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Abstract

This reportshed light on trends in Canadian innovation as indicated through patenting. Central

to these recent trends is an apparent paradox: the number of patents granted to Canadians, an
output indicator of innovative activity, has increased subsifntbetween 2000 and 2014
despite decreased business sector expenditures on research and development, a crucial input to
innovation, in the same period. This report examines this issue and provides peteraal
explanations as to why this is the eathe strongest being that the divergence between trends in
patenting and R&D expenditures is caused by greater efficiency of research precesses
increase in strategic filings of patentsurthermore, this report documents recent trends in
patenting activity in Canada from several sources and compares trends across different
technologies. Patenting trends are also used to give a regional perspective on innovation by
tracking the level of innovative activity occurring in provinces and census metaopaleas.
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Are Trends in Patenting Reflective of Innovative
Activity in Canada?

Executive Summary

This report seeks to shed light on trends in innovation in Canaddieated through patenting.

It explores data on the number of patents granted to Canadian inventors by intellectual property
(IP) offices in Canada, the United States, Japan, and the European Union. Also examined are
trends in the number of patents grahig different technological categories and industrial

sectors, as well as the number of patents granted to Canadians by province and by census
metropolitan area (CMA). Finally, the report focuses on an apparent paradox between increases
in the number of @tent grants, an output measure of innovative activity, that have far outpaced
stagnant R&D expenditures, an input measure of innovation, and especially a decline in business
enterprises expenditure on R&D (BERD).

Canada has generally seen an increatigeimumber of patents granted to its resident inventors

in recent years, although this is not true across all intellectual property offices for which patent
data are examined in this report. Typically, over half of the patents granted to Canadian residents
are related to information and communication technologies (ICT), which suggests that innovative
activity in Canada is more concentrated in the ICT sector than in other OECD economies.
Ontario is a leader among the provinces in the number of patentsogi@iteresidents,

receiving the most patents in both absolute and populatiomalized termacross most IP

of fices. Ontariobds | eadership in patent grant
patent grants by CMA: 8 of the 10 CMAs that reeeli the most United States patents per

100,000 residents 2012 are located in Ontario. In particular, KitcheWéaterloo and Ottawa
Gatineau receive many more patents per 100,000 resitiantether CMAs.

Several explanations for the recent paradosegireasing R&D spending and increasing patent
grants are examined. The report concludes that the paradox is most likely caused by greater
efficiency of research processes and an increase in strategic filings of patents, although changes
to the patentingdministrative and regulatory systems could also play a part.

Measuring Innovative Activity in Canada through Patents Granted to Canadian
Residents

Patenting trends provide an indicator of innovative activity that quantifies the direct outputs of
innovatwve activity. There are several available measures of innovative activity: Total Factor
Productivity (TFP), an outcome of innovation;
processes, or products, a more qualitative output measure of innovation. Ttadse are

alternative methods of intellectual property protection such as trade secrecy that firms may use to
avoid the expensive process of obtaining a patent for only a limited period of protection.



Nonetheless, patents are a wesdtablished and widely usatkasure of innovative activity. This
report examines trends in patent grants to measure levels of innovative activity because these
data are more extensively available, particularly by technology, by province, and by CMA. This
report also describes sommitations with measuring innovation through patent volumes, such
as that not all inventions are patented, not all patents have economic value, and others.

In order to track trends in innovative activity as indicated through patents, this report examines
trends in the number of patents granted to Canadian inventors by the Canadian Intellectual
Property Office (CIPO), the United States Patent and Trademark Office (USPTO), and the
Triadic Family (consisting of the USPTO, the Japan Patent Office (JPO) aBdrthygean Patent
Office (EPO)). These three sources of patents are utilized as they provide different perspectives
on the level of innovative activity in Canada.

The number of patents granted by the Canadian Intellectual Property Office to Canadian
residents provides an indication of Canadian innovative activity that will be applied in Canada.
However, one limitation of using these data is that Canadians apply for fewer CIPO patents than
USPTO patents, illustrating that a focus solely on CIPO patentsastitieates the level of

innovative activity in Canada. Therefore this report also utilizes data on the number of patents
granted to Canadians by the USPTO. This helps improve the use of patents as an indicator of
innovative activity, as a higher numberimfovations are accounted for. This report also uses

data on the number of triadic patents granted to Canadians. Triadic patents are argued to present
the best indication of innovative activity in a country since inventions receiving triadic patents
tend b be of high quality. This is because triadic patents are costly to obtain and inventors
would only pursue them if they deemed the benefits of obtaining this type of patent as
outweighing the associated costs. However, data on triadic patents are ffinark wifobtain, as

there is no single patenting office granting these patents.

Major Patenting Trends

The number of patents granted to Canadians by CIPO and USPTO increased substantially
between 2000 and 2014, while the number of triadic patent dedirgightly from 2000 to

2011. The number of patents granted annually by CIPO experienced the greatest increase
between 2000 and 2014 out of the three sources of patents discussed, nearly tripling and
increasing 7.3 per cent annually from 1,117 paten®0DO0 to 2,984 patents in 2014. However,

while the number of patents granted by CIPO to Canadian residents has increased substantially in
recent years, the number of patent applications filed at CIPO by Canadian residents has remained
stagnant, increasirfgom 4,187 patents in 2000 to only 4,198 patents in 2014. Furthermore, in

2014 the vast majority of CIPO patents continued to be granted 4esmients (87.4 per cent)

rather than Canadian residents (12.6 per cent), although the share of CIPO pat¢sdstgr

Canadian residents has more than doubled in size from a low of 6.2 per cent in 1982.

There are more patent applications filed by Canadian inventors at the USPTO than at CIPO,
likely due to the larger potential U.S. market. The number of patgticaions filed by
Canadians at the USPTO nearly doubled in this period, from 6,809 applications in 2000 to
12,963 patents filed in 2014. There was also over twice as many USPTO patents granted to
Canadian inventors in 2014, 7,042 patents, compared 8)4h@ patents granted to Canadian
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residents by the USPTO in 2000. Canada leads all G7 countries in growth of USPTO patents
granted to its residents between 2000 and 2014.

Triadic patents are often considered high quality inventions because they Breatesits to

obtain. Trends in the number of triadic patents granted to Canadian inventors generate a far
different picture of innovative activity in Canada than that presented by CIPO and USPTO
patenting activity. After increasing by 111 per cent betw®#90 and 2000, from 290 patents to

612, between 2000 and 2011 the number of triadic patents granted to Canadians decreased to 576
patents, a contraction of 5.9 per cent per year. This compares to growth of 92.5 per cent at CIPO
and 46.7 per cent at theSBTO in the number of patents granted to Canadian residents during

the same period.

Patenting Trends by Technology

At the national level most innovative activity in Canada as indicated through patent grants has
occurred in technologies and industriesited to information and communication technologies
(ICT). Depending on the measure used to assign geographic origin to patents and the precise
definition of ICT, between 51 to 57 per cent of the patents granted to Canadian residents in 2012
by the USPTO we classified as ICT patents, and this share rose to 59.4 per cent in 2014.

Several different technological and industrial classifications for patents are examined in this
report. When USPTO patent grants are classified by their North American Industrial
Classification System (NAICS) manufacturing sector of final use, the number of patents granted
to Canadian inventors was highest between 2000 and 2012 feel&&d sectors such as

computer and electronic products, in terms of both number of paterdd msd growth rates. In
2014, 34 per cent of patents issued to Canadians by the USPTO and categorized under the
International Patent Classification (IPC) system were granted to physics related innovations and
about 27 per cent of patents were grantedriovations related to electricity. Finally, the boom

in patent grants to Canadians at both the USPTO and CIPO was fueled by inventions patented in
medical technology, digital communications, computer technology, and IT methods for
management. However, Carea residents were granted more patents only at CIPO for
inventions classified under measurement, civil engineering, and engines, pumps and turbines.
Likewise, Canadian residents were granted more patents at the USPTO for inventions related to
telecommuniation and audkvisual technology, suggesting the possibility that Canadian

inventors find it more useful to patemtotect their ICT inventions in the United States than in
Canada.

Patenting Trends by Province and by Census Metropolitan Area

Ontarioo@nadadés most popul ous province, | eads all
triadic patents granted to its resident inventors, even with patent counts normalized to provincial
populations. Inventors resident in Ontario were granted 30.4 USPTO pateh@) @90

residents in 2012 and 3.6 triadic patents per 100,000 residents in 2008 (the most recent year for
which data is available). Ontario, with 38.6
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punches above its weight in terms of the number @msitgranted to its residents as it receives
at least half of all patents granted to Canadians from each intellectual property office

However, Alberta ranks first in the number of CIPO patents granted to its inventors when patent
counts are normalized fwpulation size. Albertan inventors were granted 12.9 patents per
100,000 residents in 2014, while Ontario received the second most (11.1 patents per 100,000
residents), Saskatchewan the third most (6.68 patents per 100,000 residents) Québec the fourth
mog (6.34 patents per 100,000 residents) and British Columbia ranking sixth, with its inventors
granted only 4.7 patents per 100,000 residents in 2014. British Columbia performs relatively
better for patents from the USPTO, which granted its inventors 488ts per 100,000

residents in 2012, and in triadic patents, as its inventors were issued 2.87 patents per 100,000
residents in 2008.

One explanation for these differences could be that the garigirtg industries in each province
have differing level®f exposure and integration with foreign markets. Alberta, by receiving a
comparatively higher number of CIPO patents among provinces than USPTO or triadic patents,
may have paterdriving industries primarily focused on serving the domestic market gsich
technology developed specifically for the Alberta oil and gas industry), compared to more export
oriented patenrtiriving industries in Ontario, British Columbia, and Québec. For example,

Ontario residents were granted a very high number of ICT patgtite ) SPT@ even in
populationnormalized terms Ontario received nearly twice as many ICT patents as the next
highest province, British Columbia and over three times as many patents as Québec in 2012.

Ontariobs domi nance i n nlthehighpumber of iICT patgnts s mai n |
granted by the USPTO in 2012 to inventors from three cities: Kitchafa¢erloo (820 patents,

89 per cent of its total patent grants), Toronto (363 patents, 20 per cent of its total grants), and
OttawaGatineau (311 patent30 per cent of its total grants). Across all technologies, eight of

the ten CMAs whose residents were granted the most patents in popotatioalized terms are

located in Ontario, with Vancouver and Sherbrooke, Québec the only exceptions. In 2012,

Canalads | argest city, Toronto, | ed the country
patent® equal to 26.2 per cent of the total number of USPTO patents granted to Canadian
residents. However, Kitchen&vat er | oo, Ontari o | edn@ewmhandadés CN

UPSTO and triadic patents as well as in the number of patents granted per 100,000 residents.
Data on CIPO patents at the CMA level are not publicly available from CIPO.

Input -Output Paradox: Divergent Trends in R&D Expenditures and Patenting

An additional measure of innovation is research and development (R&D) expenditures, a crucial
input to innovation. As mentioned above, this report tracks levels of innovative activity by
examining trends in patenting because patents serve @s@stablished output indicator of
innovation. Central to these recent trends in patenting is an apparent paradox: while business
sector expenditures on research and develog@m&ictucial input to innovative reseaéch

decreased between 2000 and 2014 @keyear for which patent data are available), the number

of patents granted to Canadian resid&rds output indicator of inventive reseadchas

increased substantially in the same period. This is puzzling because a decrease in inputs to
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innovative resealcwould be expected to lead to a decrease in outputs produced by that research.
Instead, R&D expenditures have diverged from trends in the number of patents granted.

Between 2000 and 2014 real business enterprise expenditure on research and development
(BERD) decreased by 6 per cent and real total expeadittn R&D increaselly 14 per cent (in

2007 prices). However, in the same period, the number of patents granted to Canadians by CIPO
and USPTO increased significantly (by 167 per cadt®02 per cent, respectively). Although

patent applications at CIPO by Canadian residents increased by only 0.3 per cent between 2000
and 2014, in line with the trends in R&D expenditures, patent applications at the USPTO
increased by 90 per cent over 8ane period. The number of triadic patents granted to

Canadians also fell, by 6 per cent, between 2000 and 2011, in line with the decline in BERD.
One possibility is that the decrease in inputs to innovation mainly impacted the output of high
guality inventions that typically receive triadic patents, but further quantitative research is

needed to support that conclusion.

This report examines six potential explanations for this paradox, but finds that several do not
have sufficient evidence. First, the ebgd divergence may be due to lags in the causal

relationship between R&D spending and patenting over time, such that not enough time has
passed for the decrease in R&D spending to result in fewer patents. The divergence may also be
caused by changestize patent administration system, such as revisions to the patent regulatory
regimes or the ability of patent offices to process patent applications. Alternatively, it is possible
that the divergence is caused by the average quality of patent applitati@asing, perhaps

due to firms filing more applications for inventions that have already received patents in other
jurisdictions. A higher number of strategic patent filidgsatents applied for by firms for

reasons other than securing a monopoly oveptbfits of their inventiod may have led to an

increase across some patent counts. Finally, increases in the efficiency of R&D spending because
of improved technologies, or shifts in R&D spending from sectors with low petéd&D

ratios to higher paterib-R&D ratios could have allowed patent volumes to increase with less

R&D spending inputted. Differing trends in the number of patent grants and patent applications
shed some light on these explanations.

This report concludes that increases in the efficy of R&D spending ana greater propensity

for Canadian inventors to file for strategic patentsla@anost likely potential explanations

behind this divergence. Changes to the patent administration system and recent regulatory
changes, in particular theplementation of the Patent Prosecution Highway (PPH), may have

also enabled patent volumes to increase beyond trends in R&D expenditures. Recent increases in
patent grants at CIPO and USPTO could also be
patert application examination capacity; however, those changes cannot explain the increase in
the number of patent applications at the USPTO. Finally, although parts of the explanation
regarding increased efficiency are difficult to prove, it seems likelythlesddvancement of ICT

and other technologies in the past two decades has increased the productivity of research
processes and thus R&D spending. Further research is needed to confirm exactly what has
caused the growing gap between R&D expenditures aedtpgrants.
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Are Trends in Patenting Reflective of Innovative
Activity in Canada?

l. Introduction and Background ?®

Innovation is a crucial driver of economic growth. As Canaxalores how to strengthen
economic growth in the context of an aging population and a rapidly shifting industrial
landscape, spurring innovation has emerged as a key priority for governments. The 2017 federal
government budget, released on March 22, cositaeveral initiatives focused on stimulating
innovation in Canada such as a venture capital finance program, funding for industrial clusters,
and a modernizing of Canadaédés intellectual pr

This focus on spurring innovation elicits questions of how innovation is measured. There
are several available indicators of innovative activity, yet no consensus on which Grbesh
of total factorproductivity (TFP) is an outcome of innovation, Iist credibility as a measure of
technological progress is questionablehiler several innovative technologies have been
develozped over the past 30 years, TFP growtbanada was essentially flat over the 12835
period” An alternativeapproach to measng innovative activity is examining inputs devoted to
innovation, such as gross expenditures on research and development (R&D) or the number of
workers employed in R&D. Ahird approach is to measumpecific outputs, for example,
through surveys askinfirms if they have adopted new technologies, processes, or prdducts.
However, while such surveys provide valuable qualitative data, they are often quite limited by
time period and to only a few industrial sectors (Taylor, 2016: 327).

Patenting trends pwade an indicator of innovative activity that quantifies the direct
outputs of innovative activit§Patented technologies also represent an input which will typically
only generate value if adopted and used by firms. The process of filing a patenlyisscote
fact that firms obtain them suggests that they believe that these inventions will be valuable to
someone. In this report, trends in the number of patents granted to Canadian residents are used to
shed light on trends in innovative activity.

' This report was written by Jacob Greenspon and Erika Rodrigues, under the supervision of Andrew Sharpe. We
would like to thankPierre Therrien, Elias CollettBaniel SchwanerCraig Alexander, Bert Waslander, John Lester,
Alexander Murray, Matthew Calveieter Kogler, andofficials from both Innovation, Science and Econom
Development Canadadfrom the Canadian Intellectual Property Offfoe detailed comments on earlier draffs o

the report. Emailjacob.greenspon@csils.ca

% Statistics Canada's official index of business sector TFP (available in GAN&ble 3830021) was equal to 98.3

in 1985 and 98.9 in 2015. TFP growth is influenced by many economic forces other than techhptogress. See
Murray (2016) for a comprehensive discussion of the measurement and interpretation of TFP.

®]For an overview of such surveys of firmsé innovation s
* The patent literature typically labels the object of a patent an iovepatented by an inventor, rather than

innovation patented by an innovator. However, since the focus of this report is on innovative activity and given that
patents can be filed for improved products and processes and not solely for original creatioimvention and
innovation are used interchangeably in this report.



Inventors are granted patents for innovations that have been deemed by the issuing
intellectual property office to be sufficiently inventivéatent offices evaluate applications on
the criteria of the invention being novel (that it is significantly differémmm existing
technologies), notrivial (that it would not be an obvious innovation to someone skilled in the
relevant technologies), and useful (that it has potential commercial value) (Taylor, 2016: 323).
However, these are broad standards to meetrefbre, more exact criteria for patent application
examination (for example, whether strings of genetic code can be patented) are determined by
legislation and judicial decisions. This ensures that patents are only awarded to inventions that
are considewttruly innovative.

The reason governments grant patents to inventors is to solve a positive externalities
problem that emerges around the production of innovations. Consider the counterfactual scenario
where it is not possible for a firm to patent itsvantions. After a costly research and
development (R&D) process within a firm, the resultant innovations can be considered a non
rivalrous and notexcludable public good because, assuming the invention is easy to reverse
engineer and replicate, the innamgt firm cannot prevent other firms from replicating, and
profiting from, that innovation. However, use of the innovation by other firms will reduce the
profits that the innovating firm receives from its invention, thus lowering the return it receives on
its R&D investment. Since the innovating firm receives a lower (or no) return on its investment,
it will have less incentive to innovate and will ungeoduce innovations. As noted by Arrow
(1962), innovation will be undersupplied if government does rnervane to help innovating
firms recoup R&D investments. The patenting system therefore restricts the transferability of
innovations and renders them rivalrous goods, allowing innovating firms to uniquely profit from
their inventions and thus incentivizingnovation by the patesitolder. However, these patent
monopolies must be temporary in order for society to benefit from the dissemination and
subsequent improvement of patented innovations.

Therefore in order to incentivize the creation of new innowmatithat can still be
disseminated through society, patent governing bodies grant firms patents which provide
temporary exclusive rights (usually 20 years from the filing date) to an innovation (Hall and
Harhoff, 2011). In exchange for a temporary monoppéatent holders disclose details of their
innovation as well as any previous research that led to the creation of said innovation to the
public (Brydonet al, 2014). This structure is aimed at rewarding innovative activity while
simultaneously dissemiria new knowledge that can lead to further innovations. Once the
patent has expired, those who are O0skilled in
thereby allowing fowider diffusion of the innovation and potentialiyproving uponit (Hall et
al., 2012). Moreover, a patent holder may issue a liéense party that discovers an alternate

®Thereare in fact three types of patents: utility patents, for invented processes, machines, articles of manufacture,

and compositions of matter; design patents, for ornamental designs for an article of manufacture; and plant patents,

for invention or discovergf new varieties of asexually reproducing plants (USPTO, 2012:5). This report focuses on

utility patents because they cover the tangible and intangible inventions that make up most innovative activity, have

the most extensive data in terms of time, geplgyaand technology, and vastly outnumber other patent types (for

example the USPTO granted 300,677 utility patents in 2014 compared to 23,657 design patents and 1,072 plant
patents). Taylor (2016:362) conc/l ucdoensf ifinmeods tt oe cuotniolmettyr ip
® A patent license allows the owner of the license to use the invention or process in a way that would otherwise

infringe on the patent. In return, the patent holder may receive royalties. It is important to noteliterisbeloes

not transfer ownership ofie patent. See OECD (2006) for further discussion.

2



Box 1. Measuring Innovation by Patent Applications versus by Patent Grants

There are two measures of a national patent counts: the number of patent applications filed,
number of patents actually granted. There is no scholarly consensus on which measure is t
indicator of innovative activity, and different authoredy on one or the other measure. For exan
Brydon et al (2014), Rafiguzzaman and Whewell (1998), and the Global Innovation Index (C
University et al, 2016) use patent applications as a measure of innovation. On the other hand
(2016), Sug et al (2013), and others measure innovative activity by the number of patents gi
Nagaokaet al (2010: 1087) argues that due to differences in the level of information automa
disclosed in patent applications, in the United States volumpatefit grants are commonly used as
indicator of inventive activity while patent applications are typically used in Europe and Japai
report primarily examines trends in patent grants to measure levels of innovative activity becau
data aremore extensively available, particularly by technology, by province, and by CMA. As
although it can be assumed that all inventions for which a patent application is filed must be pr
significantly innovative upon filing (as otherwise the inventmuld not have incurred the costs of filir
an application), compared to patent applications the number of patent grants represents a roug
guality-adjusted data as these inventions have been judged by examiners from the intellectual
office issuing the patent as sufficiently inventive to merit a patent. Nonetheless, this report utilizes
patent applications where available in order to further inform the trends in data on numbers of
granted.

use for their innovation or asathat the patent holder is not in a position to put into practice
(Nelson and Mazzoleni, 2007) The discoveries of these alternate uses are usually made
possible by the information contained in a patent, thus illustrating the social benefits patents
cary relatvetonordi scl osure of inventions through 6tra

Given these incentives for patenting innovations, patent trends can therefore serve as a
proxy measure of innovative activity. In order to track trends in innovative aclsitgdicated
through patents, this report examines volumes of patented inventions at the Canadian Intellectual
Property Office (CIPO), the United States Patent and Trademark Office (USPTO) and inventions
granted triadic family patents (that is, identigatents filed at the USPTO, the Japan Patent
Office (JPO) and the European Patent Office (EPO)). Primary patent data sourced directly from
these offices are complimented by secondary data from international patenting organizations.
This report draws compiaons between Canada and other OECD countries, as well as within
Canada between provinces and between Census Metropolitan Areas (CMAS).

The remainder of the first section provides a brief introduction of using patents as an
indicator of innovation, the methodology of the sources from which patent data was taken, and
the limitations associated with using patents as an indicator of innevatiwity. Section 2
discusses trends in the three sources of patents at the national level in Canada. Provincial
patenting trends are discussed in Section 3. Section 4 reviews patenting trends at the CMA level
in Canada. Section 5 examines the puzzléenofeasing numbers of patents being granted to
Canadians despite decreases in research and development expenditures. Section 6 presents an

"This can be the same use as that of the original patent holder. For example, a patent holder may lack the financing,
resources, or expertise to mass produc@&waenition, but could issue a license to a firm which is not constrained in
these ways.



agenda for future research related to patents and innovation. Finally, the conclusions of this
report are discussed Section 6.

