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Abstract

With the globalization and ICT development, the competition of regions and nations are gradually
moving towards knowledge competition, therefore, the researches on knowledge economy have been
increasingly popular in economic studies. Within the knowledge economy domain, one particular
research challenge is how financial investments influence regional knowledge competitiveness. In our
thesis, we will design a “regional knowledge economy competitiveness cyclical scheme” and further
test which financial investments significantly affect regional competitiveness in the knowledge
economy. We use data from 145 global regions, including North America, Europe and Asia-Pacific for
our analysis. From that we find business firms’ investments in R&D and innovation, government
investment in higher education and private equity investment in knowledge-based industries are
significant indicators that can promote regional knowledge competitiveness. North American regions
are more competitive in the knowledge economy than European and Asian-Pacific regions. In order to
increase European knowledge competitiveness, policy suggestions are provided for European policy

makers at the end of this paper.

Keywords: Knowledge economy, regional competitiveness, financial investments, policy suggestions
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Chapter 1. Introduction
1.1 Research background

The emergence of global knowledge economy means that globalization extends beyond markets for
goods and finance into markets for technology, human capital and innovation. As a result, the
competition of regions and nations are gradually moving towards knowledge competition and the

researches on knowledge economy are increasingly becoming more popular.

Paul Romer (1986, 1990) was the first to illustrate “knowledge economy” in his new growth theory. He
stressed that “knowledge” is a main driver of productivity and economic growth, departing from the
traditional emphasis upon the accumulation of capital. OECD" (1996) advocated that comparing with
natural resources, physical capital and low skill labour, “knowledge” has taken on a greater role of
economic growth and all OECD economies are moving towards a knowledge-based economy. Harris
(2001) and Karlsson et al. (2005) stressed that knowledge creation and distribution are the key drivers
in the process of economic growth. Smith (2002) emphasized knowledge as an input factor has become
more significant both in quantitative and qualitative terms. This reflected in growing levels of
knowledge-based investments, for instance, R&D, software development, education, etc. Smith also
claimed that knowledge is an important product as new forms of activities arises based on the trading
of knowledge products. Thus, in order to increase competitive advantages, “knowledge” is the key

power which should be seriously supported by business leaders and policy makers.

IM

Porter (1990) discussed that regional “competitiveness” changes under the new environment of the
global economy and advocate that knowledge is the force of these changes. Porter (2006) analyzed
that globalization make the location seems less important because there are no location barriers to
make knowledge investments. The paradox is the location still does matters. Many cities from historical
view have economical advantages, but these advantages are not that natural anymore; the ability to

source from anywhere is increasingly threatening local competition.

However, we face many challenges on how to measure knowledge economy. OECD (1996, pp31)
explains two major challenges: “Inputs into knowledge creation are hard to map because there are no
knowledge accounts analogous to the traditional national accounts”. Also, “there are no stable
formulae or ‘recipes’ for translating inputs into knowledge creation into outputs of knowledge”.

Knowledge is essentially unique, finding appropriate indicators to measure is challenging. OECD

! OECD: Organization for Economic Co-operation and Development
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provided some indicators to measure knowledge economy. For instance, R&D, innovation and human
resource are valid factors to measure knowledge input; GDP, unemployment rate can be used to
measure knowledge output; the distribution of knowledge among universities or firms can be used to
measure knowledge networks, etc. Anthony Arundel (2009) made further research on knowledge
based economy indicators, by interviewing policy analysts and policy makers. He concluded that there
are still some research ‘gaps’ of available indicators to meet both current and emerging policy needs.
As the “knowledge economy” is a complicated topic, policy makers need more advanced research with

better indicators to measure the economic impact of innovation in quantitative terms.

We believe financial investments play crucial roles in the increase of regional knowledge
competitiveness. Hwang and Gerami (2006) found knowledge investments to have relationships with
multifactor productivity and patent numbers. OECD (2005) emphasized that public and private
expenditure on R&D and innovation can promote regional economic growth. Glaeser (2000) advocated
that government investment in education will positively increase the human capital and economic
growth. However, questions regarding the relation between financial investments and knowledge

competitiveness are rarely discussed.

1.2 Research question

By reviewing previous literatures and empirical research papers, we identified the research gaps in the
knowledge economy. There is no standardized model to measure the knowledge economy, especially
till now there is not much research that discusses the influence of financial investments on knowledge
competitiveness. Many classic researches have been discussing the knowledge economy on human
capital, R&D and innovation and economic growth. In this thesis, we will therefore analyze the research
question by building up a comprehensive framework that includes all elements on knowledge economy

competitiveness and test the influence of financial investments on it.

Our research questions are:

Which financial investments significantly influence regional knowledge competitiveness? And what

are the implications to policy makers?

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang
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1.3 Research structure

As the flowchart indicates, this thesis consists of
seven parts. We will review literatures and discuss
the research model in Chapter 2. In Chapter 3, we
will discuss research methodology and formulate
our hypotheses. In order to make analysis on
knowledge competitiveness, we use World
knowledge Competitiveness Index (WKCI) as our

dependent variable®.

Chapter 4 will be about data collection and data
analysis. Because of data limitation, five financial
investments indicators have been selected in our
research, which are government investment in
R&D and innovation, government investment in

lower education, government investment in

higher education, business firms’ investments in R&D and innovation and private equity investment in

knowledge-based industries. We will gradually add control variables from human capital, regional

economic performance and dummy variables of locations to test if the effects of financial investments

on regional knowledge competitiveness will be changed. SPSS 19.0 is used as our research tool. After

our data analysis, we will make discussions on our findings in Chapter 5. In Chapter 6, we will make

conclusion and policy suggestions for European policy makers. We also realize there are some research

limitations of this thesis, therefore, we will discuss the limitations and give further research

recommendations in Chapter 7.

? Research paper from Centre for International Competitiveness from Cardiff Business School in 2008
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Chapter 2 Literature review

In this chapter, we will review key literatures regarding the knowledge economy and regional
competitiveness. Based on the literature research, we will design a comprehensive scheme to describe
knowledge economy competitiveness in a high level overview. Using the overview we will explain our

research focus and discuss the research questions based on the scheme.

2.1 Knowledge economy

The concept of “knowledge economy” has been discussed by many scholars. Schumpeter (1911, pp56)
was the first who emphasized the importance of knowledge in the economy by his reference to “new
combinations of knowledge” at the heart of innovation and entrepreneurship. Drucker (1956,pp27) and
Machlup (1962,pp41) introduced the term of “knowledge economy”, claiming that “knowledge is
becoming the one factor of production sidening both capital and labour.” Since the 1980s, the concept
of knowledge economy was accompanied by different terminologies, such as knowledge-based
economy, information economy, new economy or learning economy. Among the different terms, they
have common claim that knowledge creation and distribution are primary drivers in the process of
economic growth, the distribution of income and the growing importance of knowledge-based
networks among firms, governments and citizens (Harris 2001, Karlsson et al., 2005). The research of
Smith (2002) analyzed two reasons why the impacts of knowledge on economic processes increase
over time. First of all, knowledge as an input factor becomes more and more significant in both
guantitative and qualitative term. For instance, the knowledge based investments are gradually
increasing in R&D, education or ICT development. Second, knowledge is also claimed as a product,
knowledge-based companies are often established on the basis of new ideas, incorporating and
applying new knowledge into products. For instance, many software companies have their own

technologies or patents that are knowledge based.

ESRC? (2005) emphasized that economic success is increasingly based on the effective utilization of
intangible assets such as knowledge, skills and innovative potential as key resources for competitive
advantage. Thus, the term “knowledge economy” is typically used to describe this emerging economic
structure. Huggins and lzushi, (2007) discussed the importance of the knowledge economy from two
different levels. They stressed at its most fundamental level, the knowledge economy can be
considered as the capacity and capability to create new ideas and creative thoughts, new processes and

products to translate these into economic value and wealth. In higher level, the knowledge economy

* Economic and Social Research Council: http://www.esrc.ac.uk/
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can be defined as activities and resources centered on and geared towards innovation. With the
development of global economy, regional competitiveness in the knowledge economy becomes more
and more fierce. Knowledge is one of the key drivers to promote urban development and increase

regional competitiveness.

2.2 Regional competitiveness in the knowledge economy

Porter (1990) discussed the regional competitiveness changes under the new environment of the global
economy and emphasized that knowledge is the driven force of these changes. He claimed as results of
globalization of markets, capital investments and company value chains, many countries have moved
forcefully towards reducing budget deficits, strengthening financial institutions and streamlining
regulations. To improve competitiveness is becoming increasingly essential to a country’s prosperity.
Porter analyzed “competitiveness” from both macro-level and micro-level. In the national level,
competitiveness depends on the productivity with which a nation uses its labor force, financial capital
and natural resources. At a micro-level, many companies renew their market focus, eliminate
nonproductive activities, restructure their resources in order to speed up products and process
efficiency. Rasper (2009) also discussed the importance of knowledge from firms’ level (micro) and
regional level (macro). He emphasized knowledge promotes economic growth in multi-levels, as
knowledge does not diffuse instantaneously around the world but “agglomerates’. Regions act as
collectors of knowledge externalities, containing traded and untraded firm with external circumstances
that can alter firm performance, typically resulting from the collective action of other firms and
institutions. With the right abilities, firms can complement their internal capabilities with external ones
to integrate and utilize different types of knowledge. It is obvious that for a firm, being located in a
region rich in knowledge resources is more favorable to perform than being located in a region that is

less resourced in knowledge.

Braun (2008) discussed six fundamental developments that promote urban development and changing
behavior of urban actors. The six trends include globalization, ICT revolution, media society, better
transport connectivity, geo-political change and threat of terrorism. Under these trends, urban the
knowledge economy has rapidly changed its structure. As the result of globalization and transport
development, firms can easily obtain cheap raw materials and low-cost labor force around the world.
Competition amongst firms is continuous and is becoming more fierce. Companies need to be more

innovative and diverse in order to have strong competitive advantages. As the core elements of

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang
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innovation, knowledge refers to the cumulative stock of information and skills concerned with related

new ideas with commercial values, new product development and new business models.

Huggins and Izushi (2007) emphasized regions are gradually viewed as economic units of analysis rather
than nations as they have unequal distribution of wealth. Edomons (2000) discussed the regional
competitiveness in the UK. He advocated there was a massive disparity between the proportions of
knowledge based industries found in the different regions. London and South East of England are seen
as the core economic drivers of the nation, they have higher competitive advantages over other
regions, whereas Northern regions are less competitive. In China, similar inequality exists among
regions. Regions in south coast, such as Shanghai, Hangzhou, Guangzhou and Hong Kong are seen as
the strong drivers of Chinese economy as these regions are more advanced in manufacturing, trading
and financial industries. However, the northwest regions such as Shanxi, Gansu and Qinghai are facing
the negative effects of inequality like low income, low employment rate and low living quality. The
unequal distributions in nations are mostly related to the different industries located and functions
performed in these regions and differences in their supporting environments. The examples of
supporting environments include universities, research institutes, business services providers and ICT
infrastructure. Thus, it is interesting to use “region” as analysis unit to see whether the distribution of

knowledge and capacity of the knowledge economy are unequal among global regions.

Another reason to analyze regional difference can be supported by the “location paradox” which is
advocated by Michael Porter (2000, 2006). Porter” stressed that globalisation indeed make the location
seems less important as there are no location barriers to make knowledge investment. However, the
paradox is that the location still matters. For example, United States still is the most important country
in the world; regions in the U.S. have tremendous specializations. There is no longer a competitive
advantage if anything can be easily accessed from a distance. With less barriers and more mobility, the
more decisive location becomes. As a result, the bottom half of U.S regions are facing more challenges.
Many cities used to have a natural advantages, but do not have advantages anymore. The historic
factors influencing location, such as proximity to inputs and markets, are being undercut, the ability to
source from anywhere is increasingly becoming more important for local competition; in many
respects, globalization is reinforcing localization, which means the most enduring competitive

advantages in a global economy seem to be local.

* Michael Porter interview by senior writer Pete Engardio, which published in Bloomberg Businessweek magazine
(2006)
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The theoretical support of location competition lends considerable weight to use both data analysis
and a policy approach at the regional, rather than the national level (Huggins and lzushi, 2002, 2007).
As the integrated economic areas in the sub-national geographic units, location competition can be
defined as regional competition. This level can bring us much closer in line with the nature of
competition and the role of government in economic development activity. Thus, in our research, we
will discuss the regional competitiveness rather than national competitiveness in the knowledge

economy.

2.3 “knowledge” in economic theories

There are many economic literatures dealing with the knowledge economy and discussions regarding
the relationship of knowledge with entrepreneurship, economic growth or firm’s development. Four

mainstream ideas exist that are fundamental in the knowledge economic theories.

2.3.1 Human Capital theory

Lewis (1954) begun the field of Economic Development and consequently came up the idea of human
capital in his paper Economic Development with Unlimited Supplies of Labor. The term "human capital"
was first discussed by Arthur Cecil Pigou®, who emphasized that investment in human capital as well as
investment in material capital. The best-known application of the term of "human capital" in economics
is from Gary Becker. In 1964, he published his book entitled Human Capital: A Theoretical and Empirical
Analysis, which became a standard reference for many years. In his view, human capital is a means of
production, into which additional investment yields additional output. Human capital is substitutable,

but not transferable like land, labor or fixed capital.

The definition of human capital that is widely adopted since recent years come from OECD (2001, pp
18), human capital is the “knowledge, skills, competencies and attributes embodied in individuals that
facilitate the creation of personal, social and economic well-being”. It is recognized as the foundation of
the knowledge economy alters the principle of scarcity, which refers to the first-rate talent that can
appropriate knowledge in ways that lead to competitive advantages. The innovative capacity depends
on whether it attracts and retains the right people rather than the right technologies. The knowledge
economy is marked by increasing labour market demand for more highly skilled workers. Some
countries show that the more rapid the introduction of knowledge-intensive means of production, such

as IT, bio-chemical, the greater demand for highly skilled workers. Besides, workers who use advanced

*Wikipedia: Arthur Cecil Pigou, http://en.wikipedia.org/wiki/Arthur_Cecil_Pigou
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technologies are paid higher wages. Ceridian (2007) defined Human Capital is the stock of
competences, knowledge and personality attributes embodied in the ability to perform labor so as to
produce economic value. Human Capital is the attributes gained by a worker through education and

experience.

2.3.2 Endogenous growth theory (new growth theory)

Endogenous growth theory (or new growth theory) was developed by Paul Romer (1983) and Lucas
(1988) which was a natural starting point for gaining a better theoretical understanding of the
emerging knowledge economy (Karlsson et al, 2005). The endogenous growth theory is a response to
criticisms of neoclassical models of economic growth that assumed that technological change was
exogenously determined. According to Romer (1983) and Lucas (1988), in neo-classical growth models,
the long-term rate of growth is exogenously determinate by rather the savings rate or the rate of
technical progress. However, these rates remain unexplained. Endogenous growth theory tries to
overcome this shortcoming by building macroeconomic models out of microeconomic foundations.
Individuals are assumed to maximize utility subject to budget constraints while companies maximize
profits. Crucial importance is usually given to the production of new technologies and human capital.
The engine for growth can be as simple as a constant return to scale production function or more
complicated set ups with spillover effects (which are externalities of economic activity or processes
those who are not directly involved in it), increasing numbers of products or increasing qualities. The
main implication of recent growth theory is that policies which embrace openness, competition and
innovation will promote economic growth. In contrast, policies which have the effects of restricting or
slowing changes by protecting or favouring particular industries or firms are likely over time to slow

growth to the disadvantage of the community.

According to Molaei (2010), the endogenous growth theory helps us make sense of the ongoing shift
from a resource-based economy to a knowledge-based economy. It emphasizes the point that the
economic processes which create and diffuse new knowledge are critical to shaping the growth of
nations, communities and individual firms. Molaei (2010, pp1) further stressed the point of measuring
knowledge that “the difficulty and uncertainty of being able to capture the value associated with

knowledge is a real problem.”

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang
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2.3.3 The knowledge-based theory of the firm

The further discussion on the knowledge economy is toward the knowledge-based view of the firm.
The knowledge-based (KBV) of the firm is an extension of the resource-based view (RBV) of the firm
(Grant, 1996a; Hoskisson et al., 1999; Sveiby, 2001; Bontis, 2002b). The RBV conceived the firm as an
administrative organization and a collection of productive resources, both physical and human.
According to Ariely (2003), the interpretation of knowledge as a resource establishes the theoretical
connection between the RBV and the KBV. Hoskisson et al. (1999) claimed that the KBV of the firm
considers that organizations are heterogeneous entities loaded with knowledge and knowledge
resources are particularly important to ensure that competitive advantages are sustainable. Different
from RBV of the firm, the knowledge-based view of the firm does not treat knowledge as a generic
resource rather than having special properties, but distinguishes different types of knowledge-based

capabilities (Kaplan and Schenkel, 2001).

2.3.4 The Knowledge Spillover Theory of Entrepreneurship

Acs and Audretsch (2005) discussed the Knowledge spillover theory of entrepreneurship. The basic
argument is that knowledge created endogenously via R&D results in knowledge spillovers. Such
spillovers give rise to opportunities to be identified and exploited by entrepreneurs. They explained
that the incomplete knowledge generated in incumbent organizations generates an entrepreneurial
opportunity, and entrepreneurial activity in turn provides the conduit facilitating the spillover and
commercialization of that knowledge. By support by empirical research, they found that there is a

strong relationship between knowledge spillovers and new venture creation.

