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Abstract: This research evaluates key factors of Knowledge Hub comparing Silicon Valley of the United States, Hsinchu 

Science Park of Taiwan and National Information Technology Park of Mongolia. Accordingly, it determined the best matching 

factors of KH in developed and developing countries. This paper used 1) Analytical hierarchy process (AHP), and 2) Fuzzy 

analytical hierarchy process (FAHP). A total of 99 experts responded to the questionnaire from three countries. Result shows that 

innovation performance is the most important factor for KH by AHP method in both developed and developing countries. 

However, in accordance with FAHP analysis, absorptive capacity and learning environment are the most important factor for 

developed countries and regional development for the developing country. Consequently, KH becomes a cost effective and 

intermediary platform for academicians and entrepreneurs in developing countries, if they focus on absorptive capacity and 

learning environment to maintain regional development in the long–term. 

Keywords: Knowledge Hub, Regional Development, Technology Knowledge, Innovation Performance, Absorptive Capacity, 

Learning Environment, FAHP 

 

1. Introduction 

In today’s technological era, companies involved to the 

“knowledge hub (KH)” within the dimensional space and 

thematic context to differentiate and compete by its 

knowledge intensive resources. Knowledge hub referred to be 

a central part of the virtual and physical place to expand the 

knowledge and information to be useful [32]. Industries seek 

new knowledge through KH toward innovation, capacity 

development and value added production [21] for the 

following purposes: a) conduct analysis on innovation; b) 

provide mentorship and consultancy; c) generate policy 

analysis; d) host resource center; e) effect to local economy; f) 

research collaboration; g) patent and license; and h) support 

regional networks [16, 18]. 

Nowadays, many scholars study the relationship between 

KH and regional economic development [8, 18, 12], 

unfortunately, it still has a research gap that which factors 

affects to build KH in an efficient way [14]. The virtually 

unexplored issues by its reflection to the KH lead to the 

following questions: a) what factors affect to the 

establishment and successful development of KH? b) what is 

the relationship between factors?, and c) how to adopt the 

concept of KH in developing countries? 

Research investigated factors at three different science 

parks, as Silicon Valley of United States, Hsinchu Science 

Park of Taiwan, and National Innovation Technology Park, 

Mongolia. This research aims to fill–in the gap by evaluating 

and mapping determinants factors and exploring the concept 

for further development of KH. A total of 99 experts 

responded to the questionnaire from three countries. This 

study used two methodologies to do evaluation the weight of 

factors and sub-factors: 1) Analytical hierarchy process 

(AHP), and 2) Fuzzy analytical hierarchy process (FAHP). 

From the comprehensive literature review, we selected the 

most influential factors, such as technology knowledge, 

knowledge spillover, learning environment, innovation 

performance, absorptive capacity and regional development 

and relevant sub -factors for each main factor. The study has 

academic and managerial implications toward establishment 

and development of KH. 
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2. Literature Review 

2.1. Knowledge Hub 

In a competitive business environment individual company 

does not have all necessary skills and knowledge to 

successfully innovate in isolation and to deal with the complex 

market requirements [21, 52, 31]. Therefore, high tech firms 

and knowledge based industries heavily rely on external 

relationship and network for effective operation. Indeed, the 

knowledge hub provides a proper knowledge exchange and/or 

the evolution of knowledge patterns responding to the new 

requirements composed of knowledge infrastructure [16, 34, 

21]. 

When company engages with universities, it provides 

opportunity to have more R&D funding, access to the 

scientific knowledge, improve problem - solving capability, 

enable technology development and increase network [38, 39]. 

The outcome is measured by the number of R&D agreements, 

patents, innovative products, spin-off, qualified employees, 

respectively and value of revenue and investment [57]. 

Structure of KH could be vary depends on cases, participating 

stakeholders, innovative performance and outcome. 

2.1.1. Technology Knowledge 

Technology knowledge becomes increasingly strategic and 

decisive for economic development of countries [20] to create, 

renew and upgrade enacted capabilities based on tacit and 

explicit knowledge resources [5, 53]. The following sub- 

factors influence to the technology knowledge: 1) Foreign 

technology import referring technology import from the 

global reservoirs of knowledge to the catching in developing 

countries [17]. 2) Technological linkage is knowledge flow 

between scientific and technological actors, which benefit to 

the technological performance at the national level [4]. 3) 

Technology transfer focuses to ensure scientific and 

technological development in a broader context resulting in 

faster technology cycles [1, 27]. 4) Trust relies on social 

norms and behaviors influencing on effectiveness and 

sustainability of value adding technology knowledge [47]. 5) 

Technology infrastructure is a set of facilities for a reliable 

operation of the research institutions and science parks [9]. 

2.1.2. Knowledge Spillover 

Knowledge spillover impacts to the innovation, production 

growth and market valuation of a firm that the main measure is 

the patent citation [56, 30]. Knowledge inflow has positive 

effects to firms and regional growth and knowledge outflow, 

which has both positive and negative effects on a firm leaking 

intellectual capital and intangible asset [24, 56]. Knowledge 

spillover theory of entrepreneurship highlights that an 

entrepreneur is an important focal point for local knowledge 

spillover [46] expanding the technological opportunity of 

firms [56]. Chosen sub – factors are: 1) Horizontal spillover is 

as effect on local competitors referring leakage of knowledge 

to firms in the same industry that may effect on local 

competition in terms of production improvement in the local 

market [18, 19]. 2) Vertical spillover is effect on local 

customers and suppliers to improve the productivity of 

suppliers [18, 19]. 3) Geographical proximity minimizes 

inter–firm transaction cost [24] for both firms and 

academicians [2] linking innovation to operation [2, 30]. 4) 

Communication intensifies the knowledge dissemination to 

enhance regional innovation system [28]. 5) Mentoring 

facilitates knowledge, information transfer and learning 

motivation [40]. 6) Labor mobility speeds up knowledge 

dissemination with less cost creating links between firms and 

institutions allowing an optimal resource allocation [18]. 