A. Potential Factors behind Patenting Trends

There are three broad factors which determine levels of patenting activity: innovative
activity, the direct costs and benefits of patenting, and the opportunity costs of patenting versus
alternatve intellectual property protection methods. Although this report focuses on patents as an
indicator of innovative activity, it is important to note other factors that can influence annual
flows of patent applications.

Innovative activity drives patentinbecause a patent grant indicates that a new idea or
invention has been created. If the direct costs and benefits and the opportunity costs of patenting
are constant, changes in the volume of patent grants indicate a higher (or lower) level of
innovative activity in the economy. Generally, patents serve as an appropriate indicator of
innovative activity. However, there are several limitations to this approach, which are discussed
in the next section.

The direct costs and benefits of patenting refer bothé monetary and nemonetary
costs and benefits intrinsic to the legal and bureaucratic processes of filing a patent. For example,
if patent laws were changed to make the process of filing a patent more burdensome, or if patent
application fees (or assiated fees for patent lawyers or agents) were raised, applicants would be
less likely to file a patent application. Similarly, efforts to reduce costs associated with patenting,
such as streamlining bureaucratic procedures around filing a patent applieaduld likely
result in an increased volume of patent applications. Changes to direct benefits of patenting, such
as modifying the length of the period of exclusive rights, would have similar effects.

There have been two notable recent reforms ofpitenting process in Canada that
shifted the intrinsic costs of patenting. The 1987 reform of Bagent Actintroduced
maintenance feésto CIPO patenting system, and thereby increased the direct costs of a
successful patent application. In contrast, 2044 Patent Actamendment (whereby Canada
ratified the internationaPatent Law Treatyyeduced much of the administrative burden of
holding a patent, for example by lifting certain requirements regarding representation that limited
who could pay maintem&e fees on a patent, and thus decreased the direct’costs.

The opportunity costs of patenting refer to the relative costs and benefits of patenting
compared to alternative methods of intellectual property protection that give inventors exclusive
rights © profits from their invention. Instead of protecting their intellectual property through
filing a patent, which is expensive to obtain and has a limited duration of protection, an inventor
may opt to engage in trade secrecy and protect a new inventioprooess through
confidentiality agreements (Hadt al, 2012). In contrast to patents, secrecy has the potential to

8 For example, time or stress.

? Maintenance fees, as outlined@POs 'Manual of Patent Office Practices' refers to renewal fees which are to be
paid at prescribed pieds in order to keep a patent in effect.

®Amendments to thRatent Acimay be viewed at the following URbttp://www.ic.gc.ca/eic/site/cipointernet
internetopic.nsf/eng/wr03892.html



protect a new innovation indefinitely and at a lower cost, although without the legal guarantee of
patent protection. Becausesecrebenefits only those who know of it, the circulation of new
ideas is stalled and knowledge spillovers will not occur.

An alternativeto intellectual property protectias open source innation, wherdy the
innovator freely releases developmental informmgtisuch as blueprints, and allows anyone to
apply the innovation without restriction.

If trade secrecy and other alternatives to patenting beomme attractive (for example,
through technology changes that better facilitate the security of trades}¢oeet filing a patent
becomes aelatively less attractive optiolVe may then expect to observe less patenting.

B. Limitations of Using Patents as an Indicator of Innovative Activity

When assessing the level of innovation in a country through exanpatent trends, it is
important to keep in mind that a larger number of patents may not necessarily indicate a higher
level of innovative activity (and vice versa). Several other factors can complicate this correlation
and limit the ability of patents ®erve as an indicator of innovative activity.

One issue is that patented inventions vary greatly in terms of their contribution to
innovation. While some patented inventions are innovative technological breakthroughs that are
extensively utilized, othersave few applications or may not be applied at all. However, macro
data on the total number of patents issued by a given intellectual property office count equally all
granted patents that pass the same basic threshold of innovation, regardless ofificansigm
impact the invention later has. Qualdyjusted measures of patent data are possible, by
measuring the citations received by a patent or the revenue generated from a patented invention,
but these types of data are not sufficiently availablenfraultiple patent offices to measure
historical trends in patenting. Moreover, quabiyjjusted data based on the usage of patents
(such as commercial application or citation by subsequent patents) are biased against more
recently granted patents as legaet has passed since their issuance for these patents to be
commercially applied or cited by others.

There are also issues concerning tracking trends in patenting over time. Changes over
time to intrinsic costs of patenting (related to patent laws andataons) affect the incentive to
patent by increasing or reducing the cost of filing a patent and thus altering the level of perceived
benefit from the innovation that the firm requires to justify incurring the patent costs. Similarly,
extrinsic costs opatenting the opportunity costs of patenting relative to alternative intellectual
property protection methodsmay change over time and cloud the relationship between patent
levels and innovative activity by increasing or reducing the opportunity costsitenting.
Annual patent counts can be misleading because the number of patents granted in a given year
does not necessarily reflect innovative activity in the year of the grant, but rather reflects the
output of innovative activity in previous years whdre tinnovation was developed. This is
il lustrated by the 6lag timebé it takes for a
of a few years, depending on the filing office) as well as the lag between the start of research on
an inventionand the date the patent application is filed. In addition, the number of patent grants
in a given year (as opposed to applications) can be misleading if the intellectual property office



granting the patents has recently increased its capacity to exartemé g@plications because a
subsequent increase in patent grants may primarily reflect a shorter lag time for processing patent
applications due to the increased examination capdcity.

Furthermore, comparing the number of patent grants across difietedfgctual property
offices can often be misleading. Since patent laws and filing processes typically differ between
patent jurisdictions, intrinsic ets to patenting also differ, and hence the incentive to patent a
given innovation may differ acrosstpat offices Therefore, for international comparisons it is
better to compare filings at one patent office by residents of different countries, rather than
comparing volumes of patents granted to residents of various countries by their domestic patent
offices.

The increasing propensity for inventors to file patents outside their country of residence
also creates issues for patents to serve as an indicator of domestic innovation. Canadian inventors
have a low propensity to file for patents within CanadaC{0) compared to at foreign patent
offices? mainly due to higher potential profits in larger foreign markets. In addition, the total
number of patents granted in Canada overstates the level of innovative activity in the country as
it includes grants tdooth foreign and domestic inventors and therefore does not reflect solely
domestic innovation in Canada. Moreover, many patents are filed jointly by both Canadian and
foreign inventors. Different data sources take different approaches to allocating pateath
country, but some counts may overstate the amount of innovation occurring in Canada (if, for
example, listed Canadian inventors played a relatively minor role) or understate it (such as for
some measures that only consider the first listed iovewhich will likely exclude some patents
with Canadian inventors). However, there is no documented bias regarding the order Canadian
inventors are listed on patent applications, so the aforementioned overstating and understating
effects are assumed to $Emmetrical.

Finally, patents serve as a better indicator of aggregate innovation in a country or
province rather than in specific sectors of the economy or firms (Taylor, 2016: 323). Some
technological sectors and firms may rely more on patents tocpiotevations than others, for
example because some technologies are more easily protected by trade secrecy (Pavitt, 1988).
Research by the USPTO (2012) on the number of USPTO patents associated with manufacturing
North American Industry Classification &gm (NAICS) codes found that I@€lated NAICS
codes were granted a high number of patents relative to employment levels in each NAICS code
sector. Research in this report employing the same methodology for Canadian data, summarized

Yeor example, consider a patent office that consistently receivespal&@t applications per year. The quality of

patent applications and examination standards do not change, so the granting rate remains stable each year. After an
average three year lag period during which patent applications are examined, each Jepated@® are granted

(whereU< 1). Consider if in yearthe patent office then hires more examiners to process patent applications and

thus reduces the lag period to 2 years. If the volume of applications remains stable at 1000 patent applications per

yea and the granting rate is unchanged, ther-ih(i.e. two years after the patent office increased its number of

examiners) the number of patent grants will have increased t®,1086reb=1 AJ. The i ncrease in pa
this office from 1000in yeartto 100(binyeart+2i s t her ef ore caused only by an in
capacity to examine patent applications, not an increase in innovative activity or relaxation of examination

standards.

Brydonet al. (2014 report that 82 gecent of patent applications by Canadian inventors are filed at intellectual

property offices outside Canada.



in Appendix Table 9, dund similar results for USPTO patent grants to Canadians by
manufacturing NAICS codes. This suggests either that phsssid measures of innovation may

be biased towards some sectors that are more reliant on patents for intellectual property
protection, or alternatively that these sectors are more innovative per employee than other
sectors.

Despite these limitations, patents remain a wideslgd indicator of innovative activity.
Patenting trends provide a widanging quantitative measure of innovatiorddherefore avoid
the pitfalls of relying on a purely inpiiased indicator (such as R&D spending that never leads
to an innovation) or a qualitative output measure (where, for example, there may be sampling or
reporting i ssues wivdtive aaciwty). \Daty sn patent applications and i n n o
grants are also widely available from various patent offices and typically broken down into
technological categories, which show the sectors which played the most important role in
changing patent countsaR ent s are a frequently employed i
been used as a basis for the economic analysis of innovative activity for almost a
centuryo(Taylor, 2016: 323).

C. Methodology of Sources

This report relies on primaryource data from thCanadian Intellectual Property Office
(CIPO) and United States Patent and Trademark Office (USPTO), as well as sesoodesy
data from four organizations that collect patent data directly from patent filing offices: the World
Intellectual Property Owmnization (WIPO), the Five IP Offices (IP5), the Institut de la statistique
du Quebec (1SQ), and the OECD Patent Statistics database.

The number of patents attributed to a country or geographical region may be counted in
different ways by each office ithe case of collaboration by inventors from different
jurisdictions. Sunget al (2014: 582) describe the three different methods of assigning residency
to a patent with inventors from multiple countries: whole counts, where each country is
attributed ongpatent; first country, whereby only the country of origin of the first listed inventor
is attributed a patent; and fractional counting, where patents are partly attributed to each country
on the basis of how many inventors they have listed on the patdditiohally, different patent
offices may provide their annual patent statistics on the basis of application date, granting date,
or priority date'®

The Canadian Intellectual Property Office is the operating body responsible for
administering and procesg patents in Canad& | PO6s Annual Reports <co
number of patents granted in Canada. While CIPO has an extendine database of patents
that allows users to view original patent documents ranging from 1869 to the pgesengl
stdistics on patents granted to residents by province can only be found in their annual reports.
Currently, only reports for 2012013, 20132014 and 20142015 are available othe CIPO

13 Priority date refers to date of the first patent application made for an invention at an office, which is the
considered the filing date foatier patent applications for the same invention at other offices, as long as the
application is filed within 12 months of the first application filing and all offices are in member countries of the
Paris Convention for the Protection of Industrial Prop@ifprld Intellectual Property Organizatiomd.).
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website. This report uses patents granted on the basis of proviresdefnce. Earlier national
data on the number of patents granted by CIPO are available through WIPO. However, earlier
provincial data are unavailable online from CIPO and WIPO.

Data for annual counts of United States Patent and Trademark Office (UpRiD)
applications and grants to Canadian residents are sourced directly from the USPTO. These data
are released in calendar year reports by the USPTO Patent Technology Monitoring Team. The
USPTO assigns an origin to each patent based on the residetiee fsftnamed inventot?

For example, if a Canadian resident and a resident of another country collaborated on an
invention and the Canadian resident was listed second on the patent document, the USPTO will
attribute the pat ewmtyotresidendee ot her i nventor os

WIPO is a global forum for intellectual property services and information based in
Geneva, Switzerlanf. This organization is an agency of the United Nations with 188 member
states. Data on patents at various filing offices (theiag#fat which a patent application is first
submitted) from 1980 to 2014 are available. For the purpose of this report, data collected by
WIPO from the Canadian filing office (CIPO) are used, in particular, total patents granted to
Canadian residents andtpnt grants by technology, as well as data collected by WIPO from the
United States Patents and Trademarks Office (USPTO) on USPTO patents granted to Canadians
by technology. Like the USPTO, when attributing a patent to a resident based on his or her
cowntry of origin, WIPO only considers the country of origin of the first named applicant (or
inventor) on the patent documéfit.

Data in this report are also sourced from the Five IP Offices (IP5 Offices), a forum of the
five largest intellectual property fafes that works to improve the examination process of patent
applications:” When accounting for the number of patents issued to the residents of any given
country, IP5 Offices only considers the residence of the first applicant listed on the patent when
attributing a patent to a certain country.

Data from the Institut de la statistigue du Québec (ISQ) are used to obtain data on the
number of USPTO and triadic patents granted to Canadian residents by province and CMA of
residence. The data gathered by I®ere compiled by the Observatoire des sciences et des
technologies (OST) from the OECD and USPTO datab@sstitut de la statistique du Québec,
2015) For provincial and CMA measures the ISQ assigns patents by whole counting, meaning
that a single pant can be attributed to more than one province or CMA if that patent has
inventors from different provinces or CMAs. For example, if a patented invention was created
by four inventord one from Ontario, one from Québec and two from Alldettee patent is

4 This information is listed at the beginning of each patent refes;for example United State$atent and
Trademark Officg2015).

5 Background material about the WIPO is available at the following WRp://www.wipo.int/aboutwipo/en.

6 See the WIPO glossary, available at the following UREp://www.wipo.int/ipstats/en/statistics/glossary.html
Y The five largest IP offices are théSPTO, EPO, JPO, the Korean Intellectual Property Office (KIPO) and the
State Intellectual Property Office of thedpée's Republic of China (SIPO).

8



counted once in Ontario, once in Québec and once in Alberta. To avoid double counting, for the
Canadian total, the patented invention is only counted once instead of thre® times.

The Organization for Economic @iperation and Development (OECD) maintams
database of patent statistics through its online statistical site. Data from the OECD are used for
comparative purposes to observe international trends in the number of USPTO and triadic
patents by country. However, comparison of patenting trends amffosss is limited because
while the USPTO and WIPO attribute each patent to a single country, based on the origin of the
first listed inventor, the OECD database assigns residency of a patent based on fractional
counting, meaning a single patent is btited to multiple countries by fraction of how many
inventors listed on the patent originated from each country. For example, a paterdgrded by
1 French resident, 1 American resident and 2 Canadian residents will be counted as ¥4 of a patent
for Frane, % for the USA and %2 patent for Canada (OECD: 2009).

Most intellectual property offices, including the EPO, the JPO, and CIPO, award patents
on a firstto-file basis, where the patent is granted to the first inventor who files a patent for an
invention, even though they may not be the first person to dfeatavention. Since the passage
of the America Invents Acin 2013, the USPTO has also awarded patents on a similar first
inventorto-file system (American Intellectual Property Law Associatiom.d.)*® Patent
applications list the names and addressesaih the inventor(s) and the assignee/patent
holder(s), leading to two different ways patents can be counted: either by the inventor(s)'s place
of residence or the assignee/holder(s)'s place of residence. Moreover, the time it takes to grant a
patent aftefiling differs between patent offices and the type of invention being patented.

D. Patent Assignments by Inventor and by Assignee

There are two different counts of how many patentsss@edto residents of a certain
country, province, or CMA: the nureb of patents issued to inventors resident to that
jurisdiction, and the number of patents issue
the inventor listed on the patent, whereas the term 'assignee' refers to the holder of the rights to
useand commercialize the inventio€ounts by each measure may differ if, for example, a
Canadian inventor files a patent while working for an American firm that retains ownership of
the patent. While both counts offer useful information, this report focosesends in the
number of patents granted to Canadian inventors because, as explained &t 8uifg014:
580)Awhi |l st assignment by inventor country ref|
the assignment by assignee country shows themarke | | ocati on strategy of

Although this report focuses on the level of innovation in Canada and thus relies on
patent counts by inventor, it is worth noting that the number of USPTO and triadic patents
granted to Canadian inventors considieekceeds the number of patents granted to Canadian
assignees. For example, in 2012, the number of inventions patented at the USPTO that listed

®This can be seen for example in the number of triadic patents awardedritoisvin each province in @0
(Appendix Table 4). The provincial figures sum to 946 patents while nationally only 916 patents were issued,
meaning thatip to30 patents were the result of collaboration from inventors in different provinces.
American Intellectual Property Law Assatibn. Summary of the America Invents Act.
http://www.aipla.org/advocacy/congress/aia/Pages/summary.aspx
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Canadians as inventors was 6,812 while that same year, Canadians held the rights to use and
commercialize only4,335 patented inventior{&ppendix Tables 12 and 21fFurthermore this

gap is growing: between 2000 and 2012, Canada experienced an average annual growth rate of
2.5 per cent in the number of patents awarded to Canadian assignees, half of the gra#th rate
the number of inventors granted USPTO patents. The percentage of patents invented by a
Canadian but owned by a foreign assignee increased from 15 per cent in 2000 to 36 per cent in
2012, the highest rate in the dataset dating back to ?@8milarly, the percentage of Canadian
invented triadic patents owned by foreign assignees increased from 22 percent in 2000 to 39 per
cent in 2008 (the most recent year for which data are available). Data on patent grants to
Canadian assignees is included in Appefidikles 21, 22, and 23.

Inventors of a patented invention do not necessarily have the right to use and
commercialize their invention unless they are the holder of the pHtdrgy assign the patent to
another entity such as a company or another indivjadbey no longer have the right to use or
commercialize the invention they created unless they obtain permission to do so. Therefore
despite the growing numbers of Canadian inventors who have inventions patented at the USPTO,
the smaller, and slower gravg, number of patents granted to Canadian assignees suggests that
Canada may be unable to commercialize these inventions and profit from the increased
innovative activity.

[l. Patent Trends at the National Level in Canada

This section focuses on patergrtds at the national level as an indicator of innovative
activity in Canada by examining the number of patents granted to Canadian inventors by CIPO,
the USPTO and the triadic family patent offices. Patent trends in Canada are also compared
internationaly with the G7 and OECD countries.

Canadians are granted more patents from the USPTO than from CIPO and triadic patent
family offices. While the number of patents issued to Canadians from all three sources has
increased significantly since 1980, recennti® are more divergent. The number of patents
granted by CIPO and by the USPTO both increased between 2000 and 2014, but the number of
triadic patents granted to Canadians decreased from 2000 to 2011 (the most recent year for
which data are available). Caota led the G7 countries in growth of triadic patents between 2000
and 2008 but Canadian inventors then suffered the largest decline among the G7 in the number
of triadic patents granted between 2008 and 2011.

2 See Appendix Tables 12 and The percentage of patents invented by a Canadian but owned by a foreign
assignee was calculatedase minughe ratioof the number of assignee patents granted to Canadians in a given
year to the number of inventor patents granted to Canadians in the sanidoyedat this calculation somewhat
understates the share of Canadiarented patents that are owned by +@@amadians since it assumes that all
Canadiarowned patents are Canadi@vented.
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A. Patenting Activity by Canadians at the Canadian Intellectual Property Office

The Canadian Intellectual Property Office (CIPO) is the authority for granting patents
within Canada, to both Canadian residents and foreignersrésatentsf* Table 1 includes the
number of CIPO patents granted applied for by Canadian residents from 2000 to 2014, and
select earlier annual courflsChart 1 presents the data on CIPO grants and applications by
Canadian resides between 1980 and 2014.

i. Patents Granted by the Canadian Intellectual Property Office

The number of CIPO patents granted to Canadian residents has grown considerably in the
past 15 years, and the number of patents granted in 2014 is double the oL@IBED patents
granted to Canadians in 1980. However, the number of patents granted to Canadians by CIPO
decreased dramatically, by 55 per cent, between 1980 and 1997. Lo and Sutthiphisal (2009)
suggest that one reason for this decrease is the R&&r Act reform of the Canadian patent
regime that replaced the firgl-invent rights system with a firso-file system and, more
importantly, introduced maintenance fees for all new CIPO patents. Maintenance fees increased
the direct cost of patenting, espdigicas the fees increased at the later stages of a patent's
lifespan. Consequently, between 1987 and 1989 patent applications to CIPO temporarily surged

Chart 1: Number of CIPO Patent Grants and Applications to Canadians19802014
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L This report uses patents as an indicator of innovative activity in Canada and therefore focuses on CIPO patents
granted to Canadian residents. However, foreign residentiigerto receive many more CIPO patents than
CanadiansFor example, in 2014 foreign residents were issued 20,765 patents, compared to 2,984 for Canadians.
Data on CIPO patent grants and applications byresidents are included in Appendix Table 2.

% Conplete data from 1980 to 2014 are included in Appendix Table 1.
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Chart 2: Number of CIPO Patent Grants and Applications by Canadian Residents,
20002014 (2000=100)
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as inventors rushed to file patent applications before the new law came into(keffezhd
Sutthiphisal, 20093® After 1989, the volume of both CIP@atent applications and grants
decreased, perhaps duearteentors of lower valued inventions being less likely to pay the higher
maintenance fees when the costs of maintaining a patent were likely to outweigh the.benefits

Chart 2 presents recent trends in the number of patent grants and applications to CIPO by
Canadian residents. After the decline in patent grants from 1980 to 1997, the number of patents
granted to Canadians by CIPO increased &y per cent between 2000 and 264 4rowth of
CIPO patents granted to Canadians accelerated after 2010; patents grew by 70.6 per cent (or 5.5
per cent per year) over the 20R010 period, then by 56.6 per cent (or 11.9 per cent per year)
over the 20162014 eriod.

Chart 3 presents the share of total CIPO patents granted to Canadians (rather than foreign
residents) between 1980 and 2014. Canadian residents have consistently been granted far fewer
CIPO patents than nemsidents. The much larger share of-mesident CIPO patents illustrates
that Canada is an importer of technology, suggesting that Canadians benefit greatly from the
diffusion of foreign technologies (Rafiguzzaman and Whewell, 1998). In 2000, the share of total
CIPO patents granted to Canadapplicants was 9.2 per cent, while the share of total CIPO
patents granted to foreign applicants was 90.8 per cent. In 2014, the share of CIPO patents to
Canadian applicants rose to 12.6 per cent, doubling from the share of CIPO patents issued to

% Although thePatent Actreform bill was passed on May 6, 1987, the amendment did not come into effect until
October 1st, 1989.
24 Growth in the number of CIPOeasured between the 1983ugh and 2014 is 361 per cent.
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Chart 3: Per Cent Share of Total CIPO Patents Granted to Canadian Residents, 192014
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Canadian residents in 1980. The recent increase in the resident share of patents is due to its
higher annual growth rate of 7.3 per cent betwee® 20@ 2014, compared to annual growth of
4.6 per cent for nenesidents over the same period. However, in 2014residents were still
granted 7 patents for every patent granted to Canadian residents.

ii. Patents Applications to the Canadian Intellectual Property Office

The number of patent applications filed at a particular intellectual property office can also
be used as an indicator of innovative activity. Although only granted patents represent
innovations that have been deemed by CIPO sufficiently innovative tatinegetriteria of
novelty, nonobviousness, and practical utility, patent application counts include innovations
out side ClIPOb6s Anarrowero criteria, such as p
principle (Brydonet al, 2014:3). As well, agtent application demonstrates that the innovation
is significant because the inventors determined themselves that the benefit they would receive
from their patented innovation sufficiently exceeded the intrinsic and extrinsic costs of filing a
patent fortheir innovation. Trends in patent applications are therefore a useful complement to the
number of patents granted when quantifying the level of innovative activity.

