013958564 48 

Decision Making Process  0.15629542 0.015942745 39 

Open Innovation   0.160457342 0.016367277 38 

Project Management (monitoring) 0.13887758 0.014166057 47 

Innovativeness  compatibility  0.142820713 0.014568272 46 

Rate of Introduction New Product 0.143364791 0.01462377 45 

Internal & External Knowledge 

Sharing  0.12134074 0.012377231 50 

R&D cooperation  0.101523606 0.012357182 51 

IM Infrastructure Capability  0.121717328      2 

External Networking  0.142190174 0.017307008 34 
knowledge incentives 0.208547662 0.025383864 8 
Radical Innovation 0.191391336 0.023295642 11 
Absorptive capacity  0.181366942 0.0220755 12 
R&D Employee  0.17498028 0.021298132 18 
IM Strategic Capability  0.1075490  9 

Technology Trends  0.24881237 0.026759543 5 
Innovative Performance 0.27711436 0.029803396 2 
Innovation strategies and initiatives  0.217073411 0.023346047 10 
Organization strategy 0.256999859 0.0276401 3 
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Table 5.60  Continued 

 Local Weight  

(DANP) 

Global 

Weight 

(DANP) 

RANK  

TM Process Capability  0.11223526232409  4 

Technology  Acquisition  0.132189208 0.01483629 43 

Technology Exploitation  0.159689964 0.017922845 30 

Technology Protection  0.148630638 0.016681599 37 

Technology Learning  0.131587599 0.014768769 44 

Technology Selection  0.123336904 0.01384275 49 

Technology identification 0.137160913 0.015394291 41 

Technology development 0.167404774 0.018788719 26 

TM Infrastructure Capability  0.10857922  8 

Management Competency  0.235465317 0.025566641 7 

Facility and Equipment   0.224617447 0.024388788 9 
Organization Potential    0.248034577 0.026931401 4 
Personal Skill  0.291882659 0.031692392 1 
TM Strategic Capability  0.1087200  7 

Strategic Technology Road 

Mapping 0.170615334 0.018549302 28 

Corporate Technology Strategy 0.236190308 0.025678614 6 

Corporate Business Strategy 0.200890252 0.021840791 14 

Technology Alliance Strategy 0.20166978 0.021925541 13 

Desorptive Capacity   0.190634326 0.020725767 19 

 

5.6.2 Discussion on DANP Findings  

 The outcomes are discussed as follows. From Table 5.60, the significant 

priorities among criteria weight are From Table 5.60, the significant priorities among 

criteria weight are: IM process capability (local weight= 1.1015236) is consider as most 

important capability to priorities first followed by, IM infrastructure capability (local 

weight= 0.121717328), KM process capability (local weight= 0.117942195), TM 

process capability (local weight= 0.112235262), KM infrastructure capability (local 

weight= 0.110832469), KM strategic capability (local weight= 0.110423699), TM 

strategic capability (local weight= 0.108720014), TM infrastructure capability (local 

weight= 0.108579222), IM strategic capability (local weight= 0.107549086). In case of 

sub-criteria, the situation is different Personal skill  (global weight =0.0316932) has 

considered being the highest factor to its intensity in regard to its precedence with other 
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sub-criteria , From Table 5.60, Researcher extracts the top ten sub-criteria  Innovative 

performance (global weight =0.02980339), Organizational strategy (global weight = 

0.02764), Technology trends (global weight = 0.0267595), Corporate Technology 

strategy (global weight = 0.025678), Management competency (global weight = 

0.025566),  Knowledge incentives (global weight = 0.0253838), Facility equipment 

(global weight= 0.0243887), Innovation strategies and incentives (global weight = 

0.023346047). After formulating the degree of importance and the net casual 

relationship among capabilities, DANP techniques, used to obtain the weights of the 

nine criteria based on 51 sub-criteria 

The outcome of global weight priority represents the Personal skill’ as highest 

factor that requires maximum improvement that leads progressive management for 

R&D among the public sector organization. There are various other factor also involve 

as stakeholder in fixing ‘Personal skill’ hence it used as sub-criteria for TM 

infrastructure pillar specifically dealing with R&D function. Comprehensive 

improvement of adequate skills may allow individuals to contribute to generating 

creative technological ability as throughput R&D function and consider as significant 

steps toward the policy-making process. Majority of sub-criteria belong to TM 

infrastructure capability required extensive restructuring in case of R&D in Pakistan 

Public Organization. 

Innovative performance is at number second in priority list with Influential 

weights (0.02980339) and considers factor for R&D in public organization that requires 

improvement as an indicator of IM strategic capability. Innovative performance relied 

on two factors that also need to address for further development. The first one purely 

belongs to organizational financial performance which comprises market value in shape 

of share price, leftover revenue in the form of profit and capital return on investment in 

percentage. The second factor stressed on organization market value such as share 

prices which entirely indicates organization progress. The ‘Organizational strategy third 

on the list as shown in Table 5.60 as the source of improvement required during 

selection of organizational strategy. That consider as the strategic tool that used to 

enables strategic alignment at organizational level and allows R&D for crafting 

prosperous innovation mechanism. 



259 

Organizational potential fourth in the list as shown in Table 5.60 and consider for 

further improvement in order to retain organizational strength that were more aligned 

with R&D function to access New Product Development NPD and R&D proficiency  

Technology trends five on the list as shown in Table 5.60 and consider as for 

further improvement since it is strategic instrument to drive IM strategic capability 

allow firms to predict relevant technological methods for their future development and 

estimate future trends. Corporate Technology Strategy  sixth on the list as shown in 

table 5.60 allow further improvement required in shape of identifying technological 

strategies at all level with in the corporations for long term technological planning for 

example: which technologies acceptable for business advancement, and what potential 

competences were  required for competitive advantages 

5.6.3 Comparing Result with Some Studies to Bridge The Theoretical Gap  

Pisano and Figgie (2016a) suggested the general relationship in between 

knowledge and technology management to address the complex technological 

environment. Such a relationship depends on redesigning cross-functional 

communication within the organization and external collaboration along with changing 

approach for existing capabilities related to technology management. However, such 

collaboration is unable to disclose the resources that drive these capabilities.  In similar 

way, some of earlier studies for instance:  

 

Park and Kim (2005a) proposed the model in which knowledge Management 

and R&D strictly addressing knowledge management process capability as the source 

for R&D ignoring other influential capabilities which may imply the useful relation 

with R&D.  

 

Hanninen (2007) represents four kind of knowledge-based innovation 

syndromes, more focus on draw the relationship in between the knowledge and 

innovation management for high tech firms. He proposed the model for technology 

intense firms that enables capabilities based perspective related to knowledge-based 

innovation for end users. However, the impact of various dimension related to 

innovation management were missing. He also points out the need of complementary 
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resources related to technological capability that requires for developing technological 

products for specific market.  

Motohashi (2007)  represents a relationship among factors that involve in 

searching technological opportunity, market condition and capabilities related to 

develop innovation policy. He draws the causes and consequences during the recent 

R&D collaboration among Japanese pharmaceutical firms. From his findings, the 

technology opportunity as driving factors that belongs technology management can be 

induced with market condition and innovation policy factors. However, various factors 

were ignored that drive capabilities belongs to technology management, which helps to 

discover abundant knowledge for screening new drugs R&D.  

Maine and Garnsey (2007) proposed an open system model by developing 

relationship among factors related to R&D collaboration, capital investment to acquire 

technology management capabilities and complementary assets to recognize the 

advance material venture. Such relationship helps decision makers to get better under 

the uncertainty in a commercial environment for high tech material firms. However, 

there are numbers of dimensions related to technology management were ignored that 

allow comprehensive access to complementary asset for commercializing their 

innovations.         

Murovec and Prodan (2009a) were more focus on a positive relation among 

knowledge, technology absorptive capacity with R&D. However, such relationship 

somehow ignoring potential outcome which belongs to capabilities that were required to 

manage the innovation at an organizational level.  

 

Karlsson et al. (2011) utilize that knowledge, innovation, and technology as an 

essential construct for economic growth but limiting the capabilities perspective related 

to knowledge, innovation and technology management with their involvement without 

realization positive impact on R&D.  

 

Moffett et al. (2010) developed a knowledge-based model for a firm’s internal 

learning by illustrating dimensions that were applicable through strong R&D practices 
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which play significant role in the innovation process. However, these dimensions 

undermine various technological capabilities which allow firms to confront variating 

market trends. As observed from the previous theories, there are very few studies which 

discuss capabilities related to “knowledge, innovation and technology management” 

with their significance on R&D. Besides, some studies considered a particular draw 

some relation in between the knowledge, innovation and technology management and 

R&D with individual context, but no research has regarded as the relations among three 

concepts together with their casual influence on R&D. Therefore, because of this gap in 

the literature, this study have explored and developed relationship between these 

supporting management disciplines their significance on R&D.  

 

5.7 Summary  

The primary objective of chapter is to argue the process of refining and 

validating capabilities that explore from systematic review based on Focus Group 

Discussion (FGD) technique. The outcome of focus group discussion becomes the 

initial step to address second and third research question by applying DANP 

(DEMATEL based ANP) in order to determine the interrelationship among these 

capabilities and prioritizes with respect to their influence.    

 The focus group study has the primary goal to rectify capabilities related to the 

knowledge, innovation, and technology management discipline that were 

influencing R&D by merely emphasizing on a country-specific context. The 

three essential management supporting discipline (i.e., knowledge management, 

innovation management, technology management) gather from the literature 

review become initial scope for focus group discussion 

 After completion of first session, the outcome from expert’s consensus would 

develop a pre-determined model fit to the characteristic related to R&D in 

Public organizations of Pakistan. The experts were responsible for approving the 

model relevant to address the research problem. 

