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Key Findings 

- Advanced economies depend increasingly on knowledge creation for growth and development, 

evidenced in an increase of patents granted. 

- Collaboration has become a significant component of the process of innovation, especially in the 

ICT and Life Sciences industries. 

- Both local and global knowledge links play an important role in the creation and diffusion of 

information. 

- The geographic reach of Ontario’s knowledge network has widened, with strong links to many 

innovative regions outside of the province. 

- Toronto and Ottawa are pivotal hubs of knowledge formation and distribution. 

- The ICT and Life Sciences industries are essential to Ontario’s innovation system. 

 

1. Introduction 

The accelerating pace of technological innovation and the ability of companies to commercialize those 

advances are key forces driving change in the global economy. These changes are rapidly altering the 

distribution of economic production and consumption around the world. As more countries become 

integrated into world markets, there is evidence to indicate that economic activity is becoming more, 

not less, concentrated in city-regions, which are widely recognized as the key source of economic vitality 

and innovative capacity for nation-states. This report studies the nature of innovation in city-regions in 

Ontario, with special focus on the geography of patenting and the role of collaboration. Where in the 

province is innovation happening? What role does collaboration play in the process of innovation? Who 

are Ontario inventors collaborating with? To answer these questions we explore the spatial scale of 

innovation in Ontario through an empirical analysis of patents granted to residents of the province since 

1975. 

The period of study coincides with the emergence of the information age, characterized by a 

transformation of the global economy into one that is knowledge-based and driven by innovation. 

Intellectual property rights thus play a central role in the advancement of industries, providing the 

incentives necessary to stimulate this new economy while enabling the diffusion of information. The 

empirical challenges of measuring innovation have led to it usually being described using either R&D 

expenditure, a key input, or number of patents, an output (Pianta, 2005). In Canada, there is a strong 

correlation between these two variables at the city-region level (Spencer and Wolfe, 2011). The period 

of study also encompasses what intellectual property experts have dubbed the pro-patent era 

(Granstrand, 2005), characterized by the diffusion and strengthening of IP laws across the globe as 

policymakers hoped to encourage innovation and R&D in this new knowledge-based economy. 

As a quantifiable measure of innovation, patents present several advantages over other metrics, 

including its comprehensiveness and data availability across time. Patents systematically collect 

important information about inventive technologies, are organized according to a standard classification 

system, include citations to relevant technologies, and date back over centuries (Smith, 2005). 
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Furthermore, the recorded location of all co-inventors in the patent allows us to analyze the geography 

of collaboration as studied in this report. 

We analyze and outline the geographic patterns of co-invention and the underlying networks of 

knowledge circulation that the patents granted to Ontario inventors reveal. Furthermore, an 

investigation of patenting trends in the sectors of Life Sciences, Information and Communications 

Technologies (ICT), Plastics and Rubber, and Automotive during the period of 1998 to 2007 is 

undertaken. The analysis focuses on fifteen city-regions in Ontario and measures the spatial scale across 

two dimensions, on the concentration of industry at the local level, and on the strength of the 

information flows that connect these city-regions to each other and to others around the world. 

2. Overview of patents in Ontario 

During the period from 1975 to 2007, 38,367 patents were granted to Ontario inventors by the United 

States Patent and Trademark Office (USPTO), the most of any province in Canada. Patenting activity has 

increased consistently over time; over 2,000 patents were granted in 2007, up from 660 in 1975 (Figure 

1). 

 

Figure 1 

 

Patenting activity is highly concentrated in urban areas, with fifteen city-regions accounting for 96.4% of 

all Ontario patents during the period of study. Much of our analysis will focus on these municipalities 

(Table 1). It should be noted that a proportional fraction of the patent is assigned to inventors working 

in teams, an approach common to similar recent studies (Kogler, 2010) which is used throughout the 

report. 
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City-region Number of patents 
granted (1975-2007)* 

Toronto 16,331 

Ottawa 6,529 

Kitchener 1,933 

Hamilton 1,814 

London 1,109 

Windsor 1,043 

Kingston 1,028 

St. Catharines - Niagara 740 

Chatham-Kent 477 

Guelph 457 

Oshawa 421 

Sarnia 356 

Peterborough 305 

Brantford 241 

Belleville 116 
 

Table 1 - *Number of patents by fractional counts (i.e. a patent with two inventors, one in Toronto, one in Ottawa, would 
count as 0.5 patents for each city) 

Although there is a strong correlation between patenting activity and population, thirteen of these city-

regions (with the exception of Toronto and Oshawa) have on average more patents than their relative 

populations would predict, compared to all Ontario city-regions (Figure 2). 

