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ABSTRACf 

Ousters are a key focus of policy makers worldwide. A successful cluster is often 
characterised as a 'jig-saw' puzzle {Martin and Sunley, 2002) containing a range of actors 
(e.g., private finns, research institutes, civic associations, government entities and 
venture capital finns) and functions (e.g., research and development, services, high 
quality personnel, finance and networking). 

The objective of this study is to define and analyse the Saskatoon agricultural 
biotechnology cluster using new metrics related to functions and assess its capacity to 
become a broader life science cluster. To do this, the study (1) determines the density of 
Saskatoon's agricultural biotechnology cluster, (2) examines whether 'innovative' 
organisations can be determined prior to becoming 'innovative,' and (3) evaluates 
whether any of the core or central actors in the cluster supply differential functions to 
innovators. 

This study first surveyed core actors in Saskatoon to determine their connections with 
other actors in the industry (within 100 km). This revealed a network density of 15.0°/o, 
which supports the assertion that an ag-biotech cluster exists in Saskatoon. 'When the 
data were disaggregated by function, we discovered that networking had the highest 
density of all five functions, which suggests that the local cluster is still in the 
Innovation Stage of industrial development (Lundvall, 1992). Second, when 'innovative' 
and 'non-innovative' finns were compared, there was no statistically significant 
externally visible characteristic that would allow anyone ex ante to distinguish between 
'innovative' and 'non-innovative' enterprises. Third, Saskatoon's central actors were 
examined to determine whether they provide differential functions to 'innovative' firms. 
Only three central actors were significantly linked to supporting highly 'innovative' 
firms: NRG IRAP is connected for the provision of research and development; Ag
West Biotech is correlated for financial exchanges; and NRGPBI is significantly 
offering differential networking services to 'innovative' firms. 

The study then uses this analysis to infer that the suitable environment - the 
infrastructure, education programs, community leaders, central actors and government 
focus - is in place in order to facilitate the extension of the agricultural biotechnology 
cluster to a broader life science focus, but that existing institutions may need to shift 
their offerings to ensure they support innovative activity in this new area. 
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CHAPTER 1: INTRODUCfiON 

1.1 Issue 

Economic agglomerations, or clusters, have captured the attention of policy advisors 

worldwide. Many countries (e.g., Canada, Australia, Germany and the United Kingdom) 

have adopted clustering as a preferred economic strategy for generating higher rates of 

invention, innovation and economic growth {Ryan and Phillips, 2003). 

Porter {1998: 197) defines clusters "as geographic concentrations of interconnected 

companies, specialised suppliers, service providers, firms in related industries, and 

associated institutions." A successful or potentially successful cluster commonly has a 

strong base of university and government labs and production facilities, which provide 

access to expensive specialised skills and machinery, as well as a significant amount of 

informational knowledge that is not visible but embedded in the larger community

also known as tacit knowledge. The development of a cluster is more than just co

location; it provides an environment for relationships. As a result, the organisations that 

are active within a cluster both compete and collaborate, thereby facilitating the growth 

of the local economy. 

The analogy of the cluster 'jig-saw' puzzle (Martin and Sunley, 2002) may be used to 

characterise a successful cluster, as it contains all the necessary 'pieces' - actors and 

functions - in order to be effective. Each piece is ideally accessible within the region but 
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the community may require international connections in order to access all functions 

needed for the economy (Phillips, 2002).1 

There is a lively academic and professional debate - with many competing views -

about how regions can support the creation and growth of clusters within a single 

industry or sector. While there is evidence that regional clusters are correlated with 

innovation and economic growth (e.g., Porter, 1990), there is less agreement about how 

governments and various institutions can support the creation, growth, or expansion of 

clusters. There are eight 'central' or 'core' actors identified within Saskatoon's 

agricultural biotechnology cluster, either operating as collective, public, or quasi-public 

organisations. Each central actor- selected based on qualitative surveys - provides one 

or more functions in the innovation system. This thesis argues that a cluster must have 

such organisations in place to provide these functions. 

1.2 Research Focus 

This thesis seeks to explain the actions of central actors in regional systems of 

innovation. The results of that analysis are then used to look at how these organisations 

may perhaps assist in the expansion of Saskatoon's agricultural biotechnology 

innovation cluster to include life science organisations. 

In essence, the research question is: how do the existing institutions in Saskatoon's 

agricultural biotechnology innovation cluster contribute to the cluster and can they 

1 Phillips proposes that Saskatoon's agricultural biotechnology cluster is the ideal example of the 
Entrepot model This means that the innovation system is not self-contained but relies on 
international sources of knowledge. 
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effectively expand the cluster to become a broader life sciences2 cluster, including the 

Canadian Light Source Inc. and its related activities? 

This research question leads to three testable hypotheses: 

Ho1: Saskatoon does not have an innovation cluster (defined in the context of 

community densi~. 

Ho2: 'Innovative' entetprises cannot be identified prior to becoming 'innovative.' 

Ho3: The eight central service providers do not provide significant support to 

'innovative' firms. 

Ultimately, the goal of this research is to evaluate the central institutions that provide 

essential functions for the agricultural biotechnology cluster. Further determining what 

their role may be in expanding the cluster to include a broader array of life science 

organisations and actors. 

1.3 Background - The Saskatoon Ouster 

There are a number of ways of looking at the Saskatoon-based cluster. One could use 

aggregate survey data to identify users of the core technology (in this case 

biotechnolog0 to delineate the system. Alternatively, one could analyse the individual 

actors in the cluster or evaluate the knowledge inputs, processes and outputs of the 

broad community. Each set of measures have been used for Saskatoon, offering varying 

insights into the nature of the community. 

2 The agricultural biotechnology cluster includes applications for both plants and animals, where 
as the life sciences cluster may include agricultural applications but is primarily focused on 
health, food and bio-based applications. 
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First, Statistics Canada conducted a survey in Saskatchewan in 2001. The data suggest 

that Saskatchewan has both strengths and weaknesses (table 1-1). The province has 

absolutely fewer firms, lower revenues and less R&D investment than most other 

regions, but it has relatively more employees and products in the pipeline than most 

other areas. While Quebec, Ontario and BC are clearly leaders in absolute terms, 

Saskatchewan has created its own profitable niche with 7% of biotechnology firms and 

8% of the total investment in the area (relative to only about 3% of the overall 

economic activit)?. The good news is that while Saskatchewan is weak in some areas, in 

comparison to the same Statistics Canada survey completed in 1999, the industry 

reported a 10% increase in employees and a 90% increase in R&D investment (Statistics 

Canada, 2001). 

* Includes Prince Edward Islarid,.New Bnmswick, Nova Scotia and Newfouq(Dan<J? 
~~ Number do riot equal due to multiple sources used 
~puree: Statistics Canada, 2001, BC Biotech, BioAlberta, Health 
Manitoba 
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Second, in the compilation of the Innovation Systems Research Network (ISRN) 

survey, an effon was made to identify the source population for the survey. This was 

done through snowball interviews, which is a form of nonprobability sampling where 

several people are first identified and after they are interviewed, are asked to supply 

names of other significant players in the industry (Berg, 2001). The source population 

for the Saskatoon cluster was found to include approximately 110 actors. This 

population includes firms, associations, research institutes, government 

programs/ depanments, and institutions as well as venture capital firms. Although many 

organisations have multiple functions - some companies also have a significant research 

function - therefore organisations have been classified based on their primary function. 

The distribution of source population according to the type of actor is illustrated in 

figure 1-1. 

Ill Firm 

• Research Institution 

0 Association 

0 Goverrunent 

• Venture Capital 

Venture Capital; 
15% 

Goverrunent; 
7% 

Association; 9 

Research 
Institution; 3 5% 

Figure 1-1: Distribution of Saskatoon Ouster Population by Actor 

Firm; 34% 

Research institutions represent the greatest ponion of the source population (35%). 

They include university colleges, depanments, and extension divisions that supply the 

local cluster with various research outputs and federal, provincial, and regional 
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institutions with primarily a research mandate. Finns (34°/o) represent the second largest 

portion of the sample population. They include finns active in development and 

commercialisation activities related to agricultural applications and the life sciences. A 

number of associations (9°/o), including development organisations, non-profit facilities 

and industry groups, co-ordinate some of the efforts to advance discoveries made by 

local research institutes. Government (7°/o) includes regional, provincial, and national 

entities that support the life science community. Venture capital finns (15°/o) represent 

sources of funding originating from both local and non-local sources. While a large 

number of actors (19 of the 110) were established before 1950, the real acceleration of 

actors occurred in the 1980s, where on average 2 per year were established. That 

accelerated to 4.3 per year in the 1990s and would appear to have remained steady or 

perhaps accelerated to more than 5 per year in the current decade. The source 

population was further segmented according to the number of employees per actor. The 

majority of actors were found to employ fewer than 50 people. The largest actors were 

all research institutions (7 with 50-150 employees and 5 with more than 150 employees). 

This again indicates the critical role played by government institutions in the local 

cluster. 

The foundation of the cluster really started in the early 1900s when the decision was 

made to locate the University of Saskatchewan in Saskatoon Gohnson, 2002). From 

then it was an evolutionary process, whereby federal money was focused in Saskatoon 

to complement the research at the U of S, thus creating a base for university

government linkages. Next, in the 1970s the Canola Council of Canada was developed 

and individual finns began to undertake research. From the 1990s private finns 
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individually and collectively have been assuming roles of leadership in product 

development {Phillips, et al., 2004). Table 1-2 is a summary from the ISRN Survey 

where respondents were asked what events played an important role in the development 

and growth of the cluster. This table gives one illustration of Saskatoon's agricultural 

biotechnology cluster life cycle to date. 

Table 1-2: Events that Played an Important Role in Saskatoon's Ouster 
nt 

Oeated in 1905; Ag 
College opened in 1908 
(n=S) 

7 

F: Ag Canal:iaDominion 
Research Lab opened 
(n==6); NRCIRAP 
started (n=3) 

F: NRCPBI 
restructured (n=10); 
WED policy (n=2);; 
NABI (n:
F~Provm 
(n=2) 



While these data provide some statistical evidence of the existence of the cluster, and 

there have been a number of analyses of how it has evolved and operates (Phillips, 

2002; Phillips, et al., 2004), they do not tell us what are its defining features. 

1.4 Approach 

Ousters are more than just co-location - they are foodamentally based on the array of 

relationships that ooderpin the development of both individual enterprises and the 

entire commooity. The focus of this work will be on the role of relationships within 

Saskatoon's regional agricultural biotechnology innovation cluster. Specifically, this 

thesis looks at the connections of 'central' or 'core' actors to commercial enterprises, in 

an effort to determine whether they hinder or enhance the potential for finns to 

mnovate. 

There is a significant amooot of theory on clusters but most of the applied work is 

descriptive 'storytelling.' This thesis oodertakes both qualitative and quantitative 

analysis of data assembled through the ISRN interviews, and data collected through a 

supplementary set of individual interviews with each central actor. A statistical 

correlation analysis is oodertaken to determine how different relationships affect 

outcomes. The results of the interviews conducted for the ISRN research are used to 

determine the roles of institutions in the facilitation of innovation. The data analysis 

involves constructing and analysing a series of measurements of densio/, centrality4 and 

3 The density of a network "is a proportion that is calculated as the number of all ties occurring 
in the matrix divided by the nwnber of all possible ties" (Knoke and Kuklinski, 1982: 45). 
4 Centrality measures used to "describe and measure properties of 'actor location' in a social 
network" (Wasserman and Faust, 1994: 169). 
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innovation5 for the entire Saskatoon agricultural biotechnology sector and for stratified 

parts of the community. The theory suggests that, if clusters are relevant, density and 

scale6 should affect the rate of innovation. Further, there are likely central actors that are 

important to the prospects for innovative finns. 

1.5 Organisation of Thesis 

The remainder of this thesis has four chapters. Chapter 2 reviews the literature written 

on innovation clusters from a number of perspectives. This chapter examines literature 

related to traditional economic theory, knowledge-based economics, industrial clusters, 

national and regional innovation systems, and firm and institutional perlonnance and 

dynamics, demonstrating that an interdisciplinary approach is necessary. Chapter 3 

develops a framework for gathering and analysing the data. Chapter 4 presents an 

analysis of this framework creating measurement of density and centrality for 

Saskatoon's ag-biotech industry, as well as quantifying and assessing the role of central 

actors. Chapter 5 assesses the data and the possibility of extending the cluster to include 

life science organisations, as well as evaluates the limitations of the approach and 

considers possible extensions to the research. 

5 The Innovation Index was created to quantify research and commercial activity. 1his 
measurement will be further outlined in section 3.5. 
6 In this case, scale refers to the number of organisations in the region, "Whereas the density is 
the number of linkages between the organisations. 
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CHAPTER 2: CLUSTERS & THE KNOWLEDGE-BASED 

ECONOMY 

2.1 Introduction 

The progression from an industrial-based economy to a knowledge-based economy has 

increased focus on regional innovation systems. These changes in regional economic 

direction have taken the economy from a focus on economies of scale to being driven by 

economies of scope, involving networks, or clustering - economies of scope provide cost 

savings as there are numerous organisations carrying on related activities (Shapiro and 

Varian, 1999; Black, 1997). Biotechnology, one of the oldest technologies used by humans, 

has been at the forefront of the new knowledge-based economy (Pyka and Saviotti, 2001). 

The definition of modem biotechnology is the "development of products by a biological 

process. Production may be carried out by using intact organisms, such as yeasts and 

bacteria, or by using natunll substances (e.g., enzymes) from organisms" (CBAC, 2004). 

Innovation is "the ability to develop new ideas, products and organizational structures by 

combining existing ideas, products and structures in new ways" (Phillips and 

Khachatourians, 2001: 6). Oustering- the local concentration of a number of organisations 

in the same or related industry- is one route to precipitating or accelerating innovation. 

7 OECD (1996: 7) defines a knowledge-based economy as "economies vvhich are directly based on 
the production, distribution and use of knowledge and information." Essentially, a knowledge-based 
economy utilises the same factors of production but enhances the outcomes through managed use of 
knowledge. 
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Understanding clustering, especially in the highly competitive science-based industries is 

particularly important, but also highly complex. Bush ( 1945) suggests that recording 

scientific progress and advancement is not one-dimensional. He believes that reviewing 

scientific advancement is inherently interdisciplinary: "this is a much larger matter than 

merely the extraction of data for the purposes of scientific research; it involves the entire 

process by which man profits by his inheritance of acquired knowledge" (12). 

As pointed out by Drucker (1993), traditional resources -land, labour and capital- are 

becoming less valuable. These tangible, largely immobile factors of production (Gilpin, 2001) 

were previously the only assets taken into consideration in industry analysis. The intangible 

factors of a region - e.g., human capital, intellectual property, and innovation - were 

neglected. Human capital and intellectual property are extremely important in the 

knowledge-based economy as the unique capabilities of individuals cannot be measured and 

intellectual property cannot be defined - there are no physical parameters. In addition, 

traditional economic analysis tended to consider only those aspects that were present in the 

economy at large, ignoring the subtle roots and interconnections that provide the foundation 

for growth in agglomerations of local economies. 

Knowledge - both in the form of codified recipes and tacit skills - was recognised by 

Marshall as early as 1890 as a critical asset in economic development. This chapter delves 

into research on innovation systems and the knowledge-based economy. First, various 

streams of economic literature are evaluated. Second, cluster theory is examined from a 

variety of angles. Third, the importance of public policy for innovation is reviewed. 
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2.2 Neoclassical Economic Theory 

Neoclassical economic theory was developed and evolved in an effort to explain and forecast 

the operations of a modem industrial-based economy. Smith's (1776) hypothesis that the 

"invisible hand" - i.e., many individuals acting in their own self interest - would yield an 

optimal size and distribution of economic activity, led to an increasingly accepted corollary 

that government interference in the economy should be minimal. 

Lundvall (1992) asserts that the neoclassical model considers scarcity, allocation and 

exchange from a static context, which Gilpin (2001) argues is flawed, because the 

relationship between states and markets is actually extremely dynamic. Krugman (1998) 

acknowledged this critique and has tried to rejuvenate neoclassical economics by suggesting 

that transportation costs and scale economies may provide an economic rationale for the 

geographic distribution of economic activities. Gilpin (2001: 103) suggests that Krugman has 

not gone far enough, arguing that his explanation "lacks both a temporal and a spatial 

dimension and assumes that economic activities take place in an abstract universe devoid of 

history and geography. As a consequence, it can not adequately analyse the historical 

development or geographical structure of an economy." This gap in the neoclassical 

economic model is critical in the present day, as spatial relations between organisations 

largely affect, both positively and negatively, knowledge development, knowledge transfer, 

knowledge spillovers, and ultimately, the rate and distribution of innovation. Nonaka and 

Takeuchi ( 199 5) conclude that neoclassical economics is particularly weak in that it does not 

consider knowledge as an asset and further does not acknowledge the finn as a knowledge 

creator. 
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A number of researchers have attempted to expand the economic approach by more 

explicitly addressing how technological change (which is conventionally viewed as exogenous 

to the economic mode~ actually occurs. They often start from a Schumpeterian approach 

(1934), assuming that firms explicitly invest to generate new products or processes. 

Increasingly this involves an interaction of science and technology, as the advancement of 

one induces and directly affects the advancement of the other- making them 

interdependent. Within a region, both organisations and connections between organisations 

promote networking relationships, enhance innovation and subsequently promote 

knowledge exchange for the advancement of each organisation. The key point is that 

knowledge is dispersed within and between organisations and is only exchanged through 

interaction. Different learning structures within firms subsequently create distinct systems of 

innovation (Metcalfe, 1995). With the changing economy and the increased reliance on 

knowledge, learning is now a critical aspect to innovation and ultimately competition. 

Lundvall (1992) offers one approach to examining the role of learning in a community. He 

argues that an institution's efficiency and effectiveness in accessing, developing and using 

knowledge facilitates its growth and potential success. One cntical aspect is the internal 

culture of individual organisations, which is directly related to an organisation's ability to 

work with other firms. The establishment of networks is crucial to the rate of learning within 

an organisation. Lundvall (1992) illustrates three types of learning. The first is learning-by

doing. This type of learning amplifies the abilities of the scientist or innovator. Malecki 

(1997) considers learning-by-doing to be the simplest form of learning. Second, learning-by

using promotes production capacity and speed of the innovation process. The third type of 

learning is learning-by-interacting. This consists of numerous people coming together and 
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engaging in the exchange of knowledge in order to enhance product or process innovation. 

Thus, the creation of knowledge is an adaptive social process that must be learned, and 

requires continuous upgrading (Holbrook and Wolfe, 2002). 

Phillips (2002) states that both formal and informal interactions facilitate development 

within a cluster. The diffusion of non-codified knowledge is especially important in a 

regional innovation system. Phillips (2002: 14) argues that "people develop skills and 

working relationships, which together convert bits of info into operable knowledge." This is 

otherwise known as developing the 'know-who' of research within the locality (Metcalfe, 

1995). Practitioners have aJ~o noted this. The National Governors Association (2002: 9) 

asserts that the most important asset of an innovation cluster is the "access to innovation, 

knowledge and know-how .. " 

Mowery and Oxley (1995) consider the key to initiating a knowledge-driven economy is to 

target technical schools and universities within a region. Increasing regional human capital 

facilitates the production of innovative products, assisting the growth of economic 

development within a region. Florida, et al. (2002: 4) state that "innovation is seen to be a 

function of human capital; or more precisely the regional distribution of innovation 

(measured as patent production) is related to a region's level of human capital." Along with 

creativity comes diversity ·within a regional economy. Diversity assists an economy by 

reducing baniers to entry to a region, thereby increasing the talent pool. Diversity is 

measured by the array and distribution of public and private organisations as well as different 

service providers within the locality- the term diversity does not necessarily make reference 

to the product base. As well, Florida, et al. (2002: 3) suggest, "incubators of creativity and 
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human capital factors in particular play an important role in spurring regional growth." The 

increase of knowledge within an organisation and community subsequently causes an 

increase in the economic and financial return on investment (OECD, 1996). 