 Outcome of focus group discussion draw conceptual orientation based on three 

dimensions that used to contributes their significance on R&D. Therefore, 

DANP technique were applied to measure contributing impact among 

dimensions, criteria’s and sub-criteria’s with respect to their interrelationship. 
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DANP technique allows researcher, an in-depth configuration to map 

interrelations between capabilities. Also, priorities them according to their 

interrelated significance.  For in-depth discussion, same panel of experts were 

invited for second session. Now, the experts approved model was used for 

further discussion in case of developing interrelationship and prioritization 

among capabilities. Therefore, closed-ended questionnaires were step up to 

gauge interrelationship among criteria and sub-criteria 
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CHAPTER 6 

 

 

CONCLUSION 

6.1 Introduction 

 

This chapter summarizes the critical findings after applying of two-stage 

methodical tool based on ‘Focus Group Discussion and DANP (DEMATEL-Based 

ANP)’ technique with a view of ‘Exploring capabilities belong to supporting 

management discipline that contributes to R&D in Public Organization’. This chapter 

begins with the answer to the research question and then proceeds to address the 

overarching research objectives. This followed by a discussion regarding contribution 

(a) Focus group discussion, (b) Applying DANP in case of R&D in Pakistan Public 

Sector organizations, and (c) contribution towards R&D research. Finally, the research 

limitation and future research direction are presented 

6.2 Addressing the research questions 

As previously discussed in chapter three, this research designed is to rectify the 

dynamic of R&D. In doing so, the research was accomplished and validated 

subsequently in four-step: a literature review on R&D to specify the general relationship 

in between Knowledge, Innovation, and Technology management and R&D literature 

as supporting management discipline. In order to classify the capabilities related to 

“Knowledge, Innovation and Technology Management” a systematic review (PRISMA 

with Co-word Analysis) were performed to trace the criteria’ and sub-criteria belongs to 

these capabilities. Focus group discussion and DANP (DEMATEL Based ANP) case 

was drawn from Pakistan Public Organization. 
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At first, the research has presented an answer for the first question "(i.e. ‘how to 

classify the capabilities related to supporting management discipline that contributes to 

R&D?’)". Through a systematic literature review including theories and literatures from 

both developed and developing countries, allow researcher to identify 101 factors- 

classified into three dimensions along with nine criteria driven by 89 sub-criteria –

consider as supporting management discipline for R&D in public organization. 

However, the comprehensive set of gathered capabilities needs to be refined with 

suitable orientation related to country-specific by the number of experts in the same 

field.  

DEMATEL technique was applied to determine the interrelationship among criteria 

and sub-criteria to answer the second research question (i.e., How to determine if there 

is any relationship among these capabilities in case of Pakistan?). While, DANP 

technique used to answer third research question (How to prioritize these capabilities 

that involve at R&D in public organization based on their interdependency in case of 

Pakistan) – The outcome of 39 focus group discussion (FGD) ultimately developed 

country specific conceptual orientation, that is suitable for R&D in public organizations 

of Pakistan. In case of exploring, the interrelationship among capabilities related to 

supporting discipline. The outcome of FGD helps the researcher to construct DANP 

questionnaire, in order to explore the casual impact among capabilities  

 The findings are discussed as follows. At first account, according to the total influence 

matrix produce from DEMATEL technique. In case of criteria, the degree of importance 

among them is shown in Table 5.33 to 5.35 TM processes Capability (22.887622) >   

TM strategic capability (22.5081) >  TM infrastructure capability (22.0133) >  IM 

process capability (21.783099) > KM strategic capability (21.628927)  >IM strategic 

capability (21.329805)  > KM infrastructure capability (21.27745) > IM infrastructure 

capability (21.252053) >  KM process capability (20.917058). Contrary to the 

importance of individual criteria, the net interrelationship among these criteria are 

follow as: TM process capability (0.663082) > TM Strategic capability (0.537467) > 

IM process capability (0.404280) > TM infrastructure capability (0.3193936) > KM 

strategic capability (-0.001894) >  IM Strategic capability (-0.145284) >  IM 

infrastructure capability (-0.398314) > KM infrastructure capability (-0.43211) >  KM 

process capability (-0.946613)  
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In case of sub-criteria, the degree of importance among them is shown in Table 

5.33 to 5.35(K.cre) 10.03587 > (Mang Comp) 9.976846 > (K.shar) 9.917982 > (Rad 

Inn) 9.783903 >(Tech Tren) 9.779905 >(Inter) 9.669163 >(Pers. Skil) 9.631714 > 

(Code) 9.585365 >(R&D Exper) 9.446113 > (Tech Deve) 9.418817 >  (Know .Inc) 

9.407557 >  (Inno. per) 8.940453 > (Desor. Cap) 8.805755 >  (Tech. Acq) 8.79638 

>(K.Imp) 8.785058 > (Tech .Tran) 8.71312 > (Tech Alli) 8.669809 >(stru) 8.542892 

>(Int Kno Port) 8.520113 >  (Proj. mang) 8.496606 > (cult) 8.443612 > (R&D Empo) 

8.44015 > (Abso. Cap) 8.409074 > (Corp Tech Stra) 8.393402 >  Dec.Mak)8.34738 > 

(Org.Str)8.342253 > (Peop) 8.330851 >  (Ext) 8.314813 >  ( In. Op Inn) 8.303709 

>(Fac) 8.294453 > (Inn. com) 8.283543 > (Rate Int) 8.282944 > (Str Tech) 8.254502 

>(K.Acq) 8.214333 > (Tech. Pro) 8.203035 > (Inov Str& ini) 8.178643 > (Org. poten) 

8.155003 >(K.tran) 8.14742 >(Succ. Rate) 8.147191 >(Tech) 8.14043 >(Corport Bus 

Strat) 8.116534 >(Tech. Expo) 8.092317 >  (Pers) 8.06934 >  (Ext Net) 8.034154> 

(Tech. Iden) 8.016761 >(Tech. Sele) 7.529841 >(org. Lear) 7.466315 > (R&D.Corp) 

7.393356 > (Tech. lear) 6.86591 >  (Int & Ext Kno) 6.788117 > (Lead& Supp) 

6.596246. Contrary to the importance of individual criteria the interrelationship among 

sub-criteria’s  are follow as:  Rad Inn (0.710484), Code (0.684652), Inov Str& ini 

(0.632157), Tech. Sele (0.618779), R&D.Corp (0.539597), Proj. Mang (0.537887), Ext 

Net (0.527004), Desor. Cap (0.511034), Corport Bus 

Strat(0.469564),stru(0.44614),org.Lear(0.412506),Dec.Mak(0.326441),Ext(0.303051),S

ucc.Rate(0.299526),Tech.Iden(0.290427),Tech.Alli(0.279324),Tech.Acq(0.272357),K.t

ran (0.240437), K.cre (0.217202), R&D Exper (0.13868), Inter (0.069823), Lead&Supp 

(0.066624), Int Kno Port (0.041131),  R&D Empo (0.023383), Peop(-0.00014), K.shar(-

0.00846), Fac(-0.02953), Tech. Lear(-0.03794),  Rate Int(-0.05685), Str Tech(-

0.12447), Tech. Pro (-0.13034),K.Acq(-0.15488), Int & Ext Kno(-0.15622) Know .Inc(-

0.16699), Org. Poten(-0.17218), Tech Deve(-0.19926), Pers(-0.20541),Tech Tren(-

0.25883), Abso. Cap (-0.32554), cult (-0.34434), Tech (-0.37739), Pers. Skil (-0.42733), 

Inn. Com (-0.48209), Corp Tech Stra (-0.50072), Tech. Expo(-0.50629), In. Op Inn(-

0.5521), Org.Str (-0.58965) Mang Comp(-0.61184), Tech .Tran(-0.71786), Inno. Per(-

0.75032), K.Imp (-0.77125).  

After formulating the degree of importance and the net casual relationship 

among capabilities, DANP techniques, used to obtain the weights of the nine criteria 
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based on 51 sub-criteria, that allows the researcher to answer the third research question 

(“How to prioritize these capabilities that involve at R&D in public organization based 

on their interdependency in case of Pakistan?”); also it leads to an overall result.   

The outcomes are discussed as follows. From Table 5.60, the significant 

priorities among criteria weight are: IM process capability (local weight= 1.1015236) is 

consider as most important capability to priorities first followed by, IM infrastructure 

capability (local weight= 0.121717328), KM process capability (local weight= 

0.117942195), TM process capability (local weight= 0.112235262), KM infrastructure 

capability (local weight= 0.110832469), KM strategic capability (local weight= 

0.110423699), TM strategic capability (local weight= 0.108720014), TM infrastructure 

capability (local weight= 0.108579222), IM strategic capability (local weight= 

0.107549086). In case of sub-criteria, the situation is different Personal skill  (global 

weight =0.0316932) has considered being the highest factor to its intensity in regard to 

its precedence with other sub-criteria , From Table 5.60, Researcher extracts the top ten 

sub-criteria  Innovative performance (global weight =0.02980339), Organizational 

strategy (global weight = 0.02764), Technology trends (global weight = 0.0267595), 

Corporate Technology strategy (global weight = 0.025678), Management competency 

(global weight = 0.025566),  Knowledge incentives (global weight = 0.0253838), 

Facility equipment (global weight= 0.0243887), Innovation strategies and incentives 

(global weight = 0.023346047). At present situation, the researcher aware that testing 

previous theories enables positive effects on - Prioritizing KM, IM and TM capabilities 

with respect to their contribution to R&D is defiantly for the success of R&D in Public 

Organization. 