Recent trends in the number of patent applications filed at CIPO from 2000 to 2014 are
presented in Chart 2. In contrast to the number of patents granted by CIPO, which has increased
significantly throughout the past two decades, the volume of patent applications filed at CIPO by
Canadian residents is now near the same level as in 2000aeed& of 5,522 in 2006, patent
applications to CIPO have dropped by 24 perce
a tenyear low of 4,198 in 2014. These recent trends represent a reverse from historical growth in
each decade: CIPO patent apgiions by Canadians increased by 54.7 per cent from 1980 to
1990 and by 64.3 per cent between 1990 and 2000. However, despite growth of 20.9 per cent
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Table 1: Number of CIPO Patent Applications, Patent Grants, and Granting Rategwith 4
year lag) for Canadian Resident Inventors, 1980, 1990, 1996, 262014

CIPO Patents CIPO Patent Granting Rate, With Share Granted to
Granted to Applications by 4 year Lag (%) Canadian Residents
Canadian Canadian Residents of Total CIPO
Residents Patents Granted (%)
1980 1,450 1,648 - 6.33
1990 1,109 2,549 51.3 7.82
1996 709 2,583 25.3 9.92
2000 1,117 4,187 43.2 9.21
2001 1,210 3,963 36.2 10.07
2002 1,253 3,959 32.9 14.06
2003 1,226 3,929 30.2 10.61
2004 1,425 5,231 34.0 10.9
2005 1,511 5,183 38.1 9.74
2006 1,588 5,522 40.1 10.61
2007 1,809 4,998 46.0 9.75
2008 1,886 5,061 36.1 10.08
2009 2,029 5,067 39.2 10.41
2010 1,906 4,550 34.5 9.97
2011 2,150 4,754 43.0 10.36
2012 2,404 4,709 47.5 11.02
2013 2,756 4,567 54.4 11.56
2014 2,984 4,198 65.6 12.56
19841989 (average) 1,249 2,435 63.5 7.17
19961999 (average) 983 2,987 38.1 8.33
20002009 (average) 1,505 4,710 37.6 10.54
20102014 (average) 2,440 4,556 49.0 11.09
% or Point Change, 167.1% 0.26% 22.3 3.35
20002014
Annual growth 7.27% 0.02% n.a. n.a.

rate, 20002014
Source: Appendix Table 1.

between 2000 and 2008, the number of applications filed by Canadian residents increased only
marginally, by 0.3 percent (11 patent applications), from 2000 to 2014.

li. Patent Granting Rate at the Canadian Intellectual Property Office

Recent growth in the number of patent grants has far outpaced growth in patent
applications. Between 2000 and 2014 the volume of patent applications filed at CIPO by
Canadian residents increasgddmly 0.3 per cent, far below the 167 per cent increase in patents
granted to Canadian residents in the same periodr&metsion, from 2008014, the number of
patents granted to Canadian residents grew by 58.2 per cent despite applications frois reside
decreasing by 17.1 per cent over the same 6 years. While at any intellectual property office only
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Box 2: Calculating the Patent Granting Rate

The patent granting rate estimates the proportion of patent applications that are later Tinar
patent granting rate for a particular intellectual property office is calculated as the followin

R Lol v (R ilael
e O e < lE e v

Whereti s t he Obase year 6 for t he liathedag period ¢(no
years) between the date of a patent application being filethardhte of granting, based on th
estimated average pendency tiraported in the literaturé.Each intellectual property office he
a unique praletermined value df However, Eckert and Langinier (2014) note that, even aft
accounting for the lag invarage pendency times, dividing the number of grants by applicati
provides only a rough estimate of the granting rate, as this measure does not correct for
resubmitted or withdrawn applications. The above formula for the patent granting rate thel
results in a lower calculated rate than in much of the lite@ttoeexample, Quillen and
Webster (2006) exclude rejected applications that have been resubmitted and therefore e
granting rate of 97 per cent at the USPTO. Granting rates can atstubaced by factors such
as the resources available to patent office examiners and the types of innovation that are
examined. In addition, crogountry comparisons are complicated by different filing strategi
each office, such as applicaagsplying for several patents for the same invention. See Leml
and Sampat (2008) for further discussion of the methodology and challenges of calculatin
patent granting rates.

some fraction of the total number of applications filed will be grapégents, this granting rate
changes substantially over time.

Changes in the granting ratio over time may be as a result of a variety of factors apart
from trends in innovation and others that drive changes in the number of patent applications and
grants.One consideration is that the average quality of patent applications may change over time.
Patent quality is typically measuresingindicators such as the technological scope of patents,
the number of backward and forward citations for each patent, aridus other indices
constructed to estimate patent quality and vaiuenother possibility is that the behaviour of the
patent office may change, degherto changes in their assessment capamityo changes in
their assessment criteria.

Indeed, i is clear that the standards by which CIPO reviews patents have evolved. The
GinartePark index of patent protection measures the strengibrogéstic patent rights based on
Acoverage (inventions that are pat gaidnaobl!l e) ;
protection; enforcement mechanisms; and restrictions (for example, compulsory licensing in the
event that a patented invention is not suffic

% London Economics, the source used by Eckert and Langinier, measures pendency times as the period between the
filing of a patent application and the granting of a patent.

*See OECD (2015) for a discussion of measuremepatent quality and value and descriptions of various

indicators.
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data from the GinartPark index shows Canada imprdvieom a score of 3.28 in 1990 to 4.34 in
2010%" (Note, lowever,thatthe recent increases in the patent granting rate at CIPO occurred
after 2010). Judicial decisions regarding the proper interpretation of criteria for patentadiity

a driver of changein patent assessment standar@®r example, after the judgment in
Amazon.com Inc. v. Canada (Commissioner of Pat¢p@)1], CIPO instructed examiners to
broaden the patentable subject matter to include compupéemented invemdns (Canadian
Intellectual Property Office, 20).3

Other factors potentially affecting the patent granting rate inadbdages in the patent
pendency time, changes in the rate of withdrawal of applications, changes in the quantity and
guality of examiners, anchanges in the demand for patents relative to other forms of intellectual
property protection.

Chart 4 and Table 1 present trends in the granting rate for Canadian residents at CIPO,

taking into account the estimated average four year lag betweentiddilmg of a patent
application and its grant; therefore, the series begins in 1984, rather thanhE&ar(iest year

Chart 4: Per Cent Granting Rate for Canadian Residents at CIPO, 1982014 (With

4 Year Lag)
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*'The index is described in Park (2008) and available at the following URL:
http://fs2.american.edu/wgp/www/patent%20index%201960%202010.xIsx.
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for which patent application data are available from WIB¥ppendix Table 1 includes

complete data on patent granting ratios from 1980 to 2014 for Canadian residei884, the
granting rate was 86.6 per cent. However, CIPO granting ratio for Canasidents began

falling sharply thereafter and, aside for a brief spike in 1999, remained below 50 per cent until
2013. However, the granting ratio for Canadians at CIPO has been on a rapid upward trajectory
in recent years, increasing by 31 percentage p@ioin 34.5 per cent in 2010 to 65.6 per cent in
2014, the highest point since 1986.

Prima facie, this recent strong growth in patent grants implies that in the period since the
late 2000s recession, the level of innovative activity in Canada hassedrsabstantially.
However, the lack of increase in patent applications during this growth period suggests a more
complex story. It may be that firms have only applied for patents for their best inventions, for
which they were more certain the patent wdagdgranted, and that firms were less likely to take
a risk on patenting inventions that were less proven. In addition, the increase in the granting rate
could be driven by other factors listed above.

B. Patenting Activity by Canadians at the United State s Patent and Trademark
Office

Patents issued by the USPTO are widely used to measure and analyze innovation because
they are highly sought out by inventors from many countries (Lo and Sutthiphisal, 2009). The
USPTO receives a large share of its forgaggtents from Canadian inventors in particular, owing
to the access they allow to a significantly larger market as well as the close proximity and high
degree of economic integration between the two countries (Rafiguzzaman and Whewell, 1998).

Table 2 presets the number of patents granted to Canadian inventors by the USPTO,
Canadian inventorsd6 share of the total number
patent applications filed by Canadian inventors, and granting rates for Canadian inven&rs at th
USPTO. Annual data from 2000 to 2014 as well as select earlier annual counts and period
averages are included in Table 2, while Appendix Table 3 contains complete data frem 1980
2014.

I. Patents Granted to Canadians by the United States Patents and Trademark Office

Chart 5 presents recent trends in the number of USPTO patent grants and applications by
Canadian residents. Overall the number of USPTO patents granted to Canadian residents has
increased significantly between 1980 and 2014, by neargnéeld during this time (an increase
of 550 per cent). Aside from a period of stagnation between 2000 and 2009, when the number of

% Estimate of 4 years is based on Eckert and Langinier (2014), who reported that from 2003 to 2009 the average
pendency time aflPOhad increased from 45 months to 52 months.

29 Appendix Table 2 includes data on the granting rate for foreign reside®i@@twhich are generally positively
correlated with the granting rate for residents. However, the rate feresatents has nearly always exceeded the
granting rate for residents: on average, from 128244 the granting rate for naesidents was 5 perdage points

higher than for residents.
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Chart 5: Number of USPTO Patent Applications and Grants to Canadian
Residents, 1982014
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USPTOpatents granted to Canadians increased by only 6.9 per cent overall, the number of
patents granted to Canadian residents has experienced steady upward growth averaging 5.7 per
cent per year between 1980 and 2014. Since 2009 there has been a substmtrapsients

issued by the USPTO to Canadians, with the total volume increasing by 93 per cent from 2009 to
2014 to reach a high of 7,042 patents, more than twice the number issued in 2000 (an increase of
106 per cent).

ii. Patent Applications by Canadia ns at the United States Patents and Trademark Office

The number of patent applications has followed a similar trend as the number of patent
grants, increasing by 558 per cent between 1980 and 2014. Growth in the number of patent
applications to the USPTHRas also been strong recently, increasing 90 per cent from 6,809
applications in 2000 to 12,963 applications in 2014, representing growth at an average annual
rate of 4.7 per cent. Despite this overall strong growth, between 2007 and 2009 the number of
USPTO patent applications by Canadians decreased by 1.1 per cent. Since this slowdown,
however, growth in the number of patent applications filed by Canadians at the USPTO has
picked up again, as the volume of applications increased by 26 per cent frono 2009 t
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Table 2: Number of USPTO Patent Grants, Patent Applications, Granting Rates
(with 3 year lag), and Share of Total USPTO Patent Grants for Canadian Inventors,
1980, 1983, 1990, 1995, 202014

USPTO Patents USPTO Patent  Granting Rate Canadian
Granted to Applications by  (With 3 year l nvent or si
Canadians Canadians Lag) (%) Total USPTO
Patent Grants

1980 1,083 1,969 - 1.75
1983 1,002 1,995 50.9 1.76
1990 1,859 3,511 66.6 2.06
1995 2,104 4,745 55.9 2.07
2000 3,419 6,809 72.8 2.17
2001 3,606 7,221 63.4 2.17
2002 3,431 7,375 55.8 2.05
2003 3,427 7,750 50.3 2.03
2004 3,374 8,202 46.7 2.05
2005 2,894 8,638 39.2 2.01
2006 3,572 9,652 46.1 2.06
2007 3,318 10,421 40.5 2.11
2008 3,393 10,307 39.3 2.15
2009 3,655 10,309 37.9 2.18
2010 4,852 11,685 46.6 2.21
2011 5,014 11,975 48.6 2.23
2012 5,775 13,560 56 2.28
2013 6,547 13,675 56 2.36
2014 7,042 12,963 58.8 2.34

19831989 1,415 2,605 64.3 1.8

(average)

19901999 2,273 4,480 60.6 2.0

(average)

20002009 3,409 8,668 49.2 2.1

(average)

20102014 5,846 12,772 53.2 2.3

(average)

% or Point 106.0% 90.4% -4.6 0.19

Change 2000
2014
Annual growth 5.30% 4.71% - -

rate, 20002014
Source: Appendix Table 3.
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Chart 6: Number of USPTO Patent Grants and Applications by Canadian Residents, 2000
2014 (2000=100)
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iii. Patent Granting Rate at the United States Patents and Trademark Office

Table 3 includes the annual granting rate at the USPTO, calculated taking into account
theestimated 3 year average lag between the application filing date and the granting date of a
patent® The USPTO granting rate for Canadian inventors peaked in 1989 at 80 per cent
(Appendix Table 3). The next highest point was in 2000, when the grantimgaateed 73 per
cent. The granting rate declined thereafter until 2009, when the granting rate reached a low of 38
per cent. However since 2009 the granting rate improved, and in 2014 it had increased to 59 per
cent, although this was still 14 percentagefs less than in 2000.

iv. Comparing National Trends at the United States Patents and Trademark Office

The surge in patenting at the USPTO is not unique to Canadian residents. Eckert and
Langinier (2014) note that patent applications and grants haxethran doubled in both the US
and Europe between 1990 and 2010. The authors note that several potential explanations for this
rapid increase have been offered, ingtgdigher R&D expenditures and invention rates; an
increase in the rate of filing abmhdess stringent examination standards; new patent strategies
and management practices; and increased incentives to protect against infringement claims and
strengthen firmsé bargaining positions follow
paenting of software and business practices (Eckert and Langinier, 2014).

%0 The estimate of 3 years is based on Eckert and Langinier (2014), who reported that between 1996 and 2008, the
pendency time reported for the USPTO had increased from approximately 20 months to 40 months.
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Chart 7: Per Cent Granting Rate for Canadian Residents at the USPTO, 198814 (With
3 Year Lag)
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Source: Appendix Table 3.

Chart 8 compares growth in the number of patents gréamytédte USPTO to G7 countries
from 2000 to 2014 From 2000 to 2014, Canada experienced the highest growth in USPTO
patent grants among the G7, and was the only G7 country to see a doubling of the number of
patents granted to its inventors. All G7 coursiseiffered a decline between 2000 and 2008 in
the number of USPTO patents granted to their inventors (with the exception of Japan). However
in the following six years, from 2008 to 2014, all G7 countries experienced rapid growth in the
number of patents gnted to their inventors between 2008 and 2014, with Canada leading the G7
with an increase of 108 per cent. In absolute terms, however, Canada performs worse. Canadian
inventors were granted 7,042 USPTO patents in 2014, fourth most among G7 counfdes but
behind the firsplace United States (144,621 USPTO patents granted in 2014) and-peomand
Germany (53, 848 USPTO patents).

$Completedata on USPTO patent grants to residents of G7 countries are included in Appendix Table 4.
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Chart 8: Per Cent Change in Total Patents Granted at the USPTO by Inventor(s)'s
Country of Residenceand Date of Grant, G7 Countries, 20022014
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C. Patenting Activity by Canadians at the Triadic Patent Family Offices

This section examines innovative activity by Canadian inventors as measured by the
number of triadic patents issued to Canadesidents. A patent family refers to a set of patents
taken in multiple countries to protect a single invention by common inventors, with the priority
date of patenting determined by the date of the first patent applid¢afibe. term 'triadic patent
family' refers specifically to a set of patents taken at the European Patent Office (EPO), the Japan
Patent Office (JPO) and the United States Patent and Trademark Office (W®RF&ect the
same invention (OECD, 2006).

Compared to patents fromasinglat ent of fi ce, tr highdri c pat en
guality patents, since the cost of filing patents in all of three patent office works as an important
scr eeni nNagadkeetal, @@ 1101). Acquiring a triadic patent involves applying to
all three intellectual property offices separately. The preliminary filing fee is 280 USD at the
USPTO, 14,000 JPY (approximately 130 USD) at the JPO and about 21(aRpHaximately
230 USD) at the EP&.These fees may not seem prohibitively expensive Hayt éxclude
administrative fees, processing fees, professional drawings, and substantial le@2Efebs
2009).Quinn (2015) estimates that attorney fees to file for a patent with the USPTO typically

%2 Definitions and further information about various types of patent family are available frdforbgean Patent
Office at the following URL: http://www.epo.org/sarchingfor-patents/helpfutesources/firstime-here/patent
families.html

% The USPTO feescheduleis available ahttp://www.uspto.gov/learningndresources/feeandpayment/uspto
fee-scheduleTheJapan Patent Officee schedule is available at
http://www.jpo.go.jp/cgillinke.cgi?url=/tetuzuki_e/ryoukin_e/ryokine.hffheEuropearPatentOffice fee schedule
is available ahttp://www.epoline.org/portal/portal/default/epoline.Scheduleoffeessand foreign exchange rates
areas of July 21st, 2016
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range from $5,000 to $16,000 depending upon the tygeamplexity of the invention. A
rational actor would not incur these costs in three countries unless he or she expects the
innovation to have a market value that exceeds the ¥oBitsis, triadic patents not only indicate
trends in innovative activity,Ui also emphasize the quality of the innovation. They also
highlight the internationalization of the invention and its presence in large markets.

Furthermore, the use of triadic patents as indicators of innovative activity reduces the
Ahome adwaantwherbby domestic applicants gener
for patents in their country of residence (Dernis and Khan, 2004). This allows for a better
international comparison of patent trends since patent applicants need to apply aedarecei
patent from all three offices, not just the office of their country of residence, in order to be
considered a triadic patent. In the case of Canadian residents, focusing on triadic patents as an
indicator of innovative activity reduces the markeediras prevalent in the high number of
Canadian inventors who apply for USPTO patents (Dernis and Khan, 2004). This has a
significant advantage over using patents only issued by the USPTO since Canadian inventors
appear to prefer filing their first patempplications in the US as opposed to Canada or
elsewhere.

i. Triadic Patents Granted to Canadian Inventors

Table 3 details the number of triadic patents granted to inventors resident of Canada from
1985 to 201F° As noted in Section I.C, the OECD patettistics database employs fractional
counting when attributing a country of origin to a patent. Each country with an inventor listed on
the patent will be attributed a fraction of the patent equal to the proportion of the total listed
inventors who areesident of that country. For example, a pateAngented by 1 French
resident, 1 American resident and 2 Canadian residents will be counted as ¥ of a patent for
France, % for the USA and % patent for Canada (OECD: 2009). As a result, annual counts may
not round to whole numbers.

Canadian inventors were granted 576 patents in 2011, an increase of 180 per cent from
1985. The strongest growth in this period occurred in the mid and late 1990s, when the number
of triadic patents granted to Canadian inventlangbled in 7 years, increasing from 305.9 in
1993 to 612.3 in 2000. Most recently, between 2000 and 2011, the number of triadic patents
granted to Canadian inventors has decreased by 5.9 per cent. Although growth had slowed
throughout the 2000s, the numlaé triadic patents granted to Canadian inventors only
substantially decreased pastession, with the total volume of triadic patents falling 16 per cent
from 2008 to 2011.

3 While there may be some cost savings in preparing patent applications for three agencies rather than only one
(economies of scale), we still expect obtaining a triadic patent to be considerably more costly than obtaining a patent
only from the USPTO o€IPO.

% Although the OECD database is complete until 2012, the nature of priority date céutitiiighe number of

patents attributed to a country in a given year is the number of patent applications filed that year which were later
granted is biased agast more recent years because a higher proportion of these later patents remain under
examination. Since the OECD database was last updated with patent data in 2013, the number of triadic patents
decreases substantially for all OECD countries between &0d 2012.
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Table 3: Triadic Patents issued to Canadian Inventor(s)1985, 1990, 1995, 20011

Triadic Patents Granted to
Canadian Inventors

1985 205.7

1990 290.8

1995 391.2

2000 612.3

2001 634.3

2002 678.4

2003 670.3

2004 736.9

2005 714.5

2006 666.8

2007 681.6

2008 686.5

2009 677.1

2010 553.5

2011 576.1

% Change 20002011 -5.92%
Annual growth rate, 20002011 -0.55%

Source: Appendix Table 5.

ii. International Comparison of Triadic Patenting Trends

Chart 9 shows the total number of triadic family patents granted per million residents
based onhe country of origin of the inventor in 2011, the most recent year for which data are
available from the OECD. Canada ranked 16th out of tARRGHECD countries considered with
16.7" patents per million residents, slightly behind Norway (18.6 patentsifien residents)
and ahead of Ireland (14.8 patents per million residents). Japan and Switzerland generated the
most inventions redéng triadic patents panillion residents, with 133.6 and 131.5 patents per
million residents, respectively, more thasulle the next highesanking country, Sweden (64.5
patents per million residents).

Chart 10 presents the per cent change in the number of triadic patents granted to
inventors in each G7 country from 26R2011. In line with the ISQ data on triadic pagnt
Canada has experienced negative growth in this period. Frora22000all G7 countries saw
their numbers of triadic patents shrink. Canada saw the second smallest decline, of 5.9 per cent,

¥We do notinclude12 of the 34 OECD countri¢kat were granted fewer than 50 triadic family patents in.201

37 This figure does not correspond to the 821 Triadic patents issued to Canadians in Appendix Table 11, but instead
to a total of 687 pants. This discrepancy is due to the fact that the data in Appendix Table 11 from the ISQ only
attribute the patent to the country of the first named inventor, whereas the OECD data used in Chart 8 utilize
fractional counting to attribute countries ofgin to the patents. Moreover, data on patents granted by the triadic
family from the 1SQ are based on granting date, but data from the OECD are based on priority date (the date the
patent application was submitted to the first filing office) as opposdtietadate the patent was grante&or

example, if a patent application was filed in 2000 but granted in 2004, the patent will be accounted for in 2000, not
in2004.OECD data based on the patentdéds date of grant was
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Chart 9: Triadic Patents Granted per Million People by Inventor(s)'s Country(ies)
of Residence and Priority Date, Select OECD Countries, 2011
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smaller than only the per cent change for triadic patents granted to Japanese indentoes,
cent.

However, Canada fares far worse in comparison to other G7 countries when examining
only more recent trends in the number of triadic patents. From200B Canada experienced a
decrease of 16.1 per cent in the number of triadic patents granted to iteisytre largest
decline among G7 countries.

25



Chart 10: Per Cent Change in Triadic Patents Granted to Inventor(s)'s Country(ies) of
Residence and Priority Date, G7, 2002011
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and OECD Population Statistics (http://stats.oecd.org/Index.aspx?DatasetCode=POP_FIVE_HIST).

D. Comparing Patenting Activity by Canadians across Patent Offices

The inventions produced from innovative activity in Canada may be patented at
intellectual property offices around the world. While some Canadian residents opt to patent their
inventions only at home with CIPO, many seeking larger marketbéir product apply for
patents internationally, such as at the USPTO and the other two members of the triadic family
patent offices, the EPO and the JPO. Comparing trends in patenting by Canadian inventors at
each patent office helps shed light onfiagors which drive innovative activity in Canada.