For the most part, this literature largely ignores location. In response, a group of economists, 

political scientists, sociologists and business analysts have attempted under the broad title of 

clusters (or innovation systems) to reintroduce geography into the analysis. 

2.3 Clusters 

The cluster literature is focused on explaining how interrelated finns and organisations can 

precipitate and accelerate inventions and social uptake of those inventions. Audretsch (1998: 

18) states "since knowledge is generated and transmitted more efficiently via local proximity, 

economic activity based on new knowledge has a high propensity to cluster within a 

geographic region." :Martin and Sunley (2002) use the term cluster 'jig-saw' to illustrate the 

structure of a regional cluster. The 'jig-saw' refers to the pieces that must be present in a 

cluster in order for it to operate at its capacity. One might infer from their approach that all 

functions are needed within one region for a cluster to be efficient. 

A recent OECD report (1996) states that networks must be developed for knowledge to be 

transmitted from organisation to organisation within a region. Further, the OECD argues 

that these networks accelerate the rate of learning and as a result, the rate of innovation. This 

'network society' creates opportunities for organisations to expand and learn, and therefore 

to have a direct influence on the local economy. Porter ( 1990) has suggested that a cluster 
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cannot function at its full potential unless the organisations interact in both a collaborative 

and competitive environment. 

duster literature spans a wide range of years, disciplines and literatures. 

2.3.1 The Economic Geography of List and Marshall 

Economic geography stems from as far back as Fredrich List's 1841 approach to the 

protection of 'infant industries' (Lundvall, 1992). List stated that the government has a 

responsibility to recognise the development of a specific industry (usually individual finns) 

within a region and foster education and training specific to that industry. By concentrating 

on a particular industry (firm), List argues that a government can foster long-nm economic 

development within a region. In 1844 John Stuart Mill, another advocate of the 'infant 

industry' argument, posited that embryonic industries need to be nurtured by government 

policies in order to prosper in the future and to have the ability to compete - over the long 

nm- in the world market. Irwin (1996) argues that governments largely adopted the 

approach advocated by List and Mill and, as a result, regional economic growth has 

increasingly depended on government policies. 

Marshall (1890), in contrast, believed that the original cause of geographic concentration of 

specific industries has been dependent on the location. Industries begin to occupy a specific 

region because of the land, labour and capital benefits - the three previously stated factors of 

production - but after the establishment of an organisation and the development of physical 

infrastructure and networks, they tend to stay in the same locality for a long period of time. 

Further, as more organisations move to the region to capitalise on the locational benefits, 
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there is a greater concentration of human capital, thus promoting the further concentration 

of organisations. As a result, assets of knowledge and technology become the key factors in 

regional economic growth (OEQ), 1996). Therefore, knowledge thus becomes an additional 

element in a firm's and region's production function, becoming a key factor in the success of 

all related organisations. 

While List applied his focus to specific firms, Mill's approach suggested a vital role for 

government policies for the evolution of a regional economy; although, neither 

acknowledged the existence of clusters as we currently know them. Marshall, in contrast, 

acknowledged the importance of economies of scope and related externalities, and tended to 

downplay the role of the state. Marshall also brings forward the importance of knowledge, as 

with increasing economies of scope comes increased knowledge exchange. 

2.3.2 The IPE Approach 

International political economics (IPE) may be characterised in a number of ways but, 

simply put, it involves the global analysis of political, economic and sociological issues, and 

thus is fundamentally interdisciplinary in nature. Strange, in Stat£5 andMarkets (1988), 

emphasises values, both of individuals and embedded in institutions and organisations. 

These values are largely a result of the national or regional culture in which they are situated. 

IPE studies tend to identify three actors of importance: individuals, states and markets. Both 

the state and the market are social systems that are dependent on the surrounding culture of 

the economy (Balaam and Veseth, 2001). As a result, IPE posits that states and markets 

overlap, where they were previously considered to be independent or at times in direct 

competition with one another. Therefore the relationship between these two entities in 
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particular is extremely dynamic and the debates within the economy largely centre on the 

respective roles of the state and market (Gilpin, 2001). 

Interestingly, economists tend to define markets in terms of their level of independence -

i.e., their ability to self-regulate (Gilpin, 2001). This approach tends to ignore political 

interactions and governments' ability to influence the nature of markets. IPE specialists "are 

interested in the fact that the world economy has a considerable impact on the power, 

values, and political autonomy of national societies" (ibid 77). Therefore politics and 

economics are interdependent - not parallel as assumed by economics. 

Economic and political environments are based on power structures, which underlie the 

distribution of authority that influence social and market outcomes. It is largely up to 

government policy to mobilize power structures that create the environment for markets to 

act independently of extensive day-to-day government intervention. 

2.3.3 The New Economic Geography 

The new growth theory, initiated by Romer (1990) and Lucas (1988), is an attempt to 

provide economic underpinnings for the lmowledge-based economy. This theory 

incorporates the concepts of lmowledge and technology to formulate their affects on the 

growth of the different economies. This theoretical approach tends to focus on the role of 

highly educated and skilled workers, looking at how they develop and transmit lmowledge 

(via learning-by-doing) and how they use lmowledge (including externalities). Within OECD 

countries the OECD (1996) found that the demand for skilled labour was increasing, which 

may be one indication that lmowledge-based development is rising. For example, the 
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unemployment rate for people with a university education was only 3 .8°/o on average across 

the 29 OE CD countries, while the unemployment rate for people with an education lower 

than secondary schooling was 10.5°/o. 

One result of the evolution of economic theory and the changes in economic focus is that 

the traditional production function - which only includes the three key factors of 

production: land, labour and capital- must be expanded to include lmowledge. Romer 

(1990) concludes that human capital should be used to measure the capability of a region

not simply a large population or extensive natural or capital resources. Thus, it is now 

becoming a trend as well as a necessity to focus on the role of lmowledge accumulation, as 

opposed to the traditional, narrower focus on capital accumulation. 

2.3.4 The Porter duster Approach 

Michael Porter, of Harvard University, has had perhaps the largest single impact on 

practitioners and governments (for example, there are 27 self-identified clusters in Canada's 

Innovation Systems Research Network and 10 clusters identified by Canada's Innovation 

Polic~. He introduced and defined the concept of clusters "as geographic concentrations of 

interconnected companies, specialized suppliers, service providers, finns in related 

industries, and associated institutions" (1998: 197). He states that a cluster "provides a 

constructive and efficient forum for dialogue among related companies and their suppliers, 

governments, and other salient institutions" (1998: 205). 

Porter's approach suggests that a wide variety of actors within a regional system must be 

present to foster its development, including an array of public and private actors. Porter 
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(1990) identifies that universities, other public infrastructure, a skilled talent pool, local 

competition and supporting and related industries are all needed. The 'Porterian' approach 

to cluster development suggests that all levels of government can play a role in fostering a 

cluster's development. Nevertheless, Porter does not suggest that governments can drive the 

beginnings of a cluster. Porter (1990: 655) states that the best way for government to 

support an innovation cluster is "... through investments to create specialized factors, such 

as university technical institutes, training centers, data banks, and specialized infrastructure ... 

New clusters are more effective if they are built around a concentration of specialized 

expertise, such as a university department or a group of sophisticated hospitals." Porter 

believes that as a result of previous trials, government should not attempt to promote new 

clusters but rather should be ready to support innovative activity and supporting industries 

in whatever regions they emerge. Porter focuses on the importance of competition within a 

cluster; he believes that coordination within a cluster does not benefit its formation or 

evolution. 

2.3.5 The National Innovation System Approach (NIS) 

The increasingly globalised knowledge-based economy is now demanding new perspectives 

for economic analysis. While the neoclassical model lacks a formal role for knowledge 

development, acquisition and use, IPE and the Porterian approach acknowledge the 

importance of knowledge activities and emphasise the need for considering the actions of 

government within geographically limited innovation systems. The literature related to 

national innovation systems (NIS) attempts to provide a more focused role for government 

intervention than proposed by other theories. 
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National innovation systems are rooted in the national system of production {Lundvall, 

1992). "Wherever a nation has the capacity to generate products, it also has the potential to 

have a strong knowledge base. The NIS literature suggests knowledge is the fundamental 

asset in any modem economy. Social relations that create social networks assist in knowledge 

transfer, and thus enhance collaboration and competition within the system. Therefore, 

having complementary activities (e.g., a common science base) are more conducive to 

innovative activity and thereby assist economic development (Audretsch, 1998). 

A national system of innovation can promote creativity in a country and region by enhancing 

innovative capabilities. The difficulty is that the NIS literature, which emerged from the 

Scandinavian countries, is not all that appropriate to continental nations such as Australia, 

Canada and the US, where communities are separated by hundreds if not thousands of miles. 

Distance is not conducive to the exchange of tacit {non-codified) knowledge, which tends to 

spillover rather than be fonnally transferred in a codified form. In those areas, researchers 

and theorists have posited that both innovation and clusters tend to be more regional than 

national in nature. Regional and local community agglomerations may be more appropriate. 

2.3.6 Regional Innovation Systems {RIS} 

In response to the problem of distance, a group of economists and others have sought to 

identify how innovation occurs locally and what factors need to be present to optimize 

technological change. Klein and Rosenberg {1986: 279) point out "there is no single 

dimensionality to innovation": financial resources, networking, high quality personnel are all 

needed, and usually from other sources, in order to take an innovation to the marketplace. 

Simple networks are the basis for accessing those factors at the local and regional level 
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Audretsch (1998) argues that business itself is a social activity, which therefore promotes 

networks between organisations inducing and facilitating knowledge spillovers and 

exchanges. Pyka and Saviotti (2001) argue that an organisation can increase their absotptive 

capacicyB by engaging in simple social networks to assist in expanding organisational 

knowledge. The RIS literature seeks to explain how local networking enhances 

competitiveness and generates local agglomerations of activity. 

Malecki ( 1997) argues that geographic concentration tends to increase technological progress 

and productivity. As a result, a region can expand and prosper by making its locale more 

attractive to others within an industry. Therefore, it is the formation of these agglomerations 

that facilitate innovation through the exchange of knowledge. Ultimately, theorists such as 

Strange (1988) claim that knowledge is becoming the foundation for control within an 

industry and the basis for political and economic power- whoever controls the knowledge 

controls the market (and has political power). 

Krugman (1998) put forward a taxonomy for considering the factors that underlie the 

formation of regional innovation clusters. He argues there are two opposing forces in every 

community: centripetal forces that pull the community together and centrifugal forces that 

discourage agglomeration. 

The first, centripetal force, comes from labour markets that have many potential employers 

and have a wide range of employees with appropriate skills, such that matching jobs with 

workers is facilitated (i.e., thick labour markets). Organisations in similar industries are more 

8 Absorptive capacity is the ability of the firm to take outside knowledge and exploit it for the 
benefits of their own company. 
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likely to locate in communities with thick labour markets because it is easier for the 

organisation to find more skilled workers. Similarly, qualified employees will be drawn to the 

locality due to the increase in job opportunities and job advancement within one location. 

While these communities may have higher turnover rates, this often increases knowledge 

spillovers.lv1arshall (1890: 225) observed that in communities with industrial agglomerations, 

"the mysteries of the trade become no mystery, but are, as it were, in the air." lv1arshall is 

simply noting that in such industriallocalisations organisations can figure out what each 

other is doing based on actions within the locality as well as through simple exchanges 

within social networks. This tends to increase the incentive to innovate and compete, which 

subsequendy increases social welfare. A third centripetal force is the access to more 

specialised and efficient networks of finns upstream and downstream of the core sector in 

regional economies. Backward linkages are connections created within the locality with finns 

in the same or related industry upstream of the specific stage of production, while forward 

linkages are relationships flowing from organisations to the larger downstream market. Both 

types of linkages are based on knowledge and make a locality more attractive for investors. 

Krugman (1998) identifies three centrifugal forces: immobile factors, land rents, and pure 

external diseconomies. lv1any factors are immobile, such as land and natural resources 

(Krugman argues that to a certain extent people/ workers are often immobile as well). 

Wherever industries or markets agglomerate the demand for these fixed inputs rise relatively 

faster, such that their prices correspondingly rise. Land is the ultimate immobile factor of 

production, such that land rents for specialised or specially located land often rise faster than 

other costs. Meanwhile, local demand may either rise or become more demanding, which 

will have a tendency to increase local competition, which is likely to cause prices to decline. 
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Both rising input costs and declining product prices create an incentive to become more 

competitive and innovative. Meanwhile, simple congestion (e.g., in related infrastructure) 

may be a deterrent to geographical concentration (it is often viewed as a pure external 

diseconomJ1. 

These forces may be influenced and leveraged but cannot be controlled. It is up to the firms 

within the regions to establish a collection of resources in order to cultivate intra-firm 

innovative activity. Rugman and Verbeke (2001) have noted Penrose's influence on the 

resource-based views of firm-based strategic management, which departed from the 

traditional product-based view. Penrose (1959: 31) regarded the firm as "both an 

administrative organization and a collection of productive resources, both human and 

material." Penrose (1959) and Barney (1995) argue that advantage comes from the resources 

and capabilities of those resources that are unique to the remainder of the competitive field. 

According to Penrose (1959: 25) "it is never resatrrE themselves that are the 'inputs' in the 

production process, but only the senias that resource can render." Nonaka and Takeuchi 

(1995) move from strictly focusing on products and resources to the knowledge-based view 

of strategic management. They conclude that "services are a function of the experience and 

knowledge accumulated with the firm, and thus firm specific. In essence, the firm is a 

repository of knowledge" (34). Knowledge utilises the assets within the region and acts as a 

primary economic driver. 

The public sector can also act as a repository for knowledge. Both firms and the public 

sector provide functions in order for products and processes to be researched, developed 
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and commercialised. The challenge is to figure out the balance between public and private 

roles. 

2.4 The Role of the Public Sector 

The role of the public sector is relatively unexplored within the innovation literature. Phillips 

(2002: 4) believes that "no one finn or region drives the innovative activity- multiple actors 

jointly lead it." Holbrook and Wolfe (2002) believe innovation clusters are better 

characterised as 'regional communities' where networks facilitate innovation. Within a 

region, the development, exchange and use of knowledge is often facilitated by central 

actors, most often in the public sector. 

There is a strong rationale for public participation in innovation, especially when there are 

economies of scale in knowledge. Essentially, the logic is that networks are necessary in 

order to capitalise on local assets in a regional setting. This includes tangible assets - i.e., 

land, labour, physical capital and equipment - and intangible assets - such as human capital 

and intellectual property. The difficulty of leaving all of the activities to the private sector is 

that many of the intangible assets exhibit public good characteristics. Specifically, much of 

the knowledge underpinning the R&D and commercialisation processes is non-rival (i.e., 

more than one person can use the same good at a time; multiple uses does not diminish its 

value) and often hard to make excludable (because of its tacit nature). Furthermore, much of 

this knowledge has potentially larger social value than private value - it frequently creates 

spillovers or 'mysteries in the air' that enhance the competitive position of all firms and not 

just the owning firm. Acharya (1999) believes that technology spillovers are important in 

giving continuity to the process of technological change. These factors suggest that the 
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private sector would likely under-invest in R&D and under-utilise resulting discoveries and 

inventions. Thus, there is a role for the private sector. To be effective, most regions require a 

knowledge 'hub' or broker within the region. The public sector often serves as this hub, both 

contributing to and disseminating high-quality and innovative knowledge within the region. 

There is limited literature recognising central or core actor roles within an innovation system, 

although it is evident that they exist. Unique universities, federal laboratories and some finns 

attract organisations into a specific locality due to the services they provide or the knowledge 

that they possess. Leydesdorff's (2001) Triple Helix hypothesis seeks to explain this process 

through examining three types of actors: universities, industry and government. There is no 

recognised ideal combination between these actors, but where these three actors exist in a 

region there is potential for the community to continuously reinvent itself, thereby remaining 

innovative and competitive. 

Leydesdorff (2001a) argues that within a region each participating institution remains 

independent while creating interdependent spheres with the other actors (i.e., a 'network 

community'). Every actor within the Triple Helix is critical to its growth and success, but the 

governments must engage in a difficult balancing act. While governments often are needed 

to provide a significant amount of investment in R&D, its primary responsibility is to create 

an environment that is conducive to innovation. To that end, governments are key actors in 

developing and delivering policies and services that guide and facilitate industrial and 

economic development. The difficulty is that they must be careful to not dominate the 

interaction processes in the industry. Governments must support the market and not replace 

the market - to do otherwise would likely lead to negative economic outcomes. 
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Leydesdorff (2001a: 3) argues that "the necessity to restructure institutional relations is caused 

by the· knowledge-intensity of the economic development. Institutional relations are 

restructured with reference to their innovative capacities." As a result, the progression of the 

Triple Helix model is unique to every region. For example, a university that is surrounded by 

and connected with a knowledge-based economy is likely to have a comparative advantage 

over one that is not (Leydesdorff, 2001a). A consistent focus on developing and supporting 

human capital for one industry can both sustain the development of businesses within the 

region and strengthen the university itself. At the regional level, this could lead to a snowball 

effect where the investment in one area results in subsequent promotion and investment in 

other areas of the economy, furthering the benefits to social welfare. 

Martin and Sunley (2002) argue an industrial regional community needs to house all of the 

facets to go from the producer through to the consumer. There are a range of functions 

needed within a firm, or available locally, that enables a firm to assemble assets to create new 

and innovative products. Martin and Sunley argue that there are often a number of missing 

pieces in the 'jig-saw' puzzle. If a region does not offer the requirements needed to support a 

high-technology industry, then it will need to access or attract the needed resources from 

elsewhere. If there is a missing piece in the development chain, the cluster may not maximise 

the innovation potential of the cluster. 

Government policies may be able to foster advancement in science and technology, thereby 

promoting economic prosperity within a region. A number of academics and policy institutes 

have offered advice on what governments might do to enhance innovation. 
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The OEffi (1996) suggests three policies are essential to support innovation clusters. First, 

the OEffi argues that governments need to enhance knowledge diffusion through 

university-industry-government collaborations, as hypothesised by the Triple Helix. 

Leydesdorff (2001) cautions, however, that the dynamics between the Triple Helix actors 

may not be stable due to the complexities inherent with each actor. Second, the OEffi 

recommends governments upgrade human capital, by promoting accessible skills in 

educational institutions, continuous training by industry organisations and promoting 

organisational change. Together, these changes would accelerate the adoption of 

technological advancements, increase productivity and ultimately enhance the rate of 

innovation. Finally, the OEffi (1996: 19) suggests, "governments can provide the 

conditions and enabling infrastructures for these changes through appropriate financial, 

competition, information and other policies." This is where the challenge lies. Governments 

face a multifaceted challenge in balancing the appropriate policies to facilitate economic 

development through the promotion of innovation clusters. 

One way the public sector can assist industry is by creating a hub for knowledge as well as 

creating an environment for technological innovation. Metcalfe ( 199 5) suggests three ways 

of doing this. First, he suggests government create 'opportunities' through policy

effectively he argues that policies must regulate, not hinder, the innovation process. Second, 

he recommends 'incentives' be offered to encourage innovation. He believes it is important 

for competition to be present in order to further promote innovation. Third, there must be a 

reasonable 'distribution of resources' to facilitate the innovation process. If the necessary 

infrastructure, technology and knowledge are not available, organisations will not be able to 

develop new products or processes. This is critical for regional communities because when 
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they have to go outside of the region it often becomes more expensive and usually dilutes 

local community benefits. 