6.3 Contribution to the Body of knowledge  

The core outcome of this research are: (a) a set of supporting management 

capabilities that share the boundaries with R&D is drive from extensive literature 

review; (b) a methodological framework which assists in structuring a management 

model;  (c) DANP-based framework for devising the most relevant orientation for 

future R&D field in case of Pakistan Public organizations, the research makes three 

main contributions such as: to the chosen country (Pakistan), to the developing 

economies and in research domain belong to knowledge, innovation, and technology 



267 

management. Firstly, the DANP-based model arranges the capabilities belong to 

supporting management discipline that contributes multiple dimensional significance to 

public R&D based on criteria’s that devising an appropriate orientation useful for R&D 

in the Public organization. These dimensions were influences R&D in Public 

organizations based on criteria for conceiving a proper orientation which is constructive 

for R&D in Public organizations. It provides valuable decision making compared to the 

technique that used to portray decision making based on intuition. For examples, 

endorsing innovation-related or technology related projects without prioritizing the 

impact of projects on innovation or technology that diffuses with organizational 

resources. This becomes more critical in case of R&D in Pakistan Public organization 

when they were facing resource allocation issues   

6.3.1 Theoretical Contribution  

This research offers some Theoretical relevance that relate three aspects of 

supporting management disciplines based on conceptual development (Cetindamar, 

2009; Unsal & Cetindamar, 2015). Firstly, this study adds to associate new ideas in 

order to rectify ongoing current debate within the same scope. The second is to combine 

streams of existing theoretical concepts with same research domain that were previously 

disconnected. The third contribution is to initiates the research domain outside the main 

research scope. The fourth contribution is to create concepts from “blue sky thinking.” 

The critical research finding is to authenticate, extend and confront the previous 

outcome into R&D literature. The significant result also contributes new conceptual 

insights into how supporting management discipline contributes their significance on 

R&D is perceived from researcher aspects. 

 

The current contributions of this research to the body of knowledge will improve 

our perspective of what capabilities related to supporting management tool (Knowledge, 

innovation, and Technology Management) influence R&D competitiveness, the impact 

of these capabilities in-shape of processes, infrastructure, and strategies effects on 

R&D. By offering, the empirical evidence related to impact that how different 

capabilities of knowledge, innovation and technology management contribute their 

influence on R&D as a competitive tool; some contribution to the literature related to 

R&D with academic and practical relevance were discuss below: 
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This research adds to the body of knowledge by offering an integrated 

framework that enables the capabilities of three disciplines to achieve effective R&D 

competitiveness.  

 

At first, this study employing knowledge management as a catalyst to R&D and 

argues sufficient criteria’s for capabilities related to knowledge management under 

R&D scope. This study portrays theoretically relationship among criteria’s for these 

capabilities that were necessary for decision makers and signifies that how capabilities 

that belongs to knowledge management become core element during policy making to 

enhance  R&D  competitiveness  

 

Secondly, this research adds to establish logical connectivity among processes, 

infrastructure, and strategies as a capabilities related to technology management. That 

considered previously as single sources toward retaining R&D competitiveness. 

However, previous studies were theoretically avoiding the potential criteria for 

technology management capabilities. This signifies technology management as the 

dimension which describes supporting management discipline rules in context of 

infrastructural, processes, and strategic perspective, and evaluates the relationship 

among these criteria’s for developing appropriate policy to improve R&D 

competitiveness  

 

Thirdly, this study theoretically contributes by drawing relationship among the 

criteria’s and sub-criteria that drive innovation management as influential entity that 

contributes as supporting agent to R&D. Such influence helps R&D policy makers to 

draw general specification related to significance of innovation  management that add 

some value to national innovation system.  

 

6.3.2 Practical Contributions 

In practical term, this research contributes an existing body of knowledge by 

proposing the methodological model, which portrays guideline that allows 

systematically organized R&D to attract foreign investment with international investors 

to lend their investment.  
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In addition to the organization level, the research also contributes to national 

level (i.e. Pakistan) as tool for adding suitable value to developing national innovation 

policy. Other than R&D in Public organizations, this model also adapts to design new 

network model that includes organizational-specific factors with all dimensions of 

public organization taken into account. The present researcher argues that selecting 

proper R&D orientations for public R&D organizations helps to narrate cohesive and 

strong national innovation system. This is a worthy outcome since the majority of 

governmental funds fall in public organization.  

Firstly, this study adds some practical significance related to effectiveness of 

capabilities related to knowledge management contributes to R&D in public 

organization. This research provides the better understanding on how multicriteria 

related to knowledge management capabilities that can helps adjust the science and 

technology policy align to National level. Such contribution offers a retainable path to 

adopt the dynamic changes towards technological and innovative trends.  

 

Secondly, this research study will contribute towards some aspects of innovation 

management that used as relevant dimension that shares its influence with R&D in the 

Public organization. Since the exceptional role of R&D in Public, organization could 

offer retainable national innovation mechanism. Such mechanism enables sustainable 

competitiveness and capacity building for R&D in public organization. This research 

enables complete relevant capabilities related to multicriteria guideline for innovation 

management. This research highlights useful parameters that were used to drive these 

criteria for effective innovation mechanism.  

 

Thirdly, this study represents in-depth analysis to identify the capabilities related 

to Technology management to explore certain aspects of R&D. Since technology, 

management plays a crucial role in developing a national innovation policy. Therefore 

under such landscape, this study evaluates supportive concepts and related theories that 

utilize to explore the uncover features related to technology management  

 

The complicated and monolithic character of the R&D in public sector 

organization specifically among developing countries always confronts complex 
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political bureaucracy due to financial deficiencies; make R&D in public organizations 

ineffective. This study aims to undertake the necessary steps toward finding the new 

guideline for reorganizing the capabilities belongs to supporting management discipline 

that and finding their significance on R&D in public organizations. 

 

Since, this research study has essential focus based on developing country. 

Therefore, this research might be useful for other low privilege countries where state 

driven R&D model plays a crucial role in developing national science policy. The 

methodological technique in this research studies is perceived to have a standard 

dimension to facilitate as an instrument how to assess the interrelationship among 

knowledge, innovation and technology management capabilities. Since experience 

experts will appraise this research belongs to the broad research domain associated with 

S&T (science and technology) in Pakistan, the capabilities somehow fit the environment 

of R&D in Pakistani public firms. Furthermore, this study can involve in improving 

supporting management capabilities for the public organization. Additionally, these 

capabilities could facilitate to create unified National innovation mechanism. In general 

terms, beside the R&D other functions of public organization could adopt the proposed 

model in systematically way depends upon their existing requirements. In practical 

node, this study used to formulate the most suitable orientation for future national 

innovation policy because factors arranged in the model were expected to be fit to R&D 

in Pakistan Public organizations. 

6.4 Limitation  

This research posse’s number of limitations. Since, it could be arguable that 

identification of criteria’s and sub-criteria based on extensive systematic review with 

the bibliometric technique known as co-word analysis. The co-word analysis sketch the 

postulations on research article keywords comprise a sufficient narration of its content 

or the adequate associations that paper recognized between problems. But unable to 

draw complete characteristics of research which is based on comprehensive overview of 

abstract  

It could be arguable that the implementation of the illustrative model may not 

country specific. That allows evaluating the significance of DANP-based Model in the 
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cross-cultural setting; however, this research argues an in-depth analysis on adopting 

DANP- based network model specific to Pakistan that could provide enough 

interpretation       

It could be argued that findings are based upon insufficient diverse data set. 

However, the research offers some of the standard dimensions for instance, the 

conceptual framework not only contributing to R&D research but also conceived as a 

generic adoption model. Also, the integrated approach is not new now. But the process 

through which they have been utilized to rectify the complication regarding 

multidisciplinary characteristic relate to R&D in public organization. 

6.5 Future Recommendation  

The research findings acknowledge numerous opportunities for future avenues 

since this research utilizing co-word analysis as bibliometric technique. This technique 

condenses substantial data sets that offer specific visualized pattern with the 

preservation of crucial information enclosed in the data. This information can also be 

improved for future research since substantial contribution of publication included in 

each year (From 2000 to 2017). Therefore, more improved analysis no need to require 

the data over comparatively long periods to produce the map. This allows researchers to 

analyze short terms variations within research fields.   

This research faces specific limitation in case of co-word analysis, as 

visualization pattern includes title words and author keywords. Since the title words are 

less accurate, a higher coverage can be expected. Therefore, visualization on abstract 

words opens further research avenues where co-word mapping includes abstract words 

instead of title word that may improve the characterization of research fields.    

There are few other recommendations for the future exploration: For instance, to 

enhance management perspective of R&D in the Public organization it has to be 

presented in the integrated form as Focus Group Discussion (FGD) and DANP Model. 

The illustrative model can be implemented to other functions as to resolves their core 

activities. In term of research exploration at the national level, the proposed conceptual 

model allows researchers and experts aspire to manage R&D in the Public organization. 

As R&D in public organizations of Pakistan somehow shares the similar social, 
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background but for the multi-ethical environment further investigation required to 

confront diverse environment. The proposed model also leads toward future research in-

shape of involving the factors from Privately-owned R&D for both developing and 

developed countries. Researchers and Experts related to R&D could ratify the range of 

influencing capabilities to acknowledge in the research that may further be refined and 

validated through same FGD and DANP technique with different countries with the 

different organizational setting. 

6.6 Summary  

In sum, the research has met the objectives to (a) Classify the capabilities related to 

supporting management discipline that contributes to R&D (b) Provide methodological 

framework to analyze the interrelationship among the capabilities related to supporting 

management discipline for R&D in Public Organizations of Pakistan (c) Prioritize the 

capabilities that involve at R&D in public organizations based on their interdependency 

in case of Pakistan. Although the research was limited to R&D in Public organization of 

Pakistan, it contributes to the body of knowledge at different levels: To the chosen 

country, to developing countries, and to knowledge, innovation and technology 

management research. In addition, the recommendations for generalizing the research 

findings to further research have been presented for the benefit of the future research   
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APPENDIX A 

FOCUS GROUP DISCUSSION  

 

 

Dated (3- Mar 2018) 

To: Respondent  

Subject: Invitation for research participation 

 
I am a researcher from Universiti Malaysia Pahang (UMP, Malaysia) and I am currently 

undertaking a full-time PhD at the Faulty of Industrial Management, Universiti Malaysia 

Pahang, and Malaysia. I am currently conducting a study on R&D in public organization. 

The purpose of my research is to find capabilities related to knowledge, innovation and 

technology management practicing among R&D in public organization of Pakistan by using 

Focus Group Technique1 to obtain consensus on those Capabilities.  