Although the number of patents awarded to Canadian inventors by all three patent offices
has increased since 1980, since 1987 there have been far more USPTO patents issued to
Canadian inventors than otttgpes of patents. Chart 11 shows the ratio of patents granted to
Canadian residents by CIPO versus the USPTO between 1980 and 2014. This ratio has declined
since 1982, and since 1986 more Canadian inventors have been granted patents by the USPTO
than byCIPO. In 2014, the number of CIPO patents granted to Canadian residents was only 42
per cent of the volume of patents granted to Canadian residents by the USPTO.

In 2008, the most recent year for which comparable absolute volume data are available
from al three patent jurisdiction,3,393 patents were issued by the USPTO to Canadian

Bas noted, statistics on triadic patents from the OECD are available only on the basis of fractional counting, rather
than the o6first countryd counting used for CIPO and US
growth trends from thehtee offices, absolute counts of patent grants from each office are not comparable data.
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Chart 11: Number of Patents Granted by CIPO to Canadian Inventors versus Number of
Patents Granted by the USPTO to Canadian Inventors, 1982014
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Chart 12 Number of Patents Granted by CIPO, USPTO, and Triadic Patent Family
Offices to Canadian Inventors, 2002014 (2000=100)
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However, data from the 1SQ on a first country counting basis for triadic patents granted to Canadian inventors
between 1980 and 2008 (included in Appendix Table 1bwsthat the volume of triadic patents granted to
Canadian inventors has historically been far below the number of USPTO and CIPO patents granted to Canadians.
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applicants while only 1,886 patents were issued by CIPO to Canadian applicants and only 821
triadic patents were granted to Canadian residents. Chart 12 presents recent trends in the number
of patents granted to Canadian residents by each of the three intellectual property offices.

In the last decade for which comparable data are available, growth in CIPO patents
outstripped the number of patents granted to Canadian residents by other offices. Between 2000
and 2011 the number of CIPO patents granted to Canadian inventors grewdnycB8tp
compared to growth of 47 per cent in USPTO patents and a 6 per cent decline in triadic patents.

Since 2011, however, there has been a substantial surge in patents issued by the USPTO
to Canadians, with the total volume increasing by 93 perbminteen 2009 and 2014. In
comparison, the number of patents granted by CIPO to Canadian residents has grown by half that
amount, 47 per cent, in the same period. Moreover, the number of patent applications filed by
Canadians at the USPTO increased by 2&pst in the same periddn contrast to the 17 per
cent decline in patent applications filed at CIPO to Canadian residents between 2009 and 2014.
Finally, the USPTO granting rate was lower than CIPO granting rate to Canadian residents in
2014, the most ment year for which data are available, when the USPTO granted 39 per cent of
the patent applications filed in 2011 and CIPO granted 66 per cent of the patent applications filed
in 2010.

There are several potential explanations for the difference iruthber of patents
granted to Canadians by the USPTO, CIPO, and triadic patent family offices. Some factors in
Canadian inventorso choice of where to patent
for their product is located, the probability of thgatent application being successful, and
different definitions of patentability across each office.

The worldwide trend of globalization and integration in patenting is especially prevalent
in Canada, as 82 per cent of patent applications by Canadidemts are filed at foreign
intellectual property offices (Brydost al, 2014: 3). As it has become easier for Canadian firms
to sell their products across borders (particularly in the United States) due to changes in
technology and more extensive tradgeements, the relative attractiveness of protecting their
inventions in larger foreign markets has increased. This correlates with the observed increase in
USPTO patents granted to Canadians, though not with the decrease in triadic patents since 2008.

One explanation for differences in the volumes of patents granted by each office is
different granting rates at CIPO, USPTO, and the triadic family patent offices. Calculations from
Tables 1 and 2 indicate that between 2000 and 2014 patents filed byabaretdhe USPTO
had a higher granting rate (51 per cent) compared to the average granting rate at CIPO over the
same period (41 per cent), indicating that receiving a patent from the USPTO after the costly and
long application process is more likely tHamm CIPO.

Triadic patents must be granted by the USPTO, EPO, and JPO. Data on triadic patent
applications is not available from WIPO, so granting rates for triadic patent applications at the
EPO and JPO cannot be calculated like for CIPO and USPTO. ldow@uwillen and Webster
(2006: 653) report that between 1995 and 2004, of the patents already granted by the USPTO,
the EPO granted only 72.5 per cent of the same patents (with 5.1 per cent still pending) and the
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JPO granted 44.5 per cent of the same pai{@vith 11.3 per cent still pending). These findings
suggesthat examination standards at the EPO and thend®(behigher than thseof the
USPTO, lending anothgotentialexplanation as to why the number of USPTO patents to
Canadians greatly outwdig the number of triadic family patents granted.

One reason may be that there is a more expansive definition of patentable subject matter
at the USPTO than there is at CIfBydonet al, 2014: 3)* For example, as confirmed in the
2002 landmark Supreme Court of Canada rulinganvard College v Canada (Commissioner of
Patentsy ClI PO does not issue patents “flmr genetica
comparison, the USPTO has a reputation #8nd broad in its interpretation of whether patented
inventions fit the criteria of nenbviousness, usefulness, and novelty (Bryetoal, 2014: 3).
Similarly, the EPO does not consider computer enabled inventions (such as software) to be
patentable subgt matter whereas the USPTO does. Because obtaining a triadic family patent
requires obtaining a patent from the EPO, the JPO, and the USPTO, it is likely that patent
applications pertaining to innovations in software are patented by the USPTO, but are no
applied for at the EPO.

E. Trends in Patenting in Canada by Technology

Successful economies must specialize, which requires innovation to be concentrated in
key industries and technological areas. It is thus worth examining which technologies have
recaved the most patents in the past and grown most rapidly in recent years in order to
understand the potential they offer for driving future innovation in Canada.

Brydonet al (2014) construct a sectoral innovation index and find that innovative
activity as measured by Canadian patent applications has been high in the utilities, construction
and computers and electronics sector, relative to other sétomddition, there are several
sources of data on the types of technologies being patented andubkgial sectors of firms
being granted patents. WIPO provides information on the technologies of patent grants to
Canadians by CIPO and the USPTO according to a 35 code technology classification developed
by several WIPO partner research organizatfémsformation on USPTO patent grants to
Canadian inventors by International Patent Classification (IPC) code is available from the Five
IP Offices consortium and presented in this report in the eight aggregated technological
classifications. The USPTO alssleases information that associates each granted patent with its

39 A more expansive definition of patentability could be expected to lead to higher grantingthed)SPTO

compared t&CIPO. However, there are likely behavioural impacts of the more expansive definition when inventors
are aware of the difference. That is, inventors will rarely apply for pate@i$@ithat they consider likely to be

rejected dueo the stricter definition of patentability @PO.

“SeeCommissioner of Patents v. President and Fellows of Harvard C{#@@2] 4 S.C.R.45,2002 SC.C. 76.

“The Brydoret al.(2014:6) innovation index measures the annual share of patent applications@ile®dty
Canadian residents in a certain industry, divided by t|I
“?This technological classification system for patems developed by the Fraunhofer Institute for Systems and
Innovation Research (ISI), Observatoire des Sciences et des Technologies (OST), and French patent office (INPI).
Each of the 35 codes in the {68IST-INPI patent technological classification systeomt@ins International Patent
Classification (IPC) codes from the eight aggregated IPC codes. See Schmoch (2008) for a detailed description of
the ISFOST-INPI patent technological classification system, concordance between it and the IPC system, and
descrjtions of the 35 technological classifications
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final use in the economy according to North American Industrial Classification System (NAICS)
manufacturing codes. Finally, the 1ISQ provides data on the number of information and
communicatios technology (ICT) patents granted to Canadian inventors, including by
provinc4is§1l and CMA origin. These patents are classified as ICT inventions based on the IPC
system:

Tables 4 and 5 include data from WIPO on recent trends of CIPO and USPTO patents
granted to inventors resident in Canada between 2000 ddq 2hked by the per cecthiange in
patents granted in each technological category between 2000 antf 2ppé&ndix Tables 6, 7,
and 8 include information on the average annual growth rates, ageastntributions to total
change, and changes in the number of CIPO and USPTO patent grants for these 35 technological
categories in each decade between 1980 and 2014.

Overall, the number of patents granted to Canadians by CIPO has surged since 2000,
though the number of patents granted by the USPTO began increasing only after 2010. At both
CIPO and USPTO the volume of patents related to information and communication technologies
(ICT) have increased in recent years. Patents from these inventions gfaiyegortant role in
the general increase in patents granted by CIPO since 2000 and the USPTO after 2010.

Several of the same technologies have driven the boom in CIPO and USPTO patents
since 2010: medical technology (#13), digital communications (#id)camputer technology
(#6) all ranked in the top five contributors to the increases in total patents granted by each office.
In each of these three categories the number of patents granted by both offices has also grown at
very high rates since 1980. ITetlhods for management (#7) has been adgiasting field for
patents from both offices, with the higheabked growth of all technology categories at CIPO
between 2000 and 2010 (21.5 per cent) and from-2014 (50.6 per cent). IT methods for
managemerulso ranked second in patents at the USPTO from 2000 to 2010, experiencing an
annual growth rate of 20.2 per cent in that period, though that technological category of patents
slipped to eighth place in the 262014 period, with average annual growth olyal1.4 per
cent.

However, the most patented technological categories by Canadians at each office are not
identical. Whereas the number of CIPO patents granted to Canadians has grown considerably for
inventions in measurement (#10), civil engineering (#35) and enginepspmd turbines (#27),
the number of USPTO patents in these technological categories has not increased at the same
pace between 2010 and 2014. Conversely, the USPTO granted a large number of patents to
inventions in telecommunication (#3) and audisualtechnology (#2) that were not also
matched by CIPO.

“'nstitut de |l a statistiqgue du Qu®bec, Definition: Brev
des communications. http://www.stat.gouv.qc.ca/statistiques/seiedarologieinnovation/evets/cdmi.html.
4 Annual total CIPO and USPTgatent grants do not equal the total annual grants in Appendix Tables 1 and 3.
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Table 4. Number of CIPO Patent Grants to Canadian Inventors and Growth Rates by
Technology, 2002014

Number of CIPO Patents Granted Per Cent Change
Technology in CIPO Patent
2000 2010 2014 Grants, 20062014

7 - IT methods for management 1 7 36 3500.0
4 - Digital communication 23 159 425 1747.8
27- Engines, pumps, turbines 12 52 103 758.3
6 - Computer technology 45 89 228 406.7
13- Medical technology 30 65 124 313.3
31- Mechanical elements 22 77 86 290.9
35- Civil engineering 97 269 332 242.3
18- Food chemistry 7 22 22 214.3
19- Basic materials chemistry 28 52 88 214.3
10- Measurement 56 81 157 180.4
17 - Macromolecular chemistry, polymers 9 25 23 155.6
24 - Environmental technology 19 46 48 152.6
21- Surface technology, coating 14 20 35 150.0
32- Transport 57 107 137 140.4
16 - Pharmaceuticals 29 60 66 127.6
15 - Biotechnology 19 40 43 126.3
23- Chemical engineering 38 52 85 123.7
2 - Audio-visualtechnology 26 24 56 115.4
1 - Electrical machinery, apparatus, energy 67 90 137 104.5
14 - Organic fine chemistry 17 33 34 100.0
30- Thermal processes and apparatus 27 42 53 96.3
25- Handling 47 57 92 95.7
29- Other special machines 64 115 121 89.1
11- Analysis of biological materials 7 18 12 71.4
12- Control 22 19 33 50.0
33- Furniture, games 63 53 91 44.4
8 - Semiconductors 7 5 10 42.9
26 - Machine tools 50 58 69 38.0
20- Materials, metallurgy 29 53 40 37.9
3 - Telecommunications 70 79 95 35.7
34 - Other consumer goods 35 38 46 31.4
28- Textile and paper machines 13 10 17 30.8
9 - Optics 23 31 26 13.0
5 - Basic communication processes 13 11 14 7.7
22 - Micro-structural and nantechnology - 1 3 n.a.
Unknown 3 - - n.a.
Total Patents Granted to Canadian Inventors 1089 1960 2987 174.3

SourceWorld Intellectual Property Organization statistics database. Indicatdtatent grants by technology http://www.wipo.int/ipstats/:
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Table 5: Number of USPTO Patent Grants to Canadian Inventors and Growth Rates by
Technology, 2002014

Number of USPTO Patents Granted Per Cent Change
Technology in USPTO Patent
2000 2010 2014 Grants, 20062014
6 - Computer technology 134 862 1384 932.8
7 - IT methods fomanagement 10 63 97 870.0
22 - Micro-structural and nantechnology 1 1 6 500.0
4 - Digital communication 166 354 816 391.6
8 - Semiconductors 21 60 79 276.2
2 - Audio-visual technology 88 182 312 254.5
19- Basic materials chemistry 37 67 100 170.3
17 - Macromolecular chemistry, polymers 16 48 41 156.3
10- Measurement 112 208 251 124.1
12- Control 57 95 127 122.8
18- Food chemistry 25 41 55 120.0
1 - Electrical machinery, apparatus, energy 130 224 268 106.2
5 - Basic communication processes 59 114 120 103.4
3 - Telecommunications 247 352 496 100.8
13- Medical technology 112 142 219 95.5
14 - Organic fine chemistry 56 97 109 94.6
31- Mechanical elements 79 89 148 87.3
21 - Surface technology, coating 41 50 74 80.5
16 - Pharmaceuticals 114 147 175 53.5
9 - Optics 78 145 117 50.0
23- Chemical engineering 89 75 119 33.7
27 - Engines, pumps, turbines 90 108 117 30.0
35- Civil engineering 217 240 275 26.7
25- Handling 110 104 138 25.5
32- Transport 173 150 207 19.7
33- Furniture,games 165 156 192 16.4
28- Textile and paper machines 38 46 42 10.5
26 - Machine tools 116 90 125 7.8
29- Other special machines 184 183 198 7.6
20- Materials, metallurgy 48 48 46 -4.2
15 - Biotechnology 139 118 132 -5.0
34 - Other consumer goods 95 73 86 -9.5
24 - Environmental technology 71 64 54 -23.9
11 - Analysis of biological materials 38 37 26 -31.6
30- Thermal processes and apparatus 54 40 35 -35.2
Unknown 2 4 100.0
Total Patents Granted to Canadian Inventors 3212 4873 6790 1114

SourceWorld Intellectual Property Organization statistics database. Indicatdtatent grants by technology http://www.wipo.int/ipstats/:
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Appendix Table 9 decomposes the total number of patents issued by the USPTO to
Canadian inventorsbytienvent i ondés | nt er na* Trengsanlthe Pat ent Cl
contribution of each IPC Class from 2023814 are presented in Chart 13. There are several
hundred different sulgroup IPC classifications, and more added in each annual update, but in
Chart13 and Appendix Table 9 for simplification they have been presented in the eight higher
level aggregated groupings. There is no clear concordance between the IPC classifications and
WIPO technological classifications that appeared in Tables 4 and 5.88sdichtion 'human
necessities' encompasses categories such as agriculture, foodstuffs and personal domestic articles
while 'performing operations and transporting' includes categories such as cleaning, casting, as
well as power driven tools.

Since 2003he physics category has accounted for the largest share of patents granted to
Canada's inventors by the USPTO, with a peak of 33.8 per cent of the total patents in 2014. The
relatively |l arge number of pat e200%studyotil®r t hi s
century inventions which found that countries with stronger patent laws tend to innovate in more
technical industries. The second highest number of patents is found under the electricity
classification with a share of 27.3 per centadél USPTO patents issued to Canadian invented
products in 2014. The relatively high share of patents under these two classifications may be
regarded as an indication of a greater degree of innovation in these categories, although, as
Brydonetal.(2014 4) note, the Araw number o of patents
reflects both the industrial structure of the economy as well as those parts of it that tend to show
the most patenting activity.

Chart 13: Share of Patentdssued at the USPTO to Canadian Inventions, by International
Patent Classification Classes, 2003 and 2014
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Source: Appendix Table 9, Panel B. m 2003 = 2014

“°A patent application can be assigned multiple IPC symbols, as it may relate to multiple technical faatiness.
informationis available from the WIPO at the following URMttp://www.wipo.int/ipstats/en/help.

33



In addition to having the largest shares of USPTO patents issued to Canadian inventors,
the physics and electricity classes also exhibited the only increase in shares between 2003 and
2014. During this time, the share of patents in the physics clasasedrby 12.9 percentage
points (from 21.0 per cent) while the electricity class experienced an increase of 9.7 percentage
points (from 17.7 per cent) (Panel B, Appendix Table 9). This reflects the relatively large
growth rates experienced by both classet) patents under the physics classification increasing
at an annual rate of 11.6 per cent and patents under the electricity class increasing at annual rate
of 11.1 per cent. The higher growth rate of electricity related patents may be a result of
increased pressure on energy resources that have led to increased innovation related to
technologies such as solar energy, fuel cells, and wind energy (WIPO, 2008).

The increased share of patents going to inventions classified in the physics and electricity
classes was at the cost of all other classes losing share (with the exception of the textiles and
paper class, which in 2014 returned to its 2003 total share of 0.4 per cent), although other classes
did experience a positive annual growth rate in USPT@npabetween 2003 and 2014. The
performing operations and transporting class saw the bighast declineof 8.9 percerdge
points; that category gfatents grevat an annual rate of only 0.94 per cent. The human
necessities class also saw a significhop in the tatl share of patents, of 6.2 pentage points
from 19.6 per cent of the 2003 total to 13.4 per cent in 2014.

The USPTO provides data on the North American Industrial Classification System
(NAICS) manufacturing codes associated with pageants?® Table 6 presents these data for the
patents granted to Canadians by the USPTO between 2000 and 2012 (the most recent year for
which data on patents by NAICS are available). Panel A includes data on patents-oygibree
NAICS codes (for examplénemicals, NAICS code 325) while Panel B presents data on patents
associated with the disaggregated fdigit NAICS codes (for example, pharmaceuticals and
medicines, NAICS code 325%).

Most of the manufacturing NAICS codes where Camadiventors were granted the
highest number of USPTO patents between 2000 and 2012 were related to ICT sectors, in terms
of both number of patents issued and growth rates. The number of patents classified under
computer and electronic products (NAICS c8&d) was 3,153 in 2012 and grew by 235 per
cent between 2000 and 2012. The increase in computer and electronic products (NAICS code
334) accounted for 41 per cent of the total increase in USPTO patent grants to Canadian
residents. Of all thredigit NAICS manufacturing codes included in the dataset, computer and
electronic products was the only to grow at a rate higher than average across included industries
of 69 per cent. The number of patents classified ueléetrical equipment, appliances, and
comporents (NAICS code 335) and miscellaneous manufacturing (NAICS code 339)
experienced significant growth as well, growing at rates of 39 and 38 per cent, respectively.

“*Detailed descriptions of each NAICS code can be fouttideafollowing URL:
http://siccode.com/en/naicscode/list/directory/coded3Mlias/manufacturing.

“"The NAICSpatent concordance provided by the USPTO associates each patent with its final use in the economy,
meaning patents are associated with a manufacturing NAICS code regardless of whether they are owned by a
manufacturing firm or a service sector firm (USPD012:6).
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Table 6: Number of USPTO Patent Grants to Canadian Inventors and Gowth Rates by
Manufacturing North American Industrial Classification System Code, 20062012

Panel A: USPTO Patents to Canadian Inventor(s) by Tbrgie NAICS Code

Number of USPTO Per Cent Change Per Cent Contribution to

North American Industrial Classification System PatentsGranted in USPTO Patent Total Change in USPTO
(NAICS) Code 2000 2012 Granzt(s),éOOO Patent (Zz‘(r)%rg;(?i/zNAICS,
Computer and Electronic Products (334) 942 3,153 234.7 40.66

Wood Products (321) 18 25 38.9 0.42

Electrical Equipment, Appliances, and Components (335 186 258 38.7 6.01
Miscellaneous Manufacturing (339) 289 398 37.7 7.55
Transportation Equipment (336) 161 195 21.1 4.97
Chemicals (325) 483 548 135 11.75

Primary Metal (331) 24 26 8.3 0.57
Machinery (333) 684 672 -1.8 15.44

Plastics and Rubber Products (326) 134 118 -11.9 2.66
Fabricated Metal Products (332) 311 263 -15.4 6.60
Nonmetallic Mineral Products (327) 66 52 -21.2 1.20

Textiles, Apparel and Leather (3B36) 43 32 -25.6 0.84

Food (311) 13 8 -38.5 0.27
Beverage and Tobacco Products (312) 5 3 -40.0 0.08

Furniture and Related Products (337) 30 13 -56.7 0.57

Paper, Printing and support activities (322 and 323) 31 11 -64.5 0.43

Total (all listed NAICS categories) 3,419 5,775 68.9 100

Panel B: USPTO Patents to Canadian Inventor(s) by-Bait NAICS Code

) : L Number of USPTO  per cent Change  Per Cent Contribution tdotal
North American Industrial Classification System Patents Granted i, USPTO Patent Change in USPTO Patent

(A el 2000 2012  Grants, 200012  Grants by NAICS, 2002012

Computer and Peripheral Equipment (3341) 192 1,132 489.6 18.65
Communications Equipment (3342) 287 1,103 284.3 20.85
Other Computer and Electronic Products (3343 and 334¢ 42 131 211.9 2.31
Aerospace Product and Parts (3364) 19 47 147.4 1.43
Semiconductors and Other Electronic Components (3344 159 321 101.9 10.08
Il\rlg\t/:lgj]rz;\]tleonrzl,(gl\gigfurlng, Electromedical, and Control 263 466 772 15.82
Medical Equipment an8upplies (3391) 73 102 39.7 3.30
Basic Chemicals (3251) 118 162 37.3 5.38
Other Miscellaneous (339 (except 3391)) 216 296 37.0 5.75
g;zeézgg()emical Product and Preparation (3253, 3255, 3 142 173 218 255
Other Transportation Equipme{®365, 3366, and 3369) 50 56 12.0 4.63
Motor Vehicles, Trailers and Parts (338263) 91 93 2.2 8.11
Pharmaceutical and Medicines (3254) 195 195 0.0 1.14
Sr?jlgilg%r;t:titl(ggsuzb)ber, and Artificial and Synthetic Fibe 28 19 321 18.65
Total (all listed NAICS categories) 1,875 4,296 129.1 100

Source: USPTO (https://www.uspto.gov/web/offices/ac/ido/oeip/taf/naics/stc_naics_fgall/cax_stc_naics_fg.htm)
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The disaggregated fouligit NAICS manufacturing codes shown in PaBedre subsets
of the threedigit NAICS codes shown in Panel A and therefore experience the same trends. In
particular, the number of USPTO patents classified under thaigilt™AICS manufacturing
codes associated with computer and electronic produgtkC@Icode 334) experienced the
highest growth of the observed industrial sectors. The number of computer and peripheral
equipment (NAICS code 3341) patents experienced the highest growth from 2000 to 2012,
growing 490 per cent to 1,132 patents in 2012. @amcations equipment (NAICS code 3342)
received 1,103 patents in 2012, the second most patents of the disaggregadegitiNdiCS
codes and grew by 284 per cent from the number issued in 2000. Four of the five sub
classifications in Panel B with the stagrowth in number of patents granted were classified
under computer and electronic products. From these data it is clear that ICT inventions by
Canadians received the most USPTO patents between 2000 and 2012, with inventions related to
computers and comumications equipment in particular leading the way.