2.4 The knowledge economy indicators

The four classic theories fit into the recent urgency to theorize and empirically test the hypothesis of
the rise of the knowledge economy. In order to measure knowledge, many researches discussed the
appropriate indicators of the knowledge economy. However, the clear indicators of regional
competition in knowledge economic activity are limited by the numbers, types and quality. It is difficult
to capture the economic value of knowledge by single input or output indicators of knowledge
generation. And all indicators have advantages and disadvantages (Brinkley, 2006). OECD (1996, pp30-
31) published the most recognized paper on the knowledge economy, it emphasized that the
knowledge indicators cannot approximate the systematic comprehensiveness of traditional economic

indicators because of four principle reasons:
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* Inputs into knowledge creation are hard to map because there are no knowledge accounts

analogous to the traditional national accounts

* There are no stable formulae or “recipes” for translating inputs into knowledge creation into

outputs of knowledge

* knowledge lacks a systematic price system that would serve as a basis for aggregating pieces

of knowledge that are essentially unique

* New knowledge creation is not necessarily a net addition to the stock of knowledge, and

obsolescence of units of the knowledge stock is not documented

From the above statement we can formulate that traditional economic indicators are not appropriate
for measuring the performance in a knowledge economy. To better understand the workings of the
knowledge economy, new economic concepts and measurements are required which track phenomena

beyond conventional market transactions. OECD (1996) suggested five perspectives to measure the

knowledge economy, which are widely applied by many researches.

e Knowledge input: the indicators of knowledge input are shown on following table, includes

R&D, innovation or human resources.

OECD manuals on knowledge indicators

Tyvpe of data
R&D

R&D

Technology balance of payments
Innovation

Patents

Human resources

Title
Proposed Standard Practice for Surveys of Research and Experimental
Development (Frascati Manual 1993)
Main Definitions and Conventions for the Measurement of Research and
Expenimental Development (R&D) (A Summary of the Fraseati Manual 1993)
Proposed Standard Method of Compiling and Interpreting Technology Balance of
Payments Data (TBP Manual 1990)
OECD Proposed Guidelines for Collecting and Interpreting Technological
Innovation Data (Oslo Manual 1992)
Using Patent Data as Science and Technology Indicators
(Patent Manual 1994)
The Measurement of Human Resources Devoted to S&T
(Canberra Manual 1995)

Source: THE KNOWLEDGE-BASED ECONOMY, OECD, 199

e Knowledge stocks and flows: e.g. the embodied technology or R&D, etc

e Knowledge outputs: e.g. GDP, unemployment rate, productivity, etc

e knowledge networks: e.g. the distribution of knowledge among universities or firms, etc
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e Knowledge and learning: e.g. human capital indicators, knowledge distribution power,

institutional capabilities to transfer knowledge, etc.

Arundel (2009) made further research on knowledge based economy indicators. He claimed that there
are four kinds of knowledge economy inputs, which are production and diffusion of information and
communication technology (ICT), human resources, skills and creativity, Knowledge production &
diffusion and Innovation, entrepreneurship and creative destruction. There are also two knowledge
economy output indicators like economic performance and quality of life indicators. He interviewed 40
policy experts and decision makers across Europe with questions regarding the existing knowledge
economy indicators and if they can sufficiently measure policy effects. The conclusion was that there
were research ‘gaps’ in the ability of available indicators to meet both current and emerging policy
needs. Policy analyst and policy makers need better indicators to measure the economic impact of
innovation in quantitative terms. These types of indicators include human resources of specific
industries (e.g. university researchers, high-tech industries); measurement of entrepreneurship and
venture capital or measurement of innovation flows, etc. The research identified some missing

indicators and also refined the methodology for constructing robust and credible composite indices.

2.5 Researches of investment in knowledge

By review the economic theories and knowledge measuring indicators, it is obvious that a large sum of
investments are necessary to promote the development of the knowledge economy and increase
regional knowledge competitiveness. We will further discuss more literatures about knowledge

investments.

2.5.1 Human capital investments

Nelson and Phelps (1966) discussed the relationship of investment in human, technology diffusion and
economic growth. Through conceptual models they concluded that the greater rate of return to
education, the more technology progresses in the economy. They suggested society should build more
human capital relative to tangible capital to promote the economy. However, the limitation of the
research is that the conclusion was purely based on theoretical models without any support of real

data statistics.

Blundell et al. (1999) tried to measure the human capital investment from non-technical point of view
by the returns to education and training for the individual, the firm and the economy. From individual

perspective, positive economic returns to education have been found various returns by the type and
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level of qualification. For example, women in UK undertaking economics, accountancy or law subjects
have significantly higher returns to their higher education than women undertaking other subjects.
Undertaking a training also shown significant returns of the individual and the return were found to
vary among the different sources and types of training courses. They elaborate that various types of
human capital investment are complementary: early achievement and qualifications can determine
future educational attainment; individuals with higher educational attainment will undertake more
trainings on the job. From economy perspective, they emphasized the importance of human capital for
national productivity growth is provided by growth regressions, where the education measures have
been found to be significant explanatory variables. The research from Blundell et al. (1999) provided
many valuable suggestions and indications for further knowledge investment studies. However, the
limitation of the paper is the amount of concrete empirical work, caused by methodological difficulties

and the lack of suitable data.

2.5.2 Investment in R&D and innovation

Hwang and Gerami (2006) made analysis of investment in knowledge inside OECD countries with more
real data. He defined and calculated investment in knowledge as the sum of expenditure on R&D, on
total innovation (public and private) and on software. They emphasized that measuring of investment
in knowledge is characteristically complicated and lack of data. By evaluating output of different
financial investment in knowledge of OECD countries during 1994-2002, they find the United States and
Japan are moving more rapidly towards a knowledge-based economy than the EU. Since 1994, their
investments in knowledge to GDP ratios have grown at a higher rate than that of the EU. In 2002, the
United States invested 6.6% of GDP in knowledge, Japan 5.0% and European Union only an average of
3.8%. The variations in investments among EU countries differs; Scandinavian countries like Sweden
and Finland invested more than 6%, while Portugal and Greece invested less than 2% of GDP in

knowledge.

They suggested that when we consider investment, it should include ICT investment, R&D and higher
education as different forms of “knowledge”. The production of knowledge should respond to
incentives. For instance, if there are high returns on ICT investment, R&D or innovation, the investment
should also be increased. They also examined the influence of investment in knowledge in multifactor
productivity growth and numbers of patent. The conclusion is that investment in knowledge can

promote productivity growth.

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang

16



The influence of financial investments on regional knowledge competitiveness | 2011

The research from Hwang and Gerami provided us a good review of financial investment in the
knowledge economy in global countries. However, most of their analysis is by data description;
calculate increase rate or return on investment ratios. It is difficult for us to distinguish which financial

investments have significant influence on the knowledge economy development.

2.5.3 The development of Private Equity investment

Another important investment in knowledge is from private equity sectors. We believe the entry of
new knowledge-based entrepreneurs firms can contribute the regional economy prosperity. However,
small start-up companies are facing difficulties of getting financed by banks because of their high
uncertainty, information asymmetry and agency costs (Beck et al., 2005). Private equity investors are
specialized to overcome these problems. They provide support by start-up entrepreneurs staged
financing, private contracting and active monitoring (Kaplan and Stromberg, 2001). Therefore, early
stage and technology companies normally get more financial support from private equity sectors than

banks.

In global countries, private equity investments are more common in the US than European and other
countries. According to Gompers and Lerner (1999) venture funds picked up in the late 1970s and the
early 1980s in the US. The US department of labour issued a clarification of the rule stating that
diversification is an inalienable part of prudential investment behaviour. Therefore, in the next
following eight years, the amount invested in new venture funds greatly increased from $481 million to
nearly $5billion, almost half of them are pension fund. However, the PE industry in Europe has been
developing in a slower rate. The evidence can be found through the global venture capital report from

PricewaterhouseCoopers (2003, 2004).
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The Global Private Equity and Venture Capital Market, 1998-2003
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From the above graph, North America has the largest venture capital market. In 2001, it has almost 2/3
of the world total venture capital, which was five times larger than Western Europe. During the period
1998-2004 in global, venture capital investment has increased significantly. Apart from North America
and Europe, the Asian market also has experience growth in funds and investments. PWC analyzed that
the global venture capital development was driven by the Chinese economy, Japan’s recovery and the
India’s software industry and resurgent growth in the Asian-Pacific countries such as Indonesia and

Malaysia.

In response, the European Commission (2002) undertook explicit regulatory intervention to prohibit
national legislation from preventing insurance companies and pension fund from investing in risk
capital market. According to the report from EVCA (2006), at the end of 2006, many EU countries did
not adopt any of the EC policies because of coordination problems and different degree of

deregulation.

2.6 Research challenges on the influence of financial investments in knowledge competitiveness
From the previous literature reviews and empirical researches, we found many challenges when

analyzing the role of financial investment in knowledge competitiveness.

First, there is no standard model to measure the knowledge economy and knowledge

competitiveness.
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From the literatures, it is clear that a large number of researches tried to analyze the knowledge
economy from certain perspectives. But very little researches describe the knowledge economy in a
comprehensive overview with consideration of all relevant elements. Therefore, we may have some
findings that indicate certain relations in the knowledge economy from input to output, such as the
positive relation between educational attainment and economic growth (Garba, 2002); the positive
effects of human capital on the supply of entrepreneurial activity (Odekunle, 2001) or promotion on
education will improve job status, job security and other benefits (Ayeni, 2003). But very little
researches analyze the effects of input and output of the knowledge economy on regional knowledge
competitiveness. For instance, what are the relations of financial investments with other knowledge
input? Is the region with more financial investment become more competitive in a knowledge
economy? We think in order to better answer these questions, it is important to design a research

graph on the knowledge economy model before defining the specific research focus.

Second, there is not much research that discusses the influence of financial investments on

knowledge competitiveness

Through literature review, we find knowledge investment researches mainly discussed the relation of
public or private investments on human capital, R&D or economic growth. However, very few
researches analyze how financial investments affect knowledge competitiveness and which one of
them significantly promotes regional competitiveness. The previous researches explained that because
of data limitation, the empirical researches are very difficult to conduct. As Arundel (2009) emphasized,
there are seven data quality problems to collect the knowledge economy indicators, including accuracy,
missing value, relevance, comparability, coherence, timeliness and availability. Therefore, we also will

face these challenges because of the data collection difficulties on different financial investments.

Third, there are still some arguments on effective indicators to measure knowledge competitiveness.
When we discuss the influence of financial investments on knowledge competitiveness, we plan to test
them with consideration of other elements. However, there are some arguments on how to define
knowledge economy indicators. For instance, which indicator should we choose to measure regional
economic performance? Since 1930s, the Gross Domestic Product (GDP) has been the standard
economic indicator of many countries. GDP is a basic economic indicator and measures the level of
total economic output relative the population of a country. However, GDP does not account for the
social and environmental costs of production; it therefore is not a good measure of the level of over-all

well being (OECD, 1996). Another indicator underlying the selection of high performing regions for
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benchmarking is their relative GDP per capita, which is the indicator of the average standard of living of
individual members of the population. An increase in GDP per capita represents national economic
growth while a declining trend in GDP per capita indicates a sinking economy. However, GDP per capita
as economic performance still has limitations. One of the problems is the inability to provide
information about income distribution. Some income derived from the black market, or those which
were not reported to the government were not taken into account (Madsen, 2006). Another problem is
for countries with huge number of population, e.g. China and India, when we use GDP per capita to
measure the wealth of the regions, these regions measures to be less wealthy than the regions in
western countries. However, fast development of Asian regions does have influence on global
knowledge economy structure. Therefore, the economic performance indicator should contain more
()

economic measurement than only GDP and population; hence the introduction a new indicator “GUC

later on this chapter.

Another argument is how to define human capital indicators. Many researchers use investment in
education to indicate human capital (Schultz, 1971; Psacharopoulos and Woodhall, 1997; Garba, 2002).
We oppose this definition of investment in people to be of the same amount of human capital.
Different from financial capital and physical capital, human capital is the stock of competences,
knowledge and personality attributes embodied in the ability to perform labor so as to produce
economic value. It is the attributes gained by a worker through education and experience (Arthur and
Sheffrin, 2003). Thus, we argue that the numbers of skilled labors in certain knowledge-based
industries are more appropriate to describe human capital. The investment in education as well as
other financial investments in R&D or innovation should be measured separately. Klingbeil (2008)
introduced the concept of Highly qualified personnel (HQP), which is a term that refers to people who
have achieve certain specified level of educational qualification, e.g. on-the-job training and work and
life experience that have a high level of human capital. We believe these HQP’s occupied in many
knowledge-intensive industries, such as IT, Bio-chemical, Mechanism or Electronic. The numbers of

people that work in knowledge-based industries are more appropriate indicators as human capital.

® Originate from Global Urban Competitiveness Index

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang

20



The influence of financial investments on regional knowledge competitiveness | 2011

2.7 Researches on regional knowledge economy
2.7.1 Huggins and lzushi (2007) conceptual model

As it is a challenge to precisely define the knowledge economy, a design using a comprehensive model
that describes the relevant components’ relationship in the knowledge economy is necessary. Huggins
and lzushi (2007) discussed how to measure regional knowledge economy within a model. They
advocated the conceptual model is a multi-linked cycle which represents knowledge creation and

utilization as well as capacity building. The following map shows their conceptual model:

Knowledge Economy Production I

This model is the result from two economic theories: human capital theory and endogenous models of
economic growth. Human capital theory recognizes skills and expertise that promote the knowledge
economy development. Endogenous economic growth theory advocates the accumulation of
knowledge as a main source of long-term economic growth, and acknowledges the creation of

knowledge by private-sector firms as an internal (endogenous) factor.

It is clear that there are four types of capital input in this model. According to Huggin and Izushi, human
capital indicates the capacity of individuals in a region to create, understand and utilize the knowledge
to create commercial values. It can be measured by managers, professionals and high-end technical
workers as they are increasingly recognized as a source of innovation and a driver to stimulate
investment and growth. The Knowledge capital refers to regions’ resources or capacity to create new
ideas. Financial Capital emphasizes the financial resources mobilized into new area of growth and

knowledge through private equity investment. The physical capital refers to capital in the traditional
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term of economic, e.g. the land, plants, equipment or buildings. According to the model, the four
capital inputs lead to economy production, the production will become regional knowledge economy

output, which will contribute the total economic output.

The model also includes a sustainably linkage between output to input. Huggin and Izushi defined this
sustainability link as the education that individual are undertaking. Although strong regions are able to
attract talent from other regions, in the long-term reinvestment in education will help to ensure

regions’ knowledge economy maintain sufficient flows of educated labor.

2.7.2 Arguments on the model from Huggins and lzushi (2007)

Huggin and lzushi’s model contributes a good concept to map the regional knowledge economy.

However, there are some critical arguments on their approach.

First, the financial capital in Huggin and Izushi’s model is defined too narrow as it does not include

other relevant financial investments.

From Huggin and lzushi’s theory, they defined private Euqity (PE) as the only financial investment,
which can enable a region to maximise the return on its R&D and innovation. However, PE is one kind
of financial investments in the knowledge economy and the development on PE is not equal worldwide.
The public and private investments (or public and private partnerships “PPP”) still play important roles
to support R&D and innovation, education and training or other economic activities in world regions.
Therefore, we cannot ignore the government investments and business firms’ investments on regional

knowledge economy.

Second, “Knowledge capital” as one of the inputs of the knowledge economy is overlapping three

other capitals.

As Huggin and lzushi (2007) claimed, the knowledge capital is the raw material of the knowledge
economy, referring to regions’ capacity for creating ideas. When we discuss about the regions’
capacity, we think physical capital is a part of knowledge capital as the capacity and resource are
relevant with regional physical resource. Huggin and lzushi’s also claim that new ideas can be created
by individuals, universities or other organizations. Thus, the indicators they choose to measure the
knowledge capital include the numbers of registered patents, business or public investment in new
product development. However, from these indicators we can tell human capital from universities or
organizations and financial capital investment in knowledge are parts of knowledge capital. Actually,

knowledge capital is a concept that is based on the mixture of human, financial and physical capital.
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Thus, we argue it is not necessary to define four separate capital input of knowledge but use human

capital, financial capital and physical capital instead.
Third, the definition of “sustainability linkage” is not appropriate.

Huggin and lzushi advocated that knowledge economy is a multi-linked cycle model and there is a
linkage between output to input. Education investment could be the element which supports this
linkage, e.g. the public expenditure on education, internet and broadband access of citizens. However,
the concept of sustainable development according to Brundtland (1987) is the development that meets
the needs of the present without compromising the needs of future generations. HMSO (1994) claimed
that most societies want to achieve economic development to secure higher standards of living, now
and for future generations. They also seek to protect and enhance their environment, now and for their
children. Sustainable development tries to reconcile these two objectives. Giddings et al. (2002)
advocates that sustainable development is a multi-layered and multi-faced approach of three sectors:
economy, society and environment. So when we consider the sustainable linkage for output to input,
apart from education spending on human capital or provide financial capital on regional development,
it is also important to make effort on negative externalities caused by economic development, such as
CO2 emissions and global warming. For instance, regions can invest in renewable energy or recycling
technologies in order to develop in a sustainable way. Therefore, we argue that education is too

narrow to be defined as linkage between output and input of knowledge economy.
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2.8 Regional knowledge competitiveness research model
2.8.1 Model description

Based on Huggin & lzushi’s model and previous literatures, we design a “regional knowledge economy

competitiveness cyclical scheme” as shown in the following graph.
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The “regional knowledge economy competitiveness scheme” shows the regional knowledge
competitiveness is influenced by two factors. One is regional investment in knowledge and another one
is regions economic performance. Arrow 1 shows the relationship of the knowledge economy input
with regional knowledge competitiveness; regions with more investment in knowledge can become
more competitive in the knowledge economy. Arrow 2 indicates the relationship of knowledge output
with regional knowledge competitiveness. We think regions with better economic performance will be
more competitive in the knowledge economy. The two yellow bars are two main factors of regional

knowledge competitiveness. The two grey blocks of each contains the influential factors.