Your contribution to this research is very important to the success of this study. Therefore, I 

am inviting you to participate in this study. If you agree to participate in this study, you will 

be required to respond on two sessions. The first phase belongs to Focus Group 

questionnaires. While, the second session belong to DANP (DEMATEL based ANP) 

Questionnaire all data instruments are well structured. Each section will take about less than 

45 minutes to complete. In the first session of the Focus Group Discussion, you will be 

asked to rate and list the capabilities influencing R&D. Your response in this session will be 

organized and returned to you as supporting information. In case of second session 

DEMATEL based ANP matrix close ended questions will provided. Your response in the 

second session will be analyzed.  

All information provided will be treated with confidentiality and solely used for the purpose 

of the research only. Participants ‘names and details will not be disclosed to anybody or 

organization, only summarized information will be reported. Please, don‘t hesitate to 

contact me if you have any questions. 

Sincerely yours 

 
Zeeshan Asim  

PhD. Candidate, Universiti Malaysia Pahang, Malaysia  

E-mail: zeeshanasimump@gmail.com  

zasim@ssuet.edu.pk 
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Instrauctions for questionnaire The quesionnaire is basically divided into three 

section . The first section are related to personal and organizational information’, your 

will required to fill in the form at approapiate space. The information will be in a 

condition of ambiguity. It will be utilized only for follow-up, not for publishing 

The next sections related to ‘Focus group disussuion(FGD)’are split into ‘knowledge 

management capability’, ‘Innovation management capability’, ‘technology 

management capability’ with ‘criteria based on these capabilities that influence of 

R&D, this section also utilize to refine the relvent sub-criteria related to KM process 

capability, KM infrastructure capability, KM strategic capability, IM process capability, 

IM infastrure capability, IM strategic capability, TM process capability, TM infastrure 

capability, TM strategic capbility. You will be ask to rate the importance of each 

capabilities by putting a tick () in the scale on the right hand side. The measuring scale 

design (0-4 scale) is how below  

scale Explanation 

0 Not important at all  

1 Little important  

2 Moderately important  

3 Important 

4 Very important  

 

 

 

 

 

 

 

 

 

 

Capabilities that influencing R&D 

Management: First Session  

The main purpose of this study is to refine the capabilities 

belongs to related to knowledge, innovation and 

Technology management that influence R&D Management. 

This Research questionnaire main to explore the 

significance of these capabilities by adopting the expert’s 

opinion as reference point instead of using of applying 

large scale statistics  
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Example: 

 

At the end of each section, you have an opportunity to suggest the other specified 

capabilities which you practicing and in their contributions to capabilities related to 

knowledge management, Innovation management, and technology management 

influence R&D in public organization   

 

 

Q1: Do you agree on following dimensions involve in R&D 

Management? 

1. Knowledge Management Capability                          Yes         NO  

2. Innovation Management Capability                           Yes          NO  

3. Technology management Capability                          Yes          NO  

 

 

 

 

 

 

 

 

Remarks  K.M – Knowledge Management, I.M- Innovation Management, T.M, Technology 

Management 

Q2: Rate Dimensions involve in R&D Management? 

Dimension Rating For Group consensus Result 

Knowledge Management Capability               Yes  NO  0     1     2     3    4   

Innovation Management Capability               Yes   NO  0     1     2     3     4   

Technology management Capability              Yes   NO  0     1     2     3     4   
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Questionnaire for refining the sub-criteria related to management supporting 

discipline  

Please answer the following questions by putting a tick ( ) or providing information at 

appropriate places 

Section 1 

Session 1 

Personal detail  

 

 

 

 

Q1.2 Please describe your current job position?  

Present job position: ______________________________________________ 

Current Employer (Institute): _______________________________________  

Department: ____________________________________________________ 

Years in this position: __________years __________months 

 

Q1.3 Please indicate your Education background? [tick ( )]s  

Education Background: [ ] Bachelor degree [ ] Master degree [ ] Doctoral degree and 

above  

Field of study: ________________________________________________ 

 

Q1.4 Please describe your main Job responsibility related to R&D during this period?  
 

Current job position: ______________________________________________  

Institute: ________________________________________________________ 

Department: _____________________________________________________  

Years in this position: __________years __________months 

Q1.  Please provide your personal information? (for follow-up contact)  

Mr./Mrs./Miss____________________________________________________ 

Name Surname  

Email address: ____________________________________________________ 

Telephone: _________________________________________ _____________ 

Address: ________________________________________________________ 

________________________________________________________________  

________________________________________________________________ 
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Previous job Position __________________________________________  

 

Q1.4 Please describe your main Job responsibility related to R&D during this period?  

Current job position: ______________________________________________  

Institute: ________________________________________________________ 

Department: _____________________________________________________  

Years in this position: __________years __________months 

Gender (Check only one)    Male [  ], Female [  ]  

Previous job Position __________________________________________  

 

Q1.5 Please describes your main job Responsibility during this period (Check only 

one)  

[   ] R&D Management [   ] non-R&D Management  

[   ] R&D (internal R&D) [   ] External R&D  

[   ] R&D Marketing [   ] Supportive areas e.g. Training, Management development etc  

[   ] Other (please specify) …………………………………………..……….. 

Please explain if you held any previous job position (both in current and previous 

organisations) 

(Provide only jobs had been worked more than 5 years in chronological sequence, listing 

the most recent employment first) 

Employer Name Job responsibility Years of Experience 
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Organizational Background (Operational Domain)  

 

Q2. Please indicate the main research type of your section. (Check only one) 

[   ] Basic Research [   ] Applied Research [   ] Pure Research  

[   ] Non-research activity (please specify) …………………………………….. 

Q2.1 Please indicate organization main research area of your section. (Check only 

one)  

[   ] Computer/IT [   ] Medicine [   ] Manufacturing  

[   ] Biotechnology [   ] Material [   ] Electrical/ Electronics [   ] Textile  

[   ] Other (please specify) …………………………………………………….. 

Q2.2 Please approximates the proportion of funding (in your section) supported by 

government. (Check only one)  

[   ] less than 50% [   ] 50 - 69% [   ] 60-69%  

[   ] 70-79% [ ] 80-89% [ ] 90-99%  

[   ] 100% (purely funding from government) 

Q2.3 Please indicate the major Spending in your department.  
[   ] Internal R&D [   ] External R&D (outsourcing)  

[   ] R&D collaborative projects  

[   ] Other (please specify) …………………………………………………….. 

Q2.4 Please specify the total number of employees in your department.  

[   ] 1 to 25 [   ] 26 to 50  

[   ] 56 to 100 [   ] more than 100 

Q2.5 Please indicate if there are corporate social responsibility programs (i.e. projects 

responding to non-commercial customers, societies and the nation) in your department.  

[ ] Yes (please estimate years of launch) …… years [ ] No 
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Section 2: Capabilities related to Knowledge Management, Innovation Management, 

and Technology Management influence on R&D  

As a public organisation, please indicate the importance of the following benefits  
0= not important at all, 1= of little importance, 2= moderately important, 3= important, 4= very important 

Q1: Do you agree on the following dimensions involve in R&D? 

1. Knowledge Management Capability                               Yes  

2. Innovation Management Capability                                Yes  

3. Technology management Capability                               Yes  

4. Other (please specify) ………………….....................    Yes  

NO  

NO  

NO  

NO  

 

Q2: Do you agree on following Criteria belong to Knowledge Management capabilities? 

1. Knowledge Management Process Capability 

2. Knowledge Management Infrastructure Capability 

3. Knowledge management Strategic Capability 

4. Other (please specify) …………………................... 

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  

 

Q3: Rate criteria are being a part of knowledge Management Capabilities? 

Criteria Rating For Group consensus Resu

lt 

Knowledge Management Process Capability             Yes  NO  0     1     2     3   4   

Knowledge Management Infrastructure 

Capability   

Yes  NO  0     1     2     3   4   

Knowledge management Strategic Capability           Yes  NO  0     1     2     3   4   

Other (please specify) …………………..... Yes  NO  0     1     2     3   4   

 

Q4: Do you agree upon following sub- criteria’s belongs to knowledge Management Process 

Capabilities? 

Knowledge sharing                                                          

Join Sense Making                                                          

Knowledge Implementation                                             

Knowledge Transfer                                                         

Affective Commitment                                                     

Knowledge creation                                                          

Knowledge generation                                                      

Knowledge Protection                                                      

Knowledge Acquisition                                                    

Knowledge Utilization                                                     

Intellectual knowledge portfolio                                      

Other (please specify)………………….....………. 

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  
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Q5: Rate sub- criteria are being a part of knowledge Management Process Capabilities? 

Sub-criteria  Rating For Group consensus Resul

t 

Knowledge sharing                           Yes  NO  0     1     2     3     4   

Join Sense Making                            Yes  NO  0     1     2     3     4   

Knowledge Implementation              Yes  NO  0     1     2     3     4   

Knowledge Transfer                          Yes  NO  0     1     2     3     4   

Affective Commitment Yes  NO  0     1     2     3     4   

Knowledge creation Yes  NO  0     1     2     3     4   

Knowledge generation Yes  NO  0     1     2     3     4   

Knowledge Protection Yes  NO  0     1     2     3     4   

Knowledge Acquisition Yes  NO  0     1     2     3     4   

Knowledge Utilization Yes  NO  0     1     2     3     4   

Intellectual knowledge portfolio Yes  NO  0     1     2     3     4   

Other (please specify) Yes  NO  0     1     2     3     4   

 

Q6: Do you agree upon following sub- criteria’s belongs to knowledge Management Infrastructure 

Capabilities? 

Organizational learning 

Culture 

Community of Practice 

IT 

Technology 

Structure 

Contribution of skills & expertise 

Novelty & uniqueness of innovation 

Role of leadership innovation & supports 

Other (please specify) …………………..... 

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

Q7: Rate sub- criteria are being a part of knowledge Management Infrastructure Capabilities?? 