 

Figure 2 (Red points represent the 15 selected city-regions) 
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Patents are classified into 44 technology classes which represent various industry sectors. The top ten 

most prominent technology classes in Ontario represent 61% of all patents. Signal Transmission, 

Telecommunications and Office Machinery and Computers are the top two technology classes in Ontario 

patents, the two main patenting classes for companies in the ICT sector. The changes in patenting 

patterns in Ontario reflect the ever-evolving nature of technology. Comparing the decade of 1998 to 

2007 with all patents from 1975 to 1997 (roughly 19,000 patents in each period) we see a sharp increase 

in the development of ICT-related technologies and Pharmaceuticals, and a small increase in Motor 

Vehicles (Figure 3). 

 

Figure 3 

Ontario’s competences may be further explored by calculating Location Quotients for the different 

technology classes in the selected city-regions. Location Quotients are often used in location analysis 

and in this case may be used to measure the concentration of patents in certain industries relative to 

the rest of Canada (Kogler, 2010). Specifically for the top patenting classes highlighted above, we 

observe strong specialization on ICT in Ottawa and Kitchener-Waterloo; Pharmaceuticals in Kingston, 

Brantford, and Guelph; Plastics and Rubber in Toronto, St. Catharines-Niagara and Windsor; and Motor 

Vehicles in Chatham-Kent, Windsor, St. Catharines-Niagara and Oshawa (Table 2). The city of Belleville 

also reveals a degree of specialization in some of these sectors, however, the overall low number of 

patents with Belleville residents may skew our Location Quotient analysis. 
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Food, Beverages 0.46 0.25 0.00 0.00 0.95 0.68 0.48 0.97 0.40 0.00 7.87 2.88 0.38 0.00 1.12 0.95 172

Tobacco Products 0.27 0.00 0.00 0.00 0.00 1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.11 0.00 0.93 18

Textiles 0.49 0.00 0.00 0.00 9.11 1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 10

Wearing Apparel 0.86 0.67 0.00 0.00 0.00 1.27 2.77 1.82 0.73 0.00 0.00 0.51 0.00 0.00 0.00 1.09 46

Leather Articles 0.00 0.00 0.00 0.00 0.00 1.45 2.49 0.00 1.27 0.00 5.07 0.00 0.00 0.53 0.00 0.99 24

Wood Products 0.86 0.00 0.00 0.00 0.00 1.00 1.67 0.00 1.49 0.00 2.12 0.00 0.00 0.00 1.12 1.11 43

Paper 0.71 2.21 0.00 0.00 1.17 1.35 2.05 0.43 0.00 2.11 0.00 0.45 0.00 0.00 0.00 0.99 78

Basic Chemicals 0.21 3.25 0.00 0.11 2.06 1.06 1.04 0.73 0.56 0.73 3.26 1.48 0.05 0.45 8.70 0.92 872

Pesticides, Agro-

Chemicals Products 0.24 1.93 0.00 0.00 0.94 0.85 0.73 1.04 1.56 1.70 5.47 2.86 0.00 0.00 0.00 0.85 97

Pharmaceuticals 0.39 2.60 0.00 0.47 0.07 1.24 1.02 0.29 0.38 2.60 1.77 0.99 0.00 0.11 0.02 0.88 1542

Soaps, Detergents, Toilet 

Preparations 0.51 0.00 0.00 0.00 0.00 0.98 1.24 0.00 0.00 5.68 0.00 0.00 0.00 0.00 0.00 0.67 29

Other Chemicals 0.23 2.75 0.00 0.00 0.00 0.63 1.15 0.36 0.19 0.00 0.00 2.06 0.00 0.13 58.83 0.95 94

Man-Made Fibres 0.00 0.00 140.58 0.00 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 3

Rubber and Plastic 

Products 0.08 0.44 2.24 0.42 1.15 1.68 0.94 2.03 0.62 0.47 0.53 0.92 0.96 1.32 0.69 1.06 941