2.1.3. Learning Environment 

Studies show that learning environment increases 

knowledge sharing between organizations, allows learners to 

adopt new behaviors and effects on conditions increasing the 

level of R&D to build absorptive capacity [11, 38, 40]. Better 

learning environment provides better results encouraging 

communication and collaborations [40] through open 

knowledge network [52]. Main sub -factors are: 1) Cultural 

difference is the main factors, which could have both positive 

and negative impacts on partnership [38]. Silicon Valley 

proposed “collective learning” through cultural difference in 

order to generate adaptive behavior and to foster the 

entrepreneurship in high–risk technologies [25]. 2) Online 

network directly effects on communication and learning 

environment to build relationship, to share information, and to 

engage with a broad range of people [40]. 3) Physical 

environment provides institutional stability and credibility to 

support researchers and entrepreneurs to communicate and 

participate in the learning process through creative and 

innovative ways [57]. 4) Collaborative learning measured by 

establishment of collaborative practices [39] encouraging 

clear communication leading continuous improvement and 

positive outcomes. 5) Participatory approach encourages 

participants’ involvement and cooperation to enhance the 

interactive system and facilitates learning experience [51]. 

2.1.4. Innovation Performance 

Innovation is new or significantly improved product, system, 

service, program, process and/or method relying on knowledge 

for development of society [36, 1, 54]. Innovation reduces 

operational costs, enhancing corporate value and achieving the 

competitive advantage at the market [21, 54]. Key sub -factors 

are: 1) Outsourcing enhanced due to the increased speed of 

technology development and global competition [52]. 2) R&D 

intensity is an internal determinant providing positive impact on 

innovation performance through improved quality and strong 

control [49, 56, 12]. 3) Market orientation strength firms to 

achieve high innovation performance innovation performance 

that success of entrepreneurs depends on being fast to the 

market [45]. 4) Value chain information creates knowledge 

stock for suppliers, customers and competitors [36, 27] and 

develops a firm’s innovative products and services [12, 46]. 5) 

Expert mobility is to generate new knowledge from different 

sources to apply for local needs [11, 1] to encourages research 

development [13]. 6) Patent is result of innovation [49, 12] 

emphasizing input, output, intermediary process, or perceptual 

scale [60, 54]. 
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2.1.5. Absorptive Capacity 

Absorptive capacity is “the ability of a firm to recognize the 

value of new, external information, assimilate it and apply it to 

commercial ends” [11], which is an important determinant of 

the knowledge hub [38, 31]. Dimensions of absorptive 

capacity are identification, acquisition, assimilation, 

transformation and exploitation of the external knowledge [11, 

60]. Main sub - factors are: 1) Local human capital is a major 

factor in firms for sustainable accumulation of the absorptive 

capacity [11, 39]. 2) Scientific human capital generates and 

modifies new ideas and absorbs new technologies to create 

and transfer new technological information through 

cooperation between university and high–tech industry [20, 

39]. 3) Import of knowledge impacts on technological change 

and economic development [15] and has potentiality to offer 

significantly influencing on acquisition and assimilation 

capabilities [45, 10]. 4) Education has a strong positive 

relation with knowledge transfer capacity [38] to foster 

research findings and development of the industry [53]. 5) 

Training results provides high–quality researches enhancing 

skills through competitive training programs [39]. 6) Open 

mind is receptiveness to new ideas, which directs to the open 

innovation with knowledge flow [29]. 

2.1.6. Regional Development 

Regional economy influenced by R&D strategies, innovation, 

and region’s absorptive capacity linking between scientists and 

engineers [6, 12]. Considerably, the regional development based 

on absorption, diffusion and generation of new knowledge, 

technology and innovation of the adaptation to local needs [24]. 

Main sub- factors are: 1) Location quotients reflect to local 

strength, development levels and effect on innovation. Firms 

located near the knowledge hub would have a higher market 

value and could control R&D [21, 30]. 2) Stakeholder network 

impacts on capacity of knowledge hub developing trust and 

collaborative partnership on strategic future [9] to achieve the 

desired goal. 3) Government plays a critical role for 

establishment of knowledge hub creating macro-economic, 

political, legal and social environment for businesses and 

academic institutions [32]. Government leads public researches 

[36] bringing engineers and scientists together to pull their 

innovative ideas and knowledge [45]. 4) Government policy 

supports all stakeholders of the knowledge hub [36] encouraging 

to increase investment, to support R&D and to create 

employment opportunities [45, 20, 32, 37]. 5) Localized 

competition is tied to the quality of inter–firm relationship within 

a region to push forward academic commercialization [6]. 

In summary, both, human capital theory and knowledge–

based theory predict that knowledge have positive economic 

consequences [30] and crucial for innovation, social and 

cultural development [21, 27]. The term “knowledge hub” has 

been widely used in countries, where the regional 

development significantly depends on knowledge. 