Sub-criteria Rating For Group consensus Result 

Organizational learning                     Yes  NO  0     1     2     3     4   

Culture                                               Yes  NO  0     1     2     3     4   

Community of Practice Yes  NO  0     1     2     3     4   

IT Yes  NO  0     1     2     3     4   

Technology Yes  NO  0     1     2     3     4   

Structure Yes  NO  0     1     2     3     4   

Contribution of skills & expertise Yes  NO  0     1     2     3     4   

Novelty & uniqueness of innovation Yes  NO  0     1     2     3     4   

Role of leadership in innovation  Yes  NO  0     1     2     3     4   

Other (please specify)………........... Yes  NO  0     1     2     3     4   
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Q8: Do you agree upon following sub- criteria’s belongs to Knowledge Management Strategic 

Capabilities? 

External Knowledge Source                                                           

Internal Knowledge Source                                                            

Joint Internal Collaboration                                                            

Joint External Collaboration                                                           

HRM                                                                                               

Innovative Performance                                                                 

Explicit knowledge                                                                         

Tacit Knowledge                                                                            

Codification                                                                                    

Personalization                                                                               

R&D expenditure                                                                            

Success rate of R&D products                                                        

R&D intensity                                                                                 

 Other (please specify ………………….....……….…………)  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

Q9: Rate sub- criteria are being a part of knowledge Management Strategic Capabilities? 

Sub-criteria Rating For Group consensus Res 

External   Knowledge source                 Yes    NO  0     1     2     3     4   

Internal  Knowledge source                   Yes  NO  0     1     2     3     4   

Joint learning :internal collaboration     Yes  NO  0     1     2     3     4   

Joint learning :External collaboration    Yes  NO  0     1     2     3     4   

Tacit knowledge                                     Yes  NO  0     1     2     3     4   

Explicit knowledge                                Yes  NO  0     1     2     3     4   

HRM Practices                                       Yes  NO  0     1     2     3     4   

Performance                                           Yes  NO  0     1     2     3     4   

Codification Yes  NO  0     1     2     3     4   

Personalization                                       Yes  NO  0     1     2     3     4   

R&D expenditure Yes  NO  0     1     2     3     4   

Success rate of R&D products               Yes  NO  0     1     2     3     4   

R&D intensity                                        Yes  NO  0     1     2     3     4   

Other (please specify ……………)  Yes  NO       0     1     2     3     4   

 

Q10: Do you agree on following Criteria belong to Innovation Management capabilities? 

1. Innovation Management Process Capability 

2. Innovation Management Infrastructure Capability 

3. Innovation  Management Strategic Capability 

4. Other (please specify …………………………………) 

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  
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Q11: Rate criteria are being a part of Innovation Management Capabilities? 

Criteria Rating For Group 

consensus 

R

e

s 

Innovation Management Process Capability           Yes      NO  0     1     2     3   4   

Innovation Management Infrastructure Capability Yes  NO  0     1     2     3   4   

Innovation management Strategic Capability          Yes  NO  0     1     2     3   4   

Other (please specify ……………………………) Yes  NO  0     1     2     3   4   

 

Q12: Do you agree upon following sub- criteria’s belongs to Innovation Management Process 

Capability? 

R&D cooperation 

Acquisition Internal R&D 

Acquisition External R&D 

Technology Transfer 

Decision Making process 

Knowledge Sharing 

Inbound Open Innovation 

Project management (control & monitoring) 

Innovativeness compatibility 

Rate of introduction of new product/ service per year 

Internal & external Knowledge sharing ability 

Knowledge creation process 

Open Innovation 

Other (please specify ……………………………) 

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

Q13: Rate sub- criteria are being a part of Innovation Management Process Capability? 

Sub-criteria Rating For Group consensus R

e

s 

R&D cooperation Yes  NO  0     1     2     3     4   

Acquisition Internal R&D Yes  NO  0     1     2     3     4   

Acquisition External R&D Yes  NO  0     1     2     3     4   

Technology Transfer Yes  NO  0     1     2     3     4   

Decision Making process Yes  NO  0     1     2     3     4   

Knowledge Sharing Yes  NO  0     1     2     3     4   

Inbound Open Innovation Yes  NO  0     1     2     3     4   

Project management Yes  NO  0     1     2     3     4   

Innovativeness compatibility Yes  NO  0     1     2     3     4   

Rate of introduction of new product Yes  NO  0     1     2     3     4   

(Inter & Exter)Knowledge sharing ability Yes  NO  0     1     2     3     4   

Knowledge creation process                                     Yes  NO  0     1     2     3     4   

Open Innovation Yes  NO  0     1     2     3     4   

Other (please specify ………………)   Yes  NO  0     1     2     3     4   

 

 

 



340 

 

 

Q14: Do you agree upon following sub- criteria’s belongs to Innovation Management 

Infrastructure Capability? 

R&D investment                                                                      Yes  

External Networking                                                                Yes  

R&D Employee                                                                        Yes  

New Knowledge                                                                       Yes  

Radical Innovation                                                                   Yes  

External knowledge                                                                  Yes  

Formulation                                                                              Yes  

Absorptive capacity                                                                  Yes  

Knowledge incentives                                                              Yes  

Other (please specify ………………)                                      Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

 

Q16: Do you agree upon following sub- criteria’s belongs to Innovation Management Strategic 

Capability? 

IP performance                                                                        Yes  

Technological Performance                                                     Yes  

Innovative Performance                                                           Yes  

Technology trends                                                                    Yes  

Organization strategy                                                               Yes  

Innovation strategies and initiatives                                         Yes  

Other (please specify ……      )                                                Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

 

 

 

 

 

 

 

Q15: Rate sub- criteria are being a part of Innovation Management Strategic Capability? 

Sub-criteria Rating For Group consensus Res 

R&D investment                    Yes   NO  0     1     2     3     4   

External Networking                 Yes   NO  0     1     2     3     4   

R&D Employee                         Yes   NO  0     1     2     3     4   

New Knowledge                        Yes   NO  0     1     2     3     4   

Radical Innovation                    Yes   NO  0     1     2     3     4   

External knowledge                  Yes   NO  0     1     2     3     4   

Formulation                               Yes   NO  0     1     2     3     4   

Absorptive capacity                   Yes   NO  0     1     2     3     4   

Knowledge incentives               Yes   NO  0     1     2     3     4   

Other (please specify ……      ) Yes   NO  0     1     2     3     4   
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Q17: Rate sub- criteria are being a part of Innovation Management strategic Capability? 

Sub-criteria Rating For Group consensus Res 

IP performance                                   Yes  NO  0     1     2     3     4   

Technological Performance               Yes  NO  0     1     2     3     4   

Innovative Performance                     Yes  NO  0     1     2     3     4   

Technology trends                              Yes  NO  0     1     2     3     4   

Organization strategy                         Yes  NO  0     1     2     3     4   

Innovation strategies and initiatives   Yes  NO  0     1     2     3     4   

Other (please specify ……      )          Yes  NO    0     1     2     3     4   

 

Q18: Do you agree on following Criteria belong to Technology Management capabilities? 

1. Technology Management Process Capability                                      Yes  

2. Technology Management Infrastructure Capability                            Yes  

3. Technology Management Strategic Capability                                    Yes  

4. Other (please specify ……      )                                                           Yes  

NO  

NO  

NO  

NO  

 

Q19: Rate criteria are being a part of Technology Management Capabilities? 

Criteria Rating For Group  

consensus 

R

e

s 

Technology Management Process Capability Yes  NO  0     1     2     3   4   

Technology Management Infrastructure Capability     Yes  NO  0     1     2     3   4   

Technology management Strategic Capability Yes  NO  0     1     2     3   4   

Other (please specify ……      ) Yes  NO  0     1     2     3   4   

 

 

Q20: Do you agree upon following sub- criteria’s belongs to Technology Management Process 

Capability? 

Technology Acquisition                                                                   Yes  

Technology Exploitation                                                                 Yes  

Technology Identification                                                              Yes  

Technology learning                                                                       Yes  

Technology Protection                                                                   Yes  

Technology Selection                                                                     Yes  

Technology Planning                                                                      Yes  

Technology Development                                                              Yes  

Technology deployment                                                                 Yes  

Technology development                                                              Yes  

Technology Assessment                                                                 Yes  

Technology Forecasting                                                                 Yes  

Technology Watch                                                                         Yes  

Technology Transfer                                                                      Yes  

   Other (please specify ……      )                                                    Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  
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Q21: Rate sub- criteria are being a part of Technology Management Process Capability? 

Sub-criteria Rating For Group consensus Re

s 

Technology Acquisition                            Yes   NO  0     1     2     3     4   

Technology Exploitation                           Yes   NO  0     1     2     3     4   

Technology Identification                         Yes   NO  0     1     2     3     4   

Technology learning                                  Yes   NO  0     1     2     3     4   

Technology Protection                              Yes   NO  0     1     2     3     4   

Technology Selection                                Yes   NO  0     1     2     3     4   

Technology Planning                                Yes   NO  0     1     2     3     4   

Technology Development                          Yes   NO  0     1     2     3     4   

Technology deployment                           Yes   NO  0     1     2     3     4   

Technology Assessment                            Yes   NO  0     1     2     3     4   

Technology Forecasting                             Yes   NO  0     1     2     3     4   

Technology Watch                                     Yes   NO  0     1     2     3     4   

Technology Transfer                                  Yes   NO  0     1     2     3     4   

 Other (please specify ……      )                Yes   NO  0     1     2     3     4   

 

 

Q22: Do you agree upon following sub- criteria’s belongs to Technology Management 

Infrastructure Capability? 

Management Capability                                                                    Yes  

Facility                                                                                              Yes  

Organization capability                                                                     Yes  

Personal skill                                                                                     Yes  

 Other (please specify ……      )                                                     Yes  

NO  

NO  

NO  

NO  

NO  

 

 

Q23: Rate sub- criteria are being a part of Technology Management Infrastructure Capability? 

Sub-criteria Rating For Group consensus Res 

Management Capability                         Yes   NO  0     1     2     3     4   

Facility                                                    Yes   NO  0     1     2     3     4   

Organization capability                          Yes   NO  0     1     2     3     4   

Personal skill                                          Yes   NO  0     1     2     3     4   

Other (please specify ……      )              Yes   NO  0     1     2     3     4   
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Q24: Do you agree upon following sub- criteria’s belongs to Technology Management Strategic 

Capability? 