Non-Metallic Mineral 

Products 0.54 1.78 0.92 0.74 0.63 1.33 1.16 2.95 0.29 1.88 0.44 0.54 0.22 0.85 0.92 1.02 456

Basic Metals 0.18 5.27 2.69 2.24 1.16 0.97 2.66 2.92 0.36 0.70 1.12 0.93 0.21 1.36 0.00 0.97 314

Fabricated Metal 

Products 0.37 0.35 2.23 1.46 1.16 1.29 1.72 2.52 1.17 1.16 0.55 1.45 0.04 1.63 0.51 1.06 567

Energy Machinery 0.11 1.34 1.23 1.28 3.78 1.13 1.03 0.77 0.65 1.20 2.53 2.44 5.45 1.56 0.37 1.05 514

Non-Specific Purpose 

Machinery 0.33 0.78 3.04 1.55 4.69 1.03 2.82 0.77 1.20 0.33 1.72 1.84 0.95 1.23 0.24 1.05 671

Agricultural and Forestry 

Machinery 0.26 1.53 0.00 2.07 2.43 0.92 1.28 6.63 0.66 17.92 2.52 1.09 0.80 0.46 0.00 1.07 177

Machine-Tools 0.25 0.70 0.00 2.20 0.95 0.91 1.48 1.01 1.88 2.05 0.80 0.96 0.92 5.61 0.23 1.04 416Special Purpose 

Machinery 0.36 1.90 2.85 1.07 1.75 1.07 1.82 2.31 1.01 2.49 1.67 1.60 0.31 0.62 0.74 1.00 715
Weapons and 

Ammunition 0.78 0.47 0.00 0.00 0.00 1.33 0.00 0.00 0.78 0.00 2.22 2.15 0.00 1.85 0.00 1.01 41

Domestic Appliances 0.19 1.33 0.77 0.00 3.95 1.48 1.66 1.31 0.60 0.30 1.81 0.58 0.03 1.27 1.65 1.09 363

Office Machinery and 

Computers 1.26 0.25 0.19 0.23 0.35 1.11 0.55 0.33 1.25 0.54 0.30 0.17 0.02 0.51 0.08 0.97 2803Electric Motors, 

Generators, Transformers 0.06 0.36 0.00 18.26 0.28 0.94 0.25 0.00 0.28 0.00 0.00 12.71 1.51 0.30 0.00 1.08 160

Electric Distribution, 

Control, Wire, Cable 0.75 0.51 2.45 4.57 1.92 1.24 0.16 1.53 1.67 0.84 0.81 1.28 0.50 0.79 0.00 1.08 197

Accumulators, Battery 0.19 2.25 0.00 2.15 1.07 1.49 0.32 1.97 1.44 0.00 0.00 0.05 1.55 0.22 0.00 1.00 85

Lightening Equipment 0.50 0.00 2.93 5.94 0.00 1.29 0.50 2.33 1.31 0.00 0.42 0.98 0.92 1.84 0.00 1.07 72

Other Electrical 

Equipment 0.86 0.75 0.00 2.46 0.34 1.20 0.50 0.57 1.35 0.00 1.84 1.40 0.18 0.68 0.00 1.03 270

Electronic Components 2.18 0.10 0.44 1.33 0.09 0.79 0.65 0.28 0.95 0.20 0.41 0.16 0.14 0.20 0.00 1.02 482

Signal Transmission, 

Telecommunications 2.99 0.16 1.45 0.29 0.28 0.35 0.28 0.13 1.48 0.11 0.29 0.07 0.10 0.06 0.00 1.02 2798Television and Radio 

Receivers, AV Electronics 0.90 0.11 0.00 1.38 1.08 1.34 1.00 0.47 1.99 0.00 0.11 0.93 0.00 0.29 0.00 1.09 266

Medical Equipment 0.42 2.51 0.20 0.57 0.21 1.07 1.41 1.19 0.38 0.19 0.48 3.54 0.44 0.52 0.80 0.93 717

Measuring Instruments 1.25 1.00 0.47 4.19 0.23 0.79 0.60 0.67 1.34 0.45 1.34 0.91 2.09 1.79 1.47 1.01 906

Industrial Process Control 

Equipment 1.00 0.25 0.00 1.19 0.59 1.07 0.36 0.00 0.56 0.00 1.78 0.61 6.43 1.77 0.00 1.02 77