2.2. Silicon Valley, United States 

Silicon Valley is a well-established and a top ranked 

research institution with commercialization in the region and 

engine of prosperous development of information industry in 

the United States [8, 57]. Nowadays, many science and 

industrial parks adopt its experience when establishing 

Science Park in the country. For instance, Hsinchu Science 

Park of Taiwan. Silicon Valley based on two theories: a) 

“early–age liability” theory, and b) “location economics” 

theory, which explain why the survival rate of companies is 

higher in Silicon Valley than other science parks around the 

world [33]. Silicon Valley contains defense science, 

networking hardware and software, environmental 

engineering and biotechnology organizations [45, 33] 

compromised with over 7,000 world’s leading high–tech firms 

and around 7,400 faculties in San Francisco [6]. Silicon 

Valley consists of academic institutions, individual skills and 

entrepreneurial spirit creating informal relations [33]. 

Saxenian and Hsu [45] pointed that entrepreneurs in Silicon 

Valley are increasingly specialized in niche markets and have 

intense communications with each other that the localization 

and globalization of economic activity are mutually 

reinforcing. Silicon Valley encourages interaction among 

members leading to new ideas and joint projects [13]. Many 

researchers argue that Silicon Valley is not easy to replicate 

and is not simple to aspire to be like Silicon Valley [33, 37]. 

2.3. Hsinchu Science Park of Taiwan 

Hsinchu Science Park is Taiwan’s knowledge hub and one 

the most successful example of transfer knowledge [5, 21] that 

the park achieved worldwide reputation in the semiconductor 

and computer industry [26]. The purpose of HSP is to attract 

high–tech firms to create industry clusters, and collaborates 

with existing non–governmental R&D institutions [8]. The 

success is close cooperation with regional universities, such as 

Industrial Technology Research Institute (ITRI), National 

Chaio Tung University (NCTU), National Tsing Hua 

University (NTHU) and three national laboratories [26, 21]. 

Government policy, central government and private sectors 

devoted the most of the resources for the semi-conductor and 

computer industries. Government of Taiwan aims to create a 

business friendly and innovative environment through HSP 

focusing on trade secrets and knowledge management [8, 55]. 

Hsinchu Science Park [22] provides adequate incentives of 

technology and skilled professionals, tax credits, excellent 

infrastructure, convenient services and R&D grants and 

financial support. Taiwanese science park becomes a potential 

indicator of technological proximity possessing a quick 

response [26]. Location and community design are similar 

with Silicon Valley [55] that firms take the advantage of 

co-located factors with research universities and investors. 

2.4. National Information Technology Park of 

Mongolia 

Mongolia is a landlocked country situated in Central Asia 

characterized by nomadic herders’ life style. Mongolia is keen 

of technology transfer, know–how and learning skills, however, 

the country still faces challenges on development and 

advancement of technology knowledge due to the lack of 
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human resource with required knowledge and skills, lack of 

proper research and research facilities, and weak development 

of innovation [3]. Mongolia changes the legal environment, 

merging universities and forming a new R&D corporation with 

a full government funding. National Information Technology 

Park (NITP) provides a comfortable environment for emerging 

information technology companies focusing on 3 main areas: 1) 

to support the information technology development in 

Mongolia, 2) to incubate innovative venture businesses with 

unique ideas, and 3) to provide high technology research and 

development through a science and technology database [35]. 

NITP becomes a place for information technology conferences, 

meetings and seminars [3]. Summary of industrial composition 

of three parks shown in Table 1. 

Table 1. Industrial composition of SV, HSP and NITP. 

Silicon Valley Hsinchu Science Park National Information and Technology Park 

Semiconductor Semiconductor Information technology 

Computer Computer Semiconductor 

Computer software Computer software Training and consultation 

Internet users (“dot.com”) Communication Research and development 

Precision equipment Photo – electronics  

Defense service Biotechnology  

Environmental engineering   

Source: [8, 33, 35] 

3. Research Methodology 

This research used analytical hierarchy process (AHP) 

introduced by Thomas Saaty [41] to measure pair-wise 

comparisons to deal with complex decision–making. It relies 

on judgements of experts to derive a priority scale by 

involving many attributes of varying degrees of subjectivity 

through: a) computing the weights of criteria; b) computing 

the rate of each decision alternatives for each criterion; and c) 

ranking the options [41]. The process of AHP comprises the 

following steps: 

Step 1: Determine the overall goal. In our case, it is the 

“Knowledge Hub” and key success factors of Knowledge 

Hub. 

Step 2: Set up 3 levels comparing between three countries to 

identify the best matched factors for the knowledge hub. Main 

factors and sub–factors are criteria at the intermediate levels. 

Decision lay down to the location of the knowledge hub that 

how factors impact to the Silicon Valley of United States, 

Hsinchu Science Park of Taiwan and National Information 

and Technology Park of Mongolia presented in the research 

framework at the Figure 1. 3 hierarchy levels and 33 end nodes 

and 7 AHP priority vectors. 

Step 3. Seven matrix presents the relationship between 

criteria and sub–criteria according to the opinion of experts 

that aij refers the relative importance between two 

corresponding criteria and can form a comparable matrix A = 

(aij)n x n and n is the number of indexes [48]. 
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Step 4: Research developed comparing two criteria 

considering which criterion is more important for Knowledge 

hub and its sub-factors. The geometric average of all experts 

inputs is used to complete decision matrix A. Hierarchical 

synthesis is used to weight the eigenvectors by the weights of 

criteria calculated corresponding to the maximum eigenvalue 

of the constructed judgment matrix. The weight value 

obtained from normalization, which a formula is shown as (2) 

[48]. 