Strategic Technology Road Mapping                                             Yes  

Technology absorptive capability                                                  Yes  

Technology innovation capability                                                  Yes  

Absorptive capacity                                                                        Yes  

Descriptive capacity capability                                                      Yes  

TM (Corporate Technology Strategy)                                           Yes  

TM(Corporate Business Strategy)                                                 Yes  

TM(Technology Alliance Strategy)                                              Yes  

 Other (please specify ……      )                                                    Yes  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

NO  

 

 

Q25: Rate sub- criteria are being a part of Technology Management Strategic Capability? 

Sub-criteria Rating For Group consensus Res 

Strategic Technology Road Mapping        Yes   NO  0     1     2     3     4   

Technology absorptive capability              Yes   NO  0     1     2     3     4   

Technology innovation capability              Yes   NO  0     1     2     3     4   

Absorptive capacity                                   Yes   NO  0     1     2     3     4   

Descriptive capacity capability                  Yes   NO  0     1     2     3     4   

TM (Corporate Technology Strategy)      Yes   NO  0     1     2     3     4   

TM(Corporate Business Strategy)            Yes   NO  0     1     2     3     4   

TM(Technology Alliance Strategy)          Yes   NO  0     1     2     3     4   

  Other (please specify ……      )         Yes   NO  0     1     2     3     4   

 



344 

APPENDIX B 

DANP (DEMATEL BASED ANP) QUESTIONNAIRE 

Session 2  

Section 2 

Evaluation of influence among criteria’s, and sub-criteria’s orientations for 

future R&D Management   
Focus Group number: _________________________________  
 

This questionnaire aims to evaluate the interrelationship among criteria and sub-criteria 

orientations for future in your organisation. The factors related to alternative orientations 

were identified from previous questionnaire ‘capabilities that influence R&D’. 

Instruction for the questionnaire  

The questionnaire based on single big Matrix: ‘Pairwise comparison of main 

capabilities’, ‘Pairwise comparison of criteria’, and ‘Pairwise comparison of sub-

criteria orientations’. 

You will be asked to compare relative significance of several pairs of capabilities and 

orientations. Each capabilities of a pair are provided on the opposite sides of a row. Please 

circle the appropriate number 

 

Scale Explanation 

0 Not important at all  
1 Little important  

2 Moderately important  

3 Important 

4 Very important  

 

Example: If you think ‘Knowledge creation’ is extreme important to ‘knowledge Transfer’ 

your response will be:  
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APPENDIX C 

GAP ERROR RATIO FOR SUB CRITERIA
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APPENDIX D 

GAP ERROR RATIO MATRIX CRITERIA’S  
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 KM process Cap 0 2.179 2.231 2.1026 2 2 2.3 2.3 2.2 17.3 

KM Infra Cap 
2.13 0 2.359 2.1282 2.128 2 2.2 2.4 2.4 17.7 

KM Strate Cap 
2.23 2.769 0 2.0256 2.282 2 2.2 2.3 2.5 18.3 

IM Process Cap   
2.31 2.231 2.103 0 2.128 2 2.4 2.5 2.3 17.9 

IM infra Cap   
2.26 2.128 2.051 2.1026 0 2 2.2 2.3 2.2 17.4 

IM Strate Cap   
2.46 2.103 2.205 2 2.051 0 2.1 2.5 2.1 17.6 

TM Process Cap 
2.15 2.154 2.821 2.9231 2.897 3 0 2.5 2.2 20.5 

TM Infra Cap   
2.1 2.385 2.205 2.1538 2.41 3 2.5 0 2.2 18.5 

TM Start Cap   
2.62 2.359 2.231 2.9231 2.436 3 2.4 2.2 0 19.7 

 

18.3 18.31 18.21 18.359 18.33 18 18 19 18 
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APPENDIX D 

GAP ERROR RATIO  
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APPENDIX E 

LIST OF R&D IN PUBLIC SECTOR ORGANIZATION  

R&D in Pakistan Public Organization  

Agriculture Research Institute 

Coal Research Center, NFC IET 

Asian Management Institute* Central Cotton Research Institute 

Centre Of Excellence In Analytical Chemistry 

National Institute for Biotechnology and Genetic Engineering 

Hydrocarbon Development Institute of Pakistan 

Inspectorate of Mines, Government of Punjab Lahore 

Institute of Marine Engineers Pakistan 

National Centre for Physics 

Marine Fisheries Department, Ministry port and Shipping Pakistan  

National Fertilizer Development Centre 

National Institute of Electronics 

National Transport Research Centre 

PARC-IIBC Station, International Institute Of Biological Control 

Perac Research & Development Foundation 

Petroleum Institute of Pakistan  

Soil Research and Survey Center 

South Asia Institute for Human Sexuality 

Veterinary Research Institute 

Water Management Training Institute 

Research and Development Foundation 

National Textile Research Center, National Textile University 

Taxila Institute of Transportation Engineering 

Pakistan Forest Research Institute, Peshawar 

National Institute of Oceanography 

Pakistan Scientific & Technological Information Centre 

Pakistan Institute of Engineering and Applied Sciences 

Pakistan Institute of National Development 

Pakistan Council of Scientific &industrial Research  

Textiles Industry Research & Development Centre 

Station for Ostrich Research and Development  

Department of Poultry Science PMAS Arid Agriculture University, Rawalpindi Pakistan  

Advance Educational Institute & Research Center 

Agriculture Research Institute, Quetta 

Al-Khwarizmi Institute of Computer Science, UET, Lahore 

Environmental Protection Agency, Punjab  

Institute of Research Promotion (IRP) 

Karachi Industrial Research Group (KIRG) 

NDFC- Pakistan Development Banking Institute 

PIA, Training Centre, Karachi Airport 

Sustainable Development Policy Institute 

Pakistan Automotive Manufacturers Association 

https://en.wikipedia.org/wiki/National_Institute_for_Biotechnology_and_Genetic_Engineering
https://en.wikipedia.org/wiki/Hydrocarbon_Development_Institute_of_Pakistan
https://en.wikipedia.org/wiki/National_Centre_for_Physics
https://en.wikipedia.org/wiki/Marine_Fisheries_Department
https://en.wikipedia.org/wiki/National_Fertilizer_Development_Centre
https://en.wikipedia.org/wiki/National_Institute_of_Electronics_%28Pakistan%29
https://en.wikipedia.org/wiki/Petroleum_Institute_of_Pakistan
https://en.wikipedia.org/wiki/National_Institute_of_Oceanography_%28Pakistan%29
https://en.wikipedia.org/wiki/Pakistan_Institute_of_Engineering_and_Applied_Sciences
https://en.wikipedia.org/wiki/Rawalpindi
https://en.wikipedia.org/wiki/Quetta
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Pakistan Pharmaceutical & Drug Association 

Pakistan Space and Upper Atmosphere Research Commission (SUPARCO) 

Geological Survey of Pakistan 

National Transmission and Dispatch Company  

Pakistan Atomic Energy Commission  

Pakistan Botanical Society, Karachi University  

Zoological society of Pakistan. Karachi University  

Pakistan Petroleum Limited 

Radiology Research Section 

Pakistan Civil Aviation Authority  

Karachi Port Trust , Pakistan  

Pakistan National Shipping Corporation  

Pakistan Leather garments Manufacturer & Association  

Pakistan Gems and Jewellery Development Company 

Department of Polymer Engineering, NUST  

Engineering Development Board Pakistan  

Pakistan Sports Goods and Manufacturers & Exporters Association 

The Surgical Instruments Manufacturers Association of Pakistan  

Pakistan Footwear Manufacturers Association 

National Telecommunication Corporation 

Pakistan Broadcasting Corporation 
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APPENDIX F  

ABBREVIATION 

Knowledge Creation  (K.cre) 

Knowledge  Acquisition  (K.Acq) 

Intellectual Knowledge Portfolio (Int Kno Port) 

Knowledge Sharing  (K.shar) 

Knowledge Implementation  (K.Imp) 

Knowledge Transfer  (K.tran) 

Culture  (cult) 

Structure  (stru) 

Technology  (Tech) 

People (Peop) 

Role of Leadership & Support (Lead& Supp) 

Organizational Learning  (org. Lear) 

Success rate of R&D products  (Succ. Rate) 

R&D Expenditure (R&D Exper) 

Codification   (Code) 

Personalization  (Pers) 

External Knowledge Source (Exter.Kn) 

Internal Knowledge Source (Int.Kn) 

Technology Transfer  (Tech .Tran) 

Decision Making Process  (Dec.Mak) 

Open Innovation    ( In. Op Inn) 

Project Management  (Proj. mang) 

Innovativeness Compability   (Inn. com) 

Rate of Introduction New Product  (Rate Int) 

Internal & External Knowledge Sharing   (Int & Ext Kno) 

R&D cooperation   (R&D.Corp) 

External Networking   (Ext Net) 

knowledge incentives  (Know .Inc) 

Radical Innovation  (Rad Inn) 

Absorptive capacity  (Abso. Cap) 

R&D Employee   (R&D Empo) 

Technology Trends  (Tech Tren) 

Innovative Performance  (Inno. per) 

Innovation strategies and initiatives   (Inov Str& ini) 

Organization strategy  (Org.Str) 

Technology  Acquisition   (Tech. Acq) 

Technology Exploitation  (Tech. Expo) 

Technology Protection   (Tech. Pro) 

Technology Learning  (Tech. lear) 

Technology Selection  (Tech. Sele) 

Technology identification  (Tech. Iden) 

Technology development  (Tech Deve) 
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ABBREVIATION 

 

Management Competency    (Mang Comp) 

Facility and Equipment   (Fac) 

Organization Potential  (Org. Poten) 

Personal Skill  (Pers. Skil) 

Strategic Technology Road Mapping  (Str Tech) 

Corporate Technology Strategy  (Corp Tech Stra) 

Corporate Business Strategy (Corport Bus Strat) 

Technology Alliance Strategy  (Tech Alli) 

Desorptive Capacity   (Desor. Cap) 
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APPENDIX G 

PRISMA 

Searching Scheme For Knowledge Management Capabilities  

On 12 Dec 2017, an extensive searching string applied on Scopus data was 

performed based to reclaim all the significant studies related to Knowledge management 

capabilities impact on R&D. The following typology configuration was applied into 

Scopus search engine: Searched for article: “Knowledge management and R&D” OR 

“Knowledge organization capabilities” OR “R&D and Knowledge capabilities” OR 

“Knowledge capacity” OR “Knowledge Management in R&D” OR “Knowledge 

Management & R&D” OR “Knowledge Management Strategic Capability” OR 

“Knowledge Management & R&D ” OR “Knowledge Capabilities and R&D ” OR 

“Knowledge  and R&D” OR “Knowledge Management on R&D” OR “K.M 

capabilities” OR “K.M with R&D capabilities” OR “K.M” OR “K.M “All the probable 

keywords relevant to Knowledge management Capabilities (K.M capabilities) were take 

into account during systematic searching query. 