Optical Instruments 2.48 0.40 1.58 0.12 0.24 0.59 0.44 0.46 1.09 1.02 0.08 0.07 0.00 0.47 0.00 1.01 578

Watched, Clicks 1.23 5.75 0.00 0.00 0.00 1.30 2.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.12 10

Motor Vehicles 0.11 0.23 1.68 0.31 1.55 0.78 1.26 1.42 0.62 0.45 0.46 1.34 11.05 4.64 0.24 0.97 922

Other Transport 

Equipment 0.45 0.86 1.52 0.33 1.15 1.50 2.30 1.51 0.99 2.27 0.22 0.30 0.00 0.52 0.00 1.11 278

Furniture, Consumer 

Goods 0.40 0.13 0.85 0.63 1.68 1.29 1.60 3.05 1.53 1.55 0.67 0.54 0.40 2.74 0.00 1.09 658

Total Patents 3986 340 46 107 215 7540 817 233 1067 119 214 556 296 515 102 16516 19548

Table 2 – Location Quotients for patents in selected city-regions (1998-2007) 
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Corporations and universities are important hubs of knowledge creation, with the resources necessary 

to actively research, develop and patent new technologies. The top six companies patenting in Ontario 

from 1975 to 2007 were all in the ICT sector: Nortel, Xerox, Siemens, IBM, ATI Technologies and RIM. 

Three of these were headquartered in Ontario: Nortel, in Ottawa, declared bankruptcy in 2009; ATI, in 

Markham, was acquired by AMD in 2006; and Research in Motion, in Waterloo, has seen its share price 

drop from a peak of around $140 in June 2008, to around $10 as of July 2013. The stories of these 

companies reflect the highly competitive nature of the ICT industry. Other common assignees include 

the government of Canada (under various research initiatives) as well as Queen’s University, the 

University of Toronto, and the University of Waterloo, all among the top 30 patent producers in Ontario. 

 

2.1 Collaboration in Ontario 

The advent of the information age has transformed knowledge dynamics by facilitating and encouraging 

communication. In addition, industry specific trends have led to an increase in collaboration, in 

particular in the ICT and Life Sciences industries. These changes may be observed through time in the 

characteristics of patents granted. For patents with inventors residing in Ontario, the average number of 

inventors per patent increased from 1.51 in 1975, to 2.77 in 2007. Ontario inventors are not only 

collaborating more, but they are collaborating with more people outside of the province and around the 

world (Figure 4). These trends reflect the increasingly important role that collaboration, both local and 

global, plays in the process of innovation. 

 

Figure 4 
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The magnitude of collaboration has expanded significantly over time. Patents with sole inventors 

represented around 52% of all Ontario patents in the period from 1975 to 1997, but only 34% of patents 

for the decade between 1998 and 2007. On the other hand, patents with more than 5 inventors 

represented 1.7% of patents in the first set, and 6% of patents in the latter (Figure 5). The geographic 

reach of collaboration has similarly widened. Patents with collaborators outside of Canada represented 

less than 11% of patents granted between 1975 and 1997, but this share doubled to 22% for 1998 to 

2007 (Figure 6).  

It is worth noting that although only 37% of patents granted are done in collaboration outside of city-

region (census agglomeration or census metropolitan area) boundaries, these outward connections or 

‘pipelines’ play an important role in the advancement of knowledge at the local level, and are likely to 

contribute to the development of patents inside of local clusters (Bathelt et al., 2004). Oinas (1999) 

states that “it seems evident that the creation of new knowledge might be best viewed as a result of a 

‘combination’ of close and distant interactions”. 

 

Figure 5 & Figure 6 

 

Co-invention is an indicator of social relationships which can be used to measure the inter-personal 

information flows between inventors (Breschi and Lissoni, 2004). Strong links between regions may be 

identified by aggregating this measure at regional levels to map the underlying knowledge network 
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between these. Our analysis suggests that the reach of Ontario’s knowledge network has expanded 

through strengthening of the relationships with locations further from the province. While the link 

between Toronto and San Jose was the 11th strongest link in the period from 1975 to 1997, it was 2nd 

strongest between 1998 and 2007. Many relationships between local city-regions that were near the top 

in the first period of analysis have been displaced by stronger relationships to foreign regions in the 

second period (Table 3). This displacement is consistent with the patterns observed above (Figures 4, 5 

and 6) and further highlights the widening of Ontario’s knowledge network. 