Even though we have a number of interpretations of the innovation process that suggest 

new or better government policies (and sometimes services), we are for the most part still 

stuck with a 'black box' model of innovation. We are able to measure the inputs into the 

innovation process and to identify the new products and processes that flow from the 

process, but we cannot specifically measure the incremental impact of individual policies or 

services. The next chapters will offer one way to measure the relationships between 

'innovative' firms and the services and support offered byvarious public actors in order to 

add to our understanding of the policy challenge. 

2.5 Conclusions 

Drucker (1993) argues that within developed countries knowledge formation is the largest 

investment made by any government. He states, "increasingly, productivity of knowledge 

will be decisive in its economic and social success, and in its entire economic performance. 

And we know that there are tremendous differences in the 'productivity of knowledge' -

between countries, between industries, between individual organizations" (186). Further, the 

increase of innovation in a particular sector has subsequent effects on other industries within 

that region as well (Klein and Rosenberg, 1986). In short, a local agglomeration often 

experiences a snowball effect, when innovation and competition in one sector spillover and 

precipitate subsequent evolution in another. 
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Essentially, a regional innovation cluster is one way to capture those benefits. The key to a 

prosperous innovation cluster is to have the right people, with the human capital that fosters 

competition, collaboration, and ultimately innovation. These regions often exhibit attributes 

of a collectively-managed industrial cluster, where leaders emerge from both the public and 

private sector and where private and collective actors will be important partners to the often 

dominant private actors. Within successful innovation systems, networks increase the 

efficient flow of knowledge, which enhances the rate of development for innovation. 

Furthermore, the transferability of some technologies between actors in a cluster is often 

much greater than seen between countries that are geographically diffuse. The US National 

Governors Association (2002: 9) claim that "concentration, or clustering, gives businesses an 

advantage over more isolated competitors." 

There are four key weaknesses within the current literature that I hope to remedy. First, 

there is no empirical method of defining and delineating a cluster. There needs to be a 

quantitative way to identify the minimum (and maybe even maximum) features (which we 

define as linkages) in order to justify the use of the term 'cluster.' 

Second, central, public actors often ask how they can nurture innovation through the 

delivery of services. Ultimately, they want to direct their efforts to finns that exhibit the 

attributes that will lead to success. The cluster literature does not provide much guidance on 

how to identify who to work with. 

Third, the literature is weak on defining the respective roles for government actors. They talk 

about policy and services, but the literature treats government as a homogenous entity. 
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dearly, different institutions offer different services; this thesis will offer one way to 

categorise them. 

Finally, the theory does not tell any central actor what functions to provide to an innovation 

system. There is a need for a framework to analyse the capacities and needs of a cluster and 

to then determine what needs to be added in order to fill in the 'jig-saw.' 
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CHAPTER 3: ANALYTICAL FRAMEWORK 

3.1 Introduction 

This chapter offers an analytical framework for examining and investigating the role of 

public institutions in innovation systems. Section 3.2 offers some general observations on 

the research approach used in this thesis. Section 3.3 identifies the criteria for and 

identification of the central actors in Saskatoon's agricultural biotechnology cluster and the 

functions they offer to the regional innovation system. Section 3.4 lays out primary data 

sources used for the analysis. Section 3.5 employs the literature to define and examine three 

discrete measures that will be used to determine the causal relationships in the innovation 

system. 

3.2 Research Approach 

As stated in chapter 1, the general research question is whether existing institutions in 

Saskatoon's agricultural biotechnology innovation cluster conduct the appropriate activities 

in order to include the Canadian Light Source Inc. and the life sciences sector into the 

cluster? As already noted, this research question leads to three testable hypotheses: Does 

Saskatoon have a measurable innovation cluster? Can 'innovative' enterprises be identified 

prior to becoming 'innovative'? Are the core actors (8 service providers in our case) 

significantly linked to and supportive of 'innovative' firms? 
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This thesis uses a combination of both qualitative and quantitative analysis. It draws on a 

series of qualitative observations from past studies and from interviews conducted via the 

Innovation Systems Research Network survey to identify the core actors, their key functions 

and the nature of innovation in a system. There is a significant amount of literature available 

on Saskatoon's ag-biotech cluster but the majority of it offers only qualitative assessments of 

the industry. This will be used as a base, but needs to be supplemented. 

The ·thesis also undertakes a quantitative analysis using two key surveys. The study focuses 

on a select group of actors to identify the relationship between actors and the functions they 

offer or access. This involves constructing and analysing a series of measures of innovation, 

density and centrality for the Saskatoon ag-biotech sector and its community. 

Ultimately, the relationship between 'innovative' and 'non-innovative' firms will be evaluated 

in conjunction with centrality and density measures, in an effort to identify causal 

relationships between public services and private initiative. 

3.3 Central Actors and Functions 

Two key factors within a regional cluster must now be defined: centraV core actors and 

functions. Central actors are organisations within the innovative community that are 

connected to other regional organisations involved in the same or related industry. Central 

actors within the industry and the specific region provide functions to the regional actors 

that support and enhance research, development and commercialisation. 
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3.3.1 Central Actors 

For the purposes of this study eight central actors were recognised from previous 

institutional analyses of Saskatoon's agricultural biotechnology cluster as well as preliminary 

results in the ISRN research. These actors include Agriculture and Agri-Food Canada, Ag

West Biotech Inc., the Canadian Light Source Inc., National Research CDuncil-Industrial 

Research Assistance Program, National Research CDuncil-Plant Biotechnology Institute, 

POS Pilot Plant, the Saskatchewan Research CDuncil and the University of Saskatchewan. 

The eight core actors chosen a priori are located within 1.5 kilometres of one another on the 

University of Saskatchewan campus. These organisations are classified in table 3-1. 

Table 3-1: Core Actors in Saskatoon's ~-.....,••vu. ..... u 

Source: Procyshyn, et al., forthcoming 

Given that each organisation has a unique history and place in the Saskatoon cluster, it is 

worthwhile offering a brief synopsis of their structure, function and placement. 

Agriculture and Agri-Food Canada has had a research arm in Saskatoon since the 1950s. Its 

mandate is to provide information, research and technology, and policies and programs to 

achieve security of the food system, health of the environment and innovation for growth. 
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The Saskatoon Research Centre focuses on long-term crop research related to grains, 

oilseeds and fodder for use by the Western Canaclian agri-food industry. They currently have 

over 3 50 employees in Saskatoon (AAFC, 2004). 

Ag-West Biotech Inc. (A WB) is a publicly funded, industry led sectoral association that 

assists Saskatchewan companies by offering access to competitive information, regulatory 

and commercialisation services and investment capital. Ag-West works with company start

ups as well as existing companies by identifying new technologies, facilitating creation of 

strategic alliances between organisations, attracting international companies, offering early 

stage venture capital and developing a broad base of support systems for the industry 

through lobbying. Ag-West Biotech states: "We are the Province of Saskatchewan's main 

force for achieving strong, vibrant, profitable ag biotech industries - both food and non

food - which provide a large number of high quality jobs and make a significant 

contribution to the wealth of the Province" (A WB, 2004). In May 2004 (after our surveys 

were complete), A WB was merged with the Saskatchewan Nutraceuticals Network and 

BioProducts Saskatchewan to form Ag-West Bio. It is unclear how this change will affect the 

institutions offerings. 

The Canadian Light Source Inc., a wholly owned facility of the University of Saskatchewan, 

is a $173.5 million project (the largest scientific investment in Canada in over 30 years). The 

facility uses powerful magnets and radio frequency waves to accelerate electrons to nearly 

light speed. The resulting beamlines are focused onto experiment end stations, where 

different parts of the spectrum can be chosen to see down to the atomic level. This form of 

testing matter can be used for a number of research applications to "help design new drugs, 
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examine the structure of surfaces for developing more effective motor oils, build more 

powerful computer chips, and help with clean-up mining wastes" (a5I, 2004). 

The National Research Cbuncil-Industrial Research Assistance Program (NRG IRAP) is one 

of Canada's premier innovation assistance programs for small and medium-sized enterprises 

(S:MEs have fewer than 500 employees). It is a strong enabler for S:MEs and provides value

added technological and business advice, financial assistance and numerous other programs. 

The IRAP portfolio of services has four components: technology expertise and advisory 

services; financial assistance for R&D activities; networking; and partnerships (NRG IRAP, 

2004). 

The National Research Cbuncil-Plant Biotechnology Institute (NRG PBI) is dedicated to 

plant and crop research. PBI's aim is to improve both agronomic and product quality traits 

for Canadian growers - current research includes drought tolerance, disease resistance, 

improving fall seeding applications and changing the nutrition and composition of grains 

and oilseeds. New technology development is also a major focus. Current projects focus on 

genomics and proteomics. NRGPBI provides state-of-the-art services, which also include 

fee-for-service work for external customers.lt is widely viewed by many as a key catalyst 

within Saskatoon's growing ag-biotech community (NRG PBI, 2004). 

Plant Oil and Starch Pilot Plant Cbrporation (POS) began in 1977. Their vision is to be "a 

global leader in providing bioprocessing solutions." Since 1977 their staff has grown from 18 

to over 90 employees and has developed specialisations in areas such as natural-based health 
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products, health-oriented food, bio-industrial products and bio-based processing. POS is 

viewed by many as a global leader in the bioprocessing industry (POS, 2004). 

Saskatchewan Research Council {SRQ, an entity of the provincial government, has become a 

key provider of applied research and development and commercialisation services in 

Saskatchewan. The Council focuses on taking Saskatchewan innovations to the world 

market. SRC was established in 1947 and is now a market-driven organisation focusing on 

products and services in the physical sciences. Presently, SRC has more than 225 employees 

and annual revenues of approximately $26 million {SRC, 2004). 

The University of Saskatchewan {U of S) was founded in 1907 and has remained a hub for 

agriculture and now biotechnology research. It has numerous leading and supporting 

departments working on various aspects of agricultural biotechnology. Capacity ranges from 

the natural sciences to management, sociology, law, economics and philosophy. As such, the 

university offers a one-stop centre for examining and supporting the industry. The U of S 

mission states that: "The University of Saskatchewan belongs to the people of Saskatchewan. 

As an academic community, our mission is to achieve excellence in the scholarly activities of 

teaching, discovering, preserving, and applying knowledge" (U of S, 2004). 

3.3.2 Functions 

The literature suggests that there are five functions needed in order to support an industry, 

including: research and development; services; financial exchanges; high quality personne4 

and networking {Ryan and Phillips, 2003). Table 3-2 identifies each function and the manner 

in which they were defined for this study. 
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Table 3-2: Ouster Function Characterisation 

Omunereial or social interactionilia.i·does not reJire:to 
formal exchange of goods, sezyices, capital and lahQurrc< 

The rest of the analysis seeks to detennine the significance of the relationship between the 

central actors, the functions they offer and the prospects for innovative finns. 

3.4 Sutveys 

Two surveys were undertaken to gather primary data for this study. First, this study draws on 

the results of an extensive survey delivered under the aegis of the Innovation Systems 

Research Network project (ISRN). The ISRN is a nation-wide research network that is 

examining different aspects of industry clusters in Canada (see appendix A and Ethical 

Approval for research in appendix B). This research team consists of academic researchers 

studying innovation, economic geography, and communications. The focus of the ISRN 

initiative is to analyse regional innovation clusters throughout the country by investigating 

the levels of interaction between different organisations and institutions within a given 

region and undertaking some cross-cluster analysis to detennine whether any generalisations 

are possible. 
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The ISRN developed a standardised interview-based survey for use across Canada. These 

interview guides were then tailored to respond to the differences of five types of institutions: 

companies, research institutions, associations, government departments, and venture capital 

companies. Appendices D through H have the survey guides that were administered in 

Saskatchewan. 

The survey was administered by five individuals, working pairs, over two summers. The first 

30 surveys were administered in Saskatoon between June and August 2002 and the second 

round of 30 was undertaken in May to August 2003. The surveyors in the second year were 

trained and supervised by the first year surveyors. A total of 60 interviews were conducted in 

an estimated source population of approximately 110 actors (appendix I). While 60 

individuals were interviewed, there were a few from the same organisation. These have been 

removed from the sample. Therefore, n for most of the responses is a maximum of 58. This 

sample was stratified to ensure an appropriate mix of actors within the Saskatoon region and 

involved all functions in the ag-biotech and life science components of the community. (Due 

to confidentiality issues the interviewees cannot be named.) 

Second, a series of interviews with the eight central actors in Saskatoon were undertaken to 

create additional quantitative data. In these interviews the central actors were asked to 

identify the organisations within the community that they are associated with and break them 

down by function. Each central actor was presented with a list of 95 organisations situated in 

Saskatoon (including supporting and related industry actors) and asked to identify, qualify 

and categorise the linkages they jointly had (see appendix]. Table 3-3 categorises the 98 

specified organisations by type. 
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Saskatoon has a significant number of private firms, although none are central actors within 

the region. Rather, public, quasi-public and collective organisations are the key central actors 

of the regional network Again, these central actors were determined through previous 

institutionally-based research, as well as preliminary results from the ISRN surveys. It is 

important to note that given there were an estimated 120 + actors in the agricultural 

biotechnology cluster in the Saskatoon region at that time, the list of 95 actors was not fully 

inclusive {this may not be a serious concern as the list of 38 private companies is believed to 

be fully complete and most of the correlations relate to this group of actors). 

3.5 Measures of Density, Centrality and Innovation 

Grrrent methods of measurement used in cluster research neglect a number of aspects 

regarding cluster development, success and long-term performance. This section develops, 

for Saskatoon, three specific quantitative measures that will be used in chapter 4 to analyse 

the relationships between central actors and private firms. 

One approach that is increasingly being used is mapping knowledge networks based on 

linkages revealed through licensing agreements, strategic collaborations and joint initiatives. 

Theodorakopoulous and Kalaitzandonakes {1999) adopted this approach in an attempt to 

map the national knowledge networks of the plant biotechnology industry by analysing, 
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comparing and investigating the impacts of the network structures in both the European 

Union and the United States. The goal of the study was to measure the effect of the network 

position of each participant on innovation performance of the industry. Information was 

gathered on existing public-private research agreements in both the US and the EU. Both 

sets of knowledge networks were analysed separately through network analysis. 

Theodorakopoulous and Kalaitzandonakes paid particular attention to the density of each 

network and the measures of betweenness (what I call centrali~. These measures were used 

to ascertain the degree of activity between various nodes and to understand how the actors 

in the networks were positioned relative to one another. Ultimately, the goal was to 

determine the power of the individual actors involved. 

Although Theodorakopoulous and Kalaitzandonakes' model offers insights into the number 

of interactions and linkages between actors in R&D related exchanges, it is limited in three 

ways. First, it does not provide information on linkages for service, financial, high quality 

personnel, or networking exchanges. Second, it looks at national systems of innovation, 

missing potentially important local interactions. Third, Theodorakopoulous and 

Kalaitzandonakes only considered universities, public research institutes and firms as 

potential central actors, to the exclusion of other entities such as business consultants, 

venture capitalists, civic associations, and other industry supporting organisations. 

This study focuses on the most active central actors, five types of functional relationships 

and links them to the rate of innovation as reflected in finn performances. This requires 

three measures: density, centrality and innovativeness. 
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3.5.1 Density 

The density "of the entire network, is a proportion that is calculated as the number of all ties 

occurring in the matrix divided by the number of all possible ties" (Knoke and Kuklinski, 

1982: 45). N is the number of actors within the region in the same or related industry, while 

L is the number of links that the particular actor acknowledges - the number in the 

'TOTAL' row of appendix J. The number of links (L) is multiplied by 2 in the equation 

because relationships are assumed to be bilateral, and the denominator {N1N-1 D already 

accounts for all possible permutations and combinations. Equation 1 expresses the density 

formula. 

D 
. 2L 

enszty Local = ---
N(N -1) 

(Equation 1) 

3.5.2 Centrality 

Centrality is a concept referring to the importance of a particular actor, and the degree of 

centralisation of a whole network Centrality measures are generally used to "describe and 

measure properties of 'actor location' in a social network" (Wasserman and Faust, 1994: 

169). Various measurements of centrality have been proposed to analyse communications 

activity, control or independence within a variety of social networks. In this case, centrality 

measures offer a way in which to quantify the regional integration ( centrali~ of actors in the 

economy and highlight the match (or mismatch) between perceptions regarding actors' roles 

in innovation and their actual function within the region. It is valuable to determine which 

organisations may be perceived to be central actors within the innovation cluster. A 

centrality measure is derived based upon the data gathered through identified core actors. 

Centrality is defined as the actual number of linkages (sum of Li) (in our analysis by 
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function) with the community population, relative to the total population (N-1). Centrality 

would be 0 for any organisation that has no links with other local entities, while its centrality 

measure would be 1 if it was linked with every possible local partner. Equation 2 shows the 

actual formulation. 

Centrality j = ..;_i=..:;_l -

N-1 

3.5.3 Innovativeness 

(Equation 2) 

The Innovation Index is a measurement of both past innovative capabilities and the future 

potential to innovate, thus including both backward and forward potential. Five questions 

are extracted from the ISRN Company Interview Guide to create indices for firms and other 

actors (box 3-1). 

Box 3-1: Innovation Questions from ISRN Company Swveyz
Part B: 
1.1 During the last three years, did your company offer any new or 
significantly improved products (goods or services) to your clients? Yes = 1, 
No =0 

1.2 During the last three years, did your company offer new or significantly 
improved production/manufacturing processes? Yes = 1, No= 0 

2.1 Were these innovations: 
A world first? Yes = 3 
A first in Canada? Yes = 2 
A first in your firm? Yes = 1 
None =0 

2.2 Does your firm hold an existing or pending patent on this or other 
products and/ or processes? Yes = 1, No =0 

2.3 Is your firm currently developing a new product or process? Yes = 1, No 
=0 

)1-Referto appendix D 
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Questions 1.1, 1.2 and 2.1 provide qualitative evidences of the rate and scale of innovations 

in individuals firms while question 2.2 tests the knowledge assets that the organisation has 

while question 2.3 looks at the future potential of the company to innovate. If an affinnative 

answer was given, then they received a score of 1 and negative answers were scored 0. 

Hence, any individual firm has a potential Innovation Index range of 0 - 7, where the most 

innovative companies will have a maximum of 7 points while the least innovative companies 

may not have received any points (see table 4-3). 

The resulting Innovation Index of an organisation will be tested with respect to the 

functional relationships they hold with the eight central actors previously outlined Thus, the 

relationship between 'innovative' organisations and central actors will be explored. 

3.6 Conclusion 

This chapter has outlined a framework for identifying, measuring and analysing the 

functional relationships between 'innovative' firms and central actors. Chapter 4 will provide 

an analysis of the results of these measures. 
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CHAPTER 4: DATA ANALYSIS 

4.1 Introduction 

This chapter uses the framework developed in chapter 3 and the data collected in various 

preliminary studies (i.e., the central actor interviews and the ISRN surveys conducted in 

Saskatoon's agricultural biotechnology cluster) to test the hypotheses outlined in section 1.2. 

Combined, these hypotheses raise the issue of the correlation between innovation and the 

functions and central actors credited with nurturing and supporting the innovation cluster in 

Saskatoon. 

Section 4.2 outlines the density measures for Saskatoon's agricultural biotechnology cluster 

by function and analyses the neo-Schumpeterian model of industrial development. Section 

4.3 uses the Innovation Index outlined in section 3.5.3 to give a quantitative value for each 

company interviewed. It then determines that 'innovative' firms cannot be differentiated 

prior to becoming 'innovative.' Section 4.4 profiles the public or quasi-public organisations 

interviewed in the ISRN survey and also gives them a quantitative rate of innovation for 

each. Section 4.5 uses the ISRN survey results to form an illustrative representation of 

Saskatoon's cluster. It outlines the region's attributes, and the key business and community 

leaders. Lastly, section 4.6 examines the relationships between the central actors, by function, 

giving each a measurement of centrality as if they were their own community. Additionally, 

in a search for causality, the centrally placed functional actors are compared with 'innovative' 

and 'non-innovative' firms. 
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4.2 Does a cluster exist in Saskatoon? 