Type of Studies included  

The search reclaimed 664 document which had emerges in 41 journals from 

1990 to 2016. Those article were published frequently by 25 institutions spread across 

52 countries and by 156 authors these documents comprise on 412 (62%), conference 

article 208 (31.3%), Review 28 (4.2%), Book chapter 7 (1.05%), conference review 5 

(0.75%), Article in Press 3 (0.45%), Short survey 1 (0.15%)  
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VOS viewer outcome along with Some of Highest Occurrence  of  Key words 

(Knowledge)  

Cluster Total Key words in Cluster  Some of Highest Occurrence 

 111 Data mining, Artificial 

intelligence, Business 

Intelligence, Business 

process management, cloud 

computing, Data mining, 

Database, Decision making, 

Decision support system, 

Information retrieved, 

Information management  

 77 Assessment,  

Communication, Disasters 

management, E-learning, 

Evaluation, Higher 

Education, HRM, 

Knowledge Management, 

Leadership, Organization 

learning  

 38 Case study, Competitive 

Advantages, Information, 

Knowledge Management, 

New Product Development, 

SMEs, Social Networks  

 37 Capability, Collaboration, 

Community of Practice, 

Creativity, Education, 

knowledge, Learning 

Training, Nurse  

 36 Competitiveness, banking, 

Critical success factor, 

Information technology, 

Technology Transfer, Total 

Quality, Six sigma  

 35 Knowledge acquisition, 

Knowledge application, 
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Knowledge conversion, 

knowledge creation, 

knowledge generation, 

knowledge integration,  

 35 Innovation Management, 

Intellectual capital, 

knowledge economy, Open 

innovation, Organization 

innovation, strategic 

management, R&D 

management, Process 

innovation , organizational 

culture, Organizational 

learning; Culture, IT,  

Community of Practice, 

Technology, Structure; 

People,  Contribution of 

skills & expertise  

 32 External Knowledge , 

Internal knowledge, implicit, 

Explicit, Technology strateg, 

strategic alliance, 

combination, internalization, 

and socialization 

 30 Knowledge network, 

leadership, Learning 

organization, value chain, 

value creation, social 

software, social network 

system, system review  

 22 Organizational performance, 

Organizational capability 

Organizational design, 

organizational learning, 

Dynamic capability, 

knowledge based view  

 19 Business performance, 

business strategy, Strategic 

alliance, project portfolio 
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management, Quality , 

SMEs 

 15 Architecture, development, 

environment, framework, 

infrastructure, integration, 

practices  

 13 Innovativeness, Hotel 

industry, Agility, corporate 

social response, ICT, 

Alliance  

 

Searching Scheme For  Innovation Management Capabilities  

On 12 Dec 2017, an extensive searching string applied on Scopus data was 

performed based to reclaim all the significant studies related to Innovation management 

capabilities impact on R&D. The following typology configuration was applied into 

Scopus search engine: Searched for article: The following typological setting was 

applied into Scopus search engine: “Innovation Management and R&D” OR 

“Innovation organization” OR “R&D and Innovation management” OR “Innovation and 

Research & Development” OR “Innovation capabilities” OR “Innovation Management 

in R&D” OR “I.M in R&D” OR “Innovation management and (R&D)” OR “Innovation 

Capability” OR “Innovation & R&D” OR “Innovation management capability & 

research and developement” OR “Innovation capabilities” OR “Innovation & 

Capabilities” OR “Innovation R&D in Public organization”. All the probable keyword 

relevant to Innovation management capabilities (I.M capabilities) was taking into 

account during systemic searching query. 

 Type of Studies included  

The search reclaimed 972 documents which had emerged in 54 journals from 1990 

to 2018. Those article were published frequently by 26 institute spread across 59 

countries and by total of 172 Author’s, these documents comprise on 745 (68.18%), 

Conference article 154(21.9696%), Review 35(4.419%), Book chapter 19(2.398%), 
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conference review 5 (0.6313%), Shorter survey 5 (0.6313%), Book 4(0.505%), Article 

in press 3 (0.3787%) and Note 2 (0.2525%) 

VOS viewer outcome along with Some of Highest Occurrence of Key words 

(Innovation) 

Cluster Total Key words in Cluster  Some of Highest Occurrence 

 67 Business process 

management, capabilities, 

corporate culture, corporate 

entrepreneurship, dynamic 

capability, knowledge 

economy, knowledge 

integration, open innovation, 

organizational capability, 

organizational change, 

performance  

 64 Innovation capability, 

innovation management, 

competitiveness, intellectual 

property, knowledge 

transfer, knowledge 

management, management 

capabilities , technology 

capabilities, technology 

management, technology 

strategy, technology 

development  

 58 Diffusion innovation, 

exploitation, innovativeness, 

information technology, 

knowledge management, 

process management, 

product development, 

resource management, 

product innovation, total 

quality management, 

diffusion innovation  
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 45 Innovation process, policy, 

radial innovation, economic 

development, environmental 

management, globalisation, 

green innovation  

 43 Corporate governance, 

corporate social 

responsibility, networking, 

organizational learning,  r&d 

management, technological 

innovation capabilities , 

collaborative innovation, 

green innovation   

 42 Technological performance, 

technology trends initiative, 

technology roadmapping , 

strategic management , 

strategic planning  

 41 Business environment, 

Business development, 

commercialization, portfolio 

management , total 

innovation management, 

uncertainty and venture  

 38 Knowledge acquisition,  

knowledge innovation, 

organizational capabilities, 

regional innovation 

mechanism,  resource and 

capabilities, supply chain, 

supply chain integration, 

strategic orientation   

 26 Cloud computing, 

cybernetics, big data, 

information system, IT 

innovation, IT capability   

 26 Manufacturing strategy, 

manufacturing, strategic 

flexibility, flexibility, 
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organizational development, 

communication, 

competencies  

 14 Decision making process, 

acquisition external R&D, 

acquisition internal R&D, 

knowledge sharing, 

knowledge creation , R&D 

cooperation, technology 

transfer, in bound open 

innovation ability  

 14 Absorptive capability, r&d 

investment, organizational 

culture, new knowledge, 

external knowledge source, 

formulization ability  

 

Searching Scheme For Technology Management Capabilities  

On 12 Dec 2017, an extensive searching string applied on Scopus data was 

performed based to reclaim all the significant studies related to Technology 

management capabilities impact on R&D. The following typology configuration was 

applied into Scopus search engine: Searched for article: “Technology  management and 

R&D” OR “Technology Management capabilities” OR “R&D and Technology 

capabilities” OR “Technology capacity” OR “Technology Management in R&D” OR 

“Technology Management with R&D” OR “TM Capability in Public R&D” OR 

“Technology Management & (R&D) ” OR “Technology Strategic Capabilities R&D ” 

OR “Technology capabilities and R&D” OR “Technology Management in research and 

developement” OR “Technology capabilities” OR “T.M capabilities & (R&D)” OR 

“TM & R&D capabilities ” 

Type of Studies included  

All the probable keywords relevant to Technology management Capabilities (T.M 

capabilities) were take into account during systematic searching query. The search 
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reclaimed 662 document which had emerges in 51 journals from 1990 to 2018. Those 

article were published frequently by 176 institutions spread across 52 countries and by 

176 authors these documents comprise on 514 (57.4%) journal article , conference 

article 82 (35.5%), Review 42 (4.5%), Book chapter 7 (0.76%), conference review 3 

(0.3265%), Article in Press 3 (0.2175%), Short survey 11 (1.195%) 

Cluster Total Key words in 

Cluster  

Some of Highest Occurrence 

 93 Business strategy, capabilities, 

Business performance, competitive 

advantages, customer relationship, 

diversification, dynamic 

capabilities,  IT capabilities  

 88 Cloud computing, Analytics, 

computer networks, mobility 

management, routing and security  

 65 Adaption, Ambidexterity, 

concurrent engineering, critical 

success factor, exploitation, 

globalization, knowledge 

Acquisition, knowledge transfer  

 53 Construction management, 

information management, data 

analysis, data mining, decision 

making, distributed system, 

anthologies  

 46 Algorithms, Artificial intelligence, 

crisis management, data collection, 

data fusion, disaster management, 

disaster response, Risk 

Assessment, Risk management 

 45 Electronic health record, 

Electronic medical records, 

Enterprise architecture, Evolution, 

genomics, Telemedicine, 

Transformation,   
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 38 Bio mass, organizational 

structure, distribution, health 

management, management 

systems, measurement  

Organizational structure, system 

engineering, maintenance  

 36 Capability, capability maturity 

mode, computing, development, IT 

governance, IT services, 

Knowledge management system, 

process improvement, reliability, 

risk analysis, software 

development  

 18 Business intelligence, business 

value, data analysis, technology 

integration, information sharing, 

social media, collaboration, 

communication management, 

enterprise management    

 18 Forecasting, Fuzzy logic, 

information security, strategic 

planning, real options, 

classification, database, intelligent 

agent  
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APPENDIX H 

DEMOGRAPHICS ANALYSIS 

 

Demographic Characteristics of the Experts 

A complete range of experts that were involve in composition of thirty nine focus 

group were represented in Appendix-x comprise of Chief scientific officers, R&D 

manager, Consultants, Professional engineer, Technical research officers, Government 

chief research officer and academician have been placed. The same panel experts were 

involved in both Focus group discussion and DANP (DEMATEL based ANP) 

techniques. Initially almost forty one focus groups were invited to participate in order to 

cover the maximum reliability of instrument. But only 39 focus groups were turning it 

up only. These thirty nine multidisciplinary focus group were fully participated in both 

session. All focus groups returned the questionnaire of first session reflecting 100% 

response rate. Table: 1 represents the complete outline of expert’s profile that confirms 

that the panellist were experienced who can present their consensus on the issue under 

study, as result both the session of Focus group discussion were proceeds. 