 

1975-1997 1998-2007 

Toronto – Hamilton Toronto – Hamilton 

Toronto – Rochester, NY Toronto – San Jose, CA 

Toronto – Kitchener / Waterloo Toronto – Rochester, NY 

Toronto – New York, NY Windsor – Detroit, MI 

Toronto – Montreal Toronto – New York, NY 

Toronto – Oshawa Toronto – Kitchener / Waterloo 

Toronto – Ottawa Ottawa – United Kingdom 

Windsor – Detroit, MI Toronto – San Francisco, CA 

Toronto – Guelph Ottawa – Montreal 

Ottawa – Montreal Toronto – Ottawa 

Toronto – San Jose, CA Toronto – Montreal 

Guelph – New Haven, CT Toronto – Detroit, MI 

Toronto – Los Angeles, CA Toronto – Guelph 

Toronto – St. Catharines / Niagara Toronto – Los Angeles, CA 

Toronto – United Kingdom Ottawa – Dallas, TX 

Table 3 – Top 15 strongest links of knowledge flows generating from a city-region in Ontario (measured by co-invention) 

 

Toronto plays a pivotal role in the knowledge network of Ontario. However, in the second period of 

analysis, Ottawa features more prominently within the network with strong connections to certain 

regions to which Toronto has weaker ties with, such as Washington, Dallas and Russia. Furthermore, 

some city-regions in Ontario have stronger ties with foreign regions than with Toronto, like Windsor to 

Detroit, and London to Minneapolis. The former link outlines the fact that although information 

technologies and knowledge codification may lessen the need for physical connections between 

collaborators, geography continues to play an important role in shaping these knowledge networks, as 

Windsor and Detroit are neighbouring cities. There may also be a degree of inertia in these 
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relationships, with strong ties persisting over time (Gulati, 1995). Figure 7 shows the top 45 strongest 

links between regions in Ontario’s knowledge network, revealed by the collaboration patterns of 

patents granted to residents of the province between 1998 and 2007. 

The nature of these links, however, is still somewhat unclear. Further exploration of these connections 

may be pursued by segmenting the network into sectors. In particular, we will focus on the industries 

which the data indicates play a significant role in Ontario’s innovation system (Figure 3), namely Life 

Sciences, ICT, Automotive and Rubber and Plastics. Together, these four industries encompass seven of 

the top ten patent technology classes, including the top five. 

 

 

Figure 7 – Top 45 strongest links in Ontario’s knowledge network (1998-2007) 
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3. Spatial scale by industry sector 

The unprecedented advances of information and communication technologies have undoubtedly been 

pivotal to the increase of collaboration in the innovation process. However, although these technologies 

are common (or available) to all industries, co-invention patterns are distinct across industries. Much 

like patents are utilized differently across sectors, the factors driving the rise and the extent of 

collaboration also vary. This suggests that collaboration is mainly driven from the demand side, by 

industry or technology specific trends, rather than by the supply side, like the availability of 

collaboration tools.  

The nature of competitiveness, the evolution of business models and the levels of capital (or labour) 

intensity that industries need for their innovation processes affect how localised their knowledge is. 

Such contrast is observed in Ontario’s patents, with varying degrees of collaboration across technology 

classes. The average number of inventors per patent in the Pharmaceuticals sector is 3.52, while in 

Rubber and Plastic Products it is only 2.07 (Figure 8), indicating that collaboration plays a more 

important role for innovation in the pharmaceuticals industry. 

 

Figure 8 

The nature of these technologies will also affect how much collaboration occurs, and how localised it is. 
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codified knowledge enhances global learning and allows wider information networks (Asheim, 1999). 

The degree of tacit and codified knowledge that is used in R&D processes may vary between industries, 

leading to different collaboration dynamics and knowledge network structures. Although collaboration 

is common in the Signal Transmission, Telecommunications technology, inventors in over 55% of co-

invented patents for that class are localised exclusively within the city-region boundaries (Figure 9), 

suggesting high degrees of tacit knowledge sharing within closed cliques or teams; usually inside large 

organizations like Nortel or RIM. This is consistent with the idea that the increasing complexity of 

technologies is a main driver of collaboration in the ICT industry. In contrast, around 65% of patents with 

more than one inventor in the Medical Equipment and Basic Chemicals technologies are done in 

partnership with co-inventors outside of the city-region, suggesting that codified information sharing is 

occurring across global pipelines more frequently than in other sectors. This in turn suggests that the 

adoption of open innovation policies have led to an expansion of co-invention. These trends are further 

discussed in the following sections. 