There are three main capitals belonging to regional input of the knowledge economy, which are
financial capital, human capital and physical capital; the financial capital actually can promote another
two capitals’ development. In financial capital, normally five main financial investment resources exist,
e.g. government investment, business firms’ investments (excluding the private equity firms) or private
equity investment. The investments can be use on R&D, innovation, training or education. We define
human capital by number of skilled labors in the high-technologies and medium high-tech industries.

The physical capital includes lands, plants or equipments of regions.

All of the investments on knowledge will influence regional economic performance as arrow 3
indicates. In the economic performance block, part of the economic performance is knowledge output,
which is the result of direct knowledge input, such as new registered patents, trademarks or emerging
industries. The knowledge output with other economic activities together will influence total regional
economic performance, as displayed using arrow 4. It is worth to mention that knowledge output in
time “t” will affect knowledge input in time “t+1”. Thus, it is interesting to have time series data on
input and output elements to analyze their influence on knowledge competitiveness. However, due to

lack of data we will only use cross-section data in our research.

2.8.2 Indicators in the research model

In order to support our research scheme, we make further researches regarding the knowledge
economy components as we discussed in our model. Many research papers provide empirical findings
and some of them gave research recommendations or conceptual ideas on the knowledge economy.

See below for a mapping of previous research literatures:
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Academic literatures on the knowledge economy indicators

Researches
Financial investment and the knowledge economy:

Invest in training appears to offer further benefits in
terms of higher employment stability

Investment in education is important for national
productivity growth

Investment in knowledge has relationship with
multifactor productivity and patent numbers

Positive annual growth of knowledge investment has
an impact on other knowledge economy’s factors

A reliable supply of reasonably-priced finance is
important for entrepreneurial activity and innovation
The supply of VC has been negatively affected by the
credit crunch

Capital and knowledge-based industries:

Human capital influence regional development
Technology and Employment in the global knowledge
Economy

Localize human capital and information in a cluster can

result in knowledge spillovers

Knowledge jobs and knowledge workers

Human Capital investment build the “Knowledge
economy”

Human capital is responsible for labour productivity
Positive relation between educational attainment and
economic growth

Human capital has positive effects on the supply of
entrepreneurial activity and technological innovation
Knowledge intensive industries and The knowledge
economy indicators

Correlation human capital and regional economic
growth

Physical Capital and the knowledge economy

Discussion on human capital and physical capital
Higher worker skill levels enable higher returns to be
extracted from investment in physical capital

Economic performance and the knowledge economy

knowledge is a main driver of productivity and
economic growth

knowledge creation and distribution are primary
drivers in the process of economic growth
“knowledge” is greater important on economic
growth
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e Investment in Knowledge and Knowledge *QOECD (2005)
expenditures * Details of these articles are in the
reference list

Regional knowledge competitiveness

In our research scheme, the research target (dependent variable) is regional knowledge
competitiveness. The indicator we use is from World Knowledge Competitiveness Index (WKCI) made
by centre for international competitiveness from Cardiff School of Management in 2008. The report of
WKCI measures the leading global regions’ knowledge economy competitiveness. The WKCI is an
overall benchmark of the knowledge capacity, capability and sustainability of each region. The
competitiveness of a region will depend on its ability to anticipate and successfully adapt to social and
economic challenges. Regions with higher scores indicate they are more competitive in the knowledge
economy. Thus, it is interesting to analyze which factors have significant influence on regional

knowledge competitiveness, especially the research gap of financial capital.
Financial Capital

As we mentioned earlier, there have not been many empirical researches covering the influence factor
of different financial investments on knowledge competitiveness. One of the reasons is that financial
investment data is hard to obtain as they are not publicly dispersed. Another reason is research topics
of human capital, innovation and economic growth which are based on the classic knowledge economy
theories are more popular for scholars. In order to be creative in our research, we will fill research gap
to test which financial investment significantly influence regional knowledge competitiveness, and

what implications it will mean for policy makers.

As our research scheme indicates, there are many financial capital resources, such as government
investments, business firms’ investments or private equity firms’ investments. OECD (2005) discussed
Investment in Knowledge (IK) in the knowledge economy conference in Paris. They stressed that
knowledge expenditures directed towards activities with the aim of enhancing existing knowledge or
acquiring new knowledge or diffusing knowledge. The knowledge investments are used for R&D,
education, training, innovation and industrial design expenditure. We will discuss three main financial
resources in this thesis, which are public financial investments, private financial investments (exclude

PE firm) and private equity investments.

"Many scholars worldwide participated in this research, Dr. Huggin from University of Wales Institute, Dr. lzushi
from Aston University and Dr. Luo from Shanghai Jiao Tong University.
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In the public financial investments, governments normally make investment to support education, R&D
and innovation. We think for a region, the more investments are put on the knowledge economy the
more competitiveness it will be. In most countries in the world, government makes investments on
residents’ lower education from primary schools to high schools and some that invest in higher
education, such as universities and research institutions. Olaniyan and Okemakinde (2008) in their
empirical research found that investment in education has positive correlation with economic growth
and regional development. Furthermore, governments also make investment in knowledge-intensive
industries in order to support innovation and R&D. For instance, San Jose gains large support from
government because of the IT cluster Silicon Valley which has greatly contributed the IT industry

development and economic growth of the U.S.

Apart from government support, private investment in the knowledge economy is also vital. In order to
increase competitive advantages, business firms put a large amount of funds on their R&D and
innovation. For example, in 2010, Google spent approximately $476 million per quarter on R&D,
specifically on their cloud infrastructure in order to be more competitive (Data Centre Knowledge,
2010); the amount is doubled compared with the previous quarterly spending. The investments from
companies, especially from Multi-National Enterprise (MNEs) not only increase the firms’
competitiveness, but also lead to regional knowledge upgrade and strengthen regional

competitiveness.

Another resource of financing is private equity. According to European Commissions (2006), private
equity is the provision of capital and management expertise to companies in order to create value and
subsequently, with a clear view to an exit, generate capital gains after a medium to long holding period.
Private Equity deals with the investments which are available for public participation. It includes
Venture Capital, hedge funds, angel investor, LBO (leverage buyout funds) or Risk Capital. The
definitions of all of these terms are getting more blurry. For instance, angel investors now compete
with VCs on small, very early stage deals while some of the buyout and hedge funds are doing larger
Venture Capital type deals. As private equity is used as the generic term to encompass all the sub-sets

of financing stages, in our research, we will use private equity as general term to represent all sub-sets.
Human Capital indicators

In our research, human capital is measured by the numbers of employees per 1000 inhabitants of a
region in the knowledge-based industries. OECD (2001) developed a set of indicators of ‘high’ and

‘medium’ technology manufacturing industries based on their relative R&D expenditures (or ‘R&D
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intensity’). This classification of ‘high’ and ‘medium’ technology manufacturing industries has tended to

be used by the OECD and others as the cornerstone of definitions of knowledge-based industries.

OECD Classifications of Technology and Knowledge Intensive Industries

Manufacturing SIC 1992 Services SIC 1992
High Tech

) Post and
Pharmaceuticals 24.4 Telecommunications 64.0
Office machinery and 30.0 Finance and Insurance 65.0,66.0,67.0
computers
Aerospace 353 Business Activities (not 71.0-74.0

including real estate)

Electronics-communications 32.0
Scientific Instruments 33.0

Medium High Tech

Motor Vehicles 34.0
Electrical Machinery 31.0
Chemicals 24.0 (excluding 24.4)

Other Transport Equipment 352,354, 355

Mon-Electrical Machinery 29.0

OECD Science (2001), Technology and Industry Scoreboard: Towards a Knowledge-Based Economy

The knowledge-based industries defined by OECD include high technology industries such as
pharmaceuticals, aerospace or electronics-communications; and some medium high technology
industries, e.g. motor vehicles, electrical machinery or chemicals. Services industries include post and
telecommunication, finance or business activities. The indicators of human capital are the skilled labors

in these industries.
Physical Capital indicators

In economics, physical capital refers to any manufactured asset that is applied in production, such as
machinery, buildings or equipments. In economic theory, physical capital is one of the three primary
factors of production. The two others are natural resources (including land), and the stock of
competences embodied in the labour force. "Physical" is used to distinguish physical capital from

human capital and financial capital (Samuelson and Nordhaus, 2004). Physical capital may also refer to

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang

29



The influence of financial investments on regional knowledge competitiveness | 2011

fixed capital or fixed assets. In our research scheme, the indicators of physical capital include land,

plants, building, canals, equipments, etc.
Economic performance indicator

We use a new economic performance indicator “GUC” in this thesis. The full name of “GUC” is Global
Urban Competitiveness Index, which is named by a research group with scholars from different
countries in the world®. The research was led by Professor Pengfei Ni (Chinese Academy of Social
Sciences) and Professor Peter Karl Kresl (Bucknell University, USA). The research sample consists of five
hundred cities in 130 countries. The “GUC” contains collected data on 6 indices, which include scale of
“green economic GDP”, “green economic GDP per capita”, “green economic GDP per square
kilometer”, “economic growth rate”, “number of internationally recognized patent applications” and
"multinational corporation index from the perspective of output”. Each of these indicators has been
put by different weight. The GUC index aims to give insights into the development and competitiveness
of cities around the world. It is a new indicator which is published recently and has not been applied in

any economic researches yet. In our research, we will try to use GUC as economic performance

indicator in our analysis.

European Council (2000) designed the “Lisbon Agenda”, which describes a long term development plan
to increase European competitiveness. However, the strategy was evaluated to be a failure; the Lisbon
Agenda has been revised twice. In order to increase European competitiveness and economic
sustainable growth, European Commission (March, 2010) further revised the proposal and naming it
the Europe 2020 Strategy. It is still too early to conclude if the new Strategy will be sufficient and
effective to increase European competitiveness. But the researches on the influence of financial

investments on knowledge competitiveness may provide helpful indications to policy makers.

Therefore, our research questions are:

Which financial investments have significant influence on the world regional knowledge

competitiveness? And what are the implications to European policy makers?

® pengfei Ni and Peter Karl Kresl (2010) published the book <<The Global Urban Competitiveness Report 2010>> to
elaborate how GUC has been calculated with sophisticated methodology.
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Chapter 3. Methodology
In this Chapter, we will introduce the methodology of our research, the data collection of dependent
and independent variables, the definition of our hypotheses. In order to make out test step more

clearly, a data test roadmap will be shown at the end of this chapter.

3.1 Data collection

Research data will be collected from many different resources. The dependent variable is the “World
knowledge competitiveness index” (WKCI), which is used to make ranks of the knowledge
competitiveness of global regions. The highest region is San Jose in US with the score 248.3 and the
lowest region is Bangalore in India with the score 5.0. More description of WKCI will be discussed in

Chapter 4.

We summarize the data source of independent variables into a table. In our research, the financial
investment was measured by US dollars per capita of 2007. The human capital data was also collected
from many resources. Human capital indicators are measured by the numbers of employment of

knowledge-intensive industries per 1000 inhabitants in global regions around 2007.

In terms of the economic performance indicator, we try to compare GDP per capita and another data
“GUC” (Global Urban Competitiveness Index) to test which one is more suitable to use as economic
performance indicator. As we mentioned in the literature, the GUC is a comprehensive index that
consists of different economic performance indicators, such as green economic GDP, green economic

GDP per capita, economic growth rate, etc.

The index of “GUC” 2007 includes 500 global cities, ranking from high to low. The Top ranking city is
New York, scores 1, and last ranking city is Harare in Zimbabwe scores 0. The highest Dutch city is
Amsterdam ranks 35 with the score of 0.51, and lowest Dutch city is Utrecht ranks 166 with the score
of 0.32. As the “GUC” is based on cities and other data source matches by regions, we placed the cities
belonging to the regions together and calculated their average scores to represent the regional

economic performance value.
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Table of Data source:

Financial Capital

Bureau of Economic Analysis

http://www.bea.doc.gov/

Canada’s Venture Capital Association

http://www.cvca.ca/

Census of India

http://www.censusindia.net/

Department of Education

http://www.ed.gov/

Finish Venture Capital Association

http://www.fvca.fi/

Nation Science Foundation

http://www.nsf.gov/

National Center for Education Statistics

http://www.nces.ed.gov/

Statistics Canada

http://www.statcan.ca

Statistics Norway

http://www.ssb.no/

Shanghai Statistics

http://www.stats-sh.gov.cn/

US Bureau of Economic Analysis

http://www.census.gov/

OECD

http://www.oecd.org/std/ppp/

World Bank

http://www.worldbank.org/data/

Human Capital

Australian Bureau of Statistics

http://www.abs.gov.au

Bureau of Labour Statistics

http://www.stats.bls.gov/

Bureau of Economic Analysis

http://www.bea.doc.gov/

Eurostat

http://europa.eu.it/comm/eurostat/

UK Office for National Statistics

http://www.statistics.gov.uk/

Statistics Canada

http://www.statcan.ca

Statistics Norway

http://www.ssb.no/

The Statistics Bureau of Japan

http://www.stat.go.jp

Indian Ministry of Statistics and
Programme

http://mospi.nic.in/

OECD

http://www.oecd.org/std/ppp/

World Bank

http://www.worldbank.org/data/

Economic performance

Australian Bureau of Statistics

http://www.abs.gov.au

Statistics Singapore

http://www.singstat.gov.sg/

Statistics Canada

http://www.statcan.ca
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Statistics Norway http://www.ssb.no/

Hong Kong Census and Statistics http://www.info.gov.hk/censtatd/

Department

OECD http://www.oecd.org/std/ppp/

World Bank http://www.worldbank.org/data/

Global Urban Competitiveness Index http://www.docstoc.com/docs/33167238/Global-
Urban-Competitiveness-Index-RankingsDOC

3.2 Hypotheses

There are 9 hypotheses in our research. Our research question is to test which financial investments
significantly influence the regional knowledge competitiveness, and if the significance will be different

with consideration of control variables.
3.2.1 Dependent variables

In our research, we will use index figures from Word Regional Knowledge Competitiveness (WKCI) as

the dependent variable.

3.2.2 Independent variables and hypotheses
e Financial investments

We assume that financial investments have positive influence on the knowledge competitiveness. The
regions with large financial investments in knowledge will be more competitive in the knowledge
economy. There are five financial investments on knowledge which are government investment in R&D
and innovation, government investment in lower (primary and secondary) and higher (university)
education, business firms’ investments in R&D and innovation and private equity investment in
knowledge-based industries. We believe the more financial investments in regions’ knowledge
economy, the more competitive the regions in the knowledge economy will become. In the five
financial capital categories, three of them are funded by government with the aim to promote lower

education, higher education and R&D and innovation. Thus, we make the hypotheses as:

H1: Government investment in R&D and innovation can positively influence regional competitiveness

in the knowledge economy

H2: Government investment in lower education can positively influence regional competitiveness in

the knowledge economy
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H3: Government investment in higher education can positively influence regional competitiveness in

the knowledge economy

Apart from the public financing, there are also another two types of knowledge investments, which are
business firms’ investments and Private Equity (or Venture Capital) investment. Business firms’
investments in the knowledge economy mainly focus on R&D and new product development. We
believe the investments from organizations can positively influence regional knowledge economy
development. For instance, investments from Google or Facebook on IT industries can promote the
knowledge competitiveness in region of San Jose. Furthermore, a large number of venture capital can
support more innovation and R&D while public financing cannot. We assume private equity investment
in knowledge-based industries can significantly influence regional competitiveness in the knowledge

economy. Therefore, the hypotheses of the two types of financial investments are:

H4: Business firms’ investments in R&D and innovation can positively influence regional knowledge

competitiveness

H5: Private equity investment in knowledge-based industries can positively influence regional

knowledge competitiveness
e Control variable 1. Human capital

As we mentioned in chapter 2, a large number of academic researches demonstrated that human
capital plays a crucial role in the knowledge economy. Thus, we will add human capital as control
variables into our research. However, there are some arguments on how to measure human capital. In
order to make the definition of human capital distinguish from investment in education, we define
human capital as the number of skilled labours in the knowledge based industries. Because of the
limited amount of available data, four knowledge based industries have been collected. The qualified
employees (per 1000 inhabitants) in each knowledge-intensive industry are used as human capital
indicators. The four typical knowledge-intensive industries are IT and computer manufacturing, bio-
chemicals, mechanical engineering and electronic-machinery industries. We think the significant effects
of financial investments on WKCI will not be influenced by adding human capital indicators. Thus, we

make hypothesis as:

H6. Adding the control variable of human capital will not affect the significance of financial
investments influencing regional knowledge competitiveness.

e Control variable 2. Regional economic performance
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Apart from the importance of financial investments and human capital, we believe that the economic
performance of the regions will significantly influence their knowledge competitiveness. As we
discussed in the previous literature, “GUC” is a very comprehensive indicator. It would be interesting to
compare GDP per capita with GUC to see which one can better explain the relations of regional
knowledge competitiveness and regional economic performance. We assume regions with better
economic performance can have stronger knowledge competitiveness. The common understanding of
this assumption is that regions with more wealth will be more competitive in the knowledge economy.

Thus, our hypothesis is:

H7: Adding the control variable of regional economic performance indicator will not affect the

significance of financial investments influencing regional knowledge competitiveness.
e Control variable 3. Location: European, North American and Asian pacific regions

We believe regions in North America are more competitive in the knowledge economy than European
and Asian-Pacific regions. As dummy variables only consist of “0” and “1”, we think to add location

control variables will not influence the significance of financial investments on WKCI.

H8: Adding the control variable of location will not affect the significance of financial investments

influencing regional knowledge competitiveness.

H9: Regions from North America are more competitive in the knowledge economy than regions from

Europe and Asia-Pacific.