Ultimately, density is the underlying measure of a cluster. It reflects the interaction between 

actors - if there is no density, then there is no clustered community (according to the 

definition) and hence no entity can be central. Previous studies tell us that Saskatoon's 

agricultural biotechnology cluster is dense, but no measurements have ever been tested 

Using the equation identified in section 3.5.1 by Knoke and Kuklinski (1982), and applying 

the data available from central actor interviews, we find that for all five functions 

Saskatoon's total network density is 0.15 or 15.0% (a total of 712linkages - limited to 

central actors - with a total community possibility of 9,506 linkages). 

Next, density measurements may be broken down by function. As one would expect, the 

densityvaried across functions from the weakest density measurement of 1.4% for financial 

exchanges and 1.8% for high quality personnel links, to a medium of 2.3% with R&D links, 

and a high of 7.6% centrality for networking (table 4-1). 

This supports preliminary research findings in the Saskatoon ISRN survey process that 

indicated there is limited venture capital in the region that can foster entrepreneurship. 

Furthermore, it confirms that the community is relatively highly linked for research industrial 

policy and promotional efforts. 
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The data parameters of the density also can be defined through a number of functional 

linkages. Some of the identified average number of connections (89) are, in fact, duplications 

of relationships between two organisations. For example, NRG PBI may have both 

networking and high quality personnel linkages with the same small or medium-sized 

entetprise and both linkage types are recognised and therefore counted in this model. 

One limitation of the foregoing analysis is that it only offers a snapshot in time. We know, 

however, that if we accept the neo-Schumpeterian model of industrial development, both 

finns and the entire cluster will go through different stages as it emerges, ages and matures, 

such that there will likely be different and widely varying optimal levels of density. Density 

measures at other times and in other communities will vary. If they existed, we likely could 

see the spectrum of stages as offered by Lundvall (1992). Presently, networking in 

Saskatoon's agricultural biotechnology cluster has the greatest density, suggesting that it 

exhibits attributes of the Innovation Stage of the neo-Schumpeterian model of industrial 

development (table 4-2). There is also evidence that the Saskatoon agglomeration has 

developed and is continuing to develop a thick, skilled labour pool, also consistent with the 

localisation pattern in the innovative stage posited by Lundvall. While some suggest that 

regional industry growth is starting to diminish compared to rates in the past 10 years, the 

rate of growth remains relatively high and networks appear to still be important in facilitating 

innovation. 
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dose to skilled 
labour pools or 
founder's 
residence 

Relocations 
retarded for 
earlyfinns q~~ <. 
enco-uraged at 
later stages 

A question one might ask is whether there is a maximum density beyond which sub-optimal 

outcomes are realised. Audretsch (1998) argues that the activities inherent in business 

exchanges are socially embedded and that promoting networks between organisations should 

induce and facilitate knowledge spillovers and exchanges. But he argues that there is likely a 

level where too much networking may be detrimental to innovation. Landry (2004) suggests 

that high degrees of local connectedness in the photonics cluster in Quebec City may impede 

a firm's ability to bring forward world-first innovations. Firms with more success in global 

markets tend to be less connected locally. The difficulty is that there is no a priori basis for 

determining what the ideal density measurement might be. Monitoring density of a variety of 

innovation clusters might provide some answers, but that is beyond the scope of this study. 

Nevertheless, I suggest that density indices may be an efficient tool to monitor the 
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progression of a community. By doing this in the future we should be able to also measure 

not just the total density but the density for each function at each stage of development. 

4.3 Can we ex ante pick winners among firms? 

Saskatoon's agricultural biotechnology clusters' eight central actors provide an array of 

services that map into the five functions in an effort to develop and commercialise new 

products and services for the market. The most important question they ask is how to 

identify the finns that have a greater chance of succeeding. If there is the means to identify 

whether a finn has the factors to potentially be 'innovative,' then central actors could focus 

their efforts on those companies with the appropriate attnbutes. This section takes the 

Innovation Index developed in section 3.5.3 - which focuses on new product and process 

innovations making it to market - and applies it for all companies interviewed in the ISRN 

process. Each finn is assigned an index number and then distinguished as either 'innovative' 

or 'non-innovative' based on their score. The pwpose of this variable is to create 

quantifiable differentiation between organisations. By calculating a figure for each 

organisation they can then be compared using other variables. Once each company has a 

quantified Innovation Index and they are split into the two categories ('innovative' and 'non

innovative'), they are compared to see whether there are any distinguishing organisational 

features. The analysis shows that there is no distinct, externally-visible attribute that will 

allow for distinguishing 'innovative' and 'non-innovative' finns. Thus centrnl actors are 

unlikely to be able to lX ante identify which finns to help - in short, it is unlikely that public 

agencies can realistically pick "winners." 
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As discussed in section 3.5.3, the Innovation Index is a measurement of both past innovative 

capabilities and future potential to innovate, thus including both backward and forward 

potential. Any individual firm has a potential Innovation Index range of 0 - 7, where the 

most 'innovative' companies will have a maximum of 7 points while the least 'innovative' 

companies may not have received any points (table 4-3). The following is the calculation of 

the Innovation Index for the companies that participated in the ISRN survey. 

*Refer to appendix K for private company qualifiers 

The resulting innovation indices are graphed and statistically assessed in graph 4-1. The 

average/mean of the Innovation Index for the 22 sample companies is 4.9, which indicates 
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that on average private companies in Saskatoon are not globally 'innovative.' But the average 

is high enough to assume that companies are on the higher end of the Innovation Index and 

therefore may at least be in the process of becoming "innovative players" in the industty. 

Innovation Index 

1.0 2.0 3.0 4.0 

Innovation Index 

Graph 4-1: Innovation Index Histogram 

5.0 6.0 7.0 

In order to compare companies, they were split into two categories. 

Std. Dev = 1.98 

Mean =4.9 

N=22.00 

1. 'Innovative' firms, with a score of 6 - 7 primarily have one product or service that 

is a world-first; 

2. 'Non-innovative' (or perhaps more appropriately 'pre-innovative') firms, with a 

score between 0- 5, who have yet to get a world-first. 9 

While there is no a priori breakpoint between innovative and non-innovative firms, for the 

purposes of this study, we needed to categorize firms as innovative or non/ pre innovative. 

9 When referring to the 'innovative' and 'non-innovative' categories of the Innovation Index 
specifically, single quotes are used 
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Initially, the sample of 22 firms was divided into two cohorts, those with an innovation 

measure of 0 - 4 and those with a measure of 5 - 7, based on the visually apparent bimodal 

distribution of firms (see graph 4-1). When we used this dataset to identify causal 

relationships between firms and central actors, no strong evidence was forthcoming. We 

then tried splitting the sample of 22 firms based on the mode, where a finn would need an 

index of 6 or 7 to be 'innovative.' As a result, there are 12 'innovative' firms, and 10 'non-

innovative' firms distinguished via the index. As will be shown, this index reveals significant 

linkages between central actors and innovative firms. 

For comparative purposes, the network densities for 'innovative' and 'non-innovative' 

companies were developed. These measurements were calculated acknowledging the 

connections for all five functions and therefore each organisation can be connected to one 

actor as many as five times. It was anticipated that the whole network density would be less 

than both the 'innovative' and 'non-innovative' company network densities illustrated in 

table 4-4 (because there are significantly fewer organisations counted and therefore fewer 

nodes that have zero connections). For the 'innovative' companies the network density is 

35.2%, while 'non-innovative' companies are less connected at 28.8%. 

Table 4-4: Network Density 
~Innovative' Cmppanies 
n=12 

While the differences in network densities are not significant enough to make clear 

conclusions, the connections between the central actors and 'innovative' and 'non-

innovative' firms may have future research benefits. 
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The following company attributes, table 4-5, are used to compare 'innovative' and 'non

innovative' firms. 

There is no statistically significant difference that can be identified in this sample between 

the 'innovative' and 'non-innovative' firms. First, only one 'innovative' and one 'non

innovative' firm were started priorto 1980 and the remainder were formed after 1980. 

Second, of the 'innovative' companies, three have between 50 and 150 employees while the 

remaining nine have less than 50; in contrast all of the 'non-innovative' firms have less than 

50 employees. This is realistic, as the 'non-innovative' firms generally do not have the 

income from commercialised products or patents to help insure future income or 
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production and therefore do not have the revenues to support a larger staff. Also, there is 

not a sizeable enough difference in order to prove significance. While not included on the 

chart, I also tested whether the 'innovative' and 'non-innovative' firms were statistically 

differentially connected to different areas of research. They appear to be relatively equally 

dispersed between the range of areas, for example: agricultural research, phannaceutical 

production, medical research, etc. 

The only externally visible variable where there is any statistically significant difference 

between 'innovative' and 'non-innovative' firms is in the category of patent ownership. 

83.3°/o of the 'innovative' firms own patents while only 30°/o of the 'non-innovative' firms 

hold patents. One might conclude from this that patents assist in the creation of 'innovative' 

firms, which by the definition created are firms that have commercialised products or 

processes that are 'new to the world.' If an organisation owns a patent it demonstrates their 

ability to be a builder. (While the Innovation Index includes whether a company owns a 

patent or not and therefore influences the results, the majority of companies that own 

patents are also 'new to the world' innovators.) Only three 'non-innovative' companies hold 

patents (note:# 13, a multinational entetprise holds numerous patents world-wide and would 

be considered 'innovative' on a global scale but is 'non-innovative' within the region). As a 

result, only two 'non-innovative' companies have created patented technologies in Saskatoon 

but have not commercialised any products or processes that are 'new to Canada' or 'new to 

the world' 
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We are forced to conclude that there are no meaningful distinct external attributes that can 

assist in determining whether a company has the potential to be 'innovative' and thereby 

enable public actors (or even private investors) to "pick winners." 

4.4 Are our public and collective institutions connected to innovative 
firms? 

Innovation indices were calculated differently for the four remaining inteiView guides. Each 

of the four related questionnaires - Research Institution Intemew Guide, Gvic Association 

Intemew Guide, Government Agency InteiView Guide, and the Venture upital Intemew 

Guide- had two questions that were utilised- Part B: 2 and 3 (box 4-1). 

Box 4-1: Innovation Questions from ISRN Organisational Swveys:~ 
Part B: 
2. During the last three years, did any companies involved with your 
organisation/ department offer new or significantly improved products 
(goods or semces) to their clients, or introduce new or significantly 
improved production/manufacturing processes? Yes = 1, No= 0 

3. Was this most important innovation: 
A world first? Yes = 3 
A first in C1nada? Yes = 2 
A first in their firm? Yes = 1 
None =0 

)'"Refer to appendices E through H 

These entities thus have a maximum Innovation Index score of 4 and a minimum of 0. 

Unlike the company indices there were a significant number of research organisations that 

received an innovation index of 0. The remaining organisations all received the maximum 

rate of 4. The results for the research organisations are bimodal, establishing that 

Saskatoon's research organisations are either highly 'innovative' or not innovative at all-

table 4-6. 
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Since the two questions used are in reference to organisational connections with 'innovative' 

finns, it may then be assumed that a number of the research institutes are still in the research 

stage. For example, one organisation that received a rating of 0 will soon have a rating of 4 

as they presently have a product going through the tedious process of regulatory review. 

This suggests that research organisations in Saskatoon may be focusing on 'big' innovations 

- those 'new to the world.' Comparing the attributes of the research organisations, all but 

one 'innovative' was developed before the 1970s. The entity developed after the 1970s is an 

extension of the University of Saskatchewan and therefore may be recognised as starting 

prior to 19 50s, as they were not required to develop their own strategy but rather were 

embedded in the U of S. Of the 'non-innovative' research organisations, five of eight were 

developed prior to 19 50; while these older research organisations may have previously been 
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connected to 'innovative' finns, their rate of being connected to 'new to the world' 

innovations in the last three years has been limited. The remaining three have only been 

created since 2000. These three are largely bio-based, focussing their research on the 

capabilities of the Synchrotron. Given that the a.5I is not yet open, these organisations 

have not had the opportunity to be connected to 'innovative' companies that will be using 

this facility. 

For the remainder - civic associations, government agencies and venture capital finns - the 

same questions were used as in the analysis of research organisations {box 4-1). Table 4-7 

outlines the rate of innovativeness for the civic associations interviewed. 

Table 4-7: Civic Association Innovation Index 

With the exceRtion of one entity the civic association Innovation Index, like the research 

organisation index, is bimodal. As table 4-7 demonstrates, five of the seven civic associations 

are connected to 'innovative' finns within the Saskatoon region. Further, the two that are 

not yet connected to 'innovative' finns are associations working in the area of life sciences 

(bio-based organisations) and have only been created in the last decade- again similar to the 

research organisations. This may be seen as both positive and negative. First, there are two 

associations in place to support a future life sciences network. Second, these associations are 
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not yet connected to any 'innovative' organisations and therefore may benefit from basing 

their model around another successful association in the region to ensure their organisation 

is as effective within the community as possible. Further, the life science companies located 

in Saskatoon are primarily start-ups or spin-offs that have located in the region for the future 

benefits that the asi will provide them, and therefore there is assumed to be significant 

potential for innovativeness. 

The government agency and venture capital results are illustrated in table 4-8 and are quite 

similar to the results found for the civic associations. 
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Three of the eight government agencies are connected to 'non-innovative' firms while two 

of the five venture capital companies are connected to 'non-innovative' firms; again, with the 

results being principally bimodal with the exception of entity# 47. 

Section 4.4 has provided quantitative variables demonstrating the connections of collective 

and quasi organisations located in Saskatoon. 

4.5 What factors in the regional climate are important? 

A number of competing theories on the emergence and development of clusters were 

outlined in chapter 2. Many support, while others discount the nurturing of regional 

innovation systems. Krugman (1998) argues that as nature happens, so do clusters, and 

therefore they should not be invested in. He states that the two opposing centripetal and 

centrifugal forces, outlined in section 2.3 .6, lay a foundation for an industry to agglomerate. 

Similarly, neoclassical economists believe that the government should not initiate or foster 

an innovation cluster but rather monitor the economic environment. If the environment is 

right, then a cluster will result. With tools such as density and centrality measurements, 

clusters can be better understood both qualitatively and quantitatively and may also help 

policy makers facilitate economic development within a region. 

Saskatoon has numerous assets stimulating the innovation cluster. This section assesses 

some critical factors in the region. First, it evaluates the factors inhibiting or contributing to 

the local economy, as identified by the interviewees. Second, different perspectives of 

'innovative' and 'non-innovative' firms will be analysed to assess for any statistical variation. 
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Lastly, important events identified by interviewees will be summarized, and influential 

industry leaders from these organisations identified. 

First, Part D question 1 from the ISRN interview guides examines attributes of Saskatoon's 

research community with the sample recognising each as either inhibiting or contributing to 

the regional economy. This question was addressed to all interviewees, n=55. Duplicate 

interviews (2 people from the same institution) were removed from the calculation therefore 

each question was answered once by each organisation. Further, each attribute was given a 

value in order to determine their aggregate score. Lastly, interviewees were asked to identify 

what they believed to be the 'most important' attributes within the region (table 4-9). 

Goyernment policies 
or programs 
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The aggregate score illustrates the split between organisations on their view of regional 

factors. For example, the aggregate score of 49, 45, and 32 for 'specialised research 

institutions and universities,' 'specialised training or educational institutions,'10 and 'co-

location with other finns in the same or related industry,' respectively, demonstrate that 

actors in the community view them as significant contributing factors to the regional 

economy. Conversely, the split with the 'availability of financing' attribute, with an aggregate 

score of 0, and 'physical, transportation or communication infrastructure,' with an aggregate 

score of + 1, suggests that organisations are split in whether these attributes have a positive 

or negative affect on the surrounding economy. 

The factors determined as 'most important' as well as have a high aggregate score are the 

'supply of workers with particular skills' and 'specialised research institutions and 

universities.' The high aggregate score suggests that they successfully contribute to the 

region. One of the most interesting scores is that of 'specialised training or educational 

institutions.' They are recognised as a contributor to the region at an aggregate score of 45 

but not one organisation recognised it as 'most important.' 

Therefore, organisations are recognising the importance of having specialised human capital, 

but that they do have the ability and willingness to go elsewhere for high quality personnel. 

As a result human capital does not necessarily need to be developed within the region. 

Phillips and Khachatourians (2001) conducted a survey of agricultural biotechnology 

employees in Saskatoon in 1998. They found that out of 390 respondents 23°/o had technical 

10 'Specialised research institutions and universities' and 'specialised training or educational institutions' are 
separated; both research and skilled workers are discrete outputs from the research institutes (e.g., NRC'JPBI), 
universities (e.g., University of Saskatchewan) and training institutes (e.g., both the University of Saskatchewan 
andSIAS1). 
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diplomas and 60°/o had undergraduate degrees, the majority which received their training in 

Saskatoon or Canada. The remaining 17°/o with master's degrees and 19°/o with PhDs largely 

were drawn from outside Saskatchewan or Canada (some respondents had both and 

therefore there is double counting). 

The closeness between inhibiting and contributing, 22 to 23 respectively, for 'physical, 

transportation or communication infrastructures' is a result of the large portion of services 

that are included in this question. Saskatoon is known as having world-class physical 

infrastructure for agricultural biotechnology research and development, and a strong 

communications network but relatively poor air transportation linkages in and out of 

Saskatoon. As a result, the structure of the question inhibits our ability to draw any 

substantive conclusions in this area. 

Lastly, 22 of those interviewed recognised 'availability of financing' in Saskatoon to be an 

inhibitor to the community while the same number recognised it as benefiting the regional 

economy. Further, all of the 'innovative' finns, with the exception of one, acknowledged the 

'availability of financing' to be either 'not applicable' or 'contributing' to the region's 

economy. Conversely, only one finn that is 'non-innovative' recognised the 'availability of 

financing' as a benefit to the region (table 4-10). Once again, by definition most of the 

'innovative' finns own patents and therefore are more likely to obtain financing from 

venture capital finns, which, once again, demonstrates the importance of patents in 

becoming 'innovative.' 
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Of the venture capital companies, 62% answered 'indifferent/not applicable' for what 

contributes to or inhibits Saskatoon's economy (appendix 0). This leads to the assumption 

that investors within the region lack knowledge in what is influencing innovation in the ag

biotech industry, and subsequently economic development in Saskatoon. 

The results of the inhibit/ contribute question were tested to see if there was correlation 

between being 'innovative' and acknowledging regional assets as contributing within 

Saskatoon. No correlation was found. ('The Sign Test was used which is introduced in 

section 4.6.) 

Next, the ISRN interview guides asked respondents to specify events that were catalysts in 

the concentration of the ag-biotech industry. Ag-West Biotech, Innovation Place, the CLSI 

and NRGPBI were the most acknowledged (with 15, 15, 11 and 10 acknowledgements 

respectively). After these institutions were developed, individuals from them emerged as 

leaders within the regional community. Interviewees were asked to identify key leaders that 

assisted in the development of the local cluster. Table 4-11 illustrates that the most 

frequently recognised people are, or were, leaders of quasi-public or public organisations. 

Thus, quasi-public and public organisations are generally acknowledged as large supponers 

of Saskatoon's innovation clusters. 
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Table 4-11: Business, Community, or Government Leaders in the Development of the 
Ouster 

Source: Tabulation of total ISRN sample from Section F: Q 3 

Within the interviewing process a total of 64 people were recognised as influential in the 

development of the innovation cluster. Over most of the sample, university presidents, key 

scientists and administrators from the two federal labs - AAFC and NRG PBI - were 

unambiguously viewed as the key leaders. Individuals from firms, university faculty, and 

virtually all political, program or policy actors were for the most part acknowledged, but 

given little weight in the evolution and success of the cluster - as seen in the citations 

column. As a result, even though the University of Saskatchewan and the Canadian Federal 
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Government were recognised most frequently, there was no specific person that was viewed 

as a leader. Unfortunately, the structure of this question does not allow for it to be tested for 

levels of significance. 