In all three data sources examined, the technological and industrial classifications with
the most patents are typically associated with information and communications technology
(ICT): for example comper and electronics products (NAICS code 334, Table 6), physics and
electricity (technologies by IPC code, Chart 13), and digital communications, computer
technology, telecommunication, and audisual technology (technologies by WIPO
classification, Talds 4 and 5). It is therefore worth looking closer at ICT patents. National level
data on USPTO ICT patents to Canadians is presented in Table 7. These ICT inventions include
electronic devices, computers, telecommunication devices and other ICT devices.

From 1980 to 2012, the number of USPTO ICT patents issued to Canadian inventors
increased almost 2®Id from 125 patents in 1980 to 3,498 patents in 2012. Between 2000 and
2012, Canada experienced impressive average annual growth in the number delgg pa
issued by the USPTO (11 per cent) when compared to annual growth in the total number of
USPTO patents issued to Canadian inventors (5 per cent, from Appendix Table 12). The
application of IT may have substantially increased the productivity ofelul@ir research and

Table 7: Number of USPTO ICT Patented Inventions and its Share of Total
USPTO Patents to Canadian Inventors, 1980, 1990, 2000, 2012

Number of ICT Share of Total
Patents Granted to USPTO Patents to
Canadian Inventors Canadian Inventors

1980 125 11.0
1990 324 16.5
2000 991 26.2
2012 3,498 51.4

% or Point
Change, 20062012 ZIERY EEE
Annual Growth 111 58

Rate 20062012
Source: Appendix Table 14.
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Chart 14: ICT Patents as aPercentage of Total Patents Granted to Canadian
Inventors by the USPTO, 1982012
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development, leading to compounding effects on ICT innovation (Rafiguzzaman and Whewell,
1998).

Chart 14 provides the share of ICT patents at the USPTO of total USP8itdsspasued
to Canadians. In 2012, ICT patents accounted for just over half of all USPTO patents issued at
51.4 per cent. Between 2000 and 2012, the share of USPTO patented ICT inventions out of total
USPTO patented inventions almost doubled, increasorg £6.2 per cent in 2000 to 51.4 per
centin 2012. The large share of ICT patents in USPTO patents is reflective of Canada's above
average number of ICT patent filings in the world (WIPO, 2008).

The high share of patents classified as ICT inventionad¢ d be expl ained by
higher reliance on patenting over alternative methods of intellectual property protection. The
USPTO (2012) found that ICGfielated NAICS codes have a very high propensity to patent
compared to other manufacturing NAICS cqdesmeasured by the ratio of patent grants to
employment levels for each NAICS code.

The same method is applied to data on USPTO patents granted to Canadians and
presented in Appendix Table 20. This research similarly finds that for USPTO patents granted
Canadians, all ICTelated NAICS classifications have an ab@awerage propensity to patent.

Between 2007 and 2012 the aggregated classification computer and electronic products (NAICS
code 334) had an average patdntfbs ratio of 28.9 patents fevery thousand jobs in that

sector, compared to the mean of 3.5 patents per thousand jobs. The further disaggregated
classification computer and peripheral equipment (NAICS code 3341) had an even higher
average patent®-jobs ratio over the same period,1®4.6 patents per thousand jobs in that sub
sector. One explanation for these findings is that some technological sectors rely more on patents
to protect innovations than others, for example because some technologies are more difficult to
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Chart 15: Per Cent Share of Total National USPTO Patent Grants Classified as ICT
Inventions, Select OECD Countries, 2014
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protect through trade secrecy (Pavitt, 1988). However, an alternative explanation is that over this
period these sectors were simply more innovative per employee than other sectors measured.

In either case, Canada performs well in international comperisblCT innovation as
indicated by patent grants by technology. Chart 15 presents the per cent share of the total number
of USPTO patents granted to residents of each OECD country in 2014 that were classified as
ICT inventions*® In 2014 Canada ranked' Awith 59.5 per cent of the patents granted to its
inventors by the USPTO classified as ICT inventithiBhis represented a doubling from ICT
inventionsd share of total USPTO patents gran
11) . Ca nmankiagbamong iis gelers for the importance of ICT inventions to total patent

“*The analysis in Chart 1doesnotinclude13 of the 34 OECD countriethat were granted fewer tha@0 ICT

patentsy the USPTOn 2014.

**The OECD identifies ICTpatents as those classified untter following codes of the International Patent
Classification (IPC): Telecommunicatio(fS801S, GO8C, G09C, HO1P, H01/A01S3/025,043,063,06085, 0933,
0941,103,133,18,19,25101S5, HO3B, HO3C, HO3D, HO3H, HO3M, HO4B, H04J, HO4K, HO4L, HO4M, H04Q
Consumer electronic$G11B, HO3F, HO3G, H03J, HO4H, HO4N, HO4R, HO4S; Computers, office machinery BO7C,
B41J, B41K, GO2F, G03G, GO5F, G06, G07, G09G, G10L, G11C, HO3K, }iC8id Qher ICT(G01B, G0O1C,

GO01D, GO1F, G01G, GO1H, G01J, GO1K, GO1L, GO1M, GOIN,R@01R, GO1V, GO1W, G02B6, GO5B,

G08G, G09B, H01B11, H01J(11/,13/,15/,17/,19/,21/,23/, 25/,27/,29/,31/,33/,40/,41/,43/,45/), HO1L
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volumes provides further evidence that ICT innovation makes up a substantial component of the
innovative activity in Canada.

[ll. Patents Trends at the Provincial Level

This section focuses on patent trends at the provincial level as an indicator of innovative
activity within Canada. Trends in the number of patents granted by CIPO, the USPTO and the
triadic patent family to Canadian inventors based on their province ofmesidee analyzed in
order to locate where in Canada innovative activity is occurring.

Ontari o, Canadadés most popul ous province,
and triadic patents granted to its resident inventors, even with patent counttzsalhoa
provincial populations. However, Alberta ranks first in the number of CIPO patents granted to its
inventors when patent counts are normalized to population size. Inventors from British Columbia
and Québec are also granted relatively high volurhpatents by all three intellectual property
offices.

A. Patents Granted by the Canadian Intellectual Property Office

Table 8 shows the number (both absolute and per 100,000 residents) and distribution of
patents among the provinces of patents grantecdiB® for 2012 (the first year for which
provincial patent data are publicly available from CIPO), 2013, and 2014 (the most recent year
for which data are availabl&jOntario and Alberta had the highest and second highest shares of
patents granted by CIPi® 2014, at 50.8 per cent and 17.8 per cent respectively. Québec, which
was only surpassed by Alberta in 2014, follows closely behind with 17.4 per cent of CIPO
patents granted to Canadians. Ontario also experienced the largest growth in the number of
CIPO granted patents, building off its alreddygest number of patents to increase by nearly 40
per cent from 1,090 patents in 2012 to 1,520 patents in 2014. Most provinces experienced
substantial growth in patenting, in line with the natieleakl dateon CIPO patents. However
Québec saw only a marginal increase in the number of patents granted to its residents between
2012 and 2014, and Nova Scotia and Prince Edward Island experienced decreases, although the
latter was only from 3 patents in 2012 todtenmt in 2014.

It is clear from examining the number of CIPO patents issued to Canadian residents that
Ontario is the patenting centre of Canabim 2014, just over half (50.8 per cent) of all patents
issued to Canadian residents went to residents @frionup from 45 per cent in 2012. This is

*According toCIPO 20132014 and 2012015 Annual Reports, no inventors from the three territories were

granted patents b@IPOin those years.

*L These trends are in line with earlier observations by Brgdah (2014), who constructed two indices: the

Provincial Innovation Index and the Sectoral Innovation Index to emphasize where Canadian inventors live and the
sectors exibiting the most innovation as measured through the number of patent applications. Using these indices,
they find that inventors from Alberta and Ontario outperform all other provinces with respect to patent applications
per capita.Our findings are alsoonsistent with the observation in Brydenal. (2014)that the Atlantic Provinces

are dramatically below the national average of patent applications per capita.
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Table 8: Number and Percentage Distribution of Patents Granted by CIPO to Residents of

Canada by Province, 2012, 2013, and 2014

Number of Patents z‘?‘;‘;gg % Distribution of Patents Nuﬂ)%%gg; I::St%netf‘t(sp))er

Province | 2012 2013 2014 20122014 | 2012 2013 2014 2012 2013 2014
N.L. 4 7 5 25.0 017 0.26 0.17 0.76 1.33 0.95
P.E.l 3 2 1 -66.7 0.13  0.08 0.03 2.07 1.38 0.68
N.S 24 24 20 -16.7 1.01 091 0.67 2.54 2.55 2.12
N.B 19 26 19 0.0 0.80 0.98 0.64 251 3.44 2.52
Que. 508 543 521 2.6 2127 2049 1741 | 6.28 6.66 6.34
ont. 1,090 1,208 1520 39.4 4564 4558 50.80 | 8.13 8.91 11.11
Man. 67 78 80 19.4 2.81 2.94 2.67 5.36 6.16 6.25
Sask. 57 63 75 31.6 2.39 2.38 2.51 5.24 5.70 6.68
Alta. 446 535 531 19.1 1868 20.19 17.75 | 11.47 13.35 12.89
B.C 170 164 220 29.4 7.12 6.19 7.35 3.74 3.58 4.74
CAN 2,388 2,650 2,992 25.3 100.00 100.00 100.00 | 6.87 7.54 8.42

Source: Canadian Intellectual Property Office, Annual Ref@@122013. 20122014, and 201-2015.
http://www.cipo.ic.gc.ca/eic/site/cipolnterritternetopic.nsf/eng/h_wr00025.html and CANSIM Table-0801.

due to Ontario's large population, as innovation often thrives in a larger peer group (&rydon
al., 2014). However, it is also worth examining the number of patents granted to residents of
each population when weightbeg population (also in Table 8n all three years from 2012
2014 Alberta led the country by this measure, with 12.9 patents per 1083nts in 2014,
slightly over 1.5 times the national average. In 2014, Ontario was also-aberage and, at
dent s,
provinces, however, were below the Canadde average of 8.42 patents per 100,000 residents.

11.

1

patent s

per

100,

000

resi

B. Patents Granted by the United States Patent Office

had

shrun

Patents granted by the USPTO to Canadian residents serve as a good indicator of innovative

activity in Canada because the high degree of economgratiten between Canada and the

United States allows Canadian inventors access to a larger market. Unlike data for CIPO patents
granted to Canadian residents by province, provincial data on patent grants by the USPTO are
available from 1980, but only to 2R1Table 9 presents the breakdown by province of USPTO
patents granted to Canadian inventors, in absolute terms, the distribution to each province, the
number of patents granted per 100,000 residents, and the number of grants per 100,000 residents
relativeto the Canadian averageData are included in Table 9 for 1980, 1990, 2000, and 2012,

the most recent year for which data are available from theiSQ.

**The ISQ reports that, combined, inventors resident to the Northwest Territories andwearkogranted on
average only 1.2 USPTO patents per year between 1980 and 2012 (data on USPTO patent grants to inventors in
Nunavut is not available from ISQInétitute de la statistique du Québec data.

http://www.stat.gouv.qc.ca/statistiques/scieteehrologie-innovation/brevets/inventions_qc_prov.Htm
%3 Data on the USPTO and Triadic patents received by each province irfi®88%nd 1991999 are included in

Appendix Tables 2 and 13
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Table 9: Number of USPTO Patents Issued to Residents of Canada by Province,8D9
1990, 2000, 2012

Panel A: Number of USPTO Patents to Inventor(s)

N.L. P.EJI NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN
1980 3 T 5 10 272 642 17 26 74 123 | 1,140
1990 8 4 22 15 388 1,055 51 43 155 255 | 1,961
2000 16 2 41 40 749 2,090 96 77 394 455 | 3,779
2012 26 9 64 51 1,216 4,082 114 89 604 856 | 6,812
% Change,
200020%2 625 350.0 56.1 275 624 953 188 156 53.3 881 | 80.3
Annual
Growth Rate, 4.13 134 3.78 2.05 412 574 144 121 3.62 541 | 5.03
20002012
Panel B: Percentage Distribution
N.L. P.E.| N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 0.26 - 044 088 239 563 149 228 649 108
1990 041 0.20 112 076 198 538 260 219 790 13.0
2000 0.42 0.05 1.08 106 19.8 553 254 204 1043 120
2012 0.38 0.13 094 075 179 599 167 131 887 126
Percentage
point change, -0.04 0.08 -0.14 -0.31 -197 461 -0.87 -0.73 -156 0.53
20002012
Panel C: Number of Patents per 100,000 Residents
N.L. P.EJI NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN
1980 0.52 - 059 142 418 734 164 269 338 4.48 | 4.65
1990 1.39 3.07 242 203 555 10.25 461 427 6.08 7.75| 7.08
2000 3.03 147 439 533 10.18 17.89 837 7.64 13.11 11.26| 12.32
2012 493 6.20 6.77 6.74 15.04 30.44 9.12 8.19 15.53 18.84| 19.60
Panel D: Relative Patents gH90,000 Residents, Provinces vs. Canada (Canada = 1.00)
N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 0.11 - 0.13 030 090 158 035 058 073 0.96
1990 0.20 0.43 034 029 078 145 065 0.60 0.86 1.09
2000 0.25 0.12 036 043 083 145 068 062 1.06 0.91
2012 0.25 0.32 035 034 077 155 047 042 0.79 0.96
Source: Appendix Table 12.
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Table 9, Panel A shows the number of USPTO patents granted to Canadian inventors by
province while Panel B presents the percentage distribution by province of the total number of
USPTO patents granted to Canadian residents. Inventors from Ontario acéoutitechighest
share of USPTO patents to Canadian inventors in 2012, just under 60 per cent of the total
number of patents granted to Canadian residen
of Canadads popul at i on tonsimom®0ebez accolinted forthe a me vy e a
second highest number of USPTO patents issued to Canadian residents with a share of 17.9 per
cent, although this represented a decline fro
the total USPTO patents grantedCanadian residents. British Columbia and Alberta came in
third and fourth place with USPTO patent shares of 12.6 per cent and 8.9 per cent, respectively.
While the share of patents increased by about 4 percentage points for Ontario and about half a
percentage point in B.C., it fell by 2 percentage points in Québec and 1.6 percentage points in
Alberta between 2000 and 2012. P.E.I had the highest annual growth rate in the number of
patents between 2000 and 2012 at 13.4 per cent. However, this caibbtedtto a relatively
small increase (when compared to the other provinces) in an already low number of patents.

Ontario had the second highest growth rate in the number of patents between 2000 and 2012 at
5.7 per cent per year while B.C had the thighlst growth rate at 5.4 per cent during this same
time.

Panel C shows the number of USPTO patents granted to inventors from each province,
weighted per 100,000 residents. Between 1980 and 2012, inventors from Ontario were
consistently granted the ligst number of patents of any province. In 2012, Ontario had 30.4
patents per 100,000 residents, 60 per cent more than the next province, British Columbia, had
with 18.8 patents per 100,000 residents. Inventors from Alberta were granted the third most
patents, 15.5 per 100,000 residents, and were only surpassed by inventors resident to British
Columbia in 2006. In 2012, Albertan inventors were granted only slightly more patents than
Québec residents, who were granted 15.0 in 2012. Panel D, shows wharoheszal patent
volumes look like relative to the Canadian average. Ontario is the only province to exceed the
national average in USPTO patents per 100,00 residents, with 1.55 times thevwdgionmmber
of total USPTO patents granted to Canadian itorsrper 100,000 residents.

C. Patents Granted to Canadian Residents by Province by the Triadic Patent
Family Offices

Data on the volume of triadic patents granted to each province are sourced from the 1ISQ
and therefore only available up until 2008. Hoee given that triadic patents are the costliest to
obtain, since the inventor or patent holder must apply separately for patents from each of the
three triadic patent family offices, triadic patents remain a useful measure for indicating which
p r o v iinventrs @roduce and own the right to commercialize the highest quality and most
internationalized innovations.
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Table 10: Number of Triadic Patents Issued to Residents of Canada by Province, 1980,
1990, 2000, 2008

Panel A: Numbeof TriadicPatents to Inventor(s)

N.L. P.EJ NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN
1980 T T ) T 11 18 ) 2 1 3 31
1990 | I 7 1 75 266 4 3 17 38 400
2000 | I 10 6 196 513 12 8 74 101 | 858
2008 I 1 11 4 191 457 12 8 61 125 | 821
02/‘600283&’96’ na. na 10 -333 -255 -109 O 0 -17.6 23.8|-431
Annual
Growth Rate, n.a. n.a. 1.20 -494 -0.32 -1.43 0 0 -2.39 2.70 | -0.55
20002008

Panel B: Percentage Distribution

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.

1980 - - - - 35.48 58.06 - 6.45 3.23 9.68

1990 - - 1.75 0.25 18.75 66.50 1.00 0.75 4.25 9.50

2000 - - 117 0.70 2284 59.79 140 093 8.62 11.77

2008 = 0.12 134 049 2326 5566 146 097 7.43 15.23
Percentage

Point Change, n.a. n.a. 0.17 -0.21 042 -413 006 0.04 -1.19 345
20002008

Panel C: Number of Patents per 100,000 Residents

N.L. P.EJI NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN
1980 - - - - 0.17 0.21 - 0.21 0.05 0.11] 0.13
1990 - - 0.77 0.14 107 258 036 030 067 1.15| 1.44
2000 - - 1.07 080 266 439 105 0.79 246 250 2.80
2008 020 0.73 128 067 260 396 168 090 194 331 | 2.72

Panel D: Relative Patents per 100,000 Residents, Provinces vs. Canada (Canada = 1.00)

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.

1980 - - - - 1.34 1.63 - 163 0.36 0.86
1990 - - 053 009 074 179 025 021 046 0.80
2000 - - 038 029 095 157 037 0.28 0.88 0.89
2008 = 0.29 048 022 100 144 041 032 069 116

Source: Appendix Table 13.
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Table 10, Panel A shows the number of triadic patents received by invergachin
province in 1980, 199@2000and2008>* Inventors in Ontario received the highest number of
triadic patents in 2B with 457 patents, followed by Québec with 191 patents and British
Columbia with 125 patents. Although all three provinces received much higher number of
patents than the other seven providcése next largest is Alberta, whose inventors received 61
patensd only British Columbia experienced an increase, of 23.8 per cent in their volume of
triadic patents to inventors between 2000 and 2008. The number of triadic patents Québec
inventors received decreased by 2.6 per cent from 2000 to 2008 and in Onteaioithe of
patents declined by 10.9 per cent. Only Alberta saw a larger decline, of 17.6 pér cent.

Panel B includes data on the distribution of triadic patent grants by province. Similar to
the distribution of USPTO patents, inventors in Ontario recaveg half of the triadic patents
granted to Canadian residents, while Québec has seen its share slip from 35.5 per cent in 1980 to
23 per cent in 2008. British Columbia significantly increased its share of triadic patents from
11.7 per cent in 2000 to 15p2r cent in 2008, and was the only province to see its share grow
significantly in that period.

Panel C presents the number of triadic patents granted to inventors in each province,
weighted by provincial population. In 2008 Ontario residents were ishaadost triadic patents
with 4 patents granted to per 100,000 residents. British Columbia was next, with 3.3 patents per
100,000 residents, and Québec followed with 2.6 patents per 100,000 residents. After peaking in
2000 with 2.5 patents per 100,000idesits, Albert declined to fourth place, 1.9 patents per
100,000 residents, in 2008.

D. Comparing Provincial Patent Trends A cross Intellectual Property Offices

There are noteworthy differences in the number of patents granted by each intellectual
propert office to each Canadian province in the most recently available year, both in absolute
terms and when patent grant volumes are normalized to provincial population sizes. In
populationnormalized terms, Alberta receives the largest number of CIPO patar@ijing
12.9 patents per 100,000 residents in 2014, while Ontario received the second most (11.1 patents
per 100,000 residents), Saskatchewan the third most (6.68 patents per 100,000 residents) Québec
the fourth most (6.34 patents per 100,000 residantsBritish Columbia ranking sixth, with
only 4.7 patents per 100,000 residents in 2014. However, Ontario receives far more USPTO
patents per 100,000 residents than Alberta (30.4 and 15.5 patents per 100,000 residents,
respectively), as disBritish Colurbia (18.8 patents per 100,000 residents), in contrast to the

*The ISQ also releases data on the total number of triadic patentsdgta residents of Nunavut, the Northwest
Territories, and Yukon. Combined, inventors resident in the three territories were granted on average six triadic
patents per year between 1980 and 200&ifut de la statistique du Québec.
http://www.stat.gouygc.ca/statistiques/scientechnologieinnovation/brevets/triad_canada.htrlowever, very

high annual patent counts in some years (for example, 20 patents granted in 2008 and 16 patents granted in 2002)
merit strong scrutiny, especially considering thealer number of USPTO patents granted to residents of the
territories in those years.

% Although New Brunswick experienced an even larger decline of 33.3 per cent in the number of triadic patents its
inventors received between 2000 and 2008, the smialineof patents (from 6 in 2000 to 4 in 2008) renders this
change insignificant.
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Chart 16: Ontario's Share of Total Canadian Patents, Two Most Recent Years Available
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Source: Table 8 and Appendix Tadl2sand 13.

latterprovinces relatively weaker performance compared to Alberta in patents granted by CIPO.
In populatioanormalized patent counts Adlda also performed worsetimadic patents tham

CIPO patents. In 2008, Ontario ranked firstriadic patentgwith 4.0 patents pr 100,000

residents), while Québec and British Columbia each received more triadic patents per 100,000
residents than Alberta.

One explanation for these differences could be that the gpérigirtg industries in each
province have differing levels of egpure and integration with foreign markets. Alberta, by
receiving a comparatively higher number of CIPO patents among provinces than USPTO or
triadic patents, may have patahtving industries primarily focused on serving the domestic
market (such as tenblogy developed specifically for the Alberta oil and gas industry),
compared to more export oriented paténving industries in Ontario, British Columbia, and
Québec.

Ontario, with 38.6 per cent of Cansmdads po
weight in terms of the number of patents granted to its residents as it receives at least half of all
patents granted to Canadians from each intellectual property office. Chart 16 presents data on
Ontariobs share of the tradicgphtents grdntedrite CanadianCl P O,
inventors in the most recent year available for each patent type.