3.3 Research method

In order to have a comprehensive understanding of how financial investments influence regional

knowledge competitiveness, we make a diagram to illustrate our research approaches.
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Data analysis roadmap:
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The above graph shows the test steps, arrow 1 from knowledge input to knowledge competitiveness
means the relation between input elements with dependent variable. In step 1, we will test the relation
of five financial capital indicators with WKCI. In order to further test if control variables have any
influence on the significance of financial capital in WKCI, we will not exclude the insignificant financial
indicators in early steps but keep the insignificant financial variables to the last step. In step 2, four
human capital indicators will be added into our research. We will make correlation analysis to compare
GDP per capita and GUC to test which one is more suitable to put into our research model. After
selecting the appropriate economic performance indicator, we will make factor analysis and regression

analysis. The insignificant human capital indicators in step 2 will be excluded from further test steps.

In step 3, we will add control variable of economic performance indicator into our research. Arrow 2
indicates the relationship of economic performance with knowledge competitiveness. Our aim is to

exam if the control variable from output has any influence on the (in) significance of financial variables.

In step 4, the last control variable will be added into our research model. In order to test if regions from
North American, European and Asian have any significant difference on knowledge competitiveness,
we will add two dummy variables (representing the three regions respectively) into the regression. It is
also interesting to test if dummy variables have any influence on the (in) significance financial variables.

Arrow 3 shows the relationship of all independent variables with dependent variable.

When we do the data analysis, we try to exclude the insignificant variables (GUC) in step 3 and then
continue to make analysis to step 4. However, we find as part of our research graph, the economic
performance indicator is an important component that has certain influence on the financial variables’
significance. Therefore, eventually we did not exclude GUC from our regression. More details of data

analysis approach of this research will be discussed in next chapter.

3.4 Research tool

In order to test the relationship between independent variables with knowledge competitiveness, we
will use the statistics program SPSS 19.0. We will put key analysis results in the data analysis part to
discuss our findings; other relevant SPSS output will be attached as supplement in the appendix. In

chapter 4, we will make data analysis to test our hypotheses.
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Chapter 4. Data analysis
In this chapter, we first discuss data transformation and data description. After that, we will make four

steps to test our hypotheses.

4.1 Data transformation

The dependent variable is from World Knowledge Competitiveness Index (WKCI). In the independent
variables, we have financial investments, measured by US dollar per capita; human capital indicators
measured by the numbers of skilled labours per 1000 inhabitant of a region; GDP per capital measured
by the US dollar per capita. In order to make the data we collected to be more comparable, we make a
data transformation on independent variables with exception of “GUC”. As “GUC” is an index, all
figures are in ratio format (between 0 and 1), therefore in our research, we use the original figures of

MG UC”.

The equation table explain our research model and the meaning of coefficient after data

transformation.

*In the original regression, the equation is:

Y =a+bX

Meaning: A unitincrease in X is associated with an average of b units increase in Y.
After data transformation by natural logarithm, the equation is:

Y =a+ bLn(X)

Meaning: A 1% increase in X is associated with an average b/100 units increase in Y.

*Wikipedia statistics/ data transformation

4.2 Data description
4.2.1 Sample size

From the 145 global regions, 63 regions are from North America, 52 regions from Europe and 30
regions are from Asia-Pacific. The pie chart below shows the sample size and the ratio of the three

regions.
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Sample size

Asian-Pacific
21%

From the sample size pie chart, the ratio of North American regions 43%, European regions 36% and
Asian-Pacific results to 21%. The data we collected are based on the available data of each region and
of each dependent variable. We found the U.S. has more transparent information sharing resources,
thus more data was available than other world regions. Data collection in European regions is
becoming a bit difficult. Data in Asian countries is only available in some developed cities; Middle East

data is most hard to collect.

4.2.2 Dependent variable

In order to interpret the coefficients in our regression easier, we use the original World Knowledge
Competitiveness Index (WKCI) and divide it by 100. As WKClI is an index data, dividing it by 100 will not
change the relative difference between variables. Also, the relationships between independent

variables with dependent variable will not be influenced.

Statistics

YW CI
] Valid 145

Missing 0
Mean 975386
Std. Deviation .3459910
Minimum 0498
Maximum 2.4827

The above statistic table shows us the data description of WKCI. The maximum figure is 2.4827 and the

minimum is 0.0498. See below for a graph describing the data distribution of dependent variable.
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Histogram
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The histogram illustrates that the dependent variable is not perfect but close to normal distribution.
The graph shows most of WKCI indicators distribution is between 0.5 and 1.5 while few of them locate

on two sides of the tail.

4.2.3 Independent variables

As mentioned before, there are many independent variables with different measurement units. Making
a data transformation is needed before analysis. We make nature logarithm transformation on the

independent variables, the result is shown below.

Descriptive Statistics

i Minimurm | Maximurn Mean Std. Deviation
Gov_RD 145 -.6400 7.3400 4637379 1.2434060
Gov_Lowedu 145 44600 7.8200 6.854759 6074458
Gov_Highedu 144 3.2400 6.9000 5764621 TT17576
Business_RD 144 1.5400 F.4z00 5.934276 1.0941878
PE 143 -.2000 7.2200 3.834755 1.3712043
HC_IT 139 -1.0100 4.6400 1.497554 1.1021362
HC_Bio 143 -.4000 3.6500 1.789650 8355410
HC_Meach 143 0400 4,6900 2.942308 8909543
HC_Elec 142 -.7900 3.5900 1.923732 9130773
GDP_pp 144 8.7300 11.0400 | 10.380069 4328435
Guc 112 1983 1.0000 429606 1397857
Valid N {listwise) 104

After data transformation, the sample size of most of the variables is close to 145. The highest mean is
GDP per capital (10.3) and the lowest mean is GUC (0.4). The highest standard deviation is private
equity (1.37) and the lowest is GUC (0.14). From the data distribution, it is interesting to see that
government investment in R&D, Business investment in R&D and private equity investment have the
largest standard deviation. This could because the financial investments in knowledge are distributed
unevenly globally. North American might have invested more on R&D and innovation in comparison

with Europe and Asia.
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4.3 Data analysis
Stepl. Financial Capital with knowledge competitiveness

There are five types of financial capital indicators in our data, which are government investment in R&D
and innovation (Gov_RD), government investments in lower education (Gov_lowedu), government
investments in higher education (Gov_highedu), Business firms’ investments in R&D and innovation

(Business_RD), and private equity investment in knowledge-based industries.

Stepl.1 Correlation analysis
The results of the correlations analysis on these five financial variables are displayed on following table.

Correlations

WIKCI Gov_RD Gov_Lowedu Gov_Highedu Business_RD FE
WG| Pearson Correlation 1 3637 663 5477 g4g TEGT
Sig. (2-tailed) noo 000 000 000 000
M 145 145 145 145 145 143
Gov_RD Pearson Correlation 363 1 335 ABT 3817 2817
Sig. (2-tailed) .ooo 000 .0on R} oo
M 145 145 145 145 145 143
Gov_Lowedu Pearson Correlation 663 3357 9 7a2” 6a2 TEET
Sig. (2-tailed) .0oo noo .0oo ooo .0oo
M 145 145 145 145 145 143
Gov_Highedu  Pearson Correlation 547 ABT 782" 1 05 5498
Sig. (2-tailed) .ooo iTili] 000 000 000
M 145 145 145 145 145 143
Business_RD  Pearson Correlation a49 3817 - A05 1 6747
Sig. (2-tailed) .0oo noo ooo oo .0oo
M 145 145 145 145 145 143
PE Fearson Correlation TEI 281 TEB 598" BT4 1
Sig. (2-tailed) .ooo 001 000 .0o0 000
M 143 143 143 143 143 143

** Correlation is significant at the 0.01 level {2-tailed).

From the table above, the correlation coefficient (co) between business investments on R&D and
innovation with WKCl is 0.849, which means this indicator is highly correlated with regional knowledge
competitiveness. We can find similar situation on government investment in lower education
(co=0.663), government investment in higher education (co=0.547) and private equity investment in
knowledge-based industries (co=0.769), are all highly correlated with knowledge competitiveness.
However, in the coefficient table where the values highlighted within the rectangle, the result states
that government investment in lower education has strong correlation with 3 variables: Gov_highedu
(co=0.782), Buisness_RD (c0=0.682) and PE (co=0.768). If we put lower education investment together
with other variables into our model, it will cause collinearly problem in our regression. We think
investment in lower education also have certain effects on regional knowledge competitiveness, we

make another two regression models. The first regression model includes five independent variables. In
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the second regression, we will use four independent variables excluding the government investment in

lower education.

Stepl.2 Regression analysis

Equation 1:

Y= ao+ BiLn(X1)+B2Ln(X2)+BsLn(X3)+B4Ln(X4)+ BsLn(X5)+e

Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=Independent variables

B+= coefficient of government investment in R&D and innovation

B,= coefficient of government investment in lower education

Bs= coefficient of government investment in higher education

B4= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries

€= Error term

Regression 1: Put five independent variables into the model

The model summary table shows R Square is 0.804, which indicates that 80.4% of the variance in the
model can be explained with the created regression. The ANOVA table tests the acceptability of the
model from a statistical perspective. The significance value of the F statistic is less than 0.05, which
means that the variation explained by the model is not due to chance. See below for the summary

generated using SPSS.

Model Summary

Adjusted R Std. Error of
Model R R Square Stjuare the Estimate
1 g96* and 7496 567249

a. Predictors: (Constant), PE, Gov_RD, Gov_Highedu,
Business_RD, Gov_Lowedu

ANOVAP
Sum of
Modal Squares df Mean Square F Sig
1 Regression 13773 5 2,755 112147 ono®
Residual 3.365 137 0245
Total 17138 142
a. Predictars:

b, Dependent

(=]
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Coefficients™
Standardized
Unstandardized Coefiicients Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) -188 1499 -.994 322
Gov_RD oos Mz e am BA7
Gav_Lowedu -.118 .050 -.208 -2.374 019
Gov_Highedu 061 .03z 134 1.891 0&1
Businass_RD .203 018 B35 11.273 .0on
FE 105 016 414 6.637 .ooo

a. Dependent Variable: WKCI|

As the coefficient shows us investment in lower education has significant influence on regional
knowledge competitiveness (P=0.019<0.05). However, the coefficient of government investment in
lower education is -0.118. It indicates that invest in lower education will negatively influence the
regional knowledge competitiveness. We believe regions investing on lower education will become less
competitive does not make any sense. With the consideration of the results from the correlation table,
we think putting the five indicators into one equation may misinterpret the relationship between
independent and dependent variable. In regression 2, we will exclude the Gov_loweredu from our

model.

Equation 2:

Y= ap+ BiLn(X1)+P2Ln(X2)+BsLn(X3)+BsLn(X4)+e

Y= World Regional Knowledge Competitiveness Index

ao=constant

Xi=Independent variables

B+= coefficient of government investment in R&D and innovation

B,= coefficient of government investment in higher education

Bs= coefficient of business firms’ investments in R&D and innovation

B4= coefficient of private equity investment in knowledge-based industries
€= Error term

Regression 2: Put four independent variables into the model

Model Summary

Adjusted R Std. Error of
Model R R Sguare Square the Estimate
1 .8az* FO6 740 1593368

a. Predictors: (Constant), PE, Gov_RD, Gov_Highedu,
Business_RD

ANOVA®
Sum of
Wodal Sguares or Mean Square F Sig
1 Regression 13.635 4 3.4049 134.262 .0oo#
Residual 3.504 138 025
Total 17.138 142

a. Predictors: {Constant), PE, Gov_RD, Gov_Highedu, Business_RD
b. Dependent Varlable: Wi<Cl
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The model summary table in regression 2 shows R Square is 0.796, which indicates that 79.6% of the
variance in the model can be explained with the created regression, which is slightly less than in
regression one. The ANOVA table tests the acceptability of the model from a statistical perspective. The
sum of squares indicates that most of variation of WKCI is explained by the model (13.635). The
significance value of the F statistic is less than 0.05, which means that the variation explained by the

model is not due to chance.

Coefficients™

Standardized
Unstandardized Coefficients Coefficients
Model B Std, Error Eeta t Sig

1 (Constant) -.588 114 -5.154 aoo
Gov_RD 011 03 .037 829 409
Gov_Highedu .oog 024 021 385 701
Business_RD 189 017 592 10922 .ooo
FPE 088 014 .348 6.131 .ooo

a. Dependent Variable: YWkCI|

In the coefficients table, we find business investments on R&D and innovation, private equity firms
investments on knowledge based industries are significant indicators (P=0.00<0.05). However, the
government investment in R&D and higher education do not significantly influence our dependent
variable (P>0.05). Of the two significant indicators, business investment has the largest coefficient
0.189, which means 1% increase of business R&D investment of a region, the knowledge
competitiveness of this region will increase 0.189 units. The coefficient of private equity investment is
0.088, which means 1% increase of PE investment of a region, the knowledge competitiveness of this

region will increase 0.088 units.

It is disappointed that both government investment in R&D or high education did not significantly
influence regional knowledge competitiveness. We also make another regression analysis by include
government investment in lower education but exclude the higher education investment (appendix
1.1). Besides, we try to use Partial Least Square (PLS) analysis to test all five financial capital indicators

to see what are the difference results can be found (appendix 1.2).

The results from different analysis methods show that business firms’ investments in R&D and private

equity investment can significant influence WKCI while government investment does not.
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Conclusion of step1:

If we only test five financial capital variables without considering any control variables,
business firms’ investments in R&D and private equity investment in knowledge-based

industries can have significant influence on regional knowledge competitiveness.

Government investment in R&D and innovation, government investment in lower education
and government investment in higher education do not show significant effects to influence

regional knowledge competitiveness.

However, it is too early to conclude only two financial capital indicators are significant. It is possible
when we take the control variables into account that the (in)significant indicators will be different. In
order to make our analysis more precise, we will not exclude the insignificant indicators based on the
results by the step 1. In the next step, we will add control variables of human capital to make further

analysis.
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Step2. Add control variable of Human Capital
As literature discussed, human capital is a significant factor to promote the knowledge economy and

economic growth. We select human capital indicators from four industries, which measured by skilled
labour per 1000 inhabitants in 2007. The four industries are IT and computers manufacturing (HC_IT),
Bio-chemicals industries (HC Bio), Mechanical engineering (HC_Mech) and Electronic machinery

(HC_Elec).
Step2.1 Correlation analysis

The correlation analysis on the four human capital indicators and five financial capital indicators results

in the following table:

Correlations
WHKCI Gov_RD Gov_Lowedu Gov_Highedu Business_RD FE HC_IT HC_Bio HC_Mech HC_Elec
WHCI Pearson Correlation 1 3637 6637 5477 849" 7697 388" 250" 2447 3107
Sig. (2-talled) .000 .000 000 .000 000 .000 .003 .003 .000
N 145 145 145 145 145 143 139 143 143 142
Gov_RD Pearson Correlation .363 1 3as” ABT ECT 281 -.004 - 108 -283 -231
Sig. (2-tailed) 0oo .000 000 .000 001 273 .208 002 008
N 145 145 145 145 145 143 139 143 143 142
Gov_Lowedu  Pearson Correlation 6637 3357 1 782" 6827 768" -203 160 2117 083
Slg. (2-talled) 000 000 000 .000 000 .07 .056 012 329
N 145 145 145 145 145 143 139 143 143 142
Gov_Highedu Pearson Correlation 547 AGT 782 1 505 598 =227 065 062 =118
Sig. (2-tailed) 000 0oo 0oo 000 0o oo7 442 480 157
N 145 145 145 145 145 143 139 143 143 142
Business_R  Pearson Correlation B49” 3817 6827 5057 1 6747 3207 3037 3607 3647
o Sig. (2-talled) 0oo 0oo 000 000 000 000 .000 .0oo .ooo
N 145 145 145 145 145 143 139 143 143 142
PE Pearson Correlation 769 281 768 598 B74 1 075 166 186 222
Sig. (2-tailed) 0oo 001 .000 000 .000 381 043 027 .008
N 143 143 143 143 143 143 138 141 141 140
HC_IT Pearson Correlation 3857 -.094 -203 2277 3207 075 1 264 179 5337
Sig. (2-tailed) 000 273 017 oo7 .000 38 .002 035 .000
N 139 139 139 139 139 138 139 139 139 138
HC_Bio Pearson Correlation 2507 -106 160 065 303 166 264 1 502 516"
Sig. (2-tailed) 003 208 056 442 .000 043 002 .0oo 000
N 143 143 143 143 143 141 139 143 143 142
HEC_Mech Pearson Correlation 2447 -253" 2117 062 3607 186" 179 5027 1 646"
Sig. (2-tailed) 003 002 012 460 000 027 035 000 000
N 143 143 143 143 143 141 139 143 143 142
HC_Elec Pearson Correlation 3100 2317 .083 -119 364 222" 533 516 B46 1
Sig. (2-tailed) ooo 006 329 A57 .000 oo8 000 .000 .0oo
N 142 142 142 142 142 140 138 142 142 142
** Correlation is significant atthe 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

The above table shows us all human capital variables are not highly correlated with each other. The
human capital in electronic engineering industries is slightly higher correlated than in IT and computer
manufacturing®, bio-chemical and mechanical engineering industries. But in general, the correlation
coefficients among all human capital variables are acceptable. No high correlation between human
capital indicators and financial capital indicators are found. This indicates that adding human capital

indicators as control variables of financial capital will not cause colinearity in our regression.

® In further discussions, we will refer this indicator by using “human capital in IT”.
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Step 2.2 Regression analysis

We first test which human capital indicator(s) should be added with financial investment indicators into

one regression model.
Step 2.2.1 Regression analysis 1

We put all independent variables into one regression model.