4.6 Do central actors add value? 

Having confirmed that Saskatoon's agricultural biotechnology duster exlubits a degree of 

density, it is now fitting to examine the operation of the cluster in order to determine which 

actors occupy central places in the system and whether they add any value through their 

efforts. 

Figure 4-1 represents the connections of all five functions between the central actors. Each 

line represents the number of connections recognised between each institution (refer to the 

legend on the bottom right comer of the figure). An obvious triangle occurs among a subset 

of the central actors - NRG PBI, NRG IRAP and AAFC- as they participate in all 

. functions between each other. These 3 core institutions value the proximity from which they 

work and are benefiting from their connections with other central actors. 
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Figure 4-1: Linkages between the Eight Cent:rnl Actors 
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Examining the connections between the central actors, there are 6 bilateral relationships that 

involve all five functions, while there is only one pairing that has 0 connections - the 

Canadian Light Source Synchrotron and POS Pilot Plant. POS and the U of S are only 

connected via the research and development function while the remaining 8 that are only 

connected for one function are for networking purposes. Of the remaining, there are 7 

pairings that are connected 4 times; 3 pairings are connected 3 times; and 2 pairings are 

connected 2 times. 

Subsequently, each core actor has the ability to be connected with a maximum of 35links, as 

each entity can be connected to another for as many as each of the five functions. Table 4-12 

represents the centrality measurements for each of the core actors. 
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Clearly between the core organisations both NRG IRAP and NRG PBI are the most 

centrally connected between the eight. Although no organisation is the absolute centre of the 

entire community, both NRC entities seem to be the most connected while POS is linked 

the least. This may be because of the type of services that POS provides. They specialise in 

extraction, fractionation, purification and modification of biological materials. Therefore, 

their services are primarily for companies that have products commercialised and their 

connections presumably remain with companies as opposed to research institutions. One 

surprising measurement is the O...S's 46.0% centrality with the other central actors. The 

connectedness of the Synchrotron with the remainder of the community, table 4-13, is very 

limited. Therefore, their relatively significant measurement with the central actors 

demonstrates that the O...S conceivably recognises the importance of the central actors 

throughout the Saskatoon region. 

By adding in the remaining agricultural biotechnology community the centrality of each core 

actor can be measured for each of the functional areas (table 4-13). According to our 
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analysis, the University of Saskatchewan, NRG PBI and NRG IRAP are the central actors 

for R&D activity. In services and financial exchanges, NRG IRAP is the central actor. SRC 

and NRG IRAP are the central actors in terms of high quality personnel exchange while Ag

West Biotech Inc. is the central actor for networking activities, but there is also high 

networking connectedness with AAFC, NRG IRAP, NRG PBI and SRC. 1he data indicates 

a wide variance in ranges between functions, with functional centrality ranging between 0 

and 97 .9%. Networking has by far the highest degree of connections. Ag-West Biotech Inc. 

is centrally placed with linkages with 97.9% of the identified population. 1he two core actors 

in providing high quality personnel- SRC and NRG IRAP - and the core financial actor -

NRGIRAP- operate at a lower scale of 26.8%, 25.0% and 37.5% respectively. 

Certain elements hindered this measurement. First, due to commercial confidentiality issues 

Agriculture and Agri-Food Canada could only provide connections for the networking 

function, which leaves no quantitative measurement for the R&D, service, finance and high 

quality personnel functions - although we do know that AAFC participates in these 

functions. 1herefore, AAFC was given a designation of 'not-applicable' for these four 
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activities. Second, the Canadian Light Source has been identified as a central actor but based 

on this analysis it is presently not participating at a central actor level within the ag-biotech 

cluster. The CJSI has been measured in order for further longitudinal research to be 

conducted in order to track the evolution of its connectedness. 

From these preliminary measurements, further cross-analysis was conducted. In order to 

determine causality within the connections, the centrality for each central actor is measured 

and for each the 'innovative' and the 'non-innovative' firms (table 4-14). 

For each central actor 'innovative' companies are more connected, except in the case of the 

CJSI and the U of S. The CJSI is not yet running and therefore no correlation can be found 

between being 'innovative' and having a link with the CJSI. In the future, CJSI may support 

the creation of innovation from the early connections made in the community. In contrast, 

the University of Saskatchewan was established in 1907 and has a first class reputation for its 

research in agricultural biotechnology. Why more 'non-innovative' companies are connected 

to the U of S than 'innovative' companies cannot be determined from this analysis, but 

further discussion will be offered in chapter 5. 

The connections can then be broken down further to look at the connectedness of each 

central actor in their primary function to 'innovative' and 'non-innovative' firms. The central 
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actors within each function, as well as those that received high ratings are outlined in table 4-

15, which is a result of the measurements found in table 4-13. 

Table 4-15: Central Actors forE ach Function 

NRGIRAP 
NRGPBI 

UofS 

NRGIRAP 
NRGPBI 
Ag-'West 

NRGIRAP 
NRGPBI 

SRC 

Two different tools were used to analyse the connections with the central actors in each 

function. First, the percentage of connections for each category was determined for each 

'innovative' and 'non-innovative' company. Second, in order to test whether the previous 

results are significant or not and whether there is a correlation, a Sign Test was conducted 

(appendix P). This is a nonparametric, two-tailed test used for binomial data. Conover (1999: 

157) argues, "the sign test is useful for testing whether one random variable in a pair (X, Y) 

tends to be larger than the other random variable in the pair." Each binomial pairing is 

designated as a "plus" pair, a "minus" pair ora tie. For the purpose of this study there were 

no "tie" pairs recognised- only "pluses" and "minuses" were tallied. Each pairing received a 

"plus" if they were (0, 0) or (1, 1), meaning that for (0, 0) a 'non-innovative' company is not 

connected to the central actor for that function and for (1, 1) an 'innovative' company is 

connected to the central actor for that particular function. 

Therefore the hypotheses for this test are as follows: 

I-fo: P( +) = P(-) 
H1: P( +) -:f P(-) 

70 



li, - the null hypothesis - states that the frequency of an 'innovative' finn being connected 

to a central actor is the same as an 'innovative' finn not being connected to a central actor. 

For the 'non-innovative' finns it says that there is the same likelihood of them being 

connected to a central actor as not being connected to a central actor. When the sign test 

results concluded that there was more +'s than-'s and they were greater than the critical 

region, the null hypothesis was rejected. Wherever this happens, we have identified a 

statistically significant correlation that we can then investigate further to determine the causal 

relationship. 

Table 4-16: Functional Connections to 'Innovative' and 'Non-Innovative' Finns 
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After evaluating the percentages related to connectedness of the R&D function, NRG IRAP 

has considerably more connections with 'innovative' firms. The sign test determined that the 

R&D connections between 'innovative' firms and NRG PBI and the U of S are not 

statistically significant. The null hypothesis is then rejected for NRG IRAP, and we can be 

confident that there is a causal relationship between NRG IRAP and 'innovative' firms as it 

relates to R&D - although the nature of that relationship cannot yet be determined 

After doing the same analysis for the financial connections we were not able to obtain any 

significant results from the connections with NRG IRAP and NRG PBI; although, there is a 

significant relationship between financial exchanges with Ag-West Biotech and 'innovative' 

firms. Therefore, the null hypothesis was rejected suggesting that there is something else 

going on in the relationship between 'innovative' firms and their connections to Ag-West 

Biotech's financial program. 

The story is different for both service and high quality personnel exchanges. All of the sign 

test analyses for these functions accepted the null hypothesis and therefore there is no 

recognised correlation between innovativeness and connections with the central actors. One 

noteworthy difference though, is that NRG PBI is more connected to 'non-innovative' firms 

than 'innovative' for service exchanges. This may be important if analysing their model for 

the provision of services. 

Lastly, networking by far has the most connections of any of the five functions. Ag-West 

Biotech is connected to 100°/o of the companies interviewed in the ISRN process. Therefore 

Ag-West does not supply differential networking services, but there may be an assumption 
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that in order to be part of the agricultural biotechnology cluster in Saskatoon an actor must 

be connected with Ag-West, as they are obviously providing value to the companies in the 

region. When the networking central actors were tested utilising the sign test, only one held 

significance with 'innovative' companies. The connections with NRGPBI indicate that there 

is some type of causality within the relationships. Therefore, there are more 'innovative' 

finns connected to NRG PBI than 'non-innovative' firms, which may possibly demonstrate 

that there is a benefit to the connection. 

4.7 Conclusions 

Essentially a theoretical and analytical framework has been established that outlines the 

fundamental functions of an innovation cluster. Without actors that participate in these five 

functions, R & D companies are forced to go elsewhere to seek service providers and high 

quality personnel that can assist in the innovation process. Situations such as these may 

cause companies to leave a locality while deterring others from locating within the region. 

Four observations and conclusions can be drawn from the analysis in this chapter. First, the 

cluster is dense and therefore the null hypothesis is rejected. Ousters are inherently dense 

networks or communities. Therefore a measurement was developed to test current 

connectedness and be used as a basis for future comparisons. As discussed, high density may 

not benefit innovation in all cases, but some density is the basis for defining a cluster. When 

Saskatoon's agricultural biotechnology cluster is ready to move into Schumpeter's 

Competitive Stage, networking is likely to decrease, reducing knowledge spillovers but 

increasing product competition. 
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Second, we attempted to differentiate 'innovative' firms from 'non-innovative' (or 'pre

innovative') firms utilising the ISRN surveys. We have to accept the second null hypothesis, 

as there is no statistically significant and economically and managerial meaningful factor 

distinguishing companies before they become 'innovative.' 

Third, we examined what leaders within the community identify as assisting in creating a 

vision for the region. Evidence shows that the development of organisations such as Ag

West Biotech and the foundation and development of Innovation Place Research Park are 

credited with sparking growth within the region. Further, given the current array of networks 

and linkages, we can see that Saskatoon's cluster appears to be presently in the Innovation 

Stage (as noted in table 4-2), benefiting from close proximity, development of research 

institutions and the training and educational institutions in the community. 

Finally, the concrete calculations and comparisons conducted in section 4.6 demonstrate that 

while the central actors appear to contribute to the commercialisation of products and 

processes, only a few are statistically significantly linked to differentially supporting highly 

innovative firms: NRG IRAP is significantly connected to 'innovative' companies for the 

provision of research and development; Ag-West Biotech is correlated to 'innovative' firms 

for financial exchanges; and NRG PBI is significantly offering differential networking 

services to 'innovative' firms. 

Chapter 5 will take this evidence and discuss the policy implications for economic 

development in a community setting. 
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CHAPTER 5: SUMMARY AND CONCLUSIONS 

5.1 Introduction 

This thesis has evaluated the literature, examined current measurements of innovation 

clusters and has conducted an evaluation of Saskatoon's agricultural biotechnology cluster as 

of 2003. The following sections (5.2 and 5.3) summarise my findings, offer conclusions 

related to the three hypothesises and evaluate whether Saskatoon's life science industry has 

the potential to expand. Section 5.4 summarises the limitations faced by the study and 

Section 5.5 examines several potential extensions to this research. 

5.2 Results of Study 

Outlined below are the three hypothesises and the results that came out of the chapter 4 

conclusions. 

Ho1: Saskatoon does not have an innovation cluster (defined in the context of community 

de~sity). 

The study determines that there is a total network density of 15.0°/o in Saskatoon's ag

biotech cluster; therefore the null hypothesis is rejected. Further, the highest density is for 

the networking function, which is 7.6°/o. This implies that cluster is in the Innovation Stage 

(as outlined by the neo-Schumpeterian model of industrial development in table 4-2). 

Monitoring the density of the different functions and the total network density, we should 

be able to discern whether the cluster is evolving into the next stage, the Competitive Stage. 

Thus, if this movement occurs we will see an increase in the financing function (in the early 
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stages of the Competitive Stage), a decrease in the networking function, and an increase in 

growth within the region. This does not necessarily mean that the density will increase, as an 

increase in competition could naturally decrease the amount of 'discussion' or networking 

between organisations. What we need is functional measurements. The movement into the 

Competitive Stage means that the proximity will no longer be a selling feature of the region 

but rather the region must create alternative locational benefits. 

Ho2: 'Innovative' entetprises cannot be identified prior to becoming 'innovative.' 

In the attempt to evaluate the differences between 'innovative' and 'non-innovative' it was 

found that there is no distinct attribute that separates the two classifications; and thus the 

null hypothesis is accepted. It would be extremely beneficial if service providers could 

identify 'innovative' companies prior to becoming 'innovative,' as their investments would 

almost certainly be guaranteed 

:Ho3: The eight central service providers do not provide significant support to 'innovative' 

firms. 

Three organisations had significant connections with 'innovative' firms. First, NRGIRAP is 

correlated with 'innovative' firms for the provision of research and development. Second, 

Ag-West Biotech is significantly connected for financial exchanges with 'innovative' firms 

and finally, NRG PBI offers differential networking services. Therefore, the null hypothesis 

is rejected as three of the eight central actors are significantly connected in separate 

functions. 

Further, within the community there are numerous supporting organisations that positively 

influence the region and have the ability to provide a strong basis for the development of a 
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life sciences cluster- i.e., 7 of 15 research organisations are connected to 'innovative' finns, 

as are 5 of 7 civic associations, 5 of 8 government entities and 3 of 5 venture capital 

companies. Additionally, numerous factors were recognised as contributing to the regional 

economy, these include: 'co-location with other finns in the same or related industry,' 

'supply of workers with particular skills,' 'specialised research institutions and universities,' 

and 'specialised training or educational institutions' {table 4-9). 

While we did not set up the question of leadership as a testable hypothesis, the analysis 

demonstrates that there is strong regional leadership. This leadership comes from 

organisations such as Ag-West Biotech - a provincial government entity- and the National 

Research Council-Plant Biotechnology Institute. Next, ISRN survey participants recognised 

significant events that spurred the development of the cluster. As a result, out of these 

organisations came key regional leaders. Ag-West leaders had the most influence obtaining 

19.8°/o of the citations while NRGPBI acquired 14.0°/o of the citations {table 4-11). Further, 

NRG IRAP and NRG PBI are the most centrally connected with other core actors within 

the region with 83.0°/o and 80.0°/o connectedness, respectively {table 4-12). Additionally, as 

discussed earlier, the three central actors that are significantly statistically connected to 

'innovative' finns for the provision of specific pwposes are Ag-West, NRG PBI and NRG 

IRAP {table 4-16). These organisations may be used as models for the region to follow in the 

future. 
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5.3 Implications for the Expansion of Saskatoon's Ouster 

Public organisations have demonstrated that they are critical to the fundamental activities 

within the Saskatoon innovation community. With this, they also help attract new 

organisations and assist in furthering economic growth. 

The significant service providers could be used as models for further development within 

Saskatoon. As seen in figure 4-1, these three are all nodes of the core triangle within the 

central actor matrix - each connected for every function. NRG IRAP's research and 

development strength has come from a number of in-house programs. First, within NRG 

IRAP are Industrial Technology Advisors (ITAs) who have significant backgrounds in both 

business, and science and technology. IT As create customised advice for research and 

development issues throughout company innovation life-cycles. Contnbutions for R&D 

activities are non-repayable contributions made on a cost-shared basis. In addition, NRG 

IRAP's Technology Partnerships Gmada (IRAP-1PQ provides repayable financial 

assistance for pre-commercial projects (NRGIRAP, 2001). NRGIRAP has significant 

connections to actors within the community, especially with central actors. These 

connections assist NRG IRAP with linking their entrepreneurs with other beneficial actors in 

the community. 

NRG PBI facilitates networking within the community through various services they 

provide. NRG PBI has an Industry Partnership Facility, it conducts DNA sequencing and 

gene synthesis and it offers access to mass spectrometry capabilities, Nuclear Magnetic 

Resonance (NMR) and a Transgenic Plant Centre. Lastly, NRG PBI also houses the 

Canadian Institute for Scientific and Technical Information. This institute gives access to 
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scientific-technical collections from around the world. It is suggested that NRGPBI actually 

provides a comfortable atmosphere where companies can access the latest knowledge and, in 

a non-competitive environment, solve common problems (Phillips and Khachatourians, 

2001). 

Finally, Ag-West Biotech is primarily known as the networking hub of Saskatoon's ag

biotech community- AWB received a networking centrality measure of 97.9°/o for the entire 

Saskatoon ag-biotech network Swprisingly though, Ag-West is significandy connected to 

'innovative' firms via the financial function. A WB provides direct investments and assists 

developing companies in finding matching grants. They focus on early stage technological 

development where private sources are limited. Their investments range from $50,000 to 

$300,000, "where a clear pathway to commercialization can be shown" (AWB, 2004). 

On the other end of the spectrum, the University of Saskatchewan's centrality measure for 

R&D is greater with 'non-innovative' firms than 'innovative' {26.0°/o and 18.3°/o respectively). 

The cause of this is not known but may be due to a number of reasons. A number of the 

'non-innovative' firms are spin-offs of the U of Sand therefore the connection between the 

two may be a vestige of this relationship. If there is a setback it could stem from the 

technology transfer office of the University of Saskatchewan not having the ability to foster 

technological advancements into commercializable products or processes; alternatively, it 

may be that U of S spin-offs do not attract good managers with a significant understanding 

of the science; or, any other number of factors. This cannot be detennined in this study but 

has potential for an extended research project. 
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5.3.1 The Life Sciences Industry 

Lombard Life Sciences (2003) conducted a study on the potential for the life sciences 

industry in Saskatchewan. Lombard concluded that Saskatchewan's, and Saskatoon's 

participation in human biotechnology and the life sciences is crucial for sustained economic 

growth. The world market for biotechnology-based products is forecast to increase from 

US$20 billion in 1995 to US$50 billion in 2005. Saskatchewan has recently invested over $1.5 

billion in infrastructure specifically for this sector and would appear to also have the basic 

research infrastructure, knowledge structure and the academic support structure. In addition, 

Saskatchewan has also invested $160 million in operating revenue and grants on projects 

such as the QSI, Vaccine and Infectious Disease Organization (VIDO), and the 

Saskatchewan Drug Research Institute. The understanding of the structure and function of 

plants, humans and animals is growing exponentially and the structures to support this 

further research are already established. 

Lombard (2003) goes on to outline Saskatchewan's potential in this industry. First, there are 

two universities in Saskatchewan that have established health sciences and health research as 

key to their strategic business plans. There has also been increasing investment in health 

sciences and a new emphasis on bio-infonnatics at the U of S, to compliment the seven 

major health science faculties already on campus. In addition, the new Industry Liaison 

Office has articulated a focus on the commercialisation of research activities. Secondly, 

VIDO has expanded their focus to deal with 60°/o of human infectious diseases, which are 

transmitted through animals. In response to the new opportunities in this area, VIDO has 

changed their name from Veterinary Infectious Disease Organization to Vaccine and 

Infectious Disease Organization. In addition, NRG PBI has invested significant time and 
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research money into plant tissue research, specifically fungal diseases that have both plant 

and human implications. 

Saskatchewan also has a significant skilled labour pool and is focusing on expanding it with 

new programs being offered, such as those at the University of Saskatchewan. The College 

of Biotechnology produces interdisciplinary undergraduate degrees in everything from the 

sciences to the social sciences, and also a new biotechnology focused :MBA program has 

been developed. 

With all of these assets, primarily located in Saskatoon, it will be of great economic benefit to 

expand the focus of agricultural biotechnology to include the life sciences sector. First, 

however, venture capital companies need to be well informed of the area of life sciences and 

be willing to make long-term investments for risky but potentially high returns. As is evident 

from the ISRN data collected, venture capital companies (VCs) involved in the 

biotechnology industry in Saskatoon have limited knowledge about the industry (appendix 

0). The VCs must also be networked within the industrial communities in order to strategise 

investments to the needs of the community. Further, the VCs need to focus more on early 

stage companies - similar to Ag-West's strategy- working towards commercialisation, and 

specifically, adding management expertise to organisations. 