E. Trends in Patenting of ICT Inventions by Province

Data on the number of patent grants to each province across all technologies are not
publicly available. However, thiastitut de la statistique Québec provides data on the number of
ICT inventions patented by inventors from each province between 198Daatf As shown in

**The 1SQ identifies ICIpatents using the same methodology as the OECD, described in footnote 49 above.
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Section IL.E|ICT isthe technological area with the most innovative activity in Canada, as
measured by trends in patenting. Depending on the measure used to assign geographic origin to
patents, between 51 to 57 per cent of the pateatgeyl to Canadian residents in 2012 by the
USPTO were classified as ICT patents, and this share rose to 59.4 per centifA@bding

to the ISQJCT inventions include electronic devices, computers, telecommunication devices

and other ICT devices.

Table 11 includes information on the number of ICT inventions patented at the USPTO
by Canadian inventors from each provifité addition to the number of ICT inventions
patented by inventors from each province, Table 11 also includes the percentégeidisof
| CT patents among the provinces, the share |IC
of patent grants from the USPTO, and the number of ICT patents granted per 100,000 residents
for each province.

Ontario inventors received the gresttnumber of ICT patents from the USPTO, with
2,477 patents issued in 2012 (the highest in the 32 years covered), equal to 18.5 patents per
100,000 Ontario residents. Even in populathammalized terms Ontario received nearly twice as
many ICT patents abe next highest, British Columbia (9.5 patents per 100,000 residents, or
430 in total) and over three times as many patents as Québec (5.7 patents per 100,000 residents,
or 462 in total). Canadian inventors were granted 3,498 ICT patents by the USBOX2.in
Inventors from Ontario had the highest share of ICT patents in 2012 at 70.8 per cent while
Québec and British Columbia inventors followed with 13.2 per cent and 12.3 per cent of the total
| CT patents in 2012, r es pacoftlGT\padnty outoftl@notalar i o006 s
number of USPTO patented Canadian I CT invent.
of the total USPTO patents granted to Canadian inventors across all technologies.

Between 2000 and 2012, the number of I@fepts granted to inventors from British
Columbia quadrupled (an increase of 302 per cent), with growth in ICT patents to Ontario close
behind (an increase of 291 per cent). The number of ICT patents granted to inventors from
Alberta and Québec more thaoubbled, with these provinces experiencing growth of 141 per
cent and 120 per cent, respectively. The highest growth in ICT patent grants was for inventors in
New Brunswick (500 per cent) and Newfoundland (400 per cent), however in absolute terms
these proinces experienced only small increases, of 15 and 16 patents each, respectively.

*>"The 1SQ, which assigns origin to national patents based on the cofinésidence of the firstamed inventor,

reports that in 2012 51.4 per cent of USPTO patents granted to Canadian residents were ICT patents (Appendix
Table 12, Panel C). The OECD, which uses fractional counting to establish national patent courgghe¢pGT

patents made up 57.2 per cent of the total patents granted to Canadian residents in 2012 and 59.4 per cent of the total
patents granted in 2014 (Appendix Table 11). Both the ISQ and OECD use the International Patent Classification
system to detenine whether patents were classified as ICT patents.

8 Complete information on the number of ICT inventions patented at the USPTO by Canadian inventors from each
province is included in Appendix Table 12.
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Table 11: Number of ICT Patents Issued by USPTO by Inventor(s) Place of Residence,

1980, 1990, 2000, 2012

Panel A: Number

N.L. P.EJ NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN
1980 i i i i 28 88 i 2 4 10 125
1990 4 i i 61 200 7 5 28 26 324
2000 4 1 9 3 210 633 10 13 71 107 | 991
2012 20 2 21 18 462 2,477 29 14 171 430 | 3,498
%25:0%"‘1“33 400.0 1000 133.3 500.0 1200 291.3 1900 7.7 1409 3019 | 253.0
Annual Growth 1/ 35 595 732 1610 6.79 1204 928 062 7.6  12.29 | 11.08
Rate 200012 : : : : : : : : : : :
Panel B: Percentage Distribution
N.L. P.E.l N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 - - - - 22.40  70.40 - 1.60 320  8.00
1990 1.23 n.a. 1.54 na 1883 6173 216 154 864  8.02
2000 0.40 0.10 091 030 2119 6387 101 131 716  10.80
2012 0.57 0.06 060 051 1321 7081 083 040 489 1229
Percentage point ) ) ) ) )
change. 2000012 017 0.04 031 021 798 694 0.8 091  -2.27  1.49

Panel CShare of ICT Patents at the USPTO of Total USPTO Patents Granted to Canadian Invent

N.L. P.EJI NS N.B. Que. Ont. Man. Sask. Alta B.C. | CAN

1980 n.a. n.a. n.a. n.a. 10.3 13.7 n.a. 7.7 5.4 8.1 11.0

1990 50.0 n.a. 22.7 n.a. 157 19.0 137 116 181 102 | 165

2000 25.0 50.0 22.0 7.5 280 303 104 169 180 235 | 26.2

2012 76.9 22.2 328 353 380 60.7 254 157 283 502 | 514
Panel DICT Patents per 100,000 Residents

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.

1980 - - - - 0.43 1.01 - 0.21 0.18 0.36

1990 0.69 - 0.55 - 0.87 1.94 0.63 0.50 1.10 0.79

2000 0.76 0.73 0.96 0.40 2.85 5.42 0.87 1.29 2.36 2.65

2012 3.80 1.38 2.22 2.38 5.71 1847  2.32 1.29 4.40 9.47

Source: Appendix Table 14.
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I\VV. Patent Trends at the Census Metropolitan Area (CMA) Level

There is an extensive literature on the role of cities as concentrated centres of innovative
activity>®Ci t i es are considered 6hubsdé of innovatio
concentration allows a greater degree @fspi al i zati on antlefacll|l zaat es
ideas from diverse sectors (Wolfe, 2009: 27). They are also often the site of innovation loci such
as universities, corporate research and development labs, angstartibators. Given
C a n a digh arbanitation rate of 82 per cent in 2015, it is worth examining the levels of
innovative activity occurring in Canadian cities (as measured by Census Metropolitan Area,

CMA) as indicated by trends in patentifigCMA level data are available from th®8Q for the
USPTO and triadic patent family offices; however, patent data by CMA are not available from
CIPO.

Canadabdts | argest CMA, Toronto, by far 1| ed
and triadic patents granted in 2012 and 2008, respectivelynfieerecent years for which data
are available for each). However, KitcheWéant er | oo, Ontari o | ed Canad:

recent growth in UPSTO and triadic patents as well as in the number of patents granted per
100,000 residents.

A. Patents Granted to Canadians by the United States Patent Office by CMA

Data on the number of USPTO patents granted to inventors by Census Metropolitan Area
of residence are included in Appendix Table 1
country in USPTO patds granted to inventors with 1,785 paténegjual to 26.2 per cent of the
total number of USPTO patents granted to Canadian residents. That year, the@itanau
region was next with 951 patents, followed by the Kitch&iaterloo region with 917 pattn

Chart 17 presents data on the 10 CMAs with the highest number of USPTO patent grants
per 100,000 residents. Toronto ranks fifth among CMAs, with its inventors receiving 30.4
USPTO patents per 100,000 residents, but is dwarfed by Kitchéatarloo, wich received
183.8 patents per 100,000 residents. The combined OQagbec CMA of Ottaw&atineau
ranked second, receiving 81 patents per 100,000 resitgitsof theten CMAs whose
residents were granted the most patents in populabomalized tems are located in Ontario,
with Vancouver and Sherbrooke, Québec the only exceptions.

Chart 18 presents the 10 Canadian CMAs with the greatest per cent change in USPTO
patent grants between 2000 &td2. KitcheneiVaterloo experienced the largest growth in
patent volume between 2000 and 2012, 616 per cent. Among other large CMAs this compares
with growth of 125 per cent for Ottaw@atineau, 110 per cent for Vancouver, 95 per cent for
Québec, and amcrease of 75 per cent for Toronto.

9 For example, seAthey et al (2008: 156169),o0r Marceau (2008: 13645).
®Data on Canada's urbanization rate are fieenWorld Banls Open Data database, available at the following
URL: http://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?year_high_desc=true
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Chart 17: 10 CMAs Granted the Most USPTO Patents per 100,000 Residents, 2012
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Chart 18: 10 CMAs with Largest Per Cent Change in USPTO Patent Grants, 2062012
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B. Patents Granted to Canadians by the Triadic Patent Family Offices by CMA

KitchenerWaterloo also experienced the most substantial growth between 2008 and
2012, although the size of its increase is smaller than in the longer period from 2002 .to
The growth in the number of USPTO patents granted to inventors in Montrelag other hand,
improved markedly postecession, with growth of 100 per cent from 2008@&2, compared to
a 14.3 per cent decline from 20002@12 overall.

AppendixTable 16includes data on the number of triadic patents granted to Canadians

inventors by CMA from 1980 to 2008, the most recent year for which data are available from the

ISQ. Chart 19 presents data on the 10 CMAs granted the highest number of triadic patents per

100,000 residents in 2008. As with the data on USPTO patents, Kitéheterloo and Ottawa

Gatineau | ed Canadabs

| argest

CMASs

i n

t he

receiving 8.2 and 7.per100,000 residents, respectively, in 2008entors in Vancouver and

Toronto received 5.1 and(triadic patents per 100,000 residents, respectively, in 2008.

some CMAs experienced periods of substantial growth in the number of triadic patents granted
to their inventors. Amon@MAs that were granted at least 10 triadic patents in 2008, Kitchener

Only 13 of the 33 CMAs covered in this report experienced growth in the number of
triadic patents granted to their inventors between 20@02008. This fits with the overall 4.3
per cent decrease in triadic patents granted to Canadian inventors from 2008.telowever,

Waterloo again led the pack with 50 per cent growth, while Québec and Vancouver followed

Chart 19: 10 CMAs Granted the Most Triadic Patents per 100,000 Residé&s) 2008
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behind with 35.3 per cent and 34.1 per cent growth, respectively. Calgary, on the other hand,
experienced a 35.1 per cent decline in the number of triadic patents granted to its inventors.
Montreal experienced growth of 4.9 per cent whilertheber of triadic patents granted to
inventors in Toronto declined by 4.2 per cent from 2000 to 2008.

C. Trends in Patenting of ICT Inventions by CMA

Similarly to the provincialevel data, there are no available data on patent grants by
CMA across alléchnology areas. However, thmsstitut de la statistique Québpmvides data on
ICT patents granted by the USPTO by the Census Metropolitan Area (CMA) of the inventor(s),
which are included in Appendix Tabl erovitYy. Dat a
in the number of ICT patents granted by the USPTO to their resident inventors are presented in
Chart 20.

From this data it is clear that Ontariobs
the high number of ICT patents granted in 2012 to irrsrftom three cities: Kitchener
Waterloo (820 patents), Toronto (363 patents), and OtGataeau (311 patents). ICT patents
made up 89.4, 20.3, and 29.8 per cent of the total number of USPTO patents granted to residents
of each CMA, respectively. Oth#ran Calgary, which received 79 ICT patents in 2012 (an
increase of 508 per cent from 2000) these three cities in Ontario experienced the fastest growth
rates in Canada among CMAs that generated more than 20 patents in 2012. The number of
patents granteatinventors in Halifax exploded from 20@012, increasing by 1200 per cent;
however, this represented an absolute increase of only 12 patents.

Chart 20: 10 CMAs with Largest Per Cent Change in USPTO ICT Patent Grants, 2000
2012
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V. Explaining Divergent Trends in R&D Expenditures and Patenting

An additional measure of innovation is research and development (R&D) expenditures, a
crucial input to innovation. As mentioned above, this report tracks levels of innovative activity
by examining trends in patenting because patents serve as-astailished output indicator of
innovation. Trends in R&D expenditures, an input measure of innovative activity, can serve as a
valuable complement to patents when measuring trends in innoaativity.

However, a paradox emerges when comparing the trends of these input and output
measures of innovation. Between 2000 and 2014 real business enterprise expenditure on research
and development (BERD) decreased by 6 per cent and real total eypedit R&D increased
marginally, by only 14 per cent (in 2007 prices). However, in the same period, the number of
patents granted to Canadians by CIPO and USPTO increased significantly (by 167 per cent and
102 per cent, respectively), despite the decrbagrut to innovation, R&D spending.

The paradox is tempered somewhat when utilizing patent applications as a measure of
innovation because the number of patent applications filed at CIPO increased by only 0.3 per
cent between 2000 and 2014, howeveraapplications at the USPTO still increased by 90 per
cent over this period. The number of triadic patents granted to Canadians also fell, by 6 per cent,
between 2000 and 2011, in line with the decline in BERD, so it is possible that the decrease in
inputs to innovation mainly impacted the output of haglality inventions, which typically
receive triadic patents.

This report proposes six explanations for this paradox, although several are found to lack
evidence. First, the observed divergence may beallags in the causal relationship between
R&D spending and patenting over time, such that not enough time has passed for the decrease in
R&D spending to result in fewer patents. The divergence may also be caused by changes to the
patent administration syem, such as revisions to the patent regulatory regimes or the ability of
patent offices to process patent applications. Alternatively, it is possible that the divergence is
caused by the average quality of patent applications increasing. A higher rairstrategic
patent filings may have led to the increases in patent volumes. Finally, increases in the efficiency
of R&D spending because of improved technologies, or shifts in R&D spending from sectors
with low patentto-R&D ratios to higher patesib-R&D ratios could have allowed patent
volumes to increase with less R&D spending inputted. Differing trends in the number of patent
grants and patent applications shed some light on these explanations.

This analysis concludes that an increased efficien®&® spending and a higher
number of strategic patent filings are the most likely explanations behind this divergence,
although further research is needed to confirm exactly what has caused the growing gap between
R&D expenditures and patent grants.
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A. Trends in Research and Development Expenditures in Canada

There are in fact several types of R&D, reflecting the various sectors performing
innovative research. BERD measures the amount firms spend on research and development and
S0 is most relevant foracking private sector innovation. In addition, GovERD measures
expenditure on research and development by both federal and provincial governments; HERD
measures research and development expenditure by the higher education sector; and GERD sums
up these ttee components, along with substantially smaller categories of R&D expenditure by
the private noprofit sector and provincial research organizations.

Table 12 presents data on the value of each type of realdx@enditures in 2007
constant prices and the total share of GDP spent on GERD which measures total gross R&D
expenditure. Despite a 14.0 per cent increase in GERD, from 24.7 billion dollars in 2000 to 28.2
billion dollars in 2014, GERD accountedforodly,. 6 1 per <cent of Canadads

Table 122 Real R&D Expenditure, Millions of Dollars, and GERD Per Cent Share of GDP,
20002014 (2007 Constant Prices)

Gross Business Highe_r Government Gr(_)ss

Expenditure Enterprise Educa’qon Expenditure Expenditure on

on R&D Expenditure on Eépneg((jgitll;re on R&D IEegrL%((aﬁtE gh?re

(GERD) R&D (BERD) (HERD) (GovERD) of Nominal GDP
2000 24,706 14,898 6,963 2,697 1.86
2001 27,343 16,863 7,592 2,785 2.03
2002 27,493 15,824 8,709 2,857 1.98
2003 27,902 15,925 9,202 2,641 1.97

2004 29,190 16,569 9,910 2,570 2.0
2005 29,716 16,583 10,093 2,857 1.98
2006 30,009 17,001 9,933 2,896 1.95
2007 30,038 16,756 10,187 2,867 1.91
2008 29,597 16,019 10,517 2,851 1.86
2009 29,625 15,770 10,637 3,062 1.92
2010 29,267 15,137 10,775 3,191 1.84
2011 29,503 15,657 10,966 2,733 1.80
2012 29,869 15,251 11,829 2,618 1.79
2013 28,804 14,443 11,455 2,734 1.69
2014 28,164 14,050 11,381 2,562 1.61
Per CentChange
20002014 9 14.0 5.7 63.4 -5.0 -0.25
Per CentChange

20102014 9 -3.8 7.2 5.6 -19.7 -0.21

Source: Appendix Table 18.
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2014, down 1.86 per cent i n 2000. B ERD, whi ch

decreased by 5.7 per cent over the same period, from 14.9 billion dollars in 2000 to 14.0 billion
dollars in 2014. GovERD similarly fell by 5.0 per cent from 2.7 billion dollars in 2000 to 2.6
billion dollars in 2014. The increase in GERD over thisqubwas only possible because of a

63.4 per cent increased in HERD between 2000 and 2014.

Data on the composition and per cent share of GDP for total R&D, from 128040 is
included in Appendix Table 18, Panel E. The overall composition @ R&ding has changed
significantly in the past 15 years: the contribution from HERD has increased by 12 percentage
points while the contributions from BERD and GovERD have fallen by 10 and 2 percentage
points, respectively. Although Jaffe (1989) finds sogwidence that academic research has
positive spillover effects on corporate patenting, it is unlikely that academic researchers patent
their research outcomes to the same degree as inventors employed by firms attempting to profit
from the inventions.

Recent trends in total R&D and BERD, as well as the volume of patent applications and
grants from CIPO and USPTO to Canadian residents, are shown in Charts 21 and 22,
respectively. Appendix Table 18 includes further data on R&D expenditure by type ofnarfor
from 1980 to 2014.

Chart 21 illustrates how, in recent years, the number of patents granted to Canadian
residents by CIPO has increased substantially, by 167 per cent, far outpacing the change in R&D
expenditure. When measured in constant 2007 dp{EERD increased by only 14 per cent from
2000 to 2014. Despite a 63.4 per cent increase in real HERD from 2000 to 2014, GERD did not

Chart 21: Real R&D Investment and the Number of CIPO Patent Applications and Grants
to Canadian Residents, 2002014 (2007 Constant Prices, 2000=100)
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substatially increase in this peridd at least compared to the 167 per cent increase in patent
grants over the same peribdiue to the 5.7 per cent decrease in BERD, which contributed an
average of 5per cent of GERD, compared to an average annual contribution of only 35 per cent
from HERD. However, between 2000 and 2014 the number of patent applications filed at CIPO
remained stagnant in line with the trends in R&D expenditures, suggesting thatethte pa
applications measure of research output may be more tied to R&D spending than patent grants.

Chart 22 presents these same trends in Canadian R&D expenditure as in Chart 21, but
instead compared to the number of USPTO patent applications and gi@atsathan inventors
between 2000 and 2014, indexed to their year 2000 levels. USPTO patent grants doubled from
2000 to 2014, increasing by 106 per cent, even as BERD decreased by 6 pad ceBRD
increased by only 14 per cent. Unlike for CIPO, howeyatent applications by Canadian
inventors to the USPTO also increased over this period, by 90 per cent.

Finally, Chart 23 compares trends in Canadian R&D expenditures to the number of
triadic patents granted to Canadian inventors between 2000 and 20frigghrecent year for
which data are availabfé.Unlike the upward trends in the number of patents granted to
Canadian inventors by CIPO and USPTO between 2000 and 2011, the number of triadic patents
granted to Canadian inventors decreased, by 6 perfant2000 to 2011. This decline could be

Chart 22 Real R&D Investment and the Number of USPTO Patent Applications and
Grants to Canadian Residents, 200Q014 (2007 Constant Prices, 2000=100)
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Source: Appendix Tables 3 and 18.

®The OECD, the source of data on pategtanted to Canadians by the triadic patent family offices, does not have
any publicly available data on triadic patent applications.
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Chart 23: Real R&D Investment and the Number of Triadic Patents Granted to Canadian
Inventors, 20062011 (2007 Constant Prices, 2000=100)
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explained by the decrease in BERD over this same period, but is puzzling given the increase in
CIPO and USPTO patent grants@anadians despite the decrease in BERD. Seemingly, the
change in triadic patents was the most closely correlated with the reduction in BERD, perhaps
because triadic patents are the most costly applications to file and typically represent the most
high-value inventions.

B. International Comparison of Trends in Research and Development
Expenditures and Patenting

Given the divergence in Canada between R&D expenditures and the number of patents
granted since 2000, it is worth examining these trends in otluertries. Append Table 24
includes data o&ERD and BERD across the G7 between 1981 and 2001, as well as the USPTO
patent intensity of GERD and BERD (number of USPTO patents granted per million dbllars
R&D spending for the same period. Chart 24 peats the change in the USPTO patent intensity
of GERD and BERD for eadB7 country.

Canada has experienced the largest percentage point change among the G7 in both
USPTO patent intensity of GERD and USPTO patent intensity of BERD. Betweemi2001
2014,the USPTO patent intensity GERDiIn Canadancreased b{).14 patents per million
dollars(from 0.15 to 0.29), double threextlargest increase, in Japdrgm 0.27 to 0.34atents
per million dollars The gap between Canada and other G7 countries isggtenwhen
calculating the number of USPTO patent grants per million dollars of BERD. Between 2001 and
2014 the USPTO patent intensity of BERD increased.®4 patents per million dollar§rom
0.25 to 0.59) for Canadians, compared to the-teagest itreases 0.08 patents per million
dollarsin the Uhited States(between 2001 and 2013, the most recent year for which data are
available) and.07 patents per million dollans Japan. While all G7 countries saw a growing
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Chart 24: Change in Patent Intensity of GERD and BERD, GTountries, 2001-2014
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Note: Data for2014 are unavailable for the United States, so the change reported for the U.S. is for the 2001
2013 period.

divergence between trends in patenting and R&D expenditures between 2001 andi2014, th
divergence was most pronoungadCanada.

The patenting intensity of GERD and BERD is atéelcby changes in both the number of
USPTO patents granted and in R&D expenditures. As seen above in Chart 8 and detailed in
Appendix Table 4, between 2000 and 2014 Canada experienced the highest growth in USPTO
patent grants among the G7, and was the Gilgountry to see a doubling of the number of
patents granted to its inventors. Canada stood out among the G7 even more when comparing
R&D expenditures (in constant 2010 dollars). Canada saw the smallest increase in GERD among
the G7 with only a 14.0 peent increase between 2000 and 2014, compared to themaltest
increase of 25.4 per cent in the United Kingdom, and a 39.1 per cent increase in Germany, the
largest change among the G7. Furthermore, Canada experienced a decesd®ERD, of 5.7
per cent, between 2001 and 2014, while BERD in all other G7 countries grew in the range of
23.5 and 40.5 per cent in that period.

C. Divergence in Research and Development Expenditures and Patenting
Trends

Prodan (2005) established a strong positive tairom between R&D expenditure and
patent applications (mosef which are subsequently included in counts of patent grants), and
found the link between patenting activity and BERD especially strong in developed colintries.
is thereforepuzzling that the number of patents granted by CIPO and the USPTO, as well as the
volume of applications at the USPTO, has increased while R&D expenditures have declined, or,
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at best, increased only marginally. Most significantly, BERD in Canada decit®asedrly 6

per cent between 2000 and 2014, while the number of CIPO patents granted to Canadians nearly
doubled over this same time period. Moreover, the compositional shift within R&D expenditure
since 2000, from business and enterprise sector R&DOytehieducation sector R&D, would in

theory lead to even fewer patent grants.