Many of the fifteen city-regions in our study have developed industry clusters that are observed to be 

positively associated with economic growth (Spencer et al., 2010). Using the same methodology we 

identify clusters within the four selected industry sectors, and examine the co-invention patterns that 

connect city-regions in the province to other regions. The four industry sectors correspond to seven 

patent technology classes, including the top five patenting classes in Ontario for the decade of study. 

 

Figure 9 
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3.1 Life Sciences 

Statistics Canada’s census report on ‘Age and Sex’ reveals that seniors accounted for 14.8% of the 

Canadian population in 2011, up from 13.7% in 2006. Despite this, Canada has one of the lowest 

proportions of seniors in the G8 (after Russia and the United States). An aging population is one of the 

commonly faced challenges of the developed world, and it helps explain why many governments have 

placed emphasis on growing and developing the Life Sciences sector within their jurisdictions. R&D 

expenditure in the sector was $6.4 billion in Canada for 2009, approximately one fifth of all R&D 

spending in Canada (TRRA, 2011). We have identified the existence of Life Sciences clusters in five of 

Ontario’s city-regions in 2006: Toronto, Hamilton, Kitchener, London and Windsor. 

Patents are essential to the innovation process of the Life Sciences sector, in particular to 

pharmaceuticals and chemicals. While other industries report that in the absence of the patent system 

they would likely continue to innovate, this is not true for the Life Sciences industry (Mansfield, 1986). It 

is for these technology classes that patents most serve their inceptive goal of rewarding inventors by 

granting a temporary monopoly on their inventions, thus encouraging and fostering innovation.  

However, innovation in the industry has shifted away from a closed system concentrated in large 

pharmaceutical firms, and has adopted an open innovation business model in which research 

laboratories, medical schools, universities and dedicated biotechnology firms have become an integral 

part of the research and knowledge creation process (Cooke, 2005 and Moodysson et al., 2008). The 

open innovation business model relies on the idea that firms can and should use both internal and 

external sources of knowledge to advance their technologies (Chesbrough, 2003).  

For the Life Sciences industry this means that, although capital is still mostly concentrated in large 

pharmaceutical firms, knowledge is not. ‘Big pharma’ funds and licenses research outside of their 

organizations by partnering with scientists at research centres and universities, and invests considerable 

equity in spinout firms (Cooke, 2004). Patents play a key role in this innovation system, allowing these 

firms to appropriate the inventions derived from their investments in research. The industry’s reliance 

on outside sources of knowledge for the development of new products is evidenced by their propensity 

to collaborate with a wide range of co-inventors (Figures 8 and 9). 

Patenting in the Life Sciences industry appear mostly under the Pharmaceuticals and the Medical 

Equipment technology classes. From 1998 to 2007 there were over 2,000 patents granted in these 

classes to Ontario residents. The top Life Sciences patenting city-regions in Ontario differ slightly from 

the top clusters. The differences indicate that having a robust industry presence does not necessarily 

lead to strong research and development, as in Windsor; and that an innovative sector will not 

automatically lead to the development of a large industry cluster, as in Kingston (Figure 10). 

Nevertheless, patenting activity is correlated to industry clustering (Figure 11). 
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Figure 10 & Figure 11 

 

With the largest Life Sciences cluster in the country, Toronto plays a pivotal role in Ontario’s Life 

Sciences innovation network, with strong links to several regions outside of the province, including New 

York, Los Angeles, and Boston in the United States, and overseas connections to the United Kingdom, 

Sweden and France among others. Interestingly, it is more strongly connected to many regions outside 

of the province than it is to some of the innovative municipalities within Ontario, such as Ottawa, 

London or Kingston (Figure 12). Strengthening the ties between Toronto and these smaller innovative 

communities across Ontario may be an important step towards enhancing Life Sciences innovation in 

the province. 
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Figure 12 – Top 30 strongest links for Ontario’s Life Sciences knowledge network (out of 676 total links) 1998-2007 

  

3.2 Information and Communications Technologies (ICT) 

Economic activities are increasingly dependent on the production and dissemination of information. ICT 

is often seen as a productivity-enhancing industry, partly by allowing the expansion of our knowledge 

networks (as we have seen in this report). The industry is highly competitive, as highlighted by the cases 

of some of the top patenting assignees headquartered in Ontario (Nortel, ATI and RIM). This competitive 

nature makes non-stop innovation one of the keys to success in the sector. Private expenditure on ICT 

R&D in Canada was $6.2 billion for 2009. The industry is often segmented into software (or services) and 

hardware (or manufacturing). Patenting and intellectual property is vital to innovation in the hardware 

subsector, but it is much less important for software, which is usually covered by copyright laws. 