The Government of Saskatchewan has also renewed their focus on innovation and 

technological advancement. This new policy focus is lead by co-chairs from Saskatchewan 

Industry and Resources and the National Research Council-Plant Biotechnology Institute. 

One of the biggest assets from the provincial government was the formation of Ag-West 
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Biotech in the 1980s. A WB has assisted in attracting a number of key organisations and 

researchers to Saskatoon. They also act as a hub for networking within the region, as well as 

financially supporting firm start-ups and facilitating commercialisation. To date, Ag-West 

Biotech has been primarily focused on agricultural biotechnology but through direction of 

the provincial government (and with its new name Ag-West Bio) is expanding to be more of 

an 'umbrella' organisation to include nutraceuticals, organics and plant-made 

pharmaceuticals. 

I would argue that investments in both infrastructure and research in Saskatoon's agricultural 

biotechnology cluster have the potential to expand the cluster. The necessary financial model 

is available via Ag-West Bio for other financial supporters to emulate. Presently, there is a 

limited amount of capital available for agricultural biotechnology research and therefore 

more investment capital needs to be available to support firm start-ups and spin-offs. Capital 

should also be drawn into the region as more activity surrounds the Canadian Light Source. 

Typically academic studies focus on single clusters, which tend to be focused on only one 

technology. Monitoring the change and evolution of a single cluster (or a range of clusters) 

has, to my knowledge, not been attempted. The theory and evidence suggests that clusters 

are going to change and that the change will not be deliberate but rather chaotic. But with 

technology and research assets within the community, the evolution of a cluster can be 

targeted. The necessary public organisations are already established, such as, NRG PBI, Ag

West Bio, the University of Saskatchewan, NRGIRAP, the Saskatoon Regional Economic 

Development Authority and the Saskatchewan Synchrotron Institute. As well, the strategies 

for these organisations have evolved with the changes in the marketplace. They are directing 
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their focus to a more human and pharmaceutical industry as opposed to the specifically 

focused plant biotechnology industry. 

5.4 LIMITATIONS 

Limitations are inherent in any research. For this research project there are three key 

limitations. 

First, the interview guides utilised were developed prior to the outset of this study. 

Therefore, the questionnaire was more comprehensive than it required, which made for each 

interview to sometimes take upwards of an hour. After this length of time some interviewees 

were not concerned with the quality of their answers but rather with getting the interview 

finished. Further, the majority of the questions in each of the interview guides were open 

ended, therefore leaving room for multiple interpretations to the questions. We controlled 

some of this by having the same person conducting each of the interviews in order to keep 

responses consistent, but a more focused survey instrument would have helped to direct the 

research. In addition, the survey instrument did not adequately deal with finn strategy and, as 

a result, while correlations were found in a number of areas, we could not conclusively 

establish causality. 

The second limitation to this research project is the small number of actors within the region 

that could be involved in the survey. With just over 40 companies in the region we 

interviewed over 50°/o of the sample population but with only 22 samples it increased the 

difficulty in determining significance and causality of the relationships. 
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Lastly, some organisations perform numerous roles within the region. For example, a 

company may commercialise products and/ or processes and also have a significant research 

sphere; therefore making it hard to categorise the organisation as either a company or a 

research organisation. In this case the 'key' function was derived from their mission 

statement or vision and they were then categorised, as a result no hybrid organisations were 

overtly recognised in the study. 

5.5 Extensions of Research 

The first potential extension to research arises from the first limitation. The reason the ISRN 

interview guides were used because of the potential for long-term research collaboration and 

comparisons that it provides. With over 29 clusters across Canada using the same research 

tool there is potential for cross-cluster, qualitative and quantitative comparisons. One 

possible extension being considered is to pool all of the responses from firms 

(approximately 140 within the seven biotech clusters and 500 from all the ISRN surveys) to 

establish a sample for testing whether there are any EX ante indicators of innovativeness of 

firms. 

A second option would be to extend the research, through literature analysis and further 

interviews, to focus more on a resource-based perspective of the firm. This would help 

determine the inner workings of the firms and institutions, in order to establish the causality 

behind the linkages identified in section 4 .6. 

Third, the methodology in this thesis could be packaged for public organisations to evaluate 

their own efforts within regional innovation clusters. This would assist in helping the 
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organisation to determine whether the services that they provide are of value to 'innovative' 

enterprises. In addition, an organisation may also use the model to evaluate a community 

that is trying to draw them in. This would provide a methodology for identifying existing 

central actors, assessing the functions that are being provided and for assessing the number 

of already 'innovative' firms in the region. An organisation could then determine whether 

there is a gap in the regional economy that they have the ability to fill. 

The results can also be used to perlorm further compound tests. For example, are 

organisations that are financed by Ag-West, undertake R&D with NRG IRAP and network 

with NRG PBI going to be relatively more 'innovative' due to the compounding of all the 

statistically significant actors? 

The final extension to this project could be in the area of policy development. This research 

has illustrated what the Saskatoon network looks like and how it operates. Civic and 

provincial leaders and organisations could take this information and use it to focus on 

drawing in the missing pieces within the cluster. 
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APPENDIX A: The ISRN Project 

The Innovation Systems Research Network is conducting cluster research in more than 29 
clusters across Canada. The research focuses on knowledge-based industries from 
biotechnology, to wireless, to manufacturing (within a 100 km region). The purpose is to 
research linkages between institutions and companies in order to measure the potential of a 
region on a global scale. The major project is funded by Social Science and Humanities 
Research Council (SSHR.Q, while Saskatoon's work is funded by Agriculture and Agri-Food 
Canada (ethical approval appendix B). 

Each potential interviewee was cold-called and given a brief description of the study. The 
panicipation rate in Saskatoon was excellent as all organisations approached for the research 
accepted interviews. They were then sent a shon introductory letter to obtain funher 
infonnation about the project, as well as the Consent Form for them to read prior to the 
interview (appendix q. Each interview took approximately one hour to complete and we 
interviewed one of either the Chief Executive Officer, President, or Director of Research for 
each organisation. 

The interviews were done in person at the location of the interviewee's office. Each one was 
recorded using an audio tape recorder, and fully transcribed, as well, notes were taken during 
the interviews. A database has been created by Simon Fraser University to house all collected 
infonnation from across Canada. Therefore we have the written documentation taken at the 
interview, the fully transcribed interview on Word Document as well as the database. Within 
the questionnaires there is a combination of both quantitative and qualitative data. 

The OECD's OSLO manual was the basis for the development of the ISRN's Interview 
Guides. The OSLO manual provides a framework from which to develop questionnaires 
that have the ability to be compared. The OSLO manual is essentially a 'how to' guide on 
studying innovation. 
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APPENDIX B: Ethical Approval 

NA.\\'fl<t: ~~~~.Eci)~('Jn)~; 

DATE: . 17.-Mia)":~ 
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APPENDIX C: Introductory Material 

Sample Introductory Letter- sent by email 

August 22, 2002 

Innovation Place Research Park 
15 Innovation Boulevard 
Saskatoon SK 
S7N2X8 

Dear ---

Presently we are conducting research on the Saskatoon ag-biotech/life science cluster for the 
Innovation Systems Research Network's (ISRN) nation-wide collaborative research initiative. The 
ISRN will investigate innovation clusters in nine different industries over 22 regions in Canada. The 
goal of the research program is to improve our tmderstanding of the key determinants of successful 
regional systems of innovation and cluster development, to evaluate a range of policy instnunents to 
support these determinants and, by sharing our insights with our partners at the local and regional 
levels to contribute to more effective public policies for innovation and competitiveness across the 
country. 

We feel that you are an integral part of the ag-biotech/life science sector in Saskatoon and appreciate 
any information you agree to share with us. There are seven key areas of discussion that we would 
like to address in our fonnal interview including company backgrotmd; company strategy; 
networking, relationships, suppliers and customers; location and infrastructural factors; the role of 
research institutes and technology transfer centres; the local cluster and social capital; and finally, 
future plans and initiatives for your respective firm. 

Please be advised that any information disclosed during our interview will be kept confidential and 
nothing will be made pubic that identifies an interviewee or the interviewed company. Any specific 
information about individual finns used in the final analysis will be taken from public sources only. A 
release form specifying confidentiality will be brought to the interview for your signature. 

We hope that the above satisfies any concerns you may have at this point. Should you wish to discuss 
any other matters please contact us and if you wish to know more about the Innovation Systems 
Research Network and its cluster initiatives please browse their web site: 
http:/ I www.utoronto.ca/isrn/. 

Sincerely, 

Tara Procyshyn 
Graduate Student - Interdisciplinary Studies 
Email: tara.procyshyn@usaskca 
Phone: 966 - 8411 
Fax: 966 - 8413 
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APPENDIX C: Introductory Material- Continued 

Consent Form - sent by email 

August 22, 2002 
Consent Form - Study on Innovation Systems and Economic Development 

This research project involves the question of how fonnation and gro-wth of clusters contribute to 
economic development and long-run prosperity within a set of regions across Canada. The project 
will investigate how local networks of finns in this region, along with the supporting infrastructure of 
organisations and institutions interact to foster innovative dynamism leading to robust economic 
development. 

You are being asked to participate in the ag-biotech/life science sector of the survey, in an effort to 
help identify infrastructure, market features and firm activities that contribute to successful 
innovation. The in-person survey responses will be put in a database and analysed to find common 
features supporting or impeding innovation. None of your individual responses will be revealed to 
others. Only features -with three or more responses will be reported. The data will be used to identify 
local success factors and to compare and contrast the Saskatoon based system with other life science 
centres across Canada. By participating you will benefit directly by being able to identify how your 
operation compares to other successful ventures and indirectly as public agencies use the results to 
develop policies to support more innovative efforts. 

We are asking you to help by consenting to an interview and/ or completing a questionnaire. These 
interviews will be scheduled to meet your time constraints. The interviews will, with your permission, 
be recorded on audiocassette. Please note that all information gathered from you will be treated as 
confidential. Your participation is strictly voluntary and v.re assure you that neither your identity nor 
that of your organisation will be revealed by us in any presentation or publication that result from 
this research without your written permission. 

If you have any questions concerning the study, please feel free to ask at any point. This study has 
been approved on ethical grounds by the University of Saskatchev.ra.n Behavioural Sciences Research 
Ethics Board and any questions regarding your rights as a participant may be addressed to that 
committee through the Office of Research Services (966-4053). The results of the study will be 
published widely in Saskatoon and the policy related journals. If you v.ra.nt to find out more about 
how to access the results, please contact Dr. Peter W.B. Phillips. 

Consent to Participate: 
I haw read and understaxl the dr:scription prmided ahore. I haw lren prmided 1iith an oppurtunity to ask 
questions and~ questions ha:r.e lren am'W?I'r!d satisfactorily. I consent to participate in the study d£5criled 
abm.e, understanding that I mty Wthdraw this consent at any tirrr. A ropy if this cansent farm has lren 
gJ'T£n to nr for~ rocords. 

(Signature of Participant) (Signature of Researcher) 

(Date) 
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APPENDIX D: Company Interview Guide 

ISRN Ouster Study- Company Interview Questionnaire 

Name of Interviewee: 
Name of Interviewee Company: 
Number of Employees: 

Part A; Company Background 

The pwpose of this section is to gain a sense of the background factors that underlie 
the presence and growth of the company in a specific cluster. 

1.1 What events stimulated the founding of this company? 

1.2 Who were the key individuals and/ or organisations inside and outside the company who 
played a role in its development? 

2. If your company is a subsidiary or branch of another firm, what role does it play within 
the overall cotparate structure? 

3.1 Are there any other companies in Saskatoon that your company is associated with? 

3.2 Do you have a strategic relationship with any particular company? 

3.3 Were you spun-off from any other companies? :Have you spun out any companies from 
your finn? 

4. Why is your company located in Saskatoon? 

5. What are the current advantages of Saskatoon for your finn? 

Part B: Company Strntegy 

The pwpose of this section is to gain some insight into the way the company 
positions itself to innovate within the context of its cluster. 
Innou:ttion can b! related ta· Prrxlucts, Prrxx5ses, Markets, Busin£Ss Stmcture5, Materials andlrrputs 

1.1 During the last three years, did your company offer new or significandy improved 
products (goods or services) to your clients? 

1.2 During the last three years, did your company offer new or significandy improved 
production/ manufacturing processes? 
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2.1 Were these innovations: 
• A world first? 
• A first in Canada? 
• A first in your firm? 

2.2 Does your firm hold an existing or pending patent on this or other products and 
processes? If so, how many? 

2.3 Is your firm currently developing a new product or process? Please describe. 

2.4 If yes, is this new product/ process likely to reach the market in the next three years? (If 
a therapeutic product undergoing regulatory review: at what stage is this product in the 
regulatory process?) 

3. Please indicate the relative importance of the following local sources of innovative ideas 
for your product, service and process development. 

Not Not Somewhat Important Vety Most 
Applicable l1111!_ortant Important Important Important 

R&D (In-house) 
Matketing 
Department 
Suppliers 
Competitors' 
Products 
Fed or Provincial 
agencies or 
Resea~h 
Institutes 
Venture 
Capitalists or 
other Financial 
Services 
Production or 
Enginee_J:'.ing Staff 
Management 
Customers/ clients 
University 
Resea~hers 
Consultants 
(Academic or 
Professional) 
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4. Please indicate the relative importance of the following non-local sources of innovative 
'd f f 1 eas or your mn. 

Not Not Somewhat Important Very Most 
Applicable I~ortant Important Important Important 

Parent or 
Affiliated 
Companies 
Customers 
University 
Resean:hers 
Fed or Provincial 
agencies or 
Resean:h 
Institutes 
Venture 
Capitalists or 
other Financial 
Services 
Suppliers 
Other Public 
Resean:h 
Institutes 
Competitors 
Products 
Consultants 
(academic or 
professional) 

Part C: Networlring, Relationships, Suppliers, Customers and Competitors 

These questions are designed to probe the role of supply and demand factors in the 
formation and strength of the cluster. We are interested in the extent to which co
location may be a critical factor in grounding the cluster. 

1.1 Where are your key customers/ clients located- locally (within 100km), in the rest of the 
country, North America or the world? 

1.2 How important is it for you to be located close to them? 

1.3 Would your company consider relocating to these key customers? 

2. Are your relations with local customers different from your relations with non-local 
customers? If yes, then how are they different? 

3.1 What are the most important inputs to your company? A llawre5pandent to a:ns'ri£r and fill in 
l:xJxf5 lxiaw 
[ ] knowledge/IF; [ ] resources; [ ] raw materials; [ ] components; [ ] services; 
[ ] designs; [ ] knowledge and information 
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3.2 Are your key suppliers located locally (within 1 OOkm) or non-locally? 

3.3 How important is it for you to be located close to them? 

3.4 Would your company consider relocating to these key suppliers? 

4. Are your relations with local suppliers different from your relations with non-local 
suppliers? If yes then how are they different? Caution: Suppliers can come in two 
different forms; knowledge suppliers and component suppliers. 

How important is the location of your supplier in the current location of your finn? 

5.1 Who are your primary competitors and where are they located? 

5.2 What is their comparative size and market share? 

5.3 Is it important for you to be located near them? 

6. How does your company keep track of the activities of your (current and potential) 
competitors? Or to monitor competitive products, services or process innovations? 

Part D: Locational/Infutstructure Factors 

The purpose of this section is to test for some of the classic factors identified in the 
cluster and RIS liternture as influencing the development of clusters. 

1. What are the most important factors in the locaV regional economy that contribute or 
inhibit the growth of your finn? 

Co-location with other firms in related industries 
Supply of "WOrkers with particular skills 
Physical, transportation or conununication infrastructures 
Availability of financing 
Specialised research institutions and universities 
Specialised training or educational institutions 
Presence of key suppliers or customers 
Government policies or programs 
Other 

N/A Inhibit Contribute 

2. Of the factors mentioned above which are the two or three most important for the 
growth of your finn? 
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4. Does the labour force in your locality or region possess any distinctive skills, knowledge or 
capabilities that are an asset to your company? 

Do you use consultants? Are they locaV non-local? 

5.1 Tell us about employees who have left your firm within the last three years. 

5.2 How many have been employed by other firms within Saskatoon? Prarrpt: corrpetitors, 
partrx:rs, a:her finn W1hin the sa:tor. 

5.3 If your KEY employees were to quit how easily could you replace them from within your 
local region? 

What type of employees are you hiring right now? 

PartE: Role of Research Institutions/Technology Trnnsfer Centers 

This part of the guide is designed to explore the importance of knowledge flows 
within the cluster and the role that research and tech trnnsfer centers, including 
IRAP IT .Ns play in grounding the cluster. Is the knowledge base so valuable that 
finns are willing to relocate here to gain access to it? 
Be sure to explicitly m?rTtian IRA P 

1. How frequently do you or others in your company interact with public research institutes 
or technology transfer centres Qocal or non-local), including federal or provincial 
government institutes, universities and colleges to gain access to new sources of 
knowledge? 

2. What types of knowledge exchange are you (or others in your compan~ involved with? 
[ ] Formal collaborative research projects 
[ ] University faculty working in, or consulting with the company 
[ ] Participation in research consortia 
[ ] Licensing of your own firm's technologies 
[ ] Licensing of other companies' technologies 
[ ] Licensing or patenting of public research inventions 
[ ] Development or adoption of new technology 
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[ ] Development of specialised training program with a college or university 
[ ] Company personnel working with a college or university 

3. Tell us more about how these relationships were developed or evolved? 

4. What primary benefits do you derive from these relationships? 
[ ] Leveraging R&D expenses 
[ ] Access to technical expertise/IF 
[ ] Source of new product ideas 
[ ] Information about the knowledge frontier 
[ ] Connection to larger research community 
[ ] lv1arket credibility 
[ ] Lower overhead costs on research 
[ ] Access to equipment and material 
[ ] Problem solving 
[ ] Improvement of in house R&D 
[ ] Hiring and retention of employees 
[ ] Coops and interns 

5. How many of these are locally based and what benefits do you derive from the close 
proximity? 

6. Would you consider relocating or establishing another facility to be located by such a 
center or institute? (If it's not local.) 

Part F: Local OusterCharncteristics/Social Capital 

This section is designed to get at the underlying dynamics of the local cluster, the 
role of associations, civic entrepreneurs, etc. and the underlying significance of social 
capital within the cluster. 

1. Do you consider your company to be part of a network of related firms in your 
region/locality, i.e., a cluster? What evidence is there of this? 

2. Are there any specific events that played an important role in the development of your 
local industry or cluster? If yes, explain. 

3. Are there any key business, community, or government leaders who played an important 
role in the development of your local industry or cluster? If yes, explain. 

4. Are there any UNIQUE Saskatoon assets or capabilities that have contributed 
significandy to the development of your local industry or cluster? If yes, explain. 

5. Does your company employ any specialised service providers (law firms, underwriters, 
accountants, business or technical consultants) located in this region? 
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6. What were the most important sources of funding used to develop your firm? 
[ ] Angel Investors; [ ] Internally Generated Funds; [ ] Funds from Parents or 
Affiliated firms; [ ] Banks; [ ] Venture Capitalists; [ ] Equity Investment (Private); 
[ ] Equity Investment (Public Capital Markets, IPO's); [ ] Gov't Loans and or 
Subsidies; [ ] Other. How many of these are local Qocated within 100km)? 

7. How has this financing changed over the life of your finn? Describe the challenges you 
faced in obtaining the finances needed for your establishment to grow. 

8. Does your company (or key individuals in it) belong to any formal or informal 
associations at the local or regional level? If yes, which are the most valuable and why? 
If no, why not? Are there any significant networking events that you attend regularly? 