Table 1: Demographic Characteristics of the Experts  

Orientation Categorize N % 

Group Chief Research officers  32 16.4 

 Professional Engineers 30 15.3 

 R&D Manager  32 16.4 

 Consultants 33 16.9 

 Technical Research Officers 35 17.9 

 Academician 33 16.9 

 Total 195(39) 100 

Gender  Male  130 66.6 

 Female  65 33.3 

 Total  195(39) 100% 

Age  31-41 27 13.8 

 41-51 89 45.6 

 51-above 60 78 40 

 Total  100 100 

Current Designation  Director/ Deputy Director  43 22.0 

 Chief Scientific Officer  112 57.4 
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 Principle   11 5.64 

 Senior Lecture  13 6.6 

 Associate Professor  6 3.07 

 Professor 10 5.12 

 Total  195(39) 100 

Education  Bachelor  48 24.6 

 Masters  79 40.5 

 PhD degree 68 34.8 

 Total  195  

 Average (Research Publication) 7.1Journal/experts 

Industrial and Academic 

Experience  

Chief Scientific Officer 264 years 18.9 

 Professional Engineer 250 years 17.9 

 R&D Manager  196 years 14.0 

 Consultants 366 years  26.2 

 Technical Research Officers 336 years  24.1 

 Total (Industrial Experience) 1392 years  100 

 Academician 310 years   

 Total (Academician  

Experience) 

310 years  

 Average Industrial Experience  43.39 years   

 Average Academician 

Experience 

9.39 years  

 Average Industrial and 

Academician Experience 

52.78 years  

International 

Association/Professional 

Certification  

IAMOT, the Int'l Association 

for the Management of 

Technology 

0-4 years 20 16.3 

5-10 years 71 58.1 

11-20 years 31 25.4 

20-Above nil  

Total  12

2 

100 

  

 R&D management society 

based in the UK 

0-4 years 57 49.5 

5-10 years 31 26.9 

11-20 years 21 18.2 

20-Above 6 5.2 

Total 11

5 

100 

 ATD, Certified Knowledge 

Management, UK   

0-4 years 13 52% 

5-10 years 12 48% 

11-20 years nil  

20-Above nil  

Total 25 100

% 

Committee Association/ 

Scientific Society 

Membership   

Pakistan Engineering Council  

 

0-4 years 70 50.3 

5-10 years 41 29.4 

11-20 years 21 15.1 

20-Above 7 5.01 
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Total 13

9 

100 

 National Science Foundation  0-4 years 78 40% 

5-10 years 69 35.3

8 

11-20 years 21 10.7

6 

20-Above 27 13.8 

Total 19

5 

100 

   

 Pakistan science and 

technology council 

0-4 years 41 21.0 

5-10 years 78 40 

11-20 years 42 21.5 

20-Above 34 17.4 

Total 19

5 

100 

 National Productivity 

Organization , Pakistan 

0-4 years 48 28.7 

5-10 years 52 31.1 

11-20 years 67 40.1 

20-Above Nil   

Total 16

7 

100 

 Professional Engineering 

Certificate  

0-4 years 60 43.1 

5-10 years 41 29.4 

11-20 years 21 15.1

0 

20-Above 17 12.2 

Total 13

9 

100 

 

  Experts from Public sector R&D were composing to form thirty nine Focus 

groups. Of those experts 32 or 16.4% were scientist, 30 or 15.3 were Professional 

Engineers, 32 or 16.4 were R&D Managers, 33 or 16.9%, 35 or 17.9% were 

Consultants, 35 or 17.9% were Technical Research Officers, 33 or 16.9 % were 

Academician. The composition of multi-disciplinary experts from various R&D 

discipline mention (Appendix –E) make this research novel and unique. The multi-

disciplinary composition should assuage any unfairness’s that might occur during focus 

group discussion  The majority of experts were commonly were male (N=130 or 

66.6%), which specify that the majority of R&D in Public sector firms most experts 

were male. Within the thirty nine focus groups, 13.8% (N=27) participants were in 
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between 31-41 years, while 45.6% (N=89) were in between 41-51 years, 40% (N=78%) 

in between 51-above 60. This output specify that majority of experts have a immense 

professional experience in the R&D Public firms 

 The most recent designation held by the experts from chief research officers panel 

as manager or director (N=43 or 22%), while professional engineers held designation as 

chief scientific officer (N=112 or 57.4%). Consultant panel consider as principle 

investigator (N=11or 5.64%). The Academician held a positions as Senior Lecture 

(N=13 or 6.6%), along with Associate Professor (N= 6 or 3.07%) and Professor (N=10 

or 5.12%). With respect to the educational background 24.6% (N=48) of experts hold 

bachelor degree, 40.5% (N=79) holds masters degrees, while 34.8% (N=68) of experts 

hold doctorate degree. These outcome were reflect little similarity with previous 

findings of Hsiao (1997); (Rintamaa & Aho-Mantila, 2011) who emphasize that the 

experts level of education profile is one of the significant attributes when selecting 

expert for focus group or any other techniques  

The experts exceptionally contributes to the body of knowledge in the R&D sector 

through publication at average of 7.1 journals and conference proceeding papers, 31.2% 

(N=121) were published in peer view journals, 8.1% (N= 51) were books chapters and 

61.7% were other symposium presentation (N=144) . The cumulative year of industrial 

experiences among experts was around 1392 years at average of 43.9 years in focus 

group. Similarly, the cumulative years of academics experience was 310 with average 

of 9.39 years per experts in focus group. The combine cumulative professional 

experience of experts for both industrial and academics were around 1702 years at an 

average of 8.7 years per experts in focus group. From previous studies Klentien and 

Kamnungwut (2017) illustrate the significance of experts by indicating that experts 

should have adequate experience. Certainly, in the studies with in focus group 

conducted by O.Nyumba et al. (2018), and suggested that experts average experience as 

around 5.5years to 8.1 years per experts with in focus group, respectively, which is 

lesser than the current study  

16.3 % (N=20) of experts were internationally registered with less than 5 years 

tenure to practice with international professional bodies of instance “IAMOT, the Int'l 
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Association for the Management of Technology” similarly  58.1 % (N=71) of experts 

were registered more than 5 years tenure with same professional body, while 25.4% 

(N=31) of them associated under tenure 10 years. 49.5% (N=57) of experts were 

associated “R&D management society based in the UK” with less than 5 years 

membership while 26.9% (N=31) associated with more the 5 years membership and 

around 18.2% (N=21) were associated with more than 10 years of membership 5.2 % 

(N=6) having lifetime membership. 52% (N=13) of experts were “ATD, Certified 

Knowledge Management, UK” having less than 5 years membership while around 48 % 

(N=12) were carries 5 years membership  

50.3 % (N=70) experts were carries less than 5 years membership with “Pakistan 

Engineering Council” 29.4 % (N= 41) experts were having more than 5 years 

membership. While 15.1 % (N=21) were carries more than 10 years membership 5.01% 

(N=7) experts were life membership. In similar fashion, 40% (N=78) experts carries 

less than 5 years association with “Pakistan Science Foundation” and 35.38% (N=69) 

experts were having more than 5 years association. 10.76% (N=21) panellist were 

having more than 10 years membership while 13.8% (N=27) experts carries lifetime 

association. 21.0% (N=41) experts were carries less than 5 years registration with 

“Pakistan Science and Technology Council” while 40% (N=78) experts carries more 

than 5 year membership while 21.5% (N=42) experts were having more than 10 years 

membership similar way 14.4% (N=34) experts were having lifetime membership  

28.8% (N=48) having experts were carries less than 5 years registration with 

“National Productivity Organization, Pakistan” while 31.1% (N=52) experts carries 

more than 5 year membership while 40.1% (N=67) experts were having more than 10 

years membership. 43.1% (N=60) having experts were carries less than 5 years 

registration with “Professional Engineering Certificate” while 29.4% (N=41) experts 

carries more than 5 year membership while 15.10% (N=21) experts were having more 

than 10 years membership 12.2% (N=21) panellist were having more than 10 years 

membership while 13.8% (N=17) experts carries lifetime association   

 The most crucial aspect of the findings from these demographics orientation of the 

experts is the current accumulated professional experience panel in R&D in Public 
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organizations because the outcome of Focus group discussion completely based upon 

the consensus among these experts. In holistic view these findings had supplements to 

author’s assertion that the data collected from the Focus group discussion were reliable, 

which would permit to get a valid and comprehensive conclusion. In summarizing 

above findings, the criteria for experts qualification with respect to current study to 

concludes as  

1. A range of multi-disciplines related to R&D industry are covered  

2. Forty eight individuals carries Bachelor’s Degree. 79 possess Masters Degrees 

while around 68 individuals carry Doctorate Degree. The entire range of panelist 

somehow connect their expertise to field study related to of R&D management  

3. The experts exceptionally contributes to the body of knowledge in the R&D 

sector through publication at average of 7.1 journals and conference proceeding 

papers, 31.2% (N=121) were published in peer view journals, 8.1% (N= 51) 

were books chapters and 61.7% were other symposium presentation (N=144)  

4. The panel has over 1392 years of industrial experience in R&D Public 

organization  

5. The panel has over 310 years of Academic experience in R&D Public organization  
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