The equation of the regression 1 is:
Y=0ao+B1Ln(X1)+P2Ln(X2)+PsLn(X3)+BsLn(X4)+BsLn(X5)+BsLn(X6)+P7LN(X7)+PsLn(X8)+ BsLn(X9)+e
Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B+= coefficient of government investment in R&D and innovation

B,= coefficient of government investment in lower education

Bs= coefficient of government investment in higher education

B4= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries
Be- coefficient of human capital in IT and computer manufacturing industries
B;- coefficient of human capital in Bio-chemicals industries

Bs- coefficient of human capital in Mechanical engineering industries

Be- coefficient of human capital in Electronic machinery industries

€= Error term

Model Summany

Adjusted R Std. Error of
Modeal R R Square Square the Estimate
1 8137 834 B2z 369109

a. Predictors: (Constant), HZ_Elec, PE, Gov_RD, HC_Bio,
HC_IT, HC_Mech, Gov_Highedu, Business_RD,
Gow_Lowedu

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.973 9 1.330 70973 ooo2
Residual 2.381 127 014
Tuotal 14.354 136

a. Predictors: (Constanty, HC_Elec, PE, Gov_RD, HC_Bio, HC_IT, HC_Mech,
Gov_Highedu, Business_RD, Gov_Lowedu
b. Dependent Variable; WiC|

R Square of this model is 0.834, means 83.4% of the variance in the model can be explained with the

created regression. ANOVA test illustrates that our regression model is significant (p=0.00<0.05).
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Coefficients™
Standardized
Unstandardized Coefficients Coefliclents

Model B Std. Error Beta 1 Sig.

1 (Canstant) -1.036 220 -4 699 .noo
Gov_RD 010 013 .039 804 423
Gov_Lowedu 005 D48 .oos 102 a19
Gov_Highedu 069 0z49 152 2.360 ozo
Business_RD 84 ozo 505 8.871 oo
FE ogz 015 318 5609 ooon
HC_IT 067 014 226 4,598 oon
HC_Bio -.006 017 -015 -.357 722
HC_Mech -.001 0zo -.001 =027 979
HC_Elec o012 022 .03z 554 580

a. Dependent Variable: WkIC|

The above table shows four independent variables significant influence WKCI. Same results as in stepl,
business firms’ investments in R&D, private equity investment are significant indicators (P=0.00<0.05).
Among the four human capital variables, only human capital in IT industries is significant (P=0.00<0.05).
In this step, “government investments in higher education” becomes a significant indicator while it was

insignificant in step1.

In order to find why human capital in IT industries is the only significant indicator among the four

human capital variables, we will make a separate regression only using human capital indicators.

Model Summany

Adjusted R Std. Error of
Mocdel R R Sguarea Square tha Estimate
1 412 164 144 2001510
a. Predictors: (Constant), HC_Elec, HC_Bio, HC_IT,
HC_Mech
Coefficients®
Standardized
Unstandardized Coeflicients Coeflicients
Model B Std. Error Beta t Sig.
1 (Constant) 717 oo 7.203 ooo
HC_IT 119 .02s LA04 4.244 ooo
HC_Bio 050 037 A28 1.371 173
HC_Mech 035 .040 088 862 390
HC_Elec -.051 045 -133 -1.124 (263

a. Dependent Variahle: WHKC]

The above table shows human capital in IT industries significantly influence WKCI while other indicators
do not. The coefficient of human capital in IT is 0.119, which shows positive relation between human
capital in IT industries with regional knowledge competitiveness. We will exclude another three human

capital indicators from further researches. Thus, we make the final regression in step 2.
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Step2.2.2 Regression analysis 2

The equation of regression 2 is:

Y= ap+ BiLn(X1)+P2Ln(X2)+BsLn(X3)+BsLn(X4)+ BsLn(X5)+ BsLn(X6)+e

Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B+= coefficient of government investment in R&D and innovation

B,= coefficient of government investment in lower education

Bs= coefficient of government investment in higher education

B4= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries
Be=coefficient of human capital in IT and computer manufacturing industries
€= Error term

Model Summany

Adjusted R Std. Error of
model R R Square Square the Estimate
1 9134 834 826 13250599

a. Predictors; (Constanf), HC_IT, PE, Gov_RD, Gov_Highedu,
Business_RD, Gov_Lowedu

ANOVA®
Surm of
Model Squares of Mean Sguare F Sig
1 Regression 11.8974 5] 1.996 109.409 .0o0?
Residual 2.380 131 o8
Tatal 14.364 137

a. Predictors: (Constant), HC_IT, PE, Gov_RD, Gov_Highedu, Business_RD,
Gov_Lowedu
b. Dependent Variable: WKC|

This regression model includes six indicators, five of them are financial capital variables and the other
one is human capital in IT. R Square of this model is 0.834, means 83.4% of the variance in the model
can be explained with the created regression. F test in ANOVA illustrates that the model is significant

(p=0.00<0.05).

Coefficients™
Standardized
Unstandardized Coeflicients Coeflicients

mModel B Sti. Errar Beta t Sia.

1 (Constanty -1.00 A b -4.736 .oon
Gov_RD 0og 011 035 a18 415
Gov_Lowedu 004 047 ooy .08a 929
Gov_Highedu 065 .0z8 142 2312 022
Business_RD 84 .019 5086 9.594 .ooo
PE .084 014 325 6.001 ilili] 49
HC_IT 070 M3 237 5.395 .0oo

a, Dependent Variable; WKCI
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The significant indicators of financial investments are different from our test in step 1. From the
“Coefficients” table, it is obvious that human capital in IT (p=0.00<0.05), business investments in R&D
(p=0.00<0.05), private equity investments in knowledge-based industries (p=0.00<0.05) and
government investment in higher education (p=0.02<0.05) are all significant independent variables.
From the positive coefficients, we find all significant indicators positively influence the knowledge
competitiveness. Especially, government investment in higher education was not a significant indicator
when we only test financial capital variables in stepl. However, we find different conclusion when we
take into account of control variable of human capital in IT. The reason could be investment in higher
education interacts with human capital in high-technology industries like IT. With more investments by

government in higher education, more human capital in knowledge-based industries will emerge.

Apart from above test, we also try to make factor analysis on nine independent variables (see appendix
2.1). We find five financial investment indicators belong to factor 1, human capital in IT belongs to
factor 3 and other three human capital indicators belong to factor 2. Thought our test, factor 1 and
human capital in IT industries significantly influence WKCI (see appendix 2.2), which further illustrate

that we can keep all financial investment indicators and human capital in IT industries into next step.

Conclusion of Step2

When we add control variable of four human capital indicators with five financial capital
variables into one model, we find government investment in higher education become

significant while it was an insignificant indicator in step1.

Among four human capital variables, only human capital in IT shows significant influence on

dependent variable WKCI.

The significant influence of business firms’ investments in R&D and private equity investment in
knowledge-based industries do no change with the consideration of control variables of all

human capital indicators or only human capital in IT industries.

Step3. Add control variable of regional economic performance indicator

In this step, we will add another control variable of regional economic performance indicator into our
model. We start with a correlation analysis on all indicators. In order to determine if GDP per capital or
GUC is more suitable to use as regional economic performance indicator, a correlation analysis will be

made by all indicators into one table.
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Step 3.1 Correlation analysis

Correlations
WRIC| Gov_RD Gov_Lowedu Gov_Highedu Business_RD FE HC_IT Guc GDP_pp
WVKCI Pearson Correlation 1 363" [EEN 547 849 769" 385 4427 694"
Sig. (2-tailed) .ooo oo .0oo R} .ooo .0oo oo Rilili)
Gov_RD Pearson Correlation 363 1 335 ABT 381 281 -.094 335 487
Sig. (2-tailed) Jooo Jooo .0oo .0oo .om 273 .ooo .ooo
Gov_Lowedu Pearson Correlation 663 335 1 7az Ba2” 7E8™ -203 4147 822"
Sy, (2-talled) oo ooo 000 ooo ooo 017 000 oo
Gov_Highedu Pearson Correlation 547 ABT 782 1 5087 5987 - 227 3717 7437
Sig. (2-1ailed) ooo .0oo ooo ooo ooo .oo7 .noo ooon
Business_RD  Pearson Correlation 849 381 BAZ 505 1 BT4T 3200 3817 B9z”
Sig. (2-tailed) i} .0oo i} .0oo .ooo .0oo .ooo Rilili)
FE Pearson Correlation 789 2817 768" 598" BT4 1 078 Pl TET
Sig. (2-tailed) oo 0o Jooo .0oo R} 381 .ooo oo
HC_IT Pearson Correlation 385" -.094 - 203 -227 3z0” 075 1 062 - 160
Sig, (2-talled) 0oo 273 017 oo7 000 381 528 059
GuUC FPearson Correlation 4427 3357 4147 arT 3917 4857 062 1 5007
Sig. (2-tailed) ooo .ooo Jnoo .0oo .noo .ooo 528 ooo
GDF_pp Pearson Correlation 694 487 822" 743 G2 TG -160 S00° 1
Sig. (2-tailed) i} -0oo Jooo .0oo R} .ooo .059 .ooo

** Correlation is significant at the 0,01 level 52-tailed).
* Correlation is significant at the 0.05 level (2-tailed),

From the correlation table above, we can find that GDP per capita is significantly correlated with WKCI
with coefficient of 0.694. However, GDP is also highly correlated with government investment in lower
education (co=0.822), government investment in higher education (co0=0.743), business R&D
investment (co=0.692) and private equity investment (co=0.767). If we put GDP into our regression
model, there will be a collinear problem, which could lead to misinterpretation of the test results. The
GUC is displaying less correlation with all other independent variables even if the correlation of GUC
with WKCI is a bit lower than GDP per capita, which is 0.442. To further approximate an accurate
analysis, the control variable we add should not be highly correlated with financial capital variables.
Thus, after comparing GDP per capita and GUC, we decided to use GUC as economic performance

indicator to make further analysis.
Step3.2 Factor analysis

In step 3, the independent variables include five indicators of financial capital, one indicator of human
capital (human capital in IT) and one indicator of economic performance (GUC). In order to test if any

independent variables belong to one factor, we make factor analysis.
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Total Variance Explained

Initial Eigenvalues Extraction Sums of Sgquared Loadings
Component Total % of Variance Cumulative % Total % of Variance Curnulative %
1 3.420 45.856 48856 3.420 48.856 48 856
2 1.305 18.644 67.500 1.305 13.644 67.500
3 855 12.208 79.708
4 BG2 9.458 89.166
5 360 51580 94 3186
B 271 3.870 98186
7 27 1.814 100.000

Extraction Method: Principal Component Analysis,

The “Total Variance Explained” table shows us two factors that can designated as components’
eigenvalues greater than 1 be extracted. The “cumulative %” indicates three factors explain nearly

67.50% of the variability in the original seven variables.

Component Matrix®

Componant

1 2
Gov_RD 566 -149
Gov_Lowedu 894 -.200
Gov_Highedu 837 - 326
Business_RD 738 427
PE 816 180
HC_IT -.092 925
GUC E18 258

Extraction Method: Principal
Camponent Analysis.

a Ecampnnenls extracted
From the compoment matrix, we can tell two factors can be extracted. The coefficients indicate that
most of the variables belong to factor 1 but human capital in IT belongs to factor 2. From the

compoment Matrix, we can conclude the two factor as:

Factor 1: Financial Capital

-Government investments on R&D and innovation (0.566)

-Government investments on lower education (0.894)

-Government investments on higher education (0.837)

-Business investments on R&D and innovation (0.738)

-Private equity investments on R&D, innovation and management (0.816)
-Economic performance indicator GUC (0.618)

Factor 2: Human capital in IT industries

-Human Capital in IT and computer manufacturing industries (0.925)
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We think to divide all independent variables into these two factors are theoritical problematic. In our
research scheme, the five financial capial variables are input elements while economic performance is
output element. Thus, it does not make sense to put input and output elements into one factor. In
order to analyze which financial capital have significant influence on WKCI, we will put all independent

variables into a regression model.
Step3.3 Regression analysis
Step3.3.1 Regression analysis 1

We first make regression analysis with all independent variables, the equation of regression 1 is:

Y= 0o+ BiLn(X1)+B2Ln(X2)+PBsLn(X3)+BsLn(X4)+ BsLn(X5)+ BsLn(X6)+ B;(X7)+e
Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B+= coefficient of government investment in R&D and innovation

B,= coefficient of government investment in lower education

Bs= coefficient of government investment in higher education

B4= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries
Be=coefficient of human capital in IT and computer manufacturing industries
B7=coefficient of GUC

€= Error term

Model Summany

fodel

R

R Square

Adjusted B
Square

Std, Error of
the Estimate

1

4212

G439

838

13195674

a. Predictors: (Constant), GUC, HC_IT, Gov_RD,

Business_RD, Gov_Highedu, Gov_Lowedu

FE,

ANOWAS
Sum of
todel Squares dr Mean Sguare F Sig.
1 Regression 9.605 T 1.372 78,803 .ooo?
Residual 1.706 aa 017
Total 11.312 1058

a. Predictors: {Constanty, UC, HC_IT, Gov_RD, PE, Business_RD, Gov_Highedu,
Goy_Lowedu
b. Dependent Variable: WkCI

The “Model Summary” shows us R square 84.9%. It means the independent variables in our model can
explain 84.9% of dependent variable. The F-test in the ANOVA is significant, providing strong evidence

against the null hypothesis in the linear regression model.
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Coefficients®
Standardized
Unstandardized Coefficlents Coefficients
Model B Std. Error Beta t Sig

1 {Constant) -.8953 222 -4.290 000
Gaov_RD .0o1 014 .0os 097 823
Gov_Lowedu -.040 .052 -.068 - TB4 447
Gov_Highedu 15 .034 2585 3415 001
Business_RD 183 .02 503 8607 .000
FPE 074 015 210 4.841 gon
HC_IT 081 014 274 5707 .000
GUC .035 A1 015 319 750

a. Dependent Variable: WKICI

The “Coefficients” table illustrates government investment in higher education, business firms’
investment in R&D and private equity investment in knowledge-based industries are still significant
(P<0.05). The indicator of human capital in IT industries is also significant. However, different from our
expectation, the economic performance indicator “GUC” is an insignificant variable, the P value of GUC
is 0.750, which is much higher than 0.05. It is possible that we put too many independent variables into
one model; especially the indicator of government investment in lower education; which is highly
correlated with other independent variables. Thus, we excluded government investment in lower
education from the regression model (for result, see appendix 3.1) and the result shows that there are

still four significant indicators, while the GUC remains an insignificant indicator.
Step3.3.2 Regression analysis 2

As we analyze from previous steps, government investment in R&D and lower education have not been

significant indicators. Thus, we excluded them from the regression model and tested it further again.

Equation of regression 2:

Y= 0o+ BiLn(X1)+PB2Ln(X2)+PBsLn(X3)+BsLn(X4)+ Bs(X5)+e

Y= World Regional Knowledge Competitiveness Index

ao=constant

Xi=independent variables

B+= coefficient of government investment in higher education

B,= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries
Bs=coefficient of human capital in IT and computer manufacturing industries
Bs=coefficient of GUC

€= Error term
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Model Summany

Adjusted B Std. Error of
Model R R Square Square the Estimate
1 8214 .G4g 541 1310485

a. Predictors: {Constant), GUC, HC_IT, Gov_Highedu,
Business_RD, PE

ANOWAS
Surm of
Model Squares dr Mean Square F Sig.
1 Regression 9.594 5 1.8919 111.733 .0oo?
Residual 1.717 100 m7
Total 11.312 105

a. Predictors: {Constant), GUC, HC_IT, Gov_Highedu, Business_RD, PE
b. Dependeant Varlable: WiCI

Coefficients™
Slandardized
Unstandardized Coeflicients Coefficients
todel =] Std. Error Beta 1 Sig

1 (Constant) -1.083 129 -8.463 ooo
Gov_Highedu 101 024 223 4199 000
Business_RD A7 018 489 9.258 .ooo
FE 069 013 287 5115 .ooo
HC_IT .0as 013 286 5.386 .ooo
GUC .036 06 015 340 734

a. Dependent Variable: WKCI

The above results show that three financial capital indicators and human capital in IT have significant
influence on regional knowledge competitiveness. However, as economic performance indicator,
“GUC” still does not show any significant influence on WKCI. The possible explanation is that as an
index indicator, GUC is too comprehensive as it composes out of different indexes, making it difficult to
precisely describe the regional economic performance. For the completeness of the analysis, we also
put GDP per capital into the regression model (please see appendix 3.2) but it also did not show any
significant effects either, while the other four independent variables were unchanged in their

significance.

From our analysis, we find regional economic performance cannot explain regional knowledge
competitiveness. It may because financial capital and human capital indicators show more significant
influence on WKCI in our research. It is also possible that a more appropriate indicator to reflect

regional economic performance need to be developed.

Conclusion of Step 3:

" GDP per capita is highly correlated with other independent variables while GUC has less

correlation with other independent variables.

" GUC did not show any significant influence on knowledge economy competitiveness (same

results by testing GDP per capita).
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Three financial capital indicators are still significant with consideration of control variable of
economic performance. Adding economic performance indicator in to the research model will

not change the significant effects of financial capital variables on WKCI.

The significant independent financial investment indicators till step 3 are government
investment in higher education, business firms’ investments in R&D, private equity investment
in knowledge-based industries and human capital in IT industries. The insignificant financial
capital variables till step 3 are government investment in R&D and government investment in

lower education.

In the next step, we will add the last control variables of location into regression to test if the
knowledge competitiveness can be influenced by the regional differences. As mentioned before, we
collected data from three big world regions: North American, European and Asia-Pacific. We will add
two dummies variables into step 4 in order to compare knowledge competitiveness in different world

regions.