9. Did any associations play an important role in the development of your local industry? 

10. Did any of your present relationships with suppliers, customers, collaborators, research 
institutes develop from your participation in associations, conferences, trade shows, etc.? 

11. Are there any government programs that contributed significantly to the development of 
your local industry? Are there any programs that undermined its development? 

Part G: The Future 

1. What are the key trends (challenges or opportunities) that will most influence the growth 
of your business in the next five years? 

2. What are the most important challenges or opportunities facing the Saskatoon network? 

3. What factors, external supports or policies would be most helpful in growing your local 
industry network? Or your company? 

Can you suggest any other contacts in this field (within your company outside your 
company) that would be interested in participating in this study? 

Appendix A for Company IntetView Guide: 
Intellectual Property 

Do you have an Intellectual Property strategy? Is it formal or informal? 

1. What intellectual property rights are you protecting? 
Patents 
Trade Secrets = Plant Breeders Rights 

- Copyrights 
Other 
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2. Who in your company makes the decisions regarding Intellectual Property and at what 
capacity? 

What department are they located in? 

Where are they located? 

a) Who does all the work surrounding Intellectual Property? Is it external or internal? 
Research staff 
Business office = In-house attorney 

_Domestic attorney 
_ Out of country attorney 

Other 

3. What mechanisms do you have in place to determine the value of Intellectual Property? 
Prarrpt: Scientist, Mana~ Aa:atntant, A~ Consultant. .. 

Are they local or non-local? 

4. Have you engaged in efforts to commercialise your technology? 

Who did it? 

Who took the lead? Prorrpt: Scientist, Mana~ A a:atntant, A~ Consultant. .. 

5. Do you have a formal policy to share benefits with employees? What is it? 

6. What types of contracts do you have with your employees? And at what sort of timeline 
for each? 

Support 
Staff 

6Months 1Year 3 Years 

a) What type or format of confidentiality agreements do you put in place with your 
employees? 

b) Do the confidentiality agreements extend beyond employment? How long and what 
measures do you take to enforce it? 
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Appendix B for Company Interview Guide: 
Consumer Acceptance 

1. How do you determine what consumers think about your organisation's product, service 
or research? 

Media local? national? international? 
Industry organisation 
Directly from customers 

_ Other (Please specif~ 

local? 
local? 

national? international? 
non-local? 

2. What impact does consumer response have on your business? 
Location decisions 

_ Investment plan 
_ Production plan 
_ IP strategies 
_ Other (Please specif~ 

3. What research networking activities is your organisation currently involved in? Pranpt: 
GennrrE Prairie, H)brid Wbeat Consortium, CrapLife Canada, Camcil for lrfarJ?l'ltion on 
Biotedmdag;y. .. 

Are they primarily local, national or global? Who is your representative, and what is their 
position? 

4. In what way does your organisation respond to negative consumer perception? Pranpt: 
thrati'J rmlia, orwmisation initiatiU5, dirro: 'liith atstarrErs •.• 

In particular, who responds? (ex. CEQ OJU{Scientist, Camtrunications CjfUer, aikrtiw orwmisation 
(ie, Ag WESt Biotah), hire a ronsultarrt, in-halse/non-la:al personnel (ie, SarrT!(Jf1£ ina parent wrrpany) 
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APPENDIX E: Research Organisation Intemew Guide 

ISRN Ouster Study- Resean:h Organisation lntetView Questionnaire 

Name of Interviewee: 
Name of Research Institution: 

Part A: Resean:h Institution Mandate and Origins 

The pwpose of this section is to get a general ovetView of the mandate, 
responsibilities and functions of the institution, as well as its origins (locally, and if 
appropriate, provincially I nationally). 

1. What events stimulated the founding of this institute or research organisation? Who were 
the individuals and/ or organisations who played a key role in its development? Please 
describe for us the mandate or mission of your institution. 

2. Are there any specific companies in this region and/ or province that your institute is 
associated with? Do you have a research partnership with any particular company? Were 
any companies spun-off from your research institute or organisation? 

3. What are the key current advantages of this particular location for your organisation? 

Part B: Resean:h Strntegy and Innovation 

The pwpose of this section is to gain some insight into the way the government 
agency has influenced the innovation process within the context of its cluster. 
lnnou:ttion can be related ta· Pnxluas, Prrmsf5, Markets, Business Stn«:tu7f5, Materials and Inputs 

1. What special expertise or experience does your institution/ faculty/ department have to 
offer with respect to the support and development of key local industries (especially the 
biotech/life sciences cluster)? (In terms of supplying new research findings developed by 
companies, research partnerships with companies, consulting relationships with firms, 
supply of highly skilled personnel to local firms, etc.) 

1a. What is the overall role played by your institution in contributing to the process of 
innovation within your local region? Or the cluster of firms with which you work? (In 
terms of supplying new research findings developed by companies, research partnerships 
with companies, consulting relationships with firms, supplier highly skilled personnel to 
local firms, etc.) 

2. During the last three years, did any companies involved with this institution offer new or 
significantly improved products (goods or services) to their clients, or introduce new or 
significantly improved production/ manufacturing processes? Please provide a brief 
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description of the most important new or significantly improved product or production 
manufacturing process during the last three years. 

3. Was this most important innovation: 
• A world first? 
• A first in Canada? 
• A first in your finn? 

Part D: Locational/Infrastructure Factors 

The pwpose of this section is to test for some of the classic factors identified in the 
cluster and RIS literature as influencing the development of clusters. The questions 
pertain to the leading sectors with which the institution wotks to support its 
development. 

1. What are your main sources of new employees/ students for your research 
institute/ organisation? 
[ ] Other Firms 
[ ] Post-Secondary Institutions 
[ ] Specialised Training Institutions 
[ ] Other Institutions/Programs 

Qocall non-locaJ) 
Qocall non-locaQ 
Qocall non-locaQ 
Qocall non-locaJ) 

2. Does the labour force in Saskatoon and region posses any distinctive or unique sets of 
skills, knowledge or capabilities that are an asset to the companies associated with your 
institute/ organisation? What role does your research institute/ organisation play in 
creating this unique knowledge base or set of skills? 

2a. What are the most important factors in the Saskatoon/ regional economy that 
contributed to or inhibited the growth of the firms/ industries with which you work? 
[ ] Co-location with other finns in same/ related industries 
[ ] Supply of workers with particular skills 
[ ] Physical, transportation or communication infrastructures 
[ ] Availability of financing and/ or other specialised services 
[ ] Specialised research institutions and universities 
[ ] Specialised training or educational institutions 
[ ] Presence of key suppliers 
[ ] Presence of key customers 
[ ] Government policies or programs 
[ ] Other 

2b. Of the factors mentioned above, which are the two or three most important for the 
growth of the leading local finns with which you work? 
[ ] Co-location with other finns in same/ related industries 
[ ] Supply of workers with particular skills 
[ ] Physical, transportation or communication infrastructures 
[ ] Availability of financing and/ or other specialised services 
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[ ] Specialised research institutions and universities 
[ ] Specialised training or educational institutions 
[ ] Presence of key suppliers 
[ ] Presence of key customers 
[ ] Government policies or programs 
[ ] Other 

3. Tell us about employees who have left your institute within the last three years; how many 
have been employed by finns within your region/locality? What role, if any, have they 
played in spinning off or developing new companies in the region/locality? 

Part E: Role of Research Institutes /Technology T rnnsfer Centres 

This section is designed to explore the importance of knowledge flows within the 
cluster and the role that research and tech trnnsfer centres, including IRAP IT Ns, 
play in grounding the cluster. Is the knowledge base so valuable that firms are 
willing to locate here to gain access to it? 

1. How frequently do you or others in your institute interact with companies Qocal or non
locaQ, to disseminate research findings or new sources of knowledge? What other types 
of interaction is conducted between your organisation and other organisations? 

2. What types of knowledge exchange are you (or others in your institute) involved with? 
[ ] Formal collaborative research projects 
[ ] Members of your institute working in, or consulting with companies 
[ ] Participation in research consortia 
[ ] Licensing or patenting of research inventions 
[ ] Development of new technology 
[ ] Development of specialised training program for companies 
[ ] G>mpany personnel working with your research institute/ organisation 

3. Tell us more about how these relationships developed or evolved. 

4. What primary benefits do the companies involved derive from these relationships? 
[ ] Leveraging R&D expenditures 
[ ] Accessing technical expertise 
[ ] Source of new product ideas 
[ ] Information about the knowledge frontier 
[ ] G>nnection to larger research community 
[ ] Market credibility 
[ ] Lower overhead costs on research 
[ ] Access to equipment and material 
[ ] Problem solving 
[ ] Improvement of in-house R&D procedures 
[ ] Hiring and retention of employees 

105 



5. How many of these relationships are locally based and what additional benefits do the 
companies involved derive from close proximity to your research institute/ organisation? 

6. Have any companies that you are familiar with actually relocated or established another 
facility to be close by your centre or institute? 

Part F: Local Ouster Characteristics I Social Capital 

This section is designed to get at the underlying dynamics of the local cluster, the 
role of the research institution in addition to local associations, civic entrepreneurs, 
VC's etc. and the significance of social capital within the cluster. 

1. Do you consider your institution to be part of a local network of related firms and 
institutions in this region/locality, ie., cluster? (What evidence is there of this? Nature of 
work: members, relations, activities ... ) 

2. Are there any specific events that have played an important role in the development of the 
local industry cluster and the development of the programs at this research institution? If 
yes, explain. 

3. Are there any key business, community, government leaders who played an important role 
in the development of this/ these local industries or clusters? If yes, explain. 

4. Are there any UNIQUE local Saskatoon assets or capabilities (not already mentioned) that 
have contributed significandy to the development of this local industry? If yes, explain. 

4a. Does your research institution (or key individuals in it) belong to any formal or informal 
associations at the local or regional level? If yes, which are the most valuable and why? If 
not, why not? Are there any significant networking events that you attend regularly? 

4b. Did any of your present relationships with companies develop from your participation in 
associations, conferences, trade fairs, etc.? 

4c. Which government programs contributed significandy to the development of the local 
industry? 

Part F: The Future 

1. What are the key trends (challenges or opportunities) that will most influence the growth 
of your local industry or cluster in the next five years? 

2. What are the most important challenges or obstacles facing the local industry/ies? 
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3. What factors, external supports or policies would be most helpful in growing these 
industries/ clusters to enable them to either maintain their current position of market 
dominance or close the gap with leading competitor industries/ clusters elsewhere? 

4. [If applicable] How would you benchmark the local clusters/ industries with which you 
work relative to the best in the world? 

4a. What direction do you see your organisation's research going? 

Appendix A for Research Institute Interview Guide: 
Intellectual Property 

Do you have an Intellectual Property strategy? Is it formal or informal? 

1. What intellectual property rights are you protecting? 
Patents 
Trade Secrets 

= Plant Breeders Rights 
- Copyrights 

Other 

2. Who in your company makes the decisions regarding Intellectual Property and at what 
capacity? 

What department are they located in? 

Where are they located? 

b) Who does all the work surrounding Intellectual Property? Is it external or internal? 
Research staff 
Business office 

=In-house attorney 
_ Domestic attorney 
_ Out of country attorney 

Other 

3. What mechanisms do you have in place to determine the value of Intellectual Property? 
Prorrpt: Scientist, Managmmt, A amntant, A t11Jrney, Consulfi:mt. .. 

Are they local or non-local? 

4. Have you engaged in efforts to commercialise your technology? 

Who did it? 

Who took the lead? Prorrpt: Scientist, Managmmt, A amrrtant, A tf1Jrney, Consultant. .. 
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5. Do you have a formal policy to share benefits with employees? What is it? 

6. What types of contracts do you have with your employees? And at what sort of timeline 
for each? 

6Months 1Year 3 Years Full Time 

c) What type or format of confidentiality agreements do you put in place with your 
employees? 

d) Do the confidentiality agreements extend beyond employment? How long and what 
measures do you take to enforce it? 

Appendix B for Research Institute Interview Guide: 
Consumer Acceptance 

1. How do you determine what consumers think about your organisation's product, service 
or research? 

Media local? national? international? 
Industry organisation 
Directly from customers 

_ Other (Please specif)? 

local? 
local? 

national? 
non-local? 

international? 

2. What impact does consumer response have on your business? 
Location decisions 

_ Investment plan 
_ Production plan 
_ IP strategies 
_ Other (Please specif)? 

3. What research networking activities is your organisation currently involved in? Prwpt
Genanr Prairie, H}brid Wb?at Consortium CropLife Canada, Canil far Irfarrmtim on 
B~ .. 

Are they primarily local, national or global? Who is your representative, and what is their 
position? 
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4. In what way does your organisation respond to negative consumer perception? Prorrpt: 
thrati'J m:dia, argpnisatinn initiatiw, dinrt Wth atstarrErs ... 

In particular, who responds? (ex. CEQ OJief Scientist, Comrunications Cjfoer, cdkrti:r.e Ofgftnisatinn 
(i.e, Ag We-t BiotaJJ), hire a consultant, in-haise/rzon.la:al personnel (i.e, sorrrone ina parent currpany) 
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APPENDIX F: Civic Association Interview Guide 

ISRN Ouster Study- Civic Association Questionnaire 

Name of Interviewee: 
Name of Association: 

Part A: Association Background 

The pwpose of this section is to gain a sense of the background factors that underlie 
the establishment and growth of the association/ organisation in a specific cluster. 

1. What events stimulated the founding of this association/ organisation? Who were the key 
individuals and/ or organisations inside and outside the association who played a role in 
its development? 

2. If your association/ organisation is a branch of a national or provincial association, what 
role does it play within the overall organisational structure? 

3. What special expertise or experience does your association have to offer with respect to 
the support and development of key local industries ( esp. the biotechnology indus~? 

4. What special programs does your association offer with respect to the support and 
development of key local industries (especially the biotech/life sciences cluster)? Pronpt: 
arrnual ~ Size if staff dedicatxxl to this? 

Part B: Resea~h Strategy and Innovation 

The pwpose of this section is to gain some insight into the way the civic association 
or organisation supports the innovation process within the context of its cluster. 
117J1fJl1:1tian can te relatai ta· Pnxluas, Prrxi5ses, Markets, Business Stmcturr?s, Materials and Inputs 

1. What is the overall role played by your association/ organisation in contributing to the 
process of innovation within your local region? (In terms of helping disseminate new 
findings developed by research centers or institutes, brokering research partnerships 
between companies in the organisation, organising networking events, helping 
companies obtain financing to launch new innovations, stimulating the supply of highly 
skilled personnel to local finns, etc.) 

2. During the last three years, did any companies involved in your association or organisation 
offer new or significantly improved products (goods or services) to their clients, or 
introduce new or significantly improved production/ manufacturing processes? Please 
provide a brief description of the most important or new or significantly improved 
product or production manufacturing process during the last three years. 
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3. Was this most important innovation: 
• A world first? 
• A first in Canada? 
• A first in your firm? 

Part D: Locational/Infrastructure Factors 

The putpose of this section is to test for some of the classic factors identified in the 
cluster and RIS liternture as influencing the development of clusters. 

1. What are the most important factors in the Saskatoon/ regional economy that contributed 
to or inhibited the growth of the firms that belong to your local 
association! organisation? 
[ ] Co-location with other firms in same/ related industries 
[ ] Supply of workers with particular skills 
[ ] Physical, transportation or communication infrastructures 
[ ] Availability of financing 
[ ] Specialised research institutions and universities 
[ ] Specialised training or educational institutions 
[ ] Presence of key suppliers or customers 
[ ] Government policies or programs 
[ ] Other (Please specif)? 

2. Of the factors mentioned above, which are the two or three most important for the 
growth of local firms in your association? 
[ ] Co-location with other firms in same/ related industries 
[ ] Supply of workers with particular skills 
[ ] Physica~ transportation or communication infrastructures 
[ ] Availability of financing 
[ ] Specialised research institutions and universities 
[ ] Specialised training or educational institutions 
[ ] Presence of key suppliers or customers 
[ ] Govemment policies or programs 
[ ] Other (Please specif)? 

Part F: Local OusterCharncteristics/Social Capital 

This section is designed to get at the underlying dynamics of the local cluster, the 
role of local associations, civic entrepreneurs, etc. and the underlying significance of 
social capital within the cluster. 

1. Tell us more about the role that your association plays in the activities of its member 
firms. 
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2. Who are the key business, community, or government leaders that play an important role 
in the development of your local industry/ cluster? 

3. Are there any UNIQUE Saskatoon assets or capabilities that have contributed 
significantly to the development of the key local industry? If yes, explain. 

4. Are there any specialised service providers (law firms, underwriters, accountants, business 
or technical consultants) located in this region who play a critical role in the growth and 
development of firms that are part of your association or the local industry cluster? 

5. What are the major sources of finance for the companies involved with your association? 
[ ] Angel Investors; [ ] Internally Generated Funds; [ ] Funds from Parents or 
Affiliated finns; [ ] Banks; [ ] Venture Capitalists; [ ] Equity Investment (Private); 
[ ] Equity Investment (Public Capital Markets, IPO's; [ ] Gov't Loans and or 
Subsidies; [ ] Other 

What percent of these are local (within 1 OOkm)? 

6. How has this changed over the life of your association? Describe the challenges that local 
companies face in obtaining the finances needed for their firms to grow. 

7. Describe the role, if any, that your association plays in establishing relationships among 
suppliers, customers, collaborators, research institutes that are members of this 
association? 

8. Are there any government programs that have contributed significantly to the 
development of your local industry? If yes, explain. 

Part G: The Future 

1. What are the most important challenges or obstacles facing the local industry clusters and 
the firms that are members of your association? 

2. What role do you expect your association to play in helping its member firms and the local 
industry cluster respond to these challenges or obstacles? 

3. What factors, external supports or policies would be most helpful in growing your local 
industry cluster and the companies that are members of your association? 

Appendix A for Civic Association Interview Guide: 
Intellectual Property 

1. Do you see your organisation as having a direct/ indirect/ if any role in facilitating the 
development of Intellectual Property in the cluster? 

a) What activities do you participate in in order to facilitate this process? 
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2. In tenns of collective action, how do you assist in the development! maintenance of 
effective Intellectual Property mechanisms within the agricultural biotechnology 
industry? 

3. Who in your organisation works with these types of initiatives? Are they local or non
local? What is their job title and where are they located? 

Appendix B for Civic Association Interview Guide: 
Consumer Acceptance 

1. How do you determine what consumers think about your organisation's product, service 
or research? 

Media 
Industry organisation 
Directly from customers 

_ Other (Please specify) 

local? 
local? 
local? 

national? 
national? 
non-local? 

2. What impact does consumer response have on your business? 
Location decisions 

_ Investment plan 
_ Production plan 
_ IP strategies 
_ Other (Please specify) 

international? 
international? 

3. What research networking activities is your organisation currently involved in? Prorrpt: 
Genom! Prairie, Hjbrid W1mt Consortium CropL ife Canada, Catncil for Irformainn on 
B~ .. 

Are they primarily local, national or global? Who is your representative, and what is their 
position? 

4. In what way does your organisation respond to negative consumer perception? Prorrpt: 
thratjl mrlia, org:misatinn initiatiw, diroct Wth atStorrr:rs ••• 

In particular, who responds? (Prorrpt: CEQ GJU{Scientist, Commmicatians (jfoEr, ailrrtiw 
organisatian(ie, Ag W6t Bioteh), hire a consultant, in-hatse/non-/m,d personnel (ie, sorrrone ina 
parent ronpany)) 
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APPENDIX G: Government Entity Interview Guide 

ISRN Ouster Study- Government Entity Interview Questionnaire 

Name of Interviewee: 
Name of Interviewees Agency: 

Part A: Agency Mandate and Origins 

The putpose of this section is to get a genernl overview of the mandate, 
responsibilities and functions of the agency, as well as its origins (locally, and if 
appropriate, provincially/ nationally). 