1
( 1,2,..., )

n
n

i ijj
W a i n

=
= =∏            (2) 

Step 5: Made all pairwise comparisons, the consistency 

used the eigenvalue of the weight matrix, lmax. The 

consistency index (CI) is calculated by the formula (3): 

                (3) 

If lmax= n, then it is consistent. RI is the average consistency 

of a group of randomly generated reciprocal matrices with a 

scale of 1-9 (Table 2) [42]. 

Table 2. Average random consistency (RI). 

 
Size of matrix 

1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

Source: [42] 

Consistency ratio (CR) of CI is significantly small (less 

than 10 percent), than CR is acceptable as the formula (4) as is 

shown below. If it is more, the judgement matrix is considered 

inconsistent. Consistency ratio is important to validate the 

pair–wise comparison [44]. 

              (4) 
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AHP scales are from 1 to 9 and based on mathematical 

structure of consistent matrices and their related capability to 

produce approximate or true weights [44] are shown in Table 

3. 

Table 1. Explanation of Analytical Hierarchy Process (AHP) scale. 

Intensity of importance Definition Explanation 

1 Equal important Two factors contribute equally to the objective. 

3 Moderate important Experience and judgment slightly favor one over others. 

5 Strongly important Experience and judgment strongly favor one over others. 

7 Very strongly important 
Experience and judgment very strongly favor one over the other. Its importance is 

demonstrated in practice. 

9 Extremely important Evidence favor the highest possible validity. 

2,4,6,8 Intermediate values When compromise is needed. 

 

Figure 1. Research framework on Analytical hierarchy process and FAHP. 

3.1. Fuzzy Analytical Hierarchy Process 

In the traditional formulation of AHP, the human judgment 

is represented as exact numbers, but, human preference is 

uncertain and may be reluctant or unable to assign exact 

numerical values to the comparison judgements [59, 7]. 

Indeed, the combination of Fuzzy theory with AHP develops 

to mediate AHP shortfalls and solves the alternative selection 

and justification problems [14, 7] and helps for a decision–

maker to make a quick choice and decision. 

Fuzzy set theory introduced by Zadeh [59] attempts to 

select, prioritize or rank a finite number of actions by 

evaluating a group of predetermined criteria [7]. Indeed, fuzzy 

AHP requires tedious computations; it is capable of capturing 

a human appraisal of ambiguity when complex multi attribute 

decision making problems are considered [14]. 

A triangular fuzzy number (TFN) is denoted as = (l/m, m/u) 

or (l,m,u), which describes the lowest, medium and upper 

value for criteria to describe the fuzzy. Establishment of fuzzy 

pair–wise comparison matrix was developed as follows in 

formula (5) [54]. 

                        (5) 

where lij =1/uji, mij =1/mji, uij =1/lji and 0<lij ≤ mij ≤ uij for all I,j 

= 1,…,n: j≠i. To find a priority vector W = (w1, …, wn)
r 
>0 

with for the fuzzy pairwise comparison matrix. 

Each TFN has the linear representation on its left and right 

side that the triangular membership function is shown in 

equation (6) [23]. 
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where, l(y) and r(y) denote the left and right side 

representations of a fuzzy number, which means left side is the 

lower value that presents a higher uncertainty and right side is 

the higher value that represents a lower uncertainty [23]. The 

whole method is the complex mathematical calculation 

representing the subjective opinion of a decision maker, and 

fuzzy numbers work best to consolidate experts’ opinions. 

The triangular fuzzy numbers established as follows [7] where 

shown in an equation (8). 

M = (lij, mij,uij)                 (8) 

where, lij ≤ mij ≤ uij and lij, mij, uij Î [1/9,1] È [1, 9]. (Figure 2). 

 

Figure 2. Triangular fuzzy number. 

Fuzzy AHP requires calculation of the geometric mean 

using linguistic variables for pairwise comparison [59, 50]. 

The calculation of fuzzy arithmetic defined using the concepts 

of α – cut as follows: 

{ } 2min rmM π=  

For AHP calculation, we refer to the following (9) and (10) 

formulas [50]. 

          (9) 

where, 

        (10) 

It should note that the fuzzy AHP calculation is made by the 

fuzzy addition and multiplications using the following fuzzy 

arithmetic operations as shown in formulas (11), (12), (13) 

and (14) [50]. 
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where (α) denotes the α – cut operation, @ is the approximation, and 
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After the pair wise comparison, the experts’ responds 

aggregated using a formula (15) that n decision maker’s 

judgement in a certain case as follows: 

        (15) 

Where is the relative importance in a form of TFN of the k
th 

respondent’s judgment for the relative importance of two 

criteria i-j and n is a total number of respondents or experts 

[7]. 

At the last, the fuzzy output defuzzied into a crisp number 

for ranking from pair wise comparison matrices that there are 

a numerous methodologies for defuzzification, however, the 

more used method is a simple centroid method [50] as shown 

in a formula (16). 

ni
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Table 4 shows a linguistic scale in order to perform a pair 

wise comparison among parameters that the fundamental 

scale of FAHP rated from 1 “equally important” to 9 

“extremely important” covering the entire spectrum of 

comparison selecting the best matched factor to the 

knowledge hub to reduce bias in the decision making process 

[43, 14]. We also considered their reciprocal TFN for fuzzy 

numbers [14]. Reciprocals are if activity i has one of the above 

numbers assigned to it when compared with activity j, then j 

has the reciprocal value when compared with i [34]. 
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Table 4. Linguistic variables for fuzzy numbers. 