Some research claims that Canada has a clear innovation problem, as seen across various
indicators®® Considering this literature, perhaps the puzzlgieérgent patenting tresdand
R&D expendituress best approached as an exploration of how the number of patents, an output
measure of innovation,agable to increase despite stagnant or decreased R&D expenditures, an
input to innovationWe see six potential explanations behimd apparent puzzle of divergent
patenting trends and R&D expenditures:

1 The lag effect:There may be a measurement challenge in that the number of patent
grants in a given year does not reflect R&D spending in that year, but in previous years,
and theefore the decrease in BERD has not yet reduced the number of CIPO and
USPTO patent grants, but will lead to a smaller number of grants in the future.

1 Changes in the patent administration system and opportunity costs of patenting:
Rather than a changing level of innovative activity in Canada, the increased number of
patent grants may be caused by administrative changes, such as an improved capacity in
patent offices for examination, and by changes in the direct costs and benefits of
patenting, such as a reduced burden around filing applications. The volume of patent
grants couldilsohave increased due to changes to alternative methods of intellectual
property protection that made these methods less attractive and decreased thaitgppor
costs of patenting.

1 Increased quality of patent applications:The number of patents grants may have
increased despite reduced BERD because of an increase in the quality of patent
applications, as suggested by the higher patent granting rate@té&iéntly. However,
other measures of patent quality show that the quality of Canadian patents may have
actually slightly decreased recently.

1 Increased strategic filing of patents:Traditionally, firms are thought to file for patents
in order to secure @monopoly over the profits from their R&inded innovations.
Research has also focusettoonebfirmsé sbompee
technological development in areas of competition, generate licensing revenues, or other
goals unrelated tmnovation occurring in that firm. These strategic patent filings may
have allowed for greater number of patent applications (and grants) with less R&D
expenditure.

“For example, see Council of Canadian Academies (20183)
researclsuccess to business innovation.
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1 More efficient R&D spending: The number of patent grants may have increased despite
a decease in BERD because firms have become more efficient in their R&D spending,
perhaps due to the beginnings of a new in

1 Sectoral shifts in R&D spending:Total patents may have increased because although
BERD has decreased economigle, the remaining BERD has been allocated from
sectors with low patertb-R&D ratios to sectors with higher patentR&D ratios.

Each explanation will be reviewed and evaluated in turn, followed by an analysis of which
hypotheses best explain the diverge between trends in R&D expenditures and patenting.

I. The Lag Effect

One reason for the increase in patenting despite the decrease in R&D expenditures is that
the number of patents granted in a given year does not necessarily reflect the levelessbusi
sector R&D in that year, but instead the level of investment by firms in previous years. Consider
an increase in R&D expenditures. If a substantial portion of R&D spending occurs in early stages
of a yeardong research process, then an increase iD R&penditures would only lead to an
increase in output measures of research (such as patent grants) a few years later, after that
innovative research has actually had time to produce outputs. The same logic applies to
decreases in R&D expditures: theoutput measure, patents, would only be affected by the
decrease in R&D spending a few years later because in earlier years the research would not be
expected to have resulted in patent grants in any case. This effect is in addition to the pendency
time, a lg between the date of a patent application and the year the patent is actually granted for
that invention.

For example, the number of patents granted by CIPO in 2014 (2,984) does not represent
the product of R&D investment in 2014, but of investmentdleatirred in previous years.
BERD was at a low point of $14 billion (in 2007 constant dollars) in 2014 but had actually
increased at a rate of 2.7 per cent annually between 1998 an@Aq@sdix Table 16, Panel
B). Higher levels of R&D investment durirtlgis earlier period likely helped the number of
patents granted to Canadians increase to the level seen in 2014 as the innovative processes
leading to the patents granted in this year would have started well before 2014.

However, there is not a clear leglationship in the historical data. For example, despite
the value of BERD in 2000 being at its thlovest point between 2000 and 2014 (at $14.9
billion in 2007 constant prices), the number of CIPO patents granted in the years following 2000
increasedln addition, it is unlikely that the lag between R&D spending and patent grants would
persist when these indicators are measured over a lengthy time period, such as between 2000 and
2014. There is therefore likely more behind this puzzle than the lag.effe

ii. Changes in the Patent Administration System and Opportunity Costs of Patenting

Anotherpotentialexplanation for the divergence in patenting and R&D expenditures is
that the number of patent grants may have increased for reasons unrelateditqgdbeelg of
innovation and instead because of changes to the patent administrative and regulatory systems or
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in the alternatives to patenting. Reductions in the intrinsic costs of patenting through changes in
the patent granting process and the legairenmnent may have increased incentives to patent.

For example, CIPO began a program in 2008 with the USPT®atiest Prosecution Highway
(PPH), which fastracked applications that had already been processed at certain intellectual
property offices, inalding the USPTO, JPO, and others. Potts (2011) suggests that PPH
programs may speed up processing times through-slaking across patent offices, though at

the cost of lowering the quality of patent reviews. Strengthened patent rules to conform to the
1994 Agreement on TradRelated Aspects of Intellectual Property Rightsy also have

increased the incentive to patent.

The volume of patents granted by the USPTO may have increased recently, regardless of
the decline in R&D expenditures, due to changeaternative methods of intellectual property
protection that decreased the opportunity costs around patenting. For example, greater reliance
on computers for research may have increased the susceptibility of research to theft through
hacking, and thus nda it more difficult to keep trade secrets secure. Such a change would then
increase the relative attractiveness of filing a patent to protect an invention.

Alternatively, the number of patent grants may have increased recently due to intellectual
property offices becoming more efficient at examining patents. If these offices recently increased
their capacity, for example through increasing the number of patent applications reviewed by
each examiner or hiring more examiners, then subsequent EEragsmtent grants may
primarily reflect a shorter lag time for processing patent applications due to the increased
examination capacity’ Indeed, both CIPO (2016:16) and the USPTO (2011:10 and 2068)61
in their annual performance reports highlightiatives to decrease pendency times and reduce
backlogs of patent applications by increasing recruitment patent examiners.

Given these initiatives to reduce the regulatory burden and increase the benefits of
patenting, it is likely that changed direct tsoand benefits played a role in the increase in patent
grants at CIPO and USPTO. However two recent efforts to reduce the regulatory burden around
patenting the 2014 amendments of the Canadratent Actand the 201 America Invents
Actd occurred far aftethe recent boom in patent grants at CIPO and USPTO. It is also unclear if
the increases to intellectual property office
in greater volumes of patent grants would persist over theteyng such as beten 2000 and
2014. Moreover, examination capacity increases cannot explain the increase in the number of
patent applications at the USPTO. Finally, decreased opportunity costs of patenting may play a
part in the increased volume of patent grants despdmedsed R&D expenditures, but it is not
clear that alternatives to patenting, such as trade secrets and open source inventions, have
recently become much less attractive to inventors.

lii. Increased Quality of Patent Applications

The number of patentsagnts may have increased despite reduced BERD because of an
increase in the quality of the average patent application. While the number of CIPO patent grants
to Canadian residents increased by 167 per cent from 2000 to 2014, the volume of patent
applicatiors from CIPO decreased by 10.5 per cent over the same period. This resulted in spike

®¥seefootnotell for a detailed theoretical explanation of this phenomenon.
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of 22.3 percentage points in the CIPO granting rate (an increase from 43.2 per cent to 65.6 per
cent) between 2000 and 2014.

These increases in the CIPO granting rateCfamadian residents suggest that the quality
of patent applications has increased substantially as the quantity filed at the CIPO has decreased.
However, the granting rate at the USPTO for Canadian inventors declined, by 4.6 per cent,
between 2000 and 201As well, the number of triadic patent grants, which are typically seen as
representing high quality inventions, decreased between 2000 and 2011.

Trends in other indicators of patent quality and value also complicate the apparent
increase in qualitguggestedoy the higher CIPO granting ra@ECD (2015) surveys several
measures of patent quality and value that appear in the literature and estimates the performance
of each indicator for patents from the European Patent Office (EPO). Between 1999 and 2009,
the performance on these patent quality measures was mixed for the average EPO patent granted
to Canadian resident$On most measures, the average quality of Canadian patents improved
only slightly, including for patent scope (technological breadth),beuraf backward citations,
the number of protective claims per patent and on the originality index (based on the range of
technologies in the backwards citations of a patent). The number of protective claims
(normalized with backward citationsj the aveage Canadian EPO patent declined slightly,
while the number of average citations to +paient literature experienced a more significant
decline. For patents granted to Canadian residents by the EPO only the technological radicalness
index (based on the mber of IPC technology classes, other than the class of the patent, cited)
experienced significant improvement between 1999 and 2009.

Taken together, the stable or negative performance of other patent quality indicators
make it unlikely that the CIPO grtang rate increased due to higher average patent quadity.
noted in Section Il.A.iii, granting rates may change over time as a result of several factors other
than patent quality, such as changes in the stringency with which patents are being etladuated,
patent pendency time, the rate of withdrawal of applications, the quantity and quality of
examiners, and changes in the demand for patents relative to other forms of intellectual property
protection Higher patent quality is therefore likely not an kexmation for the divergence in
patenting trends and R&D expenditures.

Iv. Increased Strategic Filing of Patents

Research that focuses on firmsdéd motives to
in patenting. The traditional motive to patent (ddseuliin detail in Section 1) is that firms file
for a patent in order to secure themselves a monopoly of the profits from their innovation.
Strategic patenting, though lacking an agrapdn definition, is considered instead as firms
using patent ownershipghts for a variety of defensive and offensive purposes (Blind et al.,
2007).

®*0ther measures were estimated for 1994 and 2004 in OECD (2015). Of these measures, Canadian EPO patents
experienced on average aahdecline in patent family size, forward citations, and across all three composite
indices of patent quality; larger decreases in grant lag and in the generality index; and a small improvement in the
breakthrough innovations index.
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One defensive strategic motivation is a firm successfully protecting an invention through
trade secrets but then deciding to patkat invention only to prevent other firfrem patenting
the invention and suing the innovative firm. Firms may also patent defensively in order to use
that patent ownership as leverag@@gotiations with another firntdall and Ziedonis (2001)
found this to b@ne of the most important motives fpatenting in the ICT sector. Firms can also
create these Opatent thicketsd for offensive
filing patents for similar (though not identical) products that could be considered as substitutes
by consumergBlind et al, 2007). Another offensive motivation to patent is seen wibadied

O0submarine patentsdé6 whose rights are put wup f
other firms (often called O6pat elopedasimiarl | sé) t h
product, and then Oemergedé to |l aunch a patent

other firm into a costly (but profitable for the patent troll) settlement (Pogue, 2015). Other non
traditional motives to patent include to edicensing income, avoid litigation by others,

motivate and reward R&D employees, measure performance, attract investors, andhaolster
firmdéds reputation (Somaya, 2012).

The global increase in patent applications has been traced in part to an imcrease
strategic patenting by firms (van Zeebroeck and van Pottelsberghe de la Potterie, 2008). It is
therefore a possibility that strategic patenting may be responsible for part of the increase in
patent grants at the CIPO and in patent applications anddna@anadians at the USPTO.

Blind et al (2007) found that strategic patents are typically measured as lower quality patents (in
terms of citations), so it is possible that the decreases in the average quality of Canadian patents
on many measures surveyiedECD (2015) (discussed in detail above) may be linked to an
increase in the number of strategic patent filings. An increase in strategic patenting also fits with
the divergence between certain patenting trends and R&D expenditures, since the radearch a
development process would be less intensive for strategic {pat#atted inventions that the

firm has no intention of actually producing themselves.

v. More Efficient R&D Spending

It is also possible that R&D funding has grown more efficienently, so that a given
dollar of R&D spending leads to more innovation in terms of patenting than in the past. One
mechanism could be changes in the management of R&D involving a shift to more applied
research that is associated with increased patemtinguggested by Kortum and Lerner (1999).
In addition, increases in technological efficiency could have occurred that allow for more
innovative research at a lower cost and lead to a greater number of patents with less investment
spending involved. Forxample, the widespread adoption of modern information and
communications technologies has likely made researchers far more productive by facilitating
coll aborati on, i mproving researchersdé anal yt.i
and dataKortum and Lerner (1999) found the increase in patenting at the USPTO between 1985
and 1995 was primarily caused by improvements in the automation and management of the
research process, likely associated with the application of information techndtoggesarch
processes.
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Chart 25: Ratio of CIPO and USPTO Patent Grants to Canadian Residents to R&D
Expenditures, Millions of Dollars, 20002014 (2007 Constant Prices)
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Source: Appendix Tables 1, 3 and 18.

Chart 25 presents the ratio calculated from the numb@iR® and USPTO patents
granted to Canadian residents per million dollars of GERD and BERD between 2000 and 2014.
The number of patents granted per million dollars of R&D has increased across all four
measures, with the ratio of USPTO patent grants to BERarticular increasing from 0.23 in
2000 to 0.50 in 2014. This provides some evidence for an increase in the efficiency of research
processes over this time in terms of higher patent output per input of R&D expenditures.

Rising patents may also represéite beginnings of a new innovation supercycla.
supercycle begins when major technological breakthroughs stimulate a period of innovation. The
breakthrough may generate a surge of invention and patenting by reducing costs and feasibility
constraints. Tis could explain the diverging paths of R&D expenditure and patenting if, for
example, achieving the technological breakthrough had required high levels of spending but then
facilitated an abundance of low cost folkeys innovations. However, supercycha® typically
proposed based on lotgrm historical data and it is difficult to confirm the existence of a
supercycle as it occurs. Moreover, the impact of a supercycle on spending is ambiguous because
the technological revolution may incentivize a furtiiglow of spending to take advantage of
the new technologies.

65Suchsupercyclesaral so known as oO0long cycles,d 6l ong waves
Kondratiev and popularized by Joseph Schumpeter. See Freeman (1982) for a background discussion.

, 0 or
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In addition, if some components of R&D expenditure (for example, R&D staff versus
R&D capital expenditures) result in more patents than other components, it may be that spending
in R&D leadirg to patents rose, increasing patents in recent years, but that this has been obscured
by a large reduction in the components of R&D spending unrelated to patenting.

Altogether, it seems possible that recent technological changes, particularly around
information and communications technology, have increased the productivity of research
processes and rendered R&D spending more efficient in terms of producing Fatartsiains
unconfirmed whether a new innovation supercycle has begun, although the@fscope
technological change suggests it is possible. Further research is needed on shifts within the
components of R&D expenditures to clarify changes in the efficiency of R&D spending.

vi. Sectoral Shifts in R&D Spending

The final potential explanation biell the divergence of patenting trends and R&D
spending is that if returns on R&D investment are considered in terms of patent grants, R&D
spending may have shifted from sectors with low pai@fi&D ratios to sectors with higher
patentto-R&D ratios. Asestablished in Section II.E, there has been an increase in patent filings
in information and communication technologies (ICT) in recent years. Data on the number of
patents granted per job in each manufacturing industry, presented in Appendix Tabtav10, sh
that ICT innovation relies on patenting more than other manufacturing industry sectors. It is
possiblethatR&D spending has increased in fields where it results in a relatively large number
of patents, while R&D spending has fallen in areas wherevelafew patents are generated
per dollar spent.

However, as detailed in Appendix Table 19 Panel A, data on BERD by industry between
1994 and 2014 shows that during the decline of aggregate BERD, less R&D spending has
occurred in ICT industries thaave a higher reliance on patenting to protect intellectual
property, based on Appendix Table 10. Between 2000 and 2014, BERD in the information and
communication technologies industry classification decreased by 17.5 per cent and declined by
24 per centri the manufacturing industry classification, which includes several ICT industries.

Moreover, it is possible to calculate the patentieigirn on BERD for manufacturing
industry sukclassifications using data from Table 8 on the number of USPTO patent grants to
Canadian inventors by manufacturing North American Industrial Classificaggter8 (NAICS)
code and data on BERD by NAICS code. These results are presented in Appendix Table 20 as
six-year averages of the number of patent grants per million dollars of BERD.

% Some evidence against the view that research productivity is rigimgsented in Blooret al (2017). Based on

an analysis of trends in the development of a variety of technologies, they show that the amount of research effort
required to maintain a given rate of technological advance has been rising in recent decadasnfler the

number of researchers required to maintain Moore's Lawte doubling of the density of computer chips every

two years) has increased by a factor of 75 since the early 1970s.
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From 2007 to 2012, the sector with the highest pateR&D ratios was omputer and
peripheral equipment (NAICS code 3341) with 9.68 patents per million dollars of BERD. The
industry with the second highest patémBERD ratio was other computer and electronic
products (a combination of NAICS codes 3343 and 3346) with 21@@tsgoer million dollars of
BERD. Electrical equipment, appliances, and components (NAICS code 335) was the
aggregated thredigit NAICS code sector with the highest patemtBERD ratio, with 1.36
patents per million dollars of BERD However, BERD iergh three IC¥elated industries
declined substantially between 2000 and 2014, as shown in Appendix Table 19, Panel B. The
decreases in BERD in these industries with the highest gat&HERD ratios suggest that the
divergence between R&D and patent gsdms not been caused by R&D shifts from sectors
with low patentto-R&D ratios to sectors with higher patentR&D ratios.

vii . Summary of Explanations for the Divergence between Research and Development
Expenditures and Patent Grants

Six potential resons have been presented to explain the recent divergence between the
growing volume of patent grants to Canadians by CIPO and the USPTO and the decline in R&D
expenditures, especially BERD, over the same period. Some explanations prove more
compelling tha others, but further research is needed to confirm exactly what lies behind the
recent divergence in R&D spending and patent grants.

It is possible that patent grants will decline in a few years due to current downward trends
in R&D spending. However, #1e is no clear relationship between R&D expenditures and patent
grants historically when adjusting for a lag and, moreover, it is unlikely a lag effect would persist
when data are examined in terms of per cent change over a 14 year period. The daém pnesen
Appendix Tables 19 and 20 indicate that BERD spending has not increasedreid@d
sectors that have demonstrated high pateriorig&D ratios in the pasilthough the increased
patent granting rate at CIPO in recent years suggests an incréaseuality of patent
applications, opposite trends in other measures of patent quality and challenges in using granting
rate calculations as a measure of patent quality suggest that patent quality may have in fact
slightly decreased in Canada in recgewdrs.

On the other hand, it seems possible that recent changes in the direct costs and benefits of
patenting, in particular the implementation of the Patent Prosecution Highway (PPH), have
increased the incentive for inventors to file patents and maasier for Canadian inventors to
patent inventions at the USPTO which have already been patented at CIPO. These changes could
explain part of the rise in patenting grants, although some of these changes occurred too recently
to have such an impact. Ret@rcreases in patent grants at CIPO and the USPTO could also be
caused in part by these officesd i mproved cap
in shorter pendency times and a jump in patents. However, examination capacity increases
canrot explain the increase in the number of patent applications at the USPTO. An increased
propensity for Canadian inventors to file strategic patents could have led to an increase in CIPO
patent grants and USPTO patent applications and grants, espedralgniiions that are granted
strategicallyfiled patents do not require the same level of research and development investment
from firms. Finally, although parts of the explanation regarding increased efficiency are difficult
to prove (such as the rise ohaw innovation supercycle) it is possible that the advancement of
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ICT and other technologies in the past two decades has increased the productivity of research
processes and thus R&D spending.

Together, these two latter potential explanaioas increas in strategic filing of patent
applications, and greater efficiency of research procé@gsesvide a basis for understanding the
divergence between R&D expenditures and the number of patents granted to Canadian inventors.
Changes to the patenting admirasitre and regulatory systems and the increase in patent
examination capacity at CIPO and the USPTO could have also been a factor in the patenting
trends, although the evidence on this point is mi¥ekile further research is necessary to
confirm the causeof the divergence in patenting trends and R&D expenditures, these potential
explanatory factors shed light contribute to a better understanding of this divergence.

VI. Agenda for Future Research

This report has explored trends in the number of pateatdegl to Canadians by CIPO,
USPTO, and triadic family patent offices, and produced several observations about the state of
innovative activity in Canada. However, further research may enhance our understanding of
observed patterns:

1 The factors that haved to recent increases in the patent granting rates at CIPO and
USPTO should be further researched. In particular, a more comprehensive survey is
needed of recent changes to Canadian and American patenting legal regimes, changes
i n patent iestdexammepdtentapgiatonstand the effects on the
stringency of patenting screening standards and the direct costs and benefits of
patenting.

1 While the granting rate for residents and{mesidents at CIPO are generally
positively correlated, theate for norresidents has nearly always exceeded the
granting rate for residents. From 198d14 the granting rate at CIPO was on average
5 percentage points higher for nmsidents than for residents. The resident vs: non
resident patent granting ragap could be cause for concern for Canadian innovators
and policymakers and thus merits further research

1 As noted in section I.D, the number of patents granted to Canadian inventors exceeds
the number granted to Canadian assighdls actual owners of ¢ghpatenting
rightsd and this gap is growing. The percentage of Canadianted patents with
rights held by foreign residents increased by 21 percentage points between 2000 and
2012 for USPTO patents, and increased by 17 percentage points between 2000 and
2008 for triadic patents. Although increasing the level of innovative activity that takes
place in Canada is a crucial policy goal, it is also important for Canadian firms to
commercialize these inventions. This inverdssignee patent gap merits further
research and attention because it suggests that Canada may be unable to profit from
increases in innovative activity.
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It would be useful to better understand changes in the components of R&D
expenditures to understand whether, and how, R&D spendingebasme more

efficient in terms of patenting. Breaking down R&D spending into components of
spending on (for example) labour, research equipment, licensing, and other categories
would allow analysis of how changing spending in each category within R&D
experditures has impacted the number of patents granted to Canadian inventors.

The vast majority of patents granted at CIPO (87 per cent in 2014) were to residents
of foreign countries. How many of these foreign resident patents at CIPO have
already been pateed at other intellectual property offices, and in what jurisdictions?
And specifically, how many of the patent applications at CIPO (by both Canadian and
foreign residents) were also filed at the USPTO?

What explains the decrease, in nominal terms, iRBEHERD, and GovERD since
2011, in addition to the decrease in all three types of R&D in real terms?

Is the order that inventors are listed on patent applicatiovtgch for many

organizations is crucial to assigning geographic origin to the @ateandon? For

example if the listing is typically alphabetical, there is no reason to believe that
certain countriesodo inventors are more |i§Kk
later in the alphabet and would therefore be biased against. However, there are
differences in patent counts by organizations that assign origin to patents based on the
residency of the first listed inventor and organizations that use fractional counting that
would not occur if the order of inventors was truly random. For examilerefices

in the annual volume of triadic patents granted to Canadians as reported by the 1ISQ
(821 patents in 2008, origin by firksted inventor) and the OECD (686.5 patents in

2008, origin by fractional counting) suggests that Canadian inventors mai®ee

average tendency to be named first on patents.