Patents, however, play a different role in the ICT industry than they do in Life Sciences. Patenting in ICT 

serves three distinct purposes, first, it acts as a currency for trading technology between competitors 

(usually through cross-licensing); second, it helps to define common standards, imperative for further 

development of technologies; and third, it protects against possible new entrants (Kash and Kingston, 

2001).  
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Inventions in ICT are characterized by their complexity. Firms tend to patent many of the components 

and subcomponents of complex technologies in order to strengthen their position when it comes to 

sourcing technology from other companies. Although firms acknowledge that innovation would still 

occur without the patent system (Mansfield, 1986), and many experts argue that it actually hinders 

development, the bargaining mechanism that it provides means that patenting is a widely adopted 

practice in the industry, thus serving as a good proxy for innovation. 

A technology is defined as complex if it cannot be understood by a single individual, firstly because the 

knowledge required is too large and diverse, and secondly because some of the knowledge required is 

tacit in nature (Kash and Kingston, 2001). The evolution of ICTs into increasingly complex systems has 

thus largely motivated the surge of collaboration between inventors in the industry, as the innovation 

process benefits from engagement with a wide range of partners by integrating different knowledge 

bases (Pittaway et al., 2005). Further, the development of transitional innovations, characterized by 

major advances in performance and “qualitative changes in design”, often require the expansion of 

collaboration networks into new sectors with different sets of capabilities (Kash and Rycroft, 2000). In 

Ontario, these trends are highlighted by the relatively large number of inventors per patent for ICT 

technology classes (Figure 8). 

Three technology classes represent ICT manufacturing patents: Signal Transmission, 

Telecommunications; Office Machinery and Computers; and Electronic Components. Patenting in the 

sector is highly concentrated in the top three city-regions, 91.2% of all Ontario patents come from 

inventors in Ottawa, Toronto or Kitchener-Waterloo (Figure 13). Furthermore, patenting activity in ICT is 

strongly correlated to industry clustering (Figure 14). Based on 2006 data, there are five ICT 

manufacturing clusters in Ontario: Toronto, Ottawa, Kitchener-Waterloo, Oshawa and Guelph. 
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In contrast to the Life Sciences sector in which Toronto was central to Ontario’s knowledge network, we 

observe a fairly even balance between Ottawa and Toronto for the ICT sector. Both cities have strong 

ties to some of the important ICT hubs in North America, such as San Jose, Boston and New York, and 

each one has strong connections to other regions. Toronto is well connected to western Ontario and 

California, and Ottawa has strong connections outside of the province with the rest of Canada, as well as 

internationally (Figure 15). It may be inferred that Ottawa’s prominent position in the overall knowledge 

network (Figure 7) is highly dependent on the strong ICT connections observed here. 

 

Figure 15 - Top 30 strongest links for Ontario’s ICT knowledge network (out of 708 total links) 1998-2007 

 

3.3 Automotive 

Ontario is home to assembly plants for five of the world’s top automotive manufacturers, as well as 

dozens of parts manufacturers. There are 23 automotive clusters in Canada, 20 of which are located in 

Ontario. Patenting in the sector is classified under the Motor Vehicles technology, with the five top 

patenting regions in the province being Toronto, Chatham-Kent, Windsor, Hamilton and London (Figure 

16), all of which have automotive clusters. However, it is especially true for the automotive sector that 

innovation and manufacturing need not be co-located, with a weak correlation between the two (Figure 
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17). While R&D seems to be highly concentrated in select city-regions, manufacturing takes place across 

the province. 