Intensity of scale Linguistic variable Fuzzy numbers Positive reciprocal TFN 

1 Equally important (1, 1, 1) (1,1,1) 

3 Moderate important (2, 3, 4) (1/4, 1/3, ½) 

5 Strongly important (4, 5, 6) (1/6, 1/5, ¼) 

7 Very strongly important (6, 7, 8) (1/8, 1/7, 1/6) 

9 Extremely important (8, 9, 10) (1/10, 1/9, 1/8) 

 

3.2. Questionnaire Development 

After building up the hierarchy, we developed one pair wise 

comparison questionnaire based on template of AHP model to 

use in both AHP and FAHP analyses. Questionnaires are to 

collect experts’ opinion from each country, then to determine 

priorities and made analysis on factors of the knowledge hub 

for a further solution. 

AHP and FAHP questionnaire consisted of 90 questions: 

between P1 and P15 for knowledge hub, P16 and P25 for 

technological knowledge, P26 and P40 for knowledge 

spillover, P41 and P50 for learning environment, P51 and P65 

for innovation performance, P66 and P80 for absorptive 

capacity, and P81 and P90 for regional development. 

Questionnaires were sent to companies of Silicon Valley of 

United States, Hsinchu Science Park of Taiwan, National 

Information and Technology Park of Mongolia and relevant 

organizations and universities. Questionnaires collected 

within two months of period that at the result, a total of 99 

responses collected in AHP and fuzzy AHP questionnaire. All 

answers checked for accurateness and completeness. 

4. Data Analysis 

One major requirement for experts was minimum 6 years 

work experience, which complied for questionnaire 

completion. The most participants are from Taiwan, and less 

respondents from Silicon Valley of United Stated due to the 

geographical distance. 41 experts responded from NITP, 

Mongolia, 48 experts from HSP, Taiwan and 10 experts from 

Silicon Vallye, USA. 

4.1. Analytical Hierarchy Process Analysis 

AHP questionnaire analyzed by the Expert choice 11 

software. In doing so, geometric means are calculated and 

made a pair-wise comparison matrix for the priority vector. 

Because, the simple mean by Saaty [41] scale is rational and 

not linear. Analysis conducted by each country for 

comparison. Data of three countries integrated to prioritize the 

best matched factor for knowledge hub. 

4.1.1. Consistency Test 

The consistency test completed for each category and it 

must be less or equal to 0.1 or 10%, which is acceptable. If 

consistency ratio is larger than 1, then the consistency test is 

not acceptable for this analysis. Based on analysis of Expert 

Choice 11 software, all response related to the overall goal of 

knowledge hub shows consistent. Final result combining all 

99 respondents in hierarchy process shows consistency rate of 

0.006 or 0.6%, which is acceptable for the research analysis. 

AHP analysis shows that innovation performance (0.2119) is 

the most important factor for knowledge hub. It followed by 

learning environment (0.1781), absorptive capacity (0.1646), 

technology knowledge (0.1642), regional development (0.1466). 

But, knowledge spillover (0.1346) is a less important factor for 

knowledge hub. Detailed results are shown in Appendix 1. 

Regarding sub–factors, technological infrastructure (0.2352) is 

the most important factor for technology knowledge, 

communication (0.2206) for knowledge spillover, collaborative 

learning (0.2633) for learning environment, market orientation 

(0.2244) for innovation performance, training system (0.1978) 

for absorptive capacity, and government policy (0.2328) for 

regional development. 

4.1.2. Comparing Between Three Countries 

Experts’ response based on 6 major criterion related to 

overall goal of the knowledge hub and 33 sub–criterion in 

hierarchy levels. Consistency rate for each country shows 

significant that consistency rate from United States is 0.03, 

Taiwan is 0.01 and Mongolia is 0.00. Appendix 2 shows all 

detailed results for the priority vector of Silicon Valley of 

United States, Hsinchu Science Park of Taiwan and National 

Information Technology Park of Mongolia, respectively. 

Respondents of three countries made importance for 

innovation performance as a high priority factor for 

knowledge hub (United States 0.2389, Taiwan 0.2207, 

Mongolia 0.1944) and less importance has given to the 

knowledge spillover. Considering technology knowledge, 

respondents of United States and Taiwan provides high 

priority on trust (0.3226 and 0.221), but respondents from 

Mongolia gave high priority to technological infrastructure 

(0.2664). But less importance gave to foreign technology 

import by majority respondents of Silicon Valley of United 

States, Taiwan and Mongolia (0.0966, 0.1487 and 0.1717). 

High priority factor in Silicon Valley is mentoring, 

participatory approach, market orientation, training system 

and localized competition, however in Taiwan communication, 

collaborative learning, market orientation, open mind and 

localized competition, despite it, in Mongolia communication, 

participatory approach, market orientation, education and 

government capability. Less importance gives to the 

horizontal spillover to all counties. Less importance is the 

online network, outsourcing, scientific human capital in 

United States and cultural difference, local human capital and 

outsourcing in Taiwan and Mongolia. Location quotients is 

less important for all three countries. 
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4.2. Fuzzy Analytical Hierarchy Process 

Analysis 

Fuzzy analytical hierarchy process (FAHP) is the multi 

criteria decision making technique and provides a wider frame 

than classic calculation to be used at the various industrial 

sectors. The outcome of FAHP is to prioritize ranking or 

weighting of each decisive factor of knowledge hub by each 

country. The integrated defuzzied results of three countries are 

shown in Figure 3. 