1. Please describe for us the mandate or mission of your agency. 

2. When was this agency founded (and, if applicable, when was this office established)? 

3. What special expertise or experience does your agency have to offer with respect to the 
support and development of key local industries (especially the biotech/life science 
cluster)? 

4. What special policies does your agency administer with respect to the support and 
development of key local industries (especially the biotech/life science cluster)? Prarrpt· 
Annual~ Size if staff dedicat«1 to this? 

Part B: Research Stiategy and Innovation 

The putpose of this section is to gain some insight into the way the government 
agency has influenced the innovation process within the context of its cluster. 
Interviewers should adapt these questions to the realities of competition and 
innovation within their specific clusters. 
lntl07J:ltion can k related ta· Praiucts, PraESses, Markets, Business Structurf5, Materials and Inputs 

1. What is the overall role played by your agency in contributing to the process of innovation 
within your local region? Or the cluster of finns with which you work? (In tenns of 
supplying new research findings developed by companies, research partnerships with 
companies, consulting relationships with finns, supplier highly skilled personnel to local 
finns, etc.) 

2. During the last three years, did any companies involved in your agency offer new or 
significantly improved products (goods or services) to their clients, or introduce new or 
significantly improved production/ manufacturing processes? Please provide a brief 

114 



description of the most important new or significantly improved product or production 
manufacturing process during the last three years. 

3. Was this most important innovation: 
• A world first? 
• A first in Canada? 
• A first in your finn? 

Part D: Locational/Infrnstructure Factors 

The pwpose of this section is to test for some of the classic factors identified in the 
cluster and RIS liternture as influencing the development of clusters. The questions 
pertain to the leading sectors with which the agency wotks to support their 
development. Interviewers should alter the questions to reflect the realities of their 
own clusters. 

1. What are the most important factors in the local/ regional economy that contribute to or 
inhibit the growth of the firms/ industries with which you work? 
[ ] Supply of workers with particular skills 
[ ] 0>-location with other firms in same/ related industries 
[ ] Physical, transportation or communication infrastructures 
[ ] Availability of financing and/ or other specialised senrices 
[ ] Specialised research institutions and universities 
[ ] Specialised training or educational institutions 
[ ] Presence of key suppliers 
[ ] Presence of key customers 
[ ] Government policies or programs 
[ ] Other 

2. Of the factors mentioned above, which are the two or three most important for the 
growth of the leading local firms in your policy portfolio? 

3. For the most important local sectors/ industries in your policy portfolio, does the local 
labour force possess any distinctive or unique skill sets, capabilities or knowledge base? 

4. Tell us about employees who have left your agency within the last three years: have any of 
them been employed by firms within your region/locality? Were any of your employees 
previously employed by local firms? 

Part E: Local Ouster Charncteristics I Social Capital 

This section is designed to get at the underlying dynamics of the local cluster, the 
role of the agency in addition to local associations, civic entrepreneurs, VC's, etc. 
and the significance of social capital within the cluster. 
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1. How frequently does your agency interact with local firms in the leading sector(s)/ 
cluster(s), and what is the nature of this interaction? 

2. Do you consider your agency to be part of a local network of related firms and institutions 
in this region/locality, i.e., cluster? What evidence is there of this? 

3. Are there any specific events that have played an important role in the development of the 
local industry/ ies (clusters) in your policy portfolio? If yes, please explain. 

4. Are there any key business, community, or government leaders who played an important 
role in the development of this/ these local industries or clusters? If yes, explain. 

5. Are there any UNIQUE Saskatoon assets or capabilities (not already mentioned) that have 
contributed significantly to the development of this/these local industries? If yes, 
explain. 

6. Does your agency (or key individuals in it) belong to any formal or informal associations 
at the local or regional level? If yes, which are the most valuable and why? If not, why 
not? Are there any significant networking events that you attend regularly? 

7. In your view, did any associations play an important role in the development of the local 
industry/ ies in your portfolio? If yes, explain. 

8. Did any of your present relationships with companies in your portfolio develop from your 
participation in associations, conferences, trade fairs, etc.? 

9. Which government programs (yours and those of other agencies) contributed significantly 
to the development of the local industry/ ies in your portfolio? 

PartF: The Future 

1. [If applicable] How would you benchmark the local clusters/ industries with which you 
work relative the best in the world? 

2. What are the most important challenges or obstacles facing the local industry/ ies or 
clusters in your portfolio? 

3. What factors, external supports or policies would be most helpful in growing these 
industries/ clusters to enable them to either maintain their current position of market 
dominance or close the gap with leading competitor industries/ clusters elsewhere? 

Appendix A for Government Entity Interview Guide: 
Intellectual Property 

1. Do you see your organisation as having a direct/ indirect! if any role in facilitating the 
development of Intellectual Property in the cluster? 
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b) What activities do you participate in in order to facilitate this process? 

2. In terms of collective action, how do you assist in the development/ maintenance of 
effective Intellectual Property mechanisms within the agricultural biotechnology 
industry? 

3. Who in your organisation works with these types of initiatives? Are they local or non
local? What is their job title and where are they located? 

Appendix B for Government Entity IntetView Guide: 
Consumer Acceptance 

1. How do you determine what consumers think about your organisation's product, service 
or research? 

Media local? national? international? 
Industry organisation 
Directly from customers 

_ Other (Please specifJ1 

local? 
local? 

national? 
non-local? 

2. What impact does consumer response have on your business? 
Location decisions 

_ Investment plan 
_ Production plan 
_ IP strategies 
_ Other (Please specifJ1 

international? 

3. What research networking activities is your organisation currently involved in? Pranpt: 
GenorrE Prairie, H')brid W1mt Consortium, CropLife Canada, Camcil for Irform:Jtinn on 
Biot«Jmdagy. .. 

Are they primarily local, national or global? Who is your representative, and what is their 
position? 

4. In what way does your organisation respond to negative consumer perception? Pranpt: 
throoi'J mdia, argpnisation initiatiU5, dirrr:t Wth custorrErs ... 

In particular, who responds? {Prorrpt: CEQ OJiR[Sdentist, Comrrunications Cf./ia!r, aikrtiw 
orwtnisation(i.e, Ag W6t Bia:eh), hire a wnsultant, in-hwse/ntJn-la:al personnel (i.e, sarrrone ina 
parent corrpany)) 
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APPENDIX H: Venture Capital Interview Guide 

ISRN duster Study - Venture Capital Company lntetView Questionnaire 

Name of Interviewee: 
Name of Interviewee Company: 
Number of Employees: 

Part A! Company Background 

The pwpose of this section is to gain a sense of the background factors that underlie 
the presence and growth of the Venture Capital Company in relation to specific local 
clusters. 

1. What events stimulated the founding of this company? Who were the individuals and/ or 
organisations inside and outside the company who played a key role in its development? 

2. If your company is a subsidiary or branch of another finn? What role does it play within 
the overall corporate structure? 

3. Are there any other companies in this region and/ or province that your company is 
associated with? Were you spun-off from any other companies; or have you spun-off any 
companies from your firm? 

4. What are the major sources of capital to finance your company's investments? (angel 
investors, internally generated funds, funds from parent or affiliated finns, banks, 
pension funds, equity investment (IPO's), government, other). What percent of these 
sources are local (within 100km)? 

5. Why is your company located in this region/locality? What are the current advantages of 
this particular location for your company? 

Part B: Resea~h Strategy and Innovation 

The pwpose of this section is to gain some insight into the local companies in which 
the Ven Cap has invested - in particular, the way these companies position 
themselves to innovate within the context of its cluster. 

1. Please tell us about the kinds of local companies in which you have invested. 
(Approximate number, dates of investments, sector/ industries, 'star' companies, nature 
of relationship - e.g., formally represented on management board, informal advisory 
role ... ) 
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2. For your three most successful (or, in your view, most promising) local investments, 
please describe any new or significandy improved products (goods or services) or 
production/ manufacturing processes that they have introduced. 

3. Were these important innovations: 
• A world first? 
• A first in Canada? 
• A first for the firm involved? 

Part C: Locational Factors 

The pwpose of this section is to test for some of the classic factors identified in the 
cluster and RIS literature as influencing the development of clusters. The questions 
pertain to the leading companies in which the VC invests. 

1. What are the most important factors in the locaV regional economy that contnbute to or 
inhibit the growth of the firms in which you invest? [may need to differentiate between 
different clusters/ sectors] 

_Supply of workers with particular skills 
_ Co-location with other firms in the same industry 
_ Physical, transportation or communications infrastructures 
_ Availability of financing and/ or other specialised services 
_ Specialised research institutions and universities 
_ Specialised training or educational institutions 
_ Presence of key suppliers 
_ Presence of key customers 
_ Government policies or programs 
_ Other (Please specify) 

2. Of the factors mentioned above what are the two or three most important for the growth 
of the leading local firms in your portfolio? 

3. For the local sectors/ industries in which you invest, does the local labour force possess 
any distinctive or unique skill sets, capabilities or knowledge base? Pranpt: try fXJ g;zu~ 
nature, lazd/ national/ gJck1 sig}1ijirance if this. 

4. Tell us about employees who have left your company within the last three years: how 
many have been employed by other firms within your region/locality? Prorrpt:firms in 
partfdio, partners, other firms WJhin 'per industry s«tar. 

PartD: Local Ouster Characteristics/Social Dpital 

This section is designed to get at the underlying dynamics of the local cluster, the 
role of the Ven up in addition to local association to local associations, civic 
entrepreneurs, etc. and the significance of social capital with the cluster. 
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1. Do you consider your company to be part of a local network of related firms in this 
region/locality, i.e., cluster? Prarrpt: ~ eddence if this? Nature if netuork: nrrrix:rs, 
relations, acti'litit5, etc. 

2. Are there any specific events that have played an important role in the development of the 
local industry/ ies (clusters) in which you invest? If yes, explain. 

3. Are there any key business, community, or government leaders who played an important 
role in the development of this/ these local industries or clusters? If yes, explain. 

4. Are there any unique local assets or capabilities (not already mentioned) that have 
contributed significandy to the development of your local industry or cluster? If yes, 
explain. 

5. Does your company (or key individuals in it) belong to anyfonnal or informal 
associations at the local and regional level? If yes, which are the most valuable and why? 
If not, why not? Are there any significant networking events that you attend regularly? 

6. In your view, did any associations play an important role in the development of the local 
industry/ies in your portfolio? If yes, explain. 

7. Did any of your present relationships with companies in your portfolio develop from your 
participation in associations, conferences, trade fairs, etc.? 

8. Are there any government programs that contributed significantly to the development of 
the local industry/ies in your portfolio? If yes, explain. 

PartE: Future 

1. How would you benchmark the local clusters/ industries in which you invest relative to 
the best in the world? 

2. What are the most important challenges or obstacles facing the local industry/ies (or 
clusters) in your portfolio? 

3. What factors, external supports or policies would be most helpful in growing these 
industries/ clusters to enable them to (either) maintain their current position of market 
dominance (or) close the gap with leading competitor industries/ clusters elsewhere? 
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APPENDIX 1: Cluster Sample Sizes 

Guster Population (N =110 }: 

Ill Firm 

• Research Institution 

0 Association 

OGovemment 

• Venture Capital 

Venture Capital; 
15% 

Government; 
7% 

Association; 

Research 

Institution; 3 5% 

Sample Population Categorisation: n=58 

&I Finn 

• Research Institution 

0 Association 

D Government 

• Venture Capital 

Venture Capital; 
9% 

Government; 
14% 
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APPENDIX J: Sample Density I Centrality Spreadsheet 

Within the spreadsheets used to determine the density and centrality of certain functions 
each central actor stated their connections to the different organisations and entities in 
Saskatoon. For example, in this spreadsheet sample connections are made for the services 
function. 
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APPENDIX K: Company Qualifiers 
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APPENDIX L: Research Organisation Qualifiers 
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APPENDIX M: Civic Association Qualifiers 
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APPENDIX N: Government Entity and Venture Capital Qualifiers 

Govemment Entities: 

Venture Capital Companies: 
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APPENDIX 0: Venture Capital Results Part C: Q 1 

Co-location with other 
finns in the same or 
related industry 

Physical, transpOrtation or 
communication 
infrastructure 

Government policies or 
programs 
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APPENDIX P: Sign Test 

The Sign Test was used to examine the data for significant relationships. It is a 
nonparametric statistic that does not need a minimum sample size. 

Assumptions: 
1. The bivariate random variables ~' Y), i = 1, 2, ... , n', are mutually independent; 
2. The measurement scale is at least ordinal within each pair. That is, each pair ~' Y) 

may be determined to be a "plus," "minus," or "tie;" 
3. The pairs ~' Y) are internally consistent, in that if P( +) > P(-) for one pair ~' Y), 

then P( +) > P(-) for all pairs. The same is true for P( +) <P(-), and P( +) = P(-) 
(Conover, 1999: 157-8). 

A two-tailed test was used with a standard rx = 0.05 level of significance. Although this test 
demonstrates a level of significance between 'innovative' organisations and a central actor it 
does not give us causality behind this connection. No "ties" were recognised in the analysis. 
Each 'innovative' firm was given a 1 while a 'non-innovative' firm was given a 0. If there was 
a connection a 1 was given under the column of the central actor and a 0 for no connection. 
Thus, are the hypotheses: 

Ho: P( +) = P(-) 
H1: P( +) =f. P(-) 

Therefore, we are testing to see if there was significance of (0, 0) and (1, 1). 
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Sign Test- Financial 
Innov IRAP Sign Test Innov PBI Sign Test 

0 1 - 0 0 + 
1 0 - 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
0 1 - 0 0 + 
1 1 + 1 0 -
0 0 + 0 0 + 
1 0 - 1 1 + 
1 1 + 1 0 -
0 1 - 0 0 + 
0 1 - 0 0 + 
0 1 - 0 0 + 
0 0 + 0 0 + 
1 1 + 1 0 -
1 1 + 1 0 -
0 0 + 0 0 + 
1 1 + 1 0 -
1 1 + 1 0 -
1 0 - 1 0 -
0 0 + 0 0 + 
1 0 - 1 0 -
1 1 + 1 0 -

Innov AgWest Sign Test 
0 0 + 
1 1 + 
0 0 + 
1 1 + 
0 1 -
1 1 + 
0 0 + 
1 1 + 
1 1 + 
0 0 + 
0 0 + 
0 0 + 
0 0 + 
1 1 + 
1 0 -
0 0 + 
1 1 + 
1 1 + 
1 0 -
0 1 -
1 0 -
1 1 + 
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Sign Test- Services 

Innov IRAP Sign Test Innov PBI Sign Test 
0 1 - 0 1 -
1 0 - 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
0 1 - 0 0 + 
1 1 + 1 0 -
0 0 + 0 0 + 
1 0 - 1 0 -
1 1 + 1 0 -
0 0 + 0 1 -
0 0 + 0 1 -
0 0 + 0 1 -
0 0 + 0 0 + 
1 1 + 1 0 -
1 1 + 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
1 1 + 1 0 -
1 0 - 1 0 -
0 0 + 0 1 -
1 0 - 1 0 -
1 1 + 1 0 -

Innov SRC Sign Test 
0 0 + 
1 0 -
0 0 + 
1 1 + 
0 0 + 
1 0 -
0 0 + 
1 0 -
1 0 -
0 0 + 
0 1 -
0 0 + 
0 0 + 
1 0 -
1 1 + 
0 0 + 
1 0 -
1 1 + 
1 1 + 
0 0 + 
1 1 + 
1 0 -
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Sign Test- HQP 

Innov IRAP Sign Test Innov PBI Sign Test 
0 1 - 0 0 + 
1 0 - 1 0 -
0 0 + 0 0 + 
1 1 + 1 1 + 
0 0 + 0 0 + 
1 0 - 1 0 -
0 0 + 0 0 + 
1 1 + 1 1 + 
1 0 - 1 0 -
0 1 - 0 1 -
0 0 + 0 0 + 
0 0 + 0 0 + 
0 0 + 0 0 + 
1 1 + 1 0 -
1 0 - 1 0 -
0 0 + 0 0 + 
1 0 - 1 0 -
1 1 + 1 0 -
1 0 - 1 0 -
0 0 + 0 0 + 
1 1 + 1 0 -
1 0 - 1 0 -

lnnov SRC Sign Test 
0 0 + 
1 0 -
0 0 + 
1 0 -
0 0 + 
1 0 -
0 0 + 
1 0 -
1 0 -
0 0 + 
0 0 + 
0 0 + 
0 0 + 
1 0 -
1 0 -
0 0 + 
1 0 -
1 1 + 
1 0 -
0 0 + 
1 0 -
1 0 -
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Sign Test- R&D 

Innov IRAP Sign Test lnnov PBI Sign Test 
0 1 - 0 0 + 
1 1 + 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
0 0 + 0 0 + 
1 0 - 1 0 -
0 0 + 0 0 + 
1 0 - 1 1 + 
1 1 + 1 1 + 
0 0 + 0 0 + 
0 0 + 0 0 + 
0 1 - 0 1 -
0 0 + 0 0 + 
1 1 + 1 1 + 
1 1 + 1 0 -
0 0 + 0 0 + 
1 1 + 1 1 + 
1 1 + 1 0 -
1 0 - 1 0 -
0 0 + 0 1 -
1 1 + 1 0 -
1 1 + 1 0 -

Innov UofS Sign Test 
0 0 + 
1 0 -
0 1 -
1 1 + 
0 0 + 
1 1 + 
0 1 -
1 1 + 
1 0 -
0 1 -
0 0 + 
0 0 + 
0 1 -
1 1 + 
1 0 -
0 0 + 
1 0 -
1 1 + 
1 0 -
0 1 -
1 0 -
1 0 -
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Sign Test- Networlring 

Innov AAFC Sign Test Innov AgWest Sign Test 
0 1 - 0 1 -
1 1 + 1 1 + 
0 1 - 0 1 -
1 1 + 1 1 + 
0 1 - 0 1 -
1 1 + 1 1 + 
0 0 + 0 1 -
1 1 + 1 1 + 
1 1 + 1 1 + 
0 1 - 0 1 -
0 0 + 0 1 -
0 0 + 0 1 -
0 1 - 0 1 -
1 1 + 1 1 + 
1 0 - 1 1 + 
0 0 + 0 1 -
1 1 + 1 1 + 
1 1 + 1 1 + 
1 1 + 1 1 + 
0 1 - 0 1 -
1 0 - 1 1 + 
1 1 + 1 1 + 

Innov IRAP Sign Test Innov NetPBI Sign Test 
0 1 - 0 0 + 
1 0 - 1 1 + 
0 1 - 0 0 + 
1 1 + 1 1 + 
0 1 - 0 1 -
1 1 + 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
1 1 + 1 1 + 
0 0 + 0 0 + 
0 0 + 0 0 + 
0 1 - 0 0 + 
0 0 + 0 1 -
1 1 + 1 1 + 
1 1 + 1 0 -
0 1 - 0 0 + 
1 1 + 1 1 + 
1 1 + 1 1 + 
1 0 - 1 1 + 
0 0 + 0 1 -
1 1 + 1 1 + 
1 1 + 1 1 + 
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Sign Test- Networking- Continued 

Innov SRC Sign Test 
0 0 + 
1 1 + 
0 1 -
1 1 + 
0 1 -
1 0 -
0 0 + 
1 1 + 
1 0 -
0 0 + 
0 0 + 
0 1 -
0 1 -
1 1 + 
1 1 + 
0 0 + 
1 1 + 
1 1 + 
1 1 + 
0 0 + 
1 1 + 
1 0 -

Innov UofS Sign Test 
0 0 + 
1 0 -
0 0 + 
1 1 + 
0 1 -
1 1 + 
0 0 + 
1 0 -
1 1 + 
0 0 + 
0 1 -
0 0 + 
0 1 -
1 1 + 
1 0 -
0 0 + 
1 0 -
1 1 + 
1 0 -
0 1 -
1 0 -
1 1 + 
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