It would be useful to analyze a cohort of patent applications at CIPO and track the
progress of each patent over time to better understand pendency times, granting rates,
rates of withdrawal and othphenomena that could be affected by spurious factors
when observed at the aggregate scale.

The annual patent volumes used in this report count the number of patent applications
filed or the number of patents granted by a particular intellectual progfécy. One
inventor could be associated with a single patent or multiple patents. In order to better
understand changes in the level of innovative activity over time, it would be useful to
compile data on the number of unique inventors in Canada whdileal/patent
applications or have been granted patents by CIPO, USPTO, and other intellectual
property offices.

Data on the number of triadic patents associated with Canadian inventors are more
difficult to obtain than data for CIPO and USPTO patentpahticular, there was no

data on the number of applications filed for triadic patents and no data past 2011 for
annual triadic patents grants to Canadians. More and better triadic patent data would
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allow better understanding of how downward trends in timeial volume of triadic
patent grants between 2000 and 2011 should be considered alongside high growth in
the number of CIPO and USPTO patents granted over the same period.

1 Applications for patents can be filed by individuals, firms, universities, aret oth
researchers and inventors. How many of the patent applications and grants by
residents of Canada are to members of each group, and what incentives and barriers
does each group face in the patenting process?

1 A more extensive literature review on pat@ationdecisions (for example, why
inventors choose to file for a patent at CIPO versus the USPTO) could better
contextualizehe trends in Canadian patentiagiivitiesdescribed in this report

1 The discussion of trends in various measures of pgteity would be more relevant
if it included data on the quality of CIPO and USPTO patents granted to Canadians.
Data on various patent quality measures for USPTO patents may be available from
the OECD.

1 While the ISQ provides breakdowns by province bpMA of the number of ICT
patents granted to Canadian residents, similar data are not available for other
technologies. Data at the provincial and CMA level for the number of patents granted
by technology should be compiled in order to give a bettes bassunderstanding
what innovative activity is occurring where in Canada.

VIIl. Conclusions

The overall increase in patents granted to Canadians by CIPO and USPTO from 2000 to
2014 suggests an increase in innovative activity by Canadians. Much of this innovation is
concentrated technologically in the ICT sector of the economy, and geographicatiiario,
especially in the KitchenéNaterloo, Toronto, and Ottaw@atineau regions.

However, several other trends should be taken to temper this optimism about recent
trends in Canadian innovative activity. The decline in triadic patent grants be2@@e and
2011 suggests fewer higjuality inventions are being produced in Canada. Decreased
expenditure on R&D, in particular BERD, seems to have reduced the number of patent
applications to CIPO and triadic patent grants, although trends in CIPO gatetst and both
patent grants and applications at the USPTO have largely diverged from BERD between 2000
and 2014. While much of this divergence between patenting trends and R&D expenditures seems
to be consistent with increased innovative activity tlaat ¢oincided with more efficient
research, part of the divergence is could also be due to a higher number of strategic patent filings
and changes in the patent administrative and regulatory systems that do not reflect increased
innovation.
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From these trends, it can be concluded that although Canadian innovation appears to have
increased between 2000 and 2014, the increase has not been as significant as first appears in the
data on patent grant. Important questions remain about what inncaetiiviey has occurred in
Canada and how to ensure patents can serve as a better indicator of innovation.
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Appendix Table 1. Number of CIPO Patent Applications, Patent Grants, and Granting
Rates (with 4 year lag for Canadian Resident Inventors, 1982014

CIPO Patents
Granted to Canadiar

CIPO Patent Applications

Granting Rate, With 4 year|

Share of Total CIPO Patent
Granted to Canadian

Residents by Canadian Residents Lag Residents
1980 1,450 1,648 - 6.33%
1981 1,526 2,164 - 6.31%
1982 1,386 2,000 - 6.17%
1983 1,359 2,017 - 6.47%
1984 1,427 2,026 86.59% 6.95%
1985 1,355 2,092 62.62% 7.25%
1986 1,377 2,161 68.85% 7.85%
1987 1,082 2,527 53.64% 7.39%
1988 1,184 2,772 58.44% 7.04%
1989 1,069 3,031 51.10% 6.56%
1990 1,109 2,549 51.32% 7.82%
1991 1,109 2,182 43.89% 7.17%
1992 1,305 2,807 47.08% 7.12%
1993 1,056 3,623 34.84% 7.24%
1994 852 2,480 33.42% 7.32%
1995 743 2,431 34.05% 8.13%
1996 709 2,583 25.26% 9.92%
1997 648 3,344 17.89% 8.90%
1998 949 3,809 38.27% 9.91%
1999 1,347 4,061 55.41% 9.78%
2000 1,117 4,187 43.24% 9.21%
2001 1,210 3,963 36.18% 10.07%
2002 1,253 3,959 32.90% 14.06%
2003 1,226 3,929 30.19% 10.61%
2004 1,425 5,231 34.03% 10.90%
2005 1,511 5,183 38.13% 9.74%
2006 1,588 5,522 40.11% 10.61%
2007 1,809 4,998 46.04% 9.75%
2008 1,886 5,061 36.05% 10.08%
2009 2,029 5,067 39.15% 10.41%
2010 1,906 4,550 34.52% 9.97%
2011 2,150 4,754 43.02% 10.36%
2012 2,404 4,709 47.50% 11.02%
2013 2,756 4,567 54.39% 11.56%
2014 2,984 4,198 65.58% 12.56%
% or Point Change,
20002014 167.1% 0.26% 22.34 3.35
Annual growth rate,
20002014 7.27% 0.02% n.a. n.a.

SourceWorld Intellectual Property Organization , IP Statistics Data Centre (data are filtered by total patent grasisemtdand nenresident
count by filling office). http://www.wipo.int/ipstats/en



Appendix Table 2: Number of CIPO Patent Applications, Patent Grants, and Granting
Rates (with 4 year lag) for NonResident Inventors, 1982014

CIPO Patents
Granted to Non

CIPO Patent Applications

Granting Rate, With 4 year|

Share Granted to Nen
Residents of Total CIPO

Residents by NonResidents Lag Patents Granted
1980 21,444 22,699 - 93.67%
1981 22,639 23,267 - 93.69%
1982 21,061 23,883 - 93.83%
1983 19,640 23,690 - 93.53%
1984 19,118 24,709 84.22% 93.05%
1985 17,342 25,482 74.53% 92.75%
1986 16,173 25,596 67.72% 92.15%
1987 13,567 26,598 57.27% 92.61%
1988 15,629 28,869 63.25% 92.96%
1989 15,230 32,060 59.77% 93.44%
1990 13,078 24,375 51.09% 92.18%
1991 14,364 21,097 54.00% 92.83%
1992 17,027 22,950 58.98% 92.88%
1993 13,524 23,307 42.18% 92.76%
1994 10,789 24,683 44.26% 92.68%
1995 8,396 24,161 39.80% 91.87%
1996 6,436 24,987 28.04% 90.08%
1997 6,635 25,238 28.47% 91.10%
1998 8,623 30,163 34.93% 90.09%
1999 12,431 33,189 51.45% 90.22%
2000 11,008 35,435 44.05% 90.79%
2001 10,809 35,753 42.83% 89.93%
2002 7,657 35,782 25.39% 85.94%
2003 10,325 33,299 31.11% 89.39%
2004 11,652 32,970 32.88% 89.10%
2005 14,005 34,705 39.17% 90.26%
2006 13,384 36,516 37.40% 89.39%
2007 16,741 35,133 50.27% 90.25%
2008 16,817 37,028 51.01% 89.92%
2009 17,468 32,410 50.33% 89.59%
2010 17,214 30,899 47.14% 90.03%
2011 18,612 30,357 52.98% 89.64%
2012 19,415 30,533 52.43% 88.98%
2013 21,077 30,174 65.03% 88.44%
2014 20,765 31,283 67.20% 87.44%
% or Point Change,
20002014 88.6% -11.7% 23.15 -3.35
Annual growth rate,
20002014 4.64% -0.89% n.a n.a

SourceWorld Intellectual Property Organization , IP Statistics Data Centre (data are filtered Ipatetalgrants and resident and mesident
count by filling office). http://www.wipo.int/ipstats/en
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Appendix Table 3: Number of USPTO Patent Applications, Patent Grants, Share of Total
USPTO Patent Grants, and Granting Rates (with 3 year lag) for Canadiamventors,

19802014

USPTO Patents

USPTO Patent Applicationg

Granting Rate, With 3 yea

Canadian | nv
of Total USPTO Patent

Granted to Canadian by Canadians Lag (%) Grants
1980 1083 1969 - 1.75
1981 1138 2202 - 173
1982 993 2138 - 1.72
1983 1002 1995 50.9 176
1984 1202 2273 54.6 1.79
1085 1342 2270 62.8 187
1986 1314 2438 65.9 1.85
1987 1594 2791 70.1 1.92
1988 1489 3046 65.6 1.91
1989 1960 3425 80.4 205
1990 1859 3511 66.6 206
1991 2037 3641 66.9 211
1992 1964 3761 57.3 202
1993 1944 3910 55.4 1.08
1994 2008 4255 55.1 1.97
1995 2104 4745 55.9 207
1996 2232 4443 57.1 204
1997 2379 4694 55.9 212
1998 2973 5689 62.7 202
1999 3226 6149 72.6 210
2000 3419 6809 72.8 217
2001 3606 7221 63.4 217
2002 3431 7375 55.8 205
2003 3427 7750 50.3 203
2004 3374 8202 46.7 205
2005 2894 8638 39.2 201
2006 3572 9652 46.1 206
2007 3318 10421 40.5 211
2008 3393 10307 39.3 215
2009 3655 10309 37.9 218
2010 4852 11685 46.6 2901
2011 5014 11975 48.6 223
2012 5775 13560 56.0 28
2013 6547 13675 56.0 236
2014 7042 12963 58.8 234
% of Dol Change. 105.97% 90.38% 458 o017
Annuial growdn rate. 5.30% 4.71% n.a. -
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Source: Unites States Patent and Trademark Offfegent Counts BYountry, State, and YearUtility Patents; Number of Utility Patent
Applications Filed in the United States, By Country of Origin, Calendar Years 1965 to Present; and Number of Patentss@wiibdted by
Year of Patent Grant, Breakout by Country3sfgin https://www.uspto.gov/web/offices/ac/ido/oeip/taf/reports.htm
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Appendi x Tabl e 4: Patents Granted by
and Date of Grant, G7 Countries, 1982014

United United
Country Canada France  Germany Italy Japan Kingdom States
1980 1,083 2,087 5,782 806 7,124 2,405 37,350
1981 1,138 2,181 6,304 883 8,389 2,470 39,218
1982 993 1,975 5,469 753 8,149 2,137 33,889
1983 1,002 1,895 5,478 625 8,793 1,928 32,866
1984 1,202 2,163 6,323 794 11,110 2,268 38,373
1985 1,342 2,400 6,718 919 12,746 2,493 39,556
1986 1,314 2,369 6,856 995 13,209 2,403 38,126
1987 1,594 2,874 7,884 1,183 16,557 2,769 43,519
1988 1,489 2,661 7,352 1,076 16,158 2,582 40,497
1989 1,960 3,140 8,352 1,297 20,169 3,095 50,184
1990 1,859 2,866 7,614 1,259 19,525 2,791 47,391
1991 2,037 3,030 7,680 1,209 21,025 2,802 51,177
1992 1,964 3,029 7,309 1,271 21,925 2,425 52,253
1993 1,944 2,909 6,893 1,285 22,293 2,300 53,231
1994 2,008 2,779 6,731 1,215 22,384 2,231 56,066
1995 2,104 2,821 6,600 1,078 21,764 2,479 55,739
1996 2,232 2,788 6,818 1,200 23,053 2,450 61,104
1997 2,379 2,958 7,008 1,239 23,179 2,672 61,708
1998 2,973 3,674 9,095 1,584 30,840 3,460 80,289
1999 3,226 3,820 9,337 1,492 31,104 3,565 83,906
2000 3,419 3,819 10,235 1,714 31,295 3,659 85,068
2001 3,606 4,041 11,260 1,709 33,222 3,955 87,600
2002 3,431 4,035 11,280 1,751 34,858 3,829 86,971
2003 3,427 3,868 11,444 1,722 35,515 3,618 87,893
2004 3,374 3,380 10,779 1,584 35,346 3,441 84,270
2005 2,894 2,866 9,011 1,296 30,340 3,141 74,637
2006 3,572 3,431 10,005 1,480 36,807 3,579 89,823
2007 3,318 3,130 9,051 1,302 33,354 3,291 79,526
2008 3,393 3,163 8,914 1,357 33,682 3,085 77,502
2009 3,655 3,140 9,000 1,346 35,501 3,173 82,382
2010 4,852 4,450 12,363 1,798 44,813 4,298 107,791
2011 5,014 4,532 11,919 1,885 46,139 4,292 108,622
2012 5,775 5,386 13,835 2,120 50,677 5,211 121,026
2013 6,547 6,083 15,498 2,499 51,919 5,806 133,593
2014 7,042 6,691 16,550 2,628 53,848 6,488 144,621

:ﬁ’];gi’j%%g‘;gift 106.0 75.2 61.7 53.3 72.1 77.3 70.0
Fé\gtgl,]azlo%ggﬂ 5.30 4.09 3.49 3.10 3.95 4.18 3.86

t

h e

USPT

Source: United States Patent and Trademark Office, Number of Patents Granted as Distributed by Year of Patent Grant, Breakout
by Country of Origin. https://www.uspto.gov/web/offices/ac/ido/oeip/taf/h_at.htm#PartAl_la
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Appendix Table 5: Triadic Patents issued to Canadian Inventor(s), 1983011

Triadic Patents | Triadic Patents
Granted to Granted to
Canadian Canadian

Inventors Inventors (Count

(Fractional Count, by First Inventor,
OECD) ISQ)
1985 205.7 196
1986 221.1 222
1987 291.3 292
1988 254.1 303
1989 320.1 421
1990 290.8 400
1991 298.8 431
1992 288.0 404
1993 305.9 448
1994 372.5 421
1995 391.2 457
1996 432.7 509
1997 547.3 588
1998 566.2 794
1999 565.8 809
2000 612.3 858
2001 634.3 906
2002 678.4 916
2003 670.3 811
2004 736.9 834
2005 714.5 665
2006 666.8 896
2007 681.6 894
2008 686.5 821
2009 677.1 n.a.
2010 553.5 n.a.
2011 576.1 n.a.
% Change20002014 -5.92 n.a.
Ann;?)lo%rtzjglltz rate, 055 n.a.

Source:OECD Patent Statistics. http://stats.oecd.org/Index.aspx?DatasetCode=PATS_IP#titutdde la statistique du
Québechttp://www.stat.gouv.qc.ca/statistiques/scieteehnologieinnovation/brevets/triad_canada.htm
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Appendix Table 6: Average Annual Growth Rates of CIPO and USPTO Patent Grants by
Technology, 19862014

Patents Granted by CIPO Patents Granted by USPTO
A e A
1 - Electrical machinery, apparatus, ener] -5.10 0.46 3.00 11.08| 7.18 3.30 5.59 459
2 - Audio-visual technology 1.55 216 -080 2359| 7.76 8.76 7.54 14.42
3 - Telecommunications -0.84 749 122 472|811 1780 3.61 8.95
4 - Digital communication 7.18 11.14 21.33 27.86| 25.89 32.44 7.87 23.22
5 - Basic communication processes -2.84 080 -166 6.21 | 576 1547 6.81 1.29
6 - Computer technology 3.31 9.60 7.06 26.51| 14.87 23.68 20.46 12.57
7 - IT methods for management n.a. n.a. 21.48 50.59| n.a. na. 20.21 11.39
8 - Semiconductors 7.18 -350 -3.31 18.92|15.79 491 11.07 7.12
9 - Optics 236 -042 3.03 -430| 462 898 6.40 -5.22
10 - Measurement -350 -1.17 3.76 17.99| 9.02 0.94 6.39 4381
11- Analysis of biological materials -1040 1335 990 -9.64| 7.18 16.86 -0.27 -8.44
12- Control -1.73 047 -1.46 14.80| 226 11.04 524 7.53
13- Medical technology -1.99 1.06 8.04 17.52| 7.70 5.92 240 11.44
14 - Organic fine chemistry -6.86 -487 686 0.75| 3.05 7.57 565 2.96
15- Biotechnology 342 1050 7.73 182 |27.66 19.71 -1.62 284
16- Pharmaceuticals -0.74 835 754 2411335 2333 257 4.46
17 - Macromolecular chemistry, polymery 0.45 -8.96 10.76 -2.06| 6.05 -5.10 11.61 -3.86
18- Food chemistry -8.76 -1.33 1213 0.00 | 1.34 456 5.07 7.62
19- Basic materials chemistry -7.26  -3.50 6.39 14.06| 0.72 2.47 6.12 10.53
20- Materials, metallurgy -1392 235 6.22 -6.79| 188 021 0.00 -1.06
21- Surface technology, coating -7.63 -3.01 363 15.02| 430 251 2.00 10.30
22 - Micro-structural and nantechnology | n.a. n.a. na. 31.61| n.a. n.a. 0.00 56.51
23- Chemical engineering -6.70 -1.00 3.19 13.07| 3.61 456 -1.70 12.23
24 - Environmental technology -3.97 054 924 1.07 | 6.44 9.75 -1.03 -4.16
25- Handling -3.33 -191 195 12.71| 473 096 -056 7.33
26 - Machine tools -155 -164 150 4.44 | 550 353 -251 856
27 - Engines, pumps, turbines -7.06 -7.08 15.79 18.63| 3.75 8.72 1.84 2.02
28- Textile and paper machines -9.67 -265 -259 14.19| 1.50 2.74 193 -2.25
29 - Other special machines 154 -492 6.04 128 | 8.29 1.86 -0.05 1.99
30- Thermal processes and apparatus | -1.20 -3.61 452 599 | 2.26 443 -296 -3.28
31- Mechanical elements 0.00 -6.26 1335 280 | 7.53 2.45 1.20 13.56
32- Transport -3.68 -146 650 6.37 | 657 543 -142 8.39
33- Furniture, games 3.08 -3.29 -1.71 14.47| 5.89 350 -0.56 5.33
34 - Other consumer goods -1.41  -270 0.83 4.89 | 3.27 3.25 -2.60 4.18
35- Civil engineering -3.76 -2.11 10.74 5.40 | 473 3.49 1.01 3.46
Unknown -2292 -2.84 -100 n.a. n.a. n.a. -100 n.a.
ﬁ‘;fé??se Annual - Growth Rate, All| 548 092 605 1111| 577 656 426 865

Source World Intellectual Property Organization statistics database. Indicatétatent grants by technology http://www.wipo.int/ipstats/en
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Appendix Table 7: Contribution to Increase in Total CIPO and USPTO Patent Grants by
Technology B80-2014

Patents Granted by CIPO Patents Granted by USPTO

A k-

1 - Electrical machinery, apparatus, energy -8.66 -2.86 2.64 458 | -6.44 2.38 566 2.30
2 - Audio-visual technology 059 -476 -023 3.12|-274 331 5.66 6.78
3 - Telecommunications -059 -343 103 156 |-356 1317 632 7.51
4 - Digital communication 0.79 -143 1561 259 | -1.23 10.32 11.32 24.1
5 - Basic communication processes -0.79 -095 -0.23 0.29 | -0.82 2.98 331 031
6 - Computer technology 098 -25.7 5.05 13.53|-1.64 7.81 43.83 27.23
7 - IT methods for management 0.00 -095 0.69 282 | 0.00 0.66 3.19 1.77
8 - Semiconductors 098 286 -023 049 |-137 053 235 0.99
9 - Optics 098 095 092 -049|-164 298 4.03 -1.46
10 - Measurement -531 6.67 287 7.40| -8.08 0.66 578 224
11- Analysis of biological materials -0.79 -476 126 -058|-055 199 -0.06 -0.57
12- Control -0.79 -095 -034 136 |-055 245 229 1.67
13- Medical technology -1.18 -2.86 4.02 574 | -452 324 1.81 4.02
14 - Organic fine chemistry -5.71 1048 184 0.10| -096 192 247 0.63
15- Biotechnology 039 -114 241 029|-288 7.68 -1.26 0.73
16- Pharmaceuticals -0.20 -152 356 058 | -1.37 6.62 199 1.46
17 - Macromolecular chemistry, polymers | 0.20 13.33 184 -0.19| -1.64 -0.73 193 -0.37
18- Food chemistry -236 095 1.72 0.00 | -0.27 0.60 096 0.73
19- Basic materials chemistry -8.86 1143 276 351 |-0.27 0.53 181 1.72
20- Materials, metallurgy -158 -571 276 -1.27|-1.10 0.07 0.00 -0.10
21- Surface technology, coating -453 476 069 146 |-151 060 054 1.25
22 - Micro-structural and nanrtechnology 000 0.00 0.1 0.19| 0.00 0.07 0.00 0.26
23- Chemical engineering -8.27 381 161 321 |-233 212 -0.84 230
24 - Environmental technology -1.77 -095 310 019 |-178 285 -0.42 -0.52
25- Handling -453 952 115 341 | -5.07 0.66 -0.36  1.77
26 - Machine tools -1.97 857 092 1.07|-466 225 -157 1.83
27 - Engines, pumps, turbines -5.31 1238 459 497 | -164 3.38 1.08 0.47
28- Textile and paper machines -591 381 -0.34 0.68| -0.55 0.60 0.48 -0.21
29 - Other special machines 295 40.00 586 058 -11.5 205 -0.06 0.78
30- Thermal processes and apparatus -0.98 1143 172 107 |-096 126 -0.84 -0.26
31- Mechanical elements 0.00 19.05 6.31 0.88 | -438 1.13 0.60 3.08
32- Transport -591 857 574 292 |-658 470 -1.38 297
33- Furniture, games 453 2381 -1.15 3.70| -6.99 3.18 -054 1.88
34 - Other consumer goods -1.38 1048 0.34 0.78|-260 1.72 -1.32 0.68
35- Civil engineering -11.0 2190 19.75 6.13 | -7.81 4.17 1.38 1.83
Unknown -984 095 -034 0.00| 000 0.13 -0.12 0.21
Total Absolute Change inPatents | 5o 105 871 1027| 730 1511 1661 1017

Source World Intellectual Property Organization statistics database. Indicatétatent grants by technology http://www.wipo.int/ipstats/en
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Appendix Table 8: Change in Number of CIPO and USPTO Patent Grants by Technology
19802014

Patents Granted by CIPO Patents Granted by USPTO
Technology 198G 199G 2000 2010 | 1980 1990 2000 2010
1990 2000 2010 2014 | 1990 2000 2010 2014
1 - Electrical machinery, apparatus, energ -44 3