 

Figure 3. Defuzzification analysis result, integrating three countries. 

Majority respondents refer that the learning environment 

(0.1953) is a high priority factor for knowledge hub. Second 

priority factor is regional development (0.1915), then 

innovation performance (0.1872), absorptive capacity 

(0.17.76), technology knowledge (0.1647) and knowledge 

spillover (0.1057). Next stage is to rank the sub-factors related 

to each main factor of the knowledge hub. Integrated result 

shows that technology infrastructure (0.2493) is the most 

important factor for technology knowledge, communication 

(0.2095) for knowledge spillover, collaborative learning 

(0.2368) for learning environment, patent (0.1926) for 

innovation performance, open mind (0.1948) for absorptive 

capacity, and government capability (0.2138) for regional 

development. 

5. Result and Discussion 

5.1. Discussions 

The research demonstrated that the identified factors and 

sub-factors have a strong, positive and significant relationship 

between each other and significantly impacts to the 

knowledge hub. Determinant factors and sub-factors for each 

main factor extensively impacts to the knowledge hub, indeed, 

developing countries ultimately requires to adopt and enhance 

innovation performance, learning environment and absorptive 

capacity in order to achieve an effective development of the 

knowledge hub, and reach to the regional development and 

national economic growth. Summary of results by AHP and 

fuzzy AHP is shown in Table 5 and Table 6. 

Table 5. Summary of results by AHP and fuzzy AHP. 

Level 1 Level 2 

All Silicon Valley HSP NITP 

AHP 
Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 

Knowledge 

Hub 

Technology knowledge 0.1642 0.1647 0.1471 0.1582 0.147 0.1428 0.1918 0.1974 

Knowledge spillover 0.1346 0.1057 0.0992 0.0696 0.1254 0.1068 0.1351 0.1198 

Learning environment 0.1781 0.1953 0.1624 0.1346 0.1888 0.2214 0.1706 0.1716 

Innovation performance 0.2119 0.1872 0.2389 0.1681 0.2207 0.2053 0.1944 0.1866 

Absorptive capacity 0.1646 0.1726 0.195 0.2466 0.1698 0.1817 0.1494 0.1185 

Regional development 0.1466 0.1915 0.1574 0.2389 0.1482 0.1558 0.1587 0.2248 

Technology 

knowledge 

Foreign technology import 0.1519 0.2061 0.0966 0.2045 0.1487 0.2125 0.1717 0.2190 

Technological linkage 0.1963 0.1466 0.1742 0.1345 0.207 0.1646 0.1838 0.1283 

Technology transfer 0.2065 0.2010 0.1634 0.1107 0.2207 0.2092 0.2008 0.2240 

Trust 0.2102 0.2114 0.3226 0.2817 0.221 0.2045 0.1772 0.1623 

Technological infrastructure 0.2352 0.2493 0.2432 0.2828 0.2027 0.2234 0.2664 0.2818 
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Level 1 Level 2 