Step 4. Add control variable of location

Step 4.1 Add dummy variables into regression model to compare North American, European and
Asian-Pacific regions

From the analysis of step 3, we the economic performance indicator GUC does not show any significant
influence on dependent variable. In order to test if control variables of location can influence the
significance of financial capital variables, we will maintain all financial capital indicators for further

tests, with exception of the GUC.
Step 4.1.1 Regression analysis 1:

The equation of regression analysis 1 in step 4 is:

Y= ao+ BiLn(X1)+PB2Ln(X2)+BsLn(X3)+PB4Ln(X4)+ BsLn(X5)+ BeLn(X6)+ B7(X7)+ Be(X8)+ €
Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B.=coefficient of government investment in R&D and innovation

B,=coefficient of government investment in lower education

Bs=coefficient of government investment in higher education

Bs=coefficient of business firms’ investments in R&D and innovation
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Bs=coefficient of private equity investment in knowledge-based industries
Be=coefficient of human capital in IT and computer manufacturing industries
B,=coefficient of dummy of North American regions

Bs=coefficient of dummy variable of European regions
€= Error term

Model Summary

Adjusted R Std_Errar of
Model R R Sguare Square the Estimate
1 8194 844 B34 1219256

a. Predictors: (Constant), Dummy_EU, Gov_Lowedu, HC_|T,
EDV,RD. Business_RD, PE, Gov_Highedu, Dummy_MNorth
mercan

ANOVA®
Sum of
Model Sguares of Mean Square F Sig,
1 Regression 12119 g 1.516 av.039 ooo?
Residual 2245 129 017
Total 14.364 137

a. Predictors: (Constant), Dummy_EU, Gov_Lowedu, HC_IT, Gov_RD, Business_RD,
PE, Gov_Highedu, Dumrmmy_Rorth American
b, Dependent Variable: WiC)

Coefficients™

Standardized
Ly dized Coefficients Coeflicient:

Mode! B Std. Error Beta t Sig.

1 (Constant) -.807 215 -4.222 .0oo
Gov_RD -.00n4 012 -0 -.327 44
Gov_Lowedu .03s 049 g1 793 .429
Gov_Highedu 025 03 054 Ta6 428
Business_RD 172 020 474 8411 ooo
FE .oas 014 342 6.263 .ooo
HC_IT ars 013 2586 5873 .0oo
Durmrmy_Rorth American 0455 047 ns4 1155 250
Durnry_EL -.0ay 041 =07 -1.160 248

a, Dependent Yariable: WikC|

From the above “Coefficients” table, independent variables in regression model can explain 84.4% of
dependent variable. The indicators of business investment in R&D, private equity investment in
knowledge-based industries and human capital of IT industries significantly influence regional
knowledge competitiveness as their P value are lower than 0.05. Different from step 3, the government
investment in higher education becomes an insignificant indicator (P=0.428>0.05). Also, the two
dummies variables of North American and European regions are both insignificant indicators (P>0.05),
which means knowledge competitiveness of these two regions do not significantly influence by the

location.

The new results indicate that after exclusion of the GUC from our model and by adding the location
control variables, the significance of government investment in higher education has become
insignificant. Does GUC influence the significance of “Gov_Highedu”, or is it because of the many

financial capital indicators in one model that is resulting in a collinear problem in the model?

In order to clarify the answer, the GUC has been added back to the model for another regression.
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Step 4.1.2 Regression analysis 2:

The equation of regression analysis 2 in step 4 is:

Y= ap+ BiLn(X1)+B2Ln(X2)+BsLn(X3)+PaLn(X4)+ BsLn(X5)+ BsLn(X6)+ B7(X7)+ Be(X8)+ Bo (X9)+e
Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B.=coefficient of government investment in R&D and innovation
B,=coefficient of government investment in lower education

Bs=coefficient of government investment in higher education

Bs=coefficient of business firms’ investments in R&D and innovation
Bs=coefficient of private equity investment in knowledge-based industries
Be=coefficient of human capital in IT and computer manufacturing industries
B,=coefficient of dummy of North American regions

Bs=coefficient of dummy variable of European regions

Bo=coefficient of GUC

€= Error term

Model Summary

Adjusted R Std. Errar of
Model R R Square Square the Estimate
1 9284 861 B4g 1277895

a. Predictors: (Constant), GUC, Dummy_EU, HC_IT,
Gov_Lowedu, Gov_RD, Business_RD, PE, Dumimy_Morth
American, Gov. nghedu

ANOVAP
Surn of
Model Squares df Mean Sguare F Sig
1 Regression 9.744 9 1.083 66,299 onge
Residual 1.568 96 D16
Total 11.312 105

a. Predictors: (Constant), GUC, Dummy_EU, HC_IT, Gov_Lowedu, Gov_RD,
Business_RD, PE, Dumrmy_| North Amencan Gov. I—'llgne_clu
b. Dependent ariable: WKT|

The “Model Summary” shows us R square 86.1%. It means the independent variables can explain 86.1%
of dependent variable. The F-test in the ANOVA is significant, providing strong evidence against the

null hypothesis in the linear regression model.
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Coefficients™
Slandardized
Unstandardized Coeflicients Coefficients

Model B Std. Error Bata t Sig.

1 (Constant) -.868 221 -3.934 .0oo
Gov_RD -015 015 -054 -1.042 300
Gov_Lowedu .ooo 054 oot 009 993
Gov_Highedu 069 038 1563 1.910 059
Business_RD 73 022 475 7.874 000
FE a7y 016 320 4925 ooo
HC_IT 089 014 248 6.298 .0oo
Durmmy_Morth American 064 048 0a7 1.298 a7
Dummmy_EU -.049 043 -073 -1.138 258
GUC 062 09 026 571 569

a. Dependent Variable WikCI|

From the above test with the “GUC” as economic performance indicator, we find three same significant
indicators as step 4.1.1. The P value of government investment in higher education is 0.059, very close
to 0.05. The reason for this can be explained by our research scheme. In our research graph, economic
performance is considered as the output of the knowledge economy input, which is one of the
components to influence knowledge competitiveness. When we make a model to predict the regional
knowledge competitiveness, even if GUC is an insignificant indicator, it may influence other

independent variables’ significance.

We also find government investment in R&D and lower education as insignificant indicators by
different way of testing. Thus, from step 1 to step 4, we can conclude that among five financial capital
indicators, government investment in R&D and lower education do not significantly influence regional
knowledge competitiveness. As a result, we will exclude them from our research model. In further

discussion, we will only deal with three financial capital variables out of the original five indicators.

Step 4.1.3 Regression analysis 3 - Comparing North American and Asian-Pacific regions'°

The model without two financial capital indicators:

Y= 0o+ BiLn(X1)+B2Ln(X2)+PBsLn(X3)+BsLn(X4)+ BsLn(X5)+ BsLn(X6)+ B;(X7)+e
Y= World Regional Knowledge Competitiveness Index

ap=constant

Xi=independent variables

B+= coefficient of government investment in higher education

B,= coefficient of business firms’ investments in R&D and innovation

Bs= coefficient of private equity investment in knowledge-based industries

1% Before applying two dummies in the model, we analyzed each of them first, by putting only one dummy variable
into the regression to test North American regions vs Non-American regions, European vs non-European regions
and Asian-Pacific vs non-Asian-Pacific regions (for results, see appendix 4.2). Comparing with non-North
American regions, regions in North American are more competitiveness in knowledge economy; Comparing with
non-European regions, European regions are less competitive in knowledge economy. Asian-Pacific regions do not
play significant role to influence world knowledge economy comparing with non-Asian regions.
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B4= coefficient of human capital in IT and computer manufacturing industries
Bs= coefficient of dummy of North American regions

Be= coefficient of dummy variable of Asian-Pacific regions

B,= coefficient of GUC

€= Error term

Model Summary

Adjusted R Std_Error of
Model R R Square Square the Estimate
1 9274 860 .Bs0 4271962

a. Predictors: {Constant), GUC, Dummy_EU, HC_IT,
Business_RD, Gov_Highedu, PE, Durmrmy_MNorh American

ANOVA®
Surm of
Model Squares df Mean Square F Sig.
1 Regression 9.726 7 1.389 85881 _.oon#
Residual 1.586 a8 016
Tatal 11.312 105

a. Predictors: (Constant), GUC, Dummy_EU, HC_IT, Business_RD, Gov_Highedu, PE,
Dummy_Morth American
b. Dependent Variable: WiiC|

The “Model Summary” shows us R square 86.0%. It means the independent variables can explain 86.0%
of dependent variable. The F-test in the ANOVA is significant, providing strong evidence against the

null hypothesis in the linear regression model.

Coefficients®
Standardized
Unstandardized Coeflicients Coeflicients

Model B Std. Error Beta t Sig.

1 {Constant) -.930 144 -6.482 .0oo
Gov_Highedu 065 022 145 2.378 .019
Business_RD 169 0149 464 8712 .0on
PE 0so 015 334 5.5086 .0oo
HC_IT 088 013 297 6.720 .0oo
GUC .0za 103 oz 275 784
Dummy_Morth American 096 034 148 2811 006
Dummy_Asia-Pacific 049 041 058 1.192 .236

a. Dependent Variable: WKC|

Among these three indicators, business firms’ investments in R&D and innovation has the largest
coefficient 0.169, which means with 1% increase of business investment in knowledge, the regional
knowledge competitiveness will increase 0.169 units. The coefficients of private equity firm
investments on knowledge is 0.080 while human capital in IT is 0.88, which both show the positive
relation between independent variables with WKCI. The coefficient of North American is 0.096, which
indicates regions in North American are significantly more competitive in the knowledge economy
(P=0.006<0.05). Asian regions knowledge competitiveness is not influenced by its location
(P=0.236>0.05). A reason could be that the sample size of Asian regions is relatively small which in

terms has the same effect in its influence.
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After excluding government investment in R&D and government investment in lower education, we can
find government investment in higher education becomes significant (p=0.019<0.05). The other three
indicators as in regression 4.1.2 are significant. We believe even if GUC is insignificant in previous
research, it can influence the significance of financial capital indicators in our research. In order to
prove that the significance of government in higher education is not due to the exclusions of the two
financial capital indicators (especially government investment in lower education is highly correlated
with other independent variables), we excluded GUC as well as government investment in R&D and
government investment in lower education (please see results in appendix 4.1). The results indicate
without GUC, government investment in higher education becomes an insignificant indicator, which
further illustrates our research scheme is designed logically as it takes into account of relevant input
and output elements which influence the regional knowledge competitiveness. If we only take out part

of the elements to make analysis, the results would be misinterpreted.

Put coefficients into the equation:
Y=-0.930+0.65Ln(Gov_Highedu)+0.169Ln(Business_RD)+0.080Ln(PE)+0.88Ln(HC_IT)+0.028GUC
+0.096DumNA+0.049DumAsian+€

The histogram of the model shows us that the regression standardized residual is close to normal

distribution, which indicates the validity of our mode.

Histogram

Dependent Variable: WKCI

Mean =-11BE-15
Std. Dev. =0.976
N =106
30

Frequency

T
-2 2 4

Regression Standardized Residual

Step4.1.4 Comparing European and Asian-Pacific regions

By using dummy variable of Asian-Pacific regions as base line, we can also compare European regions
with Asian-Pacific regions. As test results of other independent variables are the same as step 4.1.3, we

will only discuss the results of dummies.
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Coefficient Sig
Dummy_European -0.096 0.006
Dummy_Asian-Pacific -0.047 0.309

The table above illustrates European regions are less competitive in the knowledge economy
(P=0.006<0.05, co=-0.096). This means that on average regions from Europe rank lower on WKCI. Asian

regions knowledge competitiveness is not influenced by its location (P=0.309>0.05).

Conclusion of step 4.1

* If we put five financial capital indicators with human capital in IT industry and two dummies
variables into one model (excluding the GUC), the government investment in higher education

becomes insignificant.

" If we add GUC back to the model, the government investment in higher education will become
a significant indicator to predict knowledge competitiveness, which indicates as the knowledge
economy output, even if GUC is an insignificant indicator, it still has certain value to predict

other input variables.

" Government investment in R&D and government investment in lower education are
insignificant indicators to predict regional knowledge competitiveness. The results are not

influenced by adding any control variables.

* In the final model, government investment in higher education, business investment in R&D,
private equity investment in knowledge-based industries and human capital in IT industry are

significant indicators to influence regional knowledge competitiveness.

" Regions from North America are more competitive in the knowledge economy while regions

from Europe are less.

* Asian regions knowledge competitiveness is not influenced by its location.
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Step 4.2 Further discussions on control variable of location

Through our analysis from step 1 to 4.1, it is clear that business investment in R&D, private equity
investment in knowledge-based industries significantly influence regional knowledge competitiveness.
Regions with more investment in R&D by business firms or venture capital companies will be more
competitive in the knowledge economy. However, government investment in higher education did not
show significant influence when we only test five financial capital indicators. The significance of this
indicator is found by adding control variable of human capital in IT or GUC. Thus, it is interesting to test
if we exclude government investment in higher education from our final research model, what will be

the results.

Step 4.2.1 Compare North American regions and Asian-Pacific regions

The equation with 2 dummy variables:

Y= 0o+ BiLn(X1) + BoLn(X2)+ BsLn(X3)+ BaX4d+ BsX5+BeX6+€

Y= World Regional Knowledge Competitiveness Index

op=constant

X=independent variables

B:=coefficient of human capital in IT

B,= coefficient of business firms’ investments in R&D and innovation
Bs=coefficient of private equity investment in knowledge-based industries
Bs=coefficient of economic performance indicator

Bs=coefficient of dummy variable North American regions

Be= coefficient of dummy variable Asian-Pacific regions

€= Error term

Model Summan®

Adjusted R Std. Error of
Model R R Square Square the Estirnate
1 8237 852 043 301520

a. Predictors: (Constant), Dummy_EU, GUC, HC_IT,
Business_RD, PE, Dummmy_MNorth American
b. Dependent Variable: W]

ANOWA®
Sum of
Model Squares df Mean Square F Sig
1 Regression 9635 (3 1.606 94.795 .ooo*
Residual 1.677 99 oy
Total 1Mz 105
a. Predictors: (Constant), Dummy_EU, GUC, HC_IT, Business_RD, FE, Dummy_MNorth
American

b. Dependent Variabla: WlC|

The “Model Summary” shows us R square 85.2%. It means the independent variables can explain 85.2%
of dependent variable. The F-test in the ANOVA is significant, providing strong evidence against the null

hypothesis in the linear regression model.
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Coefficients™

Standardized
Unstandardized Coefficients Coeflicients

Model 5] Std. Error Beta t Sig.

1 (Constant) -.659 .089 -7.388 .ooo
HC_IT .080 013 270 B.177 .ooo
Business_RD 79 019 4849 9176 .ooo
FE 081 014 .380 6.445 .ooo
GUC 044 05 014 423 B3
Durmmy_MNorth American A35 030 206 4.465 .ooo
Dummy_Asia-Pacific 041 042 049 a77 Recy |

a. Dependent Variahle: WiKCI

Not surprisingly, the coefficients table illustrates human capital in IT, business firms’ investments in
R&D and innovation and private equity investment in knowledge-based industries are all significant
indicators (P=0.00<0.05). Among these three indicators, business firms’ investments in R&D and
innovation has the largest coefficient 0.179, which means with 1% increase of business investment in
knowledge, the regional knowledge competitiveness will increase 0.179 units. The coefficients of
private equity firm investments on knowledge is 0.091 while human capital in IT is 0.80, which all shows

the positive relation between independent variables and WKCI .

It is clear that the dummy variable of North American regions is significant (p=0.27<0.05) while dummy
variable of European is insignificant. The coefficient of dummy in North American is positive, which
indicates the regions from North America are more competitive. The results from dummies show that
when we take into account the influence of two financial capital indicators (without government
investment in higher education) as well as human capital in IT on world regional knowledge
competitiveness, North American regions are more competitive in knowledge economy. Asian regions

knowledge competitiveness however, is not influenced by its location.

Put coefficients in the equation:
Y=-0.659+0.08Ln(HC IT)+0.179Ln(Business_RD)+0.091Ln(PE)+0.044Economic+0.135DumNA

+0.41DumAsia+€

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang

64



The influence of financial investments on regional knowledge competitiveness | 2011

Step4.2.2 Regression analysis 2: Comparing European and Asian regions

Coefficient Sig
Dummy_ European -0.135 0.000
Dummy_Asian-Pacific -0.095 0.027

When we compare European regions with Asian-Pacific, both of them are significant (P<0.05).
However, the coefficients of these regions are both negative, dummy in European is “-0.135” while the
dummy variable in Asian is “-0.095”. The results illustrate that both European and Asian-Pacific regions
are less competitive in the knowledge economy. The knowledge competitiveness of Asian regions is
marginally higher than European regions. We think the samples of our data collection maybe one of the
reasons to explain the results. As we mentioned at the beginning of this chapter, the sample size of
Asian-Pacific regions are relatively small compared with North American and European regions. Under
good circumstances, data can be collected in many Asian-Pacific developed regions and especially the
big cities: Hong Kong, Shanghai or Singapore. However, many medium-sized or less developed cities
does not have public data source. As result, when we compare regions in Asia and Europe, European
regions are less competitive as the sample data of Europe contains metropolitan cities like London to
east European cities like Warsaw. But it is could be also a signal that on global level, Asian-Pacific
regions are gradually increasing their competitiveness, and their potential knowledge competitiveness
may even become higher than European regions. Therefore, it is important for European policy makers
to realize the competition and design effective strategies to increase European knowledge

competitiveness.

Conclusion of step 4.2
" If we exclude government investment in higher education from our research model, business

firms’ investments in R&D and private equity investment in knowledge-based industries,

human capital in IT industries are still significant indicators.

Regions in North American are more competitive in the knowledge economy while regions in

Europe and Asia are less. Asian regions rated slightly higher than Europe.
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4.3 Hypotheses Testing:

To conclude our findings, we first review our hypotheses, and then summarize our findings into one
table.