 

 

Figure 16 & Figure 17 

 

The knowledge network of Ontario’s automotive industry has a narrower geographic reach than the 

previous sectors, with many connections between regions within the province. Toronto, Detroit and 

Windsor have central positions within the network, with the most connections (Figure 18). Although co-

invention is relatively low (Figure 8), when it does occur it frequently does so across provincial 

boundaries (Figure 9). Most of this out-of-province collaboration happens with Detroit, the top two links 

in the network, Windsor-Detroit and Toronto-Detroit, represent over 30% of the total co-invention 

occurrences in the industry. It is important to note that due to the low volume of patents in automotive 

relative to the ICT and Life Sciences sectors, many of the links represented here are much weaker than 

most of the links shown for those two sectors. 

Our observations are consistent with previous studies which highlight that a lack of open standards has 

hindered the ability of the automotive sector to expand its activities geographically as effectively as 
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other industries (Sturgeon et al., 2008). Tacit knowledge sharing thus requires constant communication 

between suppliers in the value chain, resulting in fairly localized innovative activity. 

 

Figure 18 - Top 30 strongest links for Ontario’s automotive knowledge network (out of 244 total links) 1998-2007 

 

3.4 Plastics and Rubber 

Ontario is the top Canadian province for exports of plastics products, with an international reputation 

for high-quality machinery and mould manufacturing (TRRA, 2011). Industry leading companies such as 

Husky Injection Moulding, Mold-Masters Ltd., and Magna International, are located in the province. Out 

of sixteen Plastics and Rubber industry clusters in Canada, ten are located in Ontario, including clusters 

in Toronto, Kitchener, Brantford and Oshawa. 

Innovation in the sector, classified under the Rubber and Plastic Products technology, takes place 

primarily in Toronto, with 66.4% of patents in the province belonging to inventors here (Figure 19). 

Similarly to the automotive sector, there is a weak correlation between patenting activity and the 

presence of industry clusters (Figure 20). 
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Figure 19 & Figure 20 

 

Given Toronto’s high share of patents in the sector, it is not surprising that it features prominently in the 

industry’s knowledge network (Figure 21). As in the automotive sector, there is relatively narrow 

geographic reach, with most strong connections observed within the province. It should again be noted 

that due to the relatively low volume of patents (Figure 3) and the lower propensity to collaborate in 

this sector (Figure 8 & Figure 9), the links represented are weaker than those for other sectors. The 

strongest link in the sector, between Toronto and the rural area of “Kitchener –Waterloo – Barrie”, 

which includes the rural municipalities surrounding Bolton, where Husky Injection Moulding is 

headquartered, represents 48 connections between co-inventors. The weakest link in the ICT network 

graph represents 57 connections. The industry is characterized by low levels of collaboration and narrow 

geographic reach, with patenting activity highly concentrated in Toronto, suggesting the industry’s 

innovation system is much more closed than in other sectors. 
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Figure 21 - Top 25 strongest links for Ontario’s Plastics and Rubber knowledge network (out of 188 total links) 1998-2007 

 

4. Conclusion 

The observed increase in patenting indicates that knowledge creation is a significant component of 

modern economies. Further, an increase in collaboration highlights the importance of information 

diffusion to the process of knowledge creation. The advent of the information age has transformed 

innovation dynamics by facilitating communication. We have studied the co-invention patterns of 

Ontario’s inventors to reveal the underlying knowledge networks that connect city-regions in the 

province. We observe collaboration taking place both locally and globally, and Toronto and Ottawa 

taking central positions within the province’s innovation network. 

We have explored the innovation dynamics of four important industry sectors for the province. Complex 

technologies and open innovation have driven collaboration in the ICT and Life Sciences industries and 

co-invention occurs often and across a wide geographic range. On the other hand, innovation in the 

Automotive and the Plastics and Rubber sectors is much more localized and the proximity to Detroit 

plays an important role in their innovation system. We also observe much stronger correlation between 

patenting activity and industry clustering for these two sectors, indicating that active R&D plays a more 

important role in the growth of these industries, and further explaining why they more actively connect 

with a diverse set of partners. 
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Extending the investigation of the issues outlined in this report by expanding the analysis to other 

industries or geographies, as well as by updating the period of analysis, may further illuminate the 

underlying nature of the spatial scale of innovation. Measuring the degree to which the connections 

observed depend on major corporate structures, studying the effects of cross-firm inventor mobility, 

and analyzing how connections between city-regions may be facilitated, remain questions for further 

study. 
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