All Silicon Valley HSP NITP 

AHP 
Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 
AHP 

Fuzzy 

AHP 

Knowledge 

spillover 

Horizontal spillover 0.1201 0.1386 0.0613 0.0678 0.1267 0.1424 0.13 0.1625 

Vertical spillover 0.1325 0.1479 0.0699 0.0703 0.1441 0.1202 0.1372 0.1778 

Geographical proximity 0.1538 0.1464 0.099 0.0773 0.1491 0.1346 0.1771 0.1743 

Communication 0.2206 0.2095 0.2823 0.2857 0.222 0.2540 0.2062 0.1229 

Mentoring 0.186 0.1707 0.3032 0.2343 0.1805 0.1899 0.1655 0.1584 

Labor mobility 0.1869 0.2062 0.1841 0.2784 0.1774 0.1754 0.1839 0.2220 

Learning 

environment 

Cultural difference 0.1317 0.2041 0.2092 0.3116 0.1201 0.1691 0.1295 0.1871 

Online network 0.1695 0.1871 0.1098 0.1029 0.1681 0.2103 0.1864 0.1745 

Physical environment 0.1877 0.1749 0.2348 0.2363 0.1684 0.1787 0.2012 0.1511 

Collaborative learning 0.2633 0.2368 0.211 0.1490 0.2978 0.2622 0.2361 0.2377 

Participatory approach 0.2478 0.2132 0.2352 0.2151 0.2455 0.1975 0.2468 0.2688 

Innovation 

performance 

Outsourcing 0.0819 0.1270 0.0734 0.1651 0.0652 0.0534 0.108 0.1584 

R&D intensity 0.1736 0.1886 0.1553 0.1049 0.1769 0.2093 0.1719 0.2208 

Market orientation 0.2244 0.1880 0.2481 0.2012 0.222 0.2060 0.2189 0.2021 

Value chain 0.168 0.1477 0.2124 0.2036 0.1604 0.1289 0.1645 0.1215 

Expert mobility 0.1643 0.1733 0.1731 0.1502 0.1619 0.2022 0.1652 0.1114 

Patent 0.1878 0.1926 0.1376 0.1926 0.2137 0.2146 0.1715 0.2051 

Absorptive 

capacity 

Local human capital 0.1015 0.1757 0.1161 0.2188 0.0897 0.1315 0.1119 0.2141 

Scientific human capital 0.151 0.1420 0.1107 0.1219 0.1364 0.1461 0.1788 0.1514 

Import of knowledge 0.1623 0.1704 0.1592 0.1613 0.1707 0.1859 0.1621 0.1353 

Education 0.1924 0.1822 0.1676 0.1278 0.1988 0.1863 0.1943 0.1975 

Training systems 0.1978 0.1527 0.2411 0.1570 0.2003 0.1640 0.18 0.1377 

Open mind 0.1949 0.1948 0.2053 0.2305 0.2042 0.2050 0.1729 0.1833 

Regional 

development 

Location quotients 0.1519 0.1992 0.0974 0.2130 0.1517 0.2108 0.1645 0.1950 

Stakeholder network 0.1856 0.2038 0.1403 0.1510 0.1984 0.2152 0.182 0.2149 

Government capability 0.22 0.2138 0.1882 0.1393 0.2033 0.2160 0.2404 0.2390 

Government Policy 0.2328 0.2027 0.259 0.2456 0.2203 0.1720 0.2375 0.2338 

Localized competition 0.2097 0.1955 0.3152 0.2687 0.2263 0.2011 0.1756 0.1294 

Notes: All – integrated results; SV – Silicon Valley of United States, HSP – Hsinchu Science Park of Taiwan, NITP – National Information Technology Park of 

Mongolia. 

Table 6. Comparison of AHP and FAHP results. 

Country Innovation performance Absorptive capacity Regional development 

Silicon Valley of United States (10) 
Market orientation (AHP); Value 

chain (FAHP) 

Training system (AHP); 

Open mind (FAHP) 

Localized competition (AHP & 

FAHP) 

Hsinchu Science Park of Taiwan (48) 
Market orientation (AHP); Patent 

(FAHP) 
Open mind (AHP & FAHP) 

Localized competition (AHP); 

Government capability (FAHP) 

National Information Technology Park of 

Mongolia (41) 

Market orientation (AHP); R&D 

intensity (FAHP) 

Education (AHP); 

Local human capital (FAHP) 

Government capability (AHP & 

FAHP) 

Integrated (99) 
Market orientation (AHP); Patent 

(FAHP) 

Training system (AHP); 

Open mind (FAHP) 

Government policy (AHP); 

Government capability (FAHP) 

Table 6. Continued. 

Country Knowledge Hub Technology Knowledge Knowledge spillover Learning environment 

Silicon Valley of United States 

(10) 

Innovation performance 

(AHP); Absorptive 

capacity (FAHP) 

Trust (AHP); Technology 

infrastructure (FAHP) 

Mentoring (AHP); 

Communication (FAHP) 

Participatory approach 

(AHP); Cultural difference 

(FAHP) 

Hsinchu Science Park of Taiwan 

(48) 

Innovation performance 

(AHP); Learning 

environment (FAHP) 

Trust (AHP); Technology 

infrastructure (FAHP) 

Communication (AHP & 

FAHP) 

Collaborative learning 

(AHP & FAHP) 

National Information Technology 

Park of Mongolia (41) 

Innovation performance 

(AHP); Regional 

development (FAHP) 

Technology infrastructure 

(AHP & FAHP) 

Communication (AHP); 

Labor mobility (FAHP) 

Participatory approach 

(AHP & FAHP) 

Integrated (99) 

Innovation performance 

(AHP); Learning 

environment (FAHP) 

Technology infrastructure 

(AHP & FAHP) 

Communication (AHP & 

FAHP) 

Collaborative learning 

(AHP & FAHP) 

Notes: AHP–Analytical hierarchy process; FAHP–fuzzy analytical hierarchy process. 
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Technology infrastructure, market orientation and 

communication are the most important factors for all three 

countries for an efficient performance of the knowledge hub in 

order to meet the minimum technological requirement of firms 

and academics. “Change state of mind” – to make an idea to 

happen and use the communication become brain in Silicon 

Valley – this is the quote stated in Silicon Valley. Market 

orientation is fundamental belief for majority respondents, 

which is the most important factor for innovation performance. 

In fact, the success of entrepreneurs depends on being fast to 

the market [45] and interaction for market concentration 

enhances the level of innovation performance [11]. 

The most important factors for both Silicon Valley and 

Hsinchu Science Park are trust, open mind and technology 

knowledge, which emphasizes practical operationalization of 

the knowledge hub in developed countries. Moreover, 

essential factors for Silicon Valley are mentoring, 

participatory approach, value chain, training system, localized 

competition and cultural difference. It explained by influx of 

foreign talents and labor capitals in Silicon Valley from over 

30 countries, who arrive with an idea to take risk and bring an 

idea to life. Nowadays, Silicon Valley more focuses on an 

effective, short–term training and entrepreneurs know that 

more entrepreneurship more innovation. Localized 

competition brings strong commercialization and a stronger 

commercialization output correlated with more cohesive 

inventor networks in San Francisco region [6]. 

Collaborative learning, stakeholder network, patent are the 

most important factor for Hsinchu Science Park bringing 

higher commercialization output. The result consistent with 

different researchers’ conclusion, for instance, holding patents 

are highly important and significant for innovation [49]. As a 

developing country, Mongolia prefers participatory approach, 

labor mobility, R&D intensity, government capability and 

education, which is indication of developing countries. 

However, developing countries face challenges to make 

innovation as a driver of the economy due to the lack of 

human capital and weak of educational system [36]. 

Carayannis et al. [5] that the government must have a long–

term commitment and must build a transnational bridge for 

collaboration to secure sustainability tomorrow. 