Review our hypotheses in chapter 3:

e Hi1:Government investment in R&D and innovation can positively influence regional
competitiveness in the knowledge economy

e H2:Government investment in secondary education can positively influence regional
competitiveness in the knowledge economy

e H3:Government investment in higher education can positively influence regional competitiveness
in the knowledge economy

e H4:Business firms’ investments in R&D and innovation can positively influence regional
knowledge competitiveness

e H5:Private equity investment in knowledge-based industries can positively influence regional
knowledge competitiveness

e H6:Adding the control variable of human capital will not affect the significance of financial
investments influencing world regional knowledge competitiveness.

e H7:Adding the control variable of regional economic performance indicator will not affect the
significance of financial investments influencing world regional knowledge competitiveness.

e H8:Adding the control variable of location will not affect the significance of financial investments
influencing world regional knowledge competitiveness.

e H9:The North American regions are more competitive in the knowledge economy than European
and Asian-Pacific regions.

From the above table we can see four hypotheses are accepted while four of them are rejected.
Government investment in higher education was not a significant indicator by only analyzing financial
investment indicators. But it show significant influence on WKCI when control variables are put into the
model, thus we put H3 in a separate column. This finding further illustrates the importance to analyze
financial investments in a comprehensive knowledge economy research scheme rather than only focus

on the relationship of financial capital with knowledge competitiveness.
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Chapter 5. Discussions and Recommendations

In this chapter, we will make discussions on regional competitiveness in the knowledge economy and
the significant financial investments that influence the regional knowledge competitiveness. We will
also provide recommendations on how to increase European knowledge competitiveness for policy

makers.

5.1 Discussion on World regional knowledge competitiveness

Through our data analysis, three financial capital variables were found that can significantly influence
regional knowledge competitiveness. These are government investment in higher education, business
firms’ investments in R&D and private equity investment in knowledge-based industries. When we
consider the location control variables, North American regions are more competitive in the knowledge
economy while European regions are less competitive. Before continuing with the discussion, a brief

analyze on knowledge competitiveness scores will be presented first.

The following graph shows the top 10 competitive regions in the knowledge economy (the graph was

made by the original WKCI index figure without divisions by 100).

Top10 competitive regions in knowledge economy
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From the figure above, eight regions originate from the US and only two from non-US. The most
competitive region of 2008 is San Jose (248.3) due to its large amount of investment in knowledge-
intensive business development, especially in the fields of high-technology engineering, IT and
computer manufacturing industries. The second competitive region is Boston (175.3), which thrives on

high level of intellectual and financial capital. Boston also has eight research universities including
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Harvard and Massachusetts Institute of Technology. A great numbers of international students go to
Boston to study and continue to work there, which largely promote Boston knowledge
competitiveness. Hartford (175.1) region ranks the third as it boosts by strong results for both R&D
spending and private equity investment. Region of Bridgeport (174.7) ranks fourth, it lies
demographically next to Hartford. It is competitive in the knowledge economy due to large investments

in R&D and innovation. The fifth region is San Francisco (160.8).

Stockholm (151.8) is the only European region among the top 10, ranking 6. By increase of business
R&D spending, biotechnology and chemical sector, a strong employment regulations and higher
education spending, Stockholm shows strong knowledge competitiveness in the world. Tokyo (147.0) is
the only Asian region in top 10 because of the abundant of high-technology R&D and business

innovation spending by both public and private sectors.

Last10 competitive regions in knowledge economy

=11
=0
40
o
E 30
20
10
0
e B ® B o o ] 4
zﬂsﬁ @c:f*‘ & P "f‘\ & ('5‘\{\ & & e
o o & & @ P2 o
> & & i
H{S"— @Q.%? é’\‘h bﬁ 4 "'\'SD W
A5 W R S
N v S &
x
T
o5
Q:"b

The lower rank is taken by India, China and East-European regions. The lowest three are Bangalore
(5.0), Hyderabad (5.3) and Mumbai (5.5). The Chinese regions with fairly low score are Shandong (20.6),
Zhejiang (26.5) and JiangSu (30.2). Among all Chinese regions, Shanghai has the highest score (79.4)
ranking 110 out of 145. The development of Shanghai surpasses Berlin and British Columbia; it has
been seen as the fastest growing region in recent years. Two other Chinese fast growing regions are

Hong Kong (72.6) and Beijing (48.9); both are strong climbers in the knowledge economy ranking.
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5.2 Discussion on financial investments in the knowledge competitiveness

Through our analysis, we identified three significant indicators: business firms’ investments in R&D and
innovation, private equity investment in knowledge-based industries and government investment in
higher education (with consideration of control variables). We found North American regions are more
competitive in the knowledge economy than European and Asian regions. Without the influence of
government investment in higher education, regions from North America will rank even higher on
WKCI. Our research results provide some indications to world regional policy makers on the importance
of sufficient financial investments on knowledge competitiveness. We will analyze our finding from

three perspectives.

5.2.1 The importance of business firms’ investments in R&D and innovation

In order to make a region become more competitive in knowledge, regional and national managers
need to realize that business firms’ investments in R&D and innovation plays a crucial role, especially
Multinational enterprises (MNEs), which are the major business investors to support R&D and
innovation in new technologies. Therefore, attracting more MNEs R&D and innovation centres into a

region can effectively promote the regional knowledge competitiveness.

The most knowledge competitive region in the world is San Jose because it is the location of Silicon
Valley. Silicon Valley has been the world centre for venture capital markets, technology investment,
and innovation for the last 15 years. Silicon Valley accumulates the largest technology expertise in the
world, boasting more than 6,600 technology companies employing more than 254,000 people (Orange,
2010). The success story of Silicon Valley of conducting deals and supporting entrepreneurial capitalism

has been widely adopted around the world.

Because of globalization and development of ICT, many firms can locate the research centres out off
their home countries, and set knowledge centres in other lower cost countries or regions, such as China
and India. As a result, the world knowledge structure is gradually changing. The UNCTAD (2005) shows
that the world leading R&D spenders are increasingly offshoring and outsourcing their innovation
activities to Asia, especially to China and India. Economic Intelligence Unit Survey found that by 2006,
China has become the third most important location for overseas R&D affiliates, after the U.S and the
UK, followed by India (6™) and Singapore (9"). The survey also revealed that more than half of the
responding firms have at least one R&D facility in China, India or Singapore. For MNEs, the main reason

for outsourcing R&D and innovation to Asia is because of the cheaper cost in skilled knowledge
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workers. For instance, the cost of employing a chip design engineer in Asia is typically between 10 to 20
percent of the cost in Silicon Valley (Dieter, 2005). As result of the large number of MNEs R&D and
innovation investment in Asian regions, the Asian knowledge economy has been booming. Therefore,
the regional and national policy makers in Asian countries are attracting more MNEs to locate R&D
centres into their regions by cost advantages. Also lower entry barrier and tax deduction from

knowledge-based firms are in order to encourage investments of MNEs in the regions.

The western countries policy makers need to realize that with more MNEs outsourcing their R&D
centres into cheaper labour cost countries, the competitiveness of these regions will steadily grow.
From MNEs perspective, lower labour cost can lead to higher turnover. From regional manager
perspective, attracting more MNEs investment in R&D and innovation is crucial for the regional
knowledge competitiveness. Therefore, it is important for European policy makers to design efficient

policies to balance the different requirements from firms and regions.

5.2.2 Discussion on Private Equity ‘'sectors

Another important financial capital resource to increase regional knowledge competitiveness is the
investment from Private Equity (PE). From our research, we find regions with more PE investment in

R&D will become more competitive in the knowledge economy.

The first reason is PE can support entrepreneurial talents by turning ideas and basic science into
products and services. Start-up entrepreneurs or knowledge-based Small and Medium Enterprises
(SMEs) do not have the financial support or sufficient cash flow as MNEs do. PE can greatly promote
their development and growth. The private equity industry represents a transmission channel of
privately available capital into sectors of the economy that have no access to the public capital

markets.

Secondly, PE can increase regional employment rate and also attract higher level managers. Financial
Times (2005) made a survey interviewing 160 European executive directors about their preference of
profession selection. They found that 70% of finance directors and 80% of chief executives were
interested in positions in private equity. This finding indicates the job creation by PE not only attracts
high skilled labours, but also attracts higher level managers. According to EVCA research, between 2000

and 2004 European private equity and venture capital financed companies created 1 million new jobs,

" As we discussed in literature review, we use private equity as general term to represent venture capital, LBO,
Angle Capital and Risk Capital.
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which translates to a compound annual growth rate of 5.4% per year, it clearly illustrates the

importance of private equity firms on regional development.

Furthermore, private equity contributes to economic growth through the introduction of new products
and processes on the market, and the development of an improved absorptive capacity of the
knowledge generated by private and public research institutions (Herrmann and Liebig, 2004).
According to Deutsche Bundesbank estimates, venture capital needs to be considered as an additional
“link” explaining variations in economic performances. Therefore, the innovative policy instruments
that would stimulate the participation of private venture capital funds available in the market are

needed.

According to the European Commission (2006), the global private equity industry is still heavily
concentrated in the US and the UK. The US market is the most mature and developed and accounts for
approximately 75% of the funds raised in the period 1983-2005 (approx €990bn). In Europe, the
proportion of buy-out funds raised has continued to increase in many years reaching over 80% of total
funds raised in 2005. However, as the “bubble” of 2000 and financial crisis in 2008, private equity
managers in Europe have found it difficult to raise funds as a result of historic underperformance.
However, recent substantial exits of European private equity backed by companies like CSR, Skype, and
Q-cells offer some optimism. Our research and these examples indicate that private equity is an
important driver for innovation and regional economic growth; therefore it needs support from policy

makers.

5.2.3 Importance of government investment in higher education

We also find government investment in higher education to be a significant indicator. Our findings
shows if the regions want to increase their knowledge competitiveness, government should make more

investment in higher education.

The significance of this indicator was found by the influence of control variable of human capital in IT
industries and economic performance indicator. This finding illustrates that many knowledge economy
components are interrelated. For instance, better education can train more high skilled labors, such as
human capital in knowledge-based industries. Good educational levels help employability and progress

in increasing the employment rate and promote economic growth.

Besides, we find in the model without government investment in higher education (step 4.2), US

regions will become even more competitive than Europe and Asia. A possible explanation is that more
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stimulation by private investors (e.g. sponsorship from business firms and individuals) exists in the US,
while European regions relies more on government funds. Private investments in higher education
have not been included in our model because of data limitations. It is our prediction that this indicator

may influence US knowledge competitiveness.

In order to increase European competitiveness in the knowledge economy, more government
investment in higher education should be made. According to European Commission statistics, less
than 33% of the population with age 25-34 in Europe has a university degree compared to 40% in the
US and over 50% in Japan. In ShangHailiaoTong world University index, only Oxford and Cambridge, the
two European universities are ranked in the top world 20. Under these circumstances, European policy
makers need to realize the importance of investing in higher education. Without sufficient highly
educated human capital, it will be difficult for European regions to increase competitiveness through

R&D and innovation in high-tech industries.

5.3 Discussion on insignificant indicators in our analysis

In our research, government investment in R&D and government investment in lower education did
not show any significant influence on world regional knowledge competitiveness. A possible
explanation is that compared with the three other financial capital variables, these two indicators are
relatively weak. It may also because of our research data limitation. In general, the regions in our
analysis are relatively developed compare with global average level (as in more developed regions,
more public data sources are available), thus the investments in lower education in these regions may
not have significant power to influence their knowledge competitiveness. Another explanation is to
investment in lower education will take a longer time for regions to improve their knowledge
competitiveness. Therefore, a longer time lag may exist between government investments in lower

education with regional knowledge competitiveness.

However, we cannot ignore the influence of public expenditure on R&D and government investment in
lower education on regional knowledge competitiveness. For example, European commission 2020
strategies stressed that 3% of the EU's GDP should be invested in R&D in order to increase European
competitiveness, which used to be lower than 2%. It demonstrates that EU policy makers are taken the

knowledge influence of public investment into account.

Besides, investment in lower education can also provide good education foundation for higher

education. Birdsall (2002) suggested public resources for education in developing countries should be
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reallocated from higher to lower levels because government spending on education should be directed
to those levels where the gap between social and private returns is the highest. This is the case for
many developing countries. In developed countries, lower education is beneficial for low skilled labour

to look for jobs and reduce poverty.
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Chapter 6. Conclusion and policy recommendation

This chapter consists of two parts. We will first conclude our research question. After that,
recommendation will be given to European policy makers to help them with their aim to increase

European knowledge competitiveness.

6.1 Research conclusion

This thesis aims to fill the research gaps in the knowledge economy studies. Our research is to test
which financial investments significant influence regional knowledge competitiveness. We first design a
“regional knowledge economy competitiveness cyclical scheme” which consists of all input and output
factors, after that we test which financial investments have significant influence on the world regional
knowledge competitiveness. The dependent variable for our research originated from World Regional

Knowledge Competitiveness Index (WKCI).

From our data analysis, we find three financial capital variables that can positively influence regional
knowledge competitiveness. Business firms’ investments in R&D and innovation, private equity
investment in knowledge-based industries displayed positive influence on all test steps. However,
government investment in higher education did not show significance when tested with five financial
capital indicators without control variables. They show significant influence on WKCI when control

variables of human capital in IT and GUC are considered.

We also discuss the importance of these financial investments. Business firms’ investments, especially
Multinational enterprises (MNEs), are the major business investors to support R&D and innovation in
new technologies. Asian regions are growing fast in their competitiveness because of large numbers of
MNEs outsourcing their R&D centres in these regions. Private equity investment can support
entrepreneurial talents by turning ideas and basic science into products and services; increase regional
employment rate and contributes to regional economic growth. Government investment in education

can cultivate more highly educated human capital.

By comparing three world regions with consideration of three significant financial investments, we
found North American regions to be more competitive in the knowledge economy while Europe regions
are relatively less competitive. Asian regions knowledge competitiveness is not influenced by its
location. Besides, if we compare three regions but exclude government investment in higher education,
North American regions will be the most competitive, Asian regions will be second and European last

(this result may because of the data limitation as we explained in step 4.2.2). The findings also indicate
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government investment in higher education will actually bring European and Asian regions closer to the
competiveness of North American regions. In order to increase European knowledge competiveness
more investment should be made on higher education. It is worth mentioning that many Asian regions
are developing very fast (e.g. China and India) because of the abundant investments from both public
and private on knowledge and a large numbers of high-tech outsourcing R&D centres from MNEs.
Therefore, Asian regions still have large growth capability in the future compared with the US and

European regions.

6.2 Policy recommendations to European policy makers
6.2.1 Review of European policy

With the aim to make Europe more competitive, European Council (2000) in Lisbon designed the
“Lisbon Strategy” also known as the “Lisbon Agenda”. It describes a long term development plan for
the economy of the European Union between 2000 and 2010. The goal was to make EU to be “the most
competitive and dynamic knowledge-based economy in the world capable of sustainable economic
growth with more and better jobs and greater social cohesion™". The main topics in Lisbon Strategy
were economic, social and environmental renewal and sustainability. However, the strategy was not
successful; by the end of 2010 most of planned goals were not achieved. Till now, the European
strategy has been revised twice. In 2004, Wim Kok made a mid-term review on Lisbon Agenda and
stressed that the strategy has failed to act with sufficient urgency. The disappointed result is due to an
overloaded agenda, poor coordination and conflicting priorities. Based on this report, European
Commission released a new proposal in February 2005 to refocus the Lisbon Agenda. In 2009, Spain's
Prime Minister José Luis Rodriguez Zapatero pointed out that the non-binding character of the Lisbon
Strategy contributed to the failure, and this lesson needed to be taken into account by the new Europe
2020 strategy (DW-World.De, 2010). In March 2010 the European Commission launched the proposal
for the Europe 2020 Strategy. The new strategy’s goal is to stimulate a smart, sustainable and inclusive
growth, which is mutually reinforcing the economic, social and territorial cohesion. There are five EU
key targets: promote innovation, face climate change, increase employment rate, encourage education

and poverty reduction.

'? The quotations of Lisbon Agenda is from European Commission website, please see details in reference list
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It is still too early to conclude if the European 2020 Strategy will be sufficient and effective to increase
European competitiveness. In order to provide helpful indications to European policy makers, we would

like to make some suggestions based on our findings.

6.2.2 Policy recommendations
6.2.2.1 Develop European own specialism

European faces challenges from the US and Asia. It is urgent for Europe to develop own specialism to
promote its knowledge competitiveness. According to Financial Times (2005), the US accounts for 74 %
of top 300 IT companies and 46 % of top 300 firms ranked by R&D spending. The EU’s world share of
exports of high-tech products is lower than US; the share of high-tech manufacturing in total value
added and numbers employed in high-tech manufacturing are also lower than US. However, as Europe
has large coal, oil and natural gas reserves, European Union should further develop its specialization in
energy and chemical industries. The six oil producers in the European Union include UK (the largest),
Denmark, Germany, Italy, Romania and the Netherlands. We suggest governments to promote the
cooperation and joint R&D and innovation among big energy firms of these countries, with the aim to
develop world leading technology in oil and chemical industries. European Union can make incentives

and apply subsidies to encourage energy firms to make research on sustainable energy.

6.2.2.2 Invest in European higher education

As few of the world top leading universities are from Europe, many young scientists leave Europe after
graduating and continue further studies in the US. Therefore, Europe needs to dramatically improve its
attractiveness to global researchers. In order to increase attractiveness, European countries need to
increase funding on universities and research institutions in order to improve their research
environment. It is important for policy makers to realize that cutting higher education funds is a short
term vision for budget saving. However, in a long-term, it will lead regions or nations to lose their
knowledge competitiveness because they are less attractive. Besides, European countries need to
reduce the administrative obstacles to facilitate the entry of researchers and their families from outside

the EU through simplified, fast-track resident permit and visa procedures.

Another suggestion to European regions is to promote interaction between universities, scientists and
researchers and build joint-research institutes. For example, Tinbergen Institute (TI) is the world
leading research graduates institutes which combines the best of three Dutch universities, Erasmus

University Rotterdam, University of Amsterdam and VU University Amsterdam. Tl attracts many
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internationals to study and research in The Netherlands. We suggest forming more institutes like Tl out
of top universities from different European countries. By combination of research advantages from

different universities and attractiveness of different cultures, Europe may attract more talent scholars.

6.2.2.3 Promote private equity investment

From our research, we find by comparing the US, the private equity is not heavily promoted in Europe.
It represents a small share of total business investment in knowledge economy. In terms of % in GDP in

2008, the US was 0.05% while only 0.02% in Europe (EVCA).

Private equity investment depends much on regulatory and fiscal conditions created by government. PE
can contribute to national economic prosperity when there is sufficient stock of private capital in the
hands of ambitious and experienced business people, who are creative innovators and seeking financial
support in their young companies. In the US, many private equity investors deal with individual
entrepreneurs, in Europe however, investors turn to institutions. Because, Europe lacks the creative,
highly ambitious and quick growth high-tech young companies together with the limited funds
available for PE investment. Therefore, the politicians and government should make efficient policies in

promoting the development of private equity in Europe.

One suggestion is to create an investment environment for private equity finance, by lowering the
entry and exit barriers for private equity firms. Policy makers can improve the tax laws by reducing
investment company tax and by allowing private equity and venture capital firms to exit without being
taxed. European countries can also learn from each other by creating an optimal conditions at regional
or national level that facilitate private equity financing development. Politicians within European Union
should consider the solutions that could improve the situation for EU private equity managers to find
more opportunities to sell their products in other European countries. Therefore, a common
understanding of private placement constitutes, how to qualify the treatment and what the potential

risks are, that need to be regulated by European policy makers.
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Chapter 7. Research limitation and further research recommendations
7.1 Research limitations

In this research, we designed a “regional knowledge economy competitiveness cyclical scheme” and
examined which financial investments significant influence knowledge competitiveness. The research
approach has been undertaken with much attention on concreteness. But there are still limitations of

this paper. Within this chapter, the limitations will be highlighted with a short description.

As the limitation of data resources and data availability, we only selected cross section data. We realize
that it may take some time to increase the regional knowledge competitiveness after having invested in
the knowledge economy. The time lag can be tested if we have time series data. However, as WKCI and
GUC are both recent topics of research, the research data is limited for the period 2007-2008. Besides,
we only choose five different types of financial investments in the knowledge economy and limited
numbers of human capital and economic performance indicators. However, we realize that the
indicators can be more than we select. As our research scheme shows, a large number of indicators
exist in financial capital, human capital and regional economic performance. Theoretically, all these
indicators can be examined into the research model, but due to data source limitation, only parts of the

indicators were used within the tests.

Secondly, as mentioned earlier, there not many research papers written using the “GUC” as it is a topic
introduced in the recent years. Due to the limited research available on this topic, our research finding
will share similar limitations. Thus, we cannot simply conclude that economic performance does not
influence regional knowledge competitiveness only by the insignificance of GUC. We think this finding

may be different when other economic performance indicators are used.

Third limitation is the duration of research time. Due to this limitation no structured interviews has
been done as part of the information gathering of this research. Input from actors within the field of
the knowledge economy, e.g. regional economic development managers or European knowledge
competitive policy makers would have been quite valuable. The suggestions and discussions of this
paper are mainly based on data analysis results, academic literatures, media interview reports and
academic scholars’ suggestions. Thus, research findings can be perceived as limited because of the
limitation in information collection and knowledge acquisition by the author. The “Knowledge
economy” is a complicated and comprehensive study, we believe that research continuation done by

specialized scholars would definitely result in a more valuable and interesting findings.

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang

78



The influence of financial investments on regional knowledge competitiveness | 2011

7.2 Further research suggestions

We hope the findings in this paper will be used by future researches to test the influence of financial
capital on regional knowledge competitiveness. As there is no standardized model on knowledge
economy measurement, we hope our “regional knowledge economy competitiveness cyclical scheme”

can contribute on further knowledge economy studies.

We suggest further studies to work on the knowledge competitiveness model; testing the model by
using more financial capital indicators and collecting more relevant economic indicators for further
analysis. As mentioned, data does not always tell us a full story, we believe a research with depth,

should be a combination of data analysis and interviews e.g. with policy makers and business leaders.
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Appendix

Step 1

1.1 Research results in financial capital: use government investments on lower education into the
model instead of investments on higher education

Model Summany

Adjusted R Std. Error of

Model R R Sguare Soguare the Estirmate

1 8944 799 743 1581805

a. Predictors: (Constant), Gov_Lowedu, Gov_RD,
Business_RD, PE
ANOWVAP
Sum of

Model Sguares off Mean Square F Sig

1 Regression 132,685 4 3.4 136739 ooo=
Residual 3.453 138 025
Total 17.138 142

. Predictars: {Constan GU‘." Loweduy, Gov_RD, Business_RD, FE
Dapendent ariable:
Coefficients®
Standardized
Unstandardized Coefficients Coeflicients

Madel B Std. Error Beta t Sig.

1 (Constant) -.297 194 -1.531 128
Gov_RD 015 012 052 1.254 212
Business_RD 199 oa B22 11.020 Qoo
FE 04 016 409 6.5902 .00o
Gov_Lowedu -.055 037 -.095 -1.4745 143

a. Dependent Variahle: WkCI

1.2 Partial Least Square regression on how financial capital indicators influence WKCI

Proportion of Variance Explained

Statistics
Cumulative Y
Cumulative X Variance (R- Adjusted R-
Latent Factars X Wariance Wariance Y Wariance square) square
1 B&3 653 690 690 BEE
2 423 TTE 096 .TEE TH3
3 am .07 010 796 .79z
4 034 942 .oog 804 798
5 058 1.000 2.564E-5 804 796
Parameters
Depende,
Independent Yariables WIKCI
{Constanf) -.198
Gov_RD 005
Gov_Lowedu =118
Gov_Highedu 0B
Business_RD 203
FE 05
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Variable Importance in the Projection

Latent Factors
Variables 1 2 3 4 5
Gov_RD 542 556 572 573 873
Gov_Lowedu 1.001 ara 988 8498 898
Gov_Highedu .B46 878 B73 882 882
EBusiness_RD 1,282 1.222 1.218 1.312 1.312
FPE 1.159 1112 1105 1100 1100
Cumulative Variahle Importance

Weights

Latent Factors
Variables 1 2 3 4 5
Gov_RD 242 -.291 540 =278 1493
Gov_Lowedu 448 -.330 - TE2 -.T95 -.225
Gov_Highedu 378 -.484 087y 706 -.204
Business_RD 5713 707 405 113 -.490
PE 5818 .3 -034 217 798
WKCI 465 413 128 210 oog

- 1.00

Cumulative Variable Importance

1.40-
1.204

80—
B0
A0

1.40

120

(] 1,00
B0

B0

1.40-
1.20

—
_—
5 [
=
—

A0

120

]]%]]

- 1.004
50
507 ™
1,40
1.20]
w 1.00
80
507 | — |
Al T T T T T
Business_RD Gov_Highedu Gov_Lowedu Gov_RD PE
Variable

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang



The influence of financial investments on regional knowledge competitiveness

2011

Weight 2

Factor Weights 2 vs. 1
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Factor Weights 3 vs. 2

1.007
Gov_RD
507 Business_RD

L)
% Gov_Highedu
K
= 007

-.50+

-1.00 T T T T T

-1.00 -.50 0o 50 1.00
Weight 2

1.3 Regression with only government investments on higher education, business R&D investments
and Private Equity investments on WKCI

Model Summary

Adjusted R Std, Error of
Model| R R Square Square the Estimate
1 8919 795 790 1591573

a. Predictors: {Constant), PE, Gov_Highedu, Business_RD

ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 13.617 3 4533 | 179.191 .00o?
Residual 3.521 138 025
Total 17.138 142

a. Predictors: (Constant), PE, Gov_Highedu, Business_RD
b. Dependent Variable: WKCI

Coefficients™
Standardized
Unstandardized Coeflicients Coeflicients
Model =] Std. Error Beta 1 Sig

1 {Constant) -.593 A14 -5.215 oo
Gov_Highedu o017 022 .038 767 445
Business_RD A8z mv 600 11.246 .ooo
FE 087 014 343 G.084 .ooo

a. Dependent Variable: WKCI

Master thesis of Economics and Business, Erasmus University Rotterdam | Xuan Zhang



The influence of financial investments on regional knowledge competitiveness | 2011

Step 2
Step 2.1 Factor analysis

Total Variance Explained

Initial Eigenvalues Extraction Sums of Sguared Loadings Rotation Sums of Sgquared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 3.068 34 086 24086 3.063 34 086 34 086 3015 332495 33.495
2 2581 28673 62.759 2.581 28.673 62.759 2158 23.992 57487
3 1.068 11.867 74626 1.068 11.867 74626 1.543 17.139 74626
4 671 7.458 82.034
5 523 5811 87,805
5] .389 4317 92,212
7 344 3818 96.030
a 215 2.385 98416
9 143 1.584 100.000

Extraction Method: Principal Component Analysis,

Component Matrix®
Companent
1 2 3
Gov_RD 630 -.269 443
Gov_Lowedu 473 210 -.288
Gov_Highedu 874 -n3g =151
Business_RD 819 559 278
FE 740 367 onv
HC_IT =210 A9 674
HC_Bio -.062 703 -192
HC_Mech -187 723 - 436
HC_Elec -357 806 083

Extraction Method: Principal Component Analysis.
a. 3 components exracted.

Step 2.2 Put factorl into regression analysis

Model Summary

Adjusted R Std. Error of
Model R R Square Sguare the Estimate
1 8827 TIT .TE9 56153

a. Predictors: (Constant), HC Elec REGF{ factor score 1 for
analysis 1, HC_Bio, HCLIT, HC_M

ANOVA®
Sum of
Model Squares df Mean Sguare F Slg.
1 Regression 11.159 5 2232 91.532 .oood
Residual 3.194 131 oz4
Tatal 14.364 136

a. Predictors: (Constant), HC_Elec, REGR faclor score 1 for analysis 1, HC_Eio,
HC_IT, HC _Mech
b. DependentVarlabls WK

Coefficients®
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) 804 053 15.244 oo
REGR factor score 1 for 265 014 815 18.982 .0oo
analysis 1
HC_IT A17 015 396 7.978 ooo
HZ_Bio =032 .0zo =081 -1.632 05
HC_Mech -.003 .oz -.008 =150 81
HC_Elec 041 024 106 1.6684 .0as

a. Dependent Wariable: WiC|
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Step 3

3.1 Regression with four financial capital indicators without government investments on lower

education, human capital in IT, and GUC on WKCI

Model Summary
Adjusted R Std. Errar of
Model R R Sguare Square the Estimate
1 ane 848 8349 316794
a. Predictors: (Constant), GUIC, HC_IT, Gov_RD, PE,

Business_RD, Gov_Highedu

ANOVA®
Surm of
Model Sguares df Mean Sguare F Sig
1 Regression 9.595 6 1.599 92.228 ooo*
Residual 1.717 99 o7
Total 11.312 105

a. Predictars: (Caonstant), GUC, HC_IT, Gov_RD, PE, Business_RD, Gov_Highedu
b. Dependent Variable: W CI

Coeflicients®
Standardized
Unstandardized Coefflicients Coeflicients

Model B Std. Error Beta t Sig.

1 {Constant -1.090 A3 -8.313 .0oo
Gov_RD .0o3 014 010 210 834
Gov_Highedu .0ag 026 219 3783 Rulil]
Business_RD 78 nzo 487 2.935 ooo
PE .0vo 014 2490 4.961 ooo
HC_IT .0as 013 .286 6.358 .000
GuC .030 10 013 271 787

a. Dependent Variable: WiCI|

3.2 Regression with government investments on higher education, business firms investments on
R&D, human capital in IT, and GDP per capital on WKCI

Model Summary
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 9143 836 830 1335517

a. Predictors: {(Constanty, GDP_pp, HC_IT, Business_RD,
FE, Gov_Highedu

ANOVAP
Surn of
Model Squares df Mean Square F Sig.
1 Regression 12.010 5 2,402 134 668 .ooo?
Residual 2.354 132 .o1e
Total 14 364 137

a. Predictors: (Constant), GDP_pp, HC_IT, Business_RD, PE, Gov_Highedu
b. Dependent Variable: WKCI

Coefficients™
Standardized
Unstandardized Coefficients Coefliicients
Model B Std. Error Beta 1 Sig

1 (Constant -1.788 4598 -3.587 000
Gov_Highedu 052 024 13 2126 035
Business_RD AT 018 4490 9.760 .0oo
FE 073 014 282 5.333 .0oo
HC_IT 074 012 .251 5075 000
GODP_pp 097 059 11 1.633 108

a. Dependent Variable: WECI
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Step 4

4.1 Regression with government investments on higher education, business investments on R&D,
private equity investments on knowledge , human capital investments on IT and two location
dummies on WKCI

Model Summary

Adjusted R Std_Errar of
Model R R Square quare the Estimate
1 8182 843 836 1313283

a, Predictors: (Constant), Dummy_EU, HC_IT, PE,
Gov_Highedu, Business_RD, Dummy_MNorth American

ANOVA®
Surmn of
Model Squares df hean Square F Sig
1 Regression 12.105 ] 2017 116.973 oo
Residual 2,259 131 o7
Total 14.364 137

a. Predictors: (Constant), Dummy_EU, HC_IT, PE, Gov_Highedu, Business_RD,
Dummy_MNorth American
b. Dependent Variable; WKCI|

Coefficients™
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig

1 {Constant) =784 A3 -5.889 .0o0o
Gov_Highedu .n3e 025 ogd 1.525 130
Business_RD 178 018 489 9841 .000
PE 093 013 358 7.069 ooo
HC_IT o7z 01z 244 6.019 .0oo
Dummy_Morth American 052 044 .o 1.180 .240
Dummy_EU =037 .038 -.056 -.959 Rejct:}

a. Dependent Variable: WKCI]

4.2 Regression with government investments on higher education, business investments on R&D,
private equity investments on knowledge, human capital investments on IT and one location dummy
on WKCI

4.2.1 North American and non-North American regions

Model Summany

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 9267 858 849 1274656

a. Predictors: (Constant), Durmmy_Morth American, GUC,
HC_IT, PE, Business_RD, Gov_Highedu

ANOVAE
Sum of
Modal Squares dr Mean Square F Sig.
1 Regression 9703 6 1.617 99.536 .ooo®
Residual 1.609 99 016
Total 11.312 105
a. Predictors: {Constant), Durnmy_Morth American, GUC, HC_IT, PE, Business_RD,
Gov_Highedu
b. Dependent Variable: WKCI
Coefficients™
Standardized
Unstandardized Coeflicients Coeflicients
Model B Std. Error Eeta 1 Sl
1 (Canstant) -815 143 -6.388 ooo
Gov_Highedu 063 027 139 2.283 025
Business_RD ATS 019 480 9.312 .ooo
FE 073 013 303 5.523 .noo
HC_IT .0ao 013 303 6.882 .0oo
GLC 040 A03 07 385 7o
Durmrmy_MNorth American 085 033 130 2.589 011

a, Dependent Varlable WKCI
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4.2.2 European and non-European regions

Model Summany

Adjusted R Std._Error of
Madel R R Square Souane the Estimate
1 8262 858 850 A272265

a. Predictors: {Constant), Dummy_EU, GUC, HC_IT,
Business_RD, Gov_Highedu, PE

ANOVAP
Surm of
Madel Squares df Mean Sguare F Sig.
1 Regression 9.709 B 1.618 99.972 o002
Raesidual 1.602 99 016
Total 11312 105

a. Predictors: (Constant), Dummy_EU, GUC, HC_IT, Business_RD, Gov_Highedu, FE
b. Dependent Variable: WkC|

Coefficients™
Standardized
Unstandardized Coefficients Coeflicients
Model o} Std. Emror Beta 1 Sia

1 (Constant) -912 143 -6.389 oon
Gov_Highedu .org 025 A73 3.138 ooz
Business_RD AGBT 014 45T 8.650 .ooo
FE 084 014 348 5.8a1 .ooa
HC_IT 086 013 .288 G644 Rilili]
GUC 021 103 .0oga 201 841
Dy _EL -.078 nzg -118 -2.664 oog

a. Dependent Variable: WikC|

4.2.3 Asian-Pacific and non Asian-Pacific regions

Model Summary

Adjusted R Std. Errar of
Model R R Sguare quare the Estimate
1 9214 849 839 1315554

a. Predictors: (Constant), Dummy_Asia-Pacific,
Business_RD, HC_IT, GIUC, Gov_Highedu, PE

ANOVAP
Sum of

Model Squares df Mean Square F Sig.

1 Regression 9.598 ] 1.600 92,432 .oon#
Residual 1.713 99 o7
Total 11.312 105

a, Predictors: (Constant), Dummy_asia-Pacific, Business_RD, HC_IT, GUIC,
Gov_Highedu, PE
b, Depandenl\a’arianlg: WRKIC]
Coefficients™
Standardized
Unstandardized Coefficients Coefficients

Model =] Std. Ermor Beta t Sig.

1 {Constant) -1.108 133 -8.315 oo
Gov_Highedu A03 nzs5 230 4173 ooo
Business_RD 176 0z0 483 £8.855 000
PE o7z 014 .298 4.861 ooo
HC_IT 084 014 282 6.221 ooo
GLUC 031 06 013 283 )
Dummy_Asia-Pacific 020 041 023 480 632

a. Dependent Variable: WHCI
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