This research approves that the AHP and FAHP methods 

have slightly different that fuzzy numbers work best to 

consolidate experts’ opinions. Analytic hierarchy process is a 

multi-criteria decision making approach allowing quick 

insight of the evaluation, but fuzzy AHP provides a more 

accurate description of the decision-making process [23]. 

Fuzzy AHP is the more sophisticated methodology for 

pairwise comparison matrices drawing the best matched 

factors for knowledge hub. 

5.2. Recommendation and Conclusion 

The main contribution of this research is an empirical 

investigation of key factors of the knowledge hub comparing 

developed and developing countries. A very few empirical 

studies conducted analyses on knowledge hub and its factors, 

hence, this research brings a complete mapping on how to run 

successful knowledge hub adjusting the current information 

technology park based on evaluation of key factors. The most 

studies have relied on results of the AHP and correlation and/ 

or solely on fuzzy AHP, but there are a very few studies 

conducted in both AHP and fuzzy AHP. Compared to the 

traditional AHP, Fuzzy AHP has advantages to make deep 

analysis to determine the best criteria to directly impacts on 

decisions of company managers and researchers. 

Future researches may focus on setting priorities on 

absorptive capacity and learning environment for developing 

countries. Developing countries, especially Mongolia needs to 

find out focus areas for further development of the knowledge 

hub. In the future, we can extend the research focusing on a 

particular sector, for instance, knowledge hub on mining 

sector. This study may include the mining based countries to 

validate whether the factors determined in this dissertation has 

validity. In addition to, researchers may collect more data 

from Silicon Valley to validate the result of this research basis 

on interview. It may need to add a variable for feedback 

mechanism to know the chain of cause and effect, and to 

maintain the stability of the knowledge hub. 

Appendix 

Table A1. Integrated AHP result. 

Level 0 Level 1 Original weight Level 2 Local weight Consistency rate 

Knowledge Hub 

Technology knowledge 0.1642 

Foreign technology import 0.1519 

CR: 0.00 or 0.6% 

Technological linkage 0.1963 

Technology transfer 0.2065 

Trust 0.2102 

Technological infrastructure 0.2352 

Knowledge spillover 0.1346 

Horizontal spillover 0.1201 

Vertical spillover 0.1325 

Geographical proximity 0.1538 

Communication 0.2206 

Mentoring 0.186 

Labor mobility 0.1869 
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Level 0 Level 1 Original weight Level 2 Local weight Consistency rate 

Learning environment 0.1781 

Cultural difference 0.1317 

Online network 0.1695 

Physical environment 0.1877 

Collaborative learning 0.2633 

Participatory approach 0.2478 

Innovation performance 0.2119 

Outsourcing 0.0819 

R&D intensity 0.1736 

Market orientation 0.2244 

Value chain 0.168 

Expert mobility 0.1643 

Patent 0.1878 

Absorptive capacity 0.1646 

Local human capital 0.1015 

Scientific human capital 0.151 

Import of knowledge 0.1623 

Education 0.1924 

Training systems 0.1978 

Open mind 0.1949 

Regional development 0.1466 

Location quotients 0.1519 

Stakeholder network 0.1856 

Government capability 0.22 

Government policy 0.2328 

Localized competition 0.2097 

Table A2. AHP analysis by each country. 

Level 0 Level 1 

United States Taiwan Mongolia 

Original 

weight 
Level 2 

Local 

weight 

Original 

weight 

Local 

weight 

Original 

weight 

Local 

weight 

Knowledge hub 

C1 0.1471 

SC11 0.0966 

0.147 

0.1487 

0.1918 

0.1717 

SC12 0.1742 0.207 0.1838 

SC13 0.1634 0.2207 0.2008 

SC14 0.3226 0.221 0.1772 

SC15 0.2432 0.2027 0.2664 

C2 0.0992 

SC21 0.0613 

0.1254 

0.1267 

0.1351 

0.13 

SC22 0.0699 0.1441 0.1372 

SC23 0.099 0.1491 0.1771 

SC24 0.2823 0.222 0.2062 

SC25 0.3032 0.1805 0.1655 

SC26 0.1841 0.1774 0.1839 

C3 0.1624 

SC31 0.2092 

0.1888 

0.1201 

0.1706 

0.1295 

SC32 0.1098 0.1681 0.1864 

SC33 0.2348 0.1684 0.2012 

SC34 0.211 0.2978 0.2361 

SC35 0.2352 0.2455 0.2468 

C4 0.2389 

SC41 0.0734 

0.2207 

0.0652 

0.1944 

0.108 

SC42 0.1553 0.1769 0.1719 

SC43 0.2481 0.222 0.2189 

SC44 0.2124 0.1604 0.1645 

SC45 0.1731 0.1619 0.1652 

SC46 0.1376 0.2137 0.1715 

C5 0.195 

SC51 0.1161 

0.1698 

0.0897 

0.1494 

0.1119 

SC52 0.1107 0.1364 0.1788 

SC53 0.1592 0.1707 0.1621 

SC54 0.1676 0.1988 0.1943 

SC55 0.2411 0.2003 0.18 

SC56 0.2053 0.2042 0.1729 

C6 0.1574 

SC61 0.0974 

0.1482 

0.1517 

0.1587 

0.1645 

SC62 0.1403 0.1984 0.182 

SC63 0.1882 0.2033 0.2404 

SC64 0.259 0.2203 0.2375 

SC65 0.3152 0.2263 0.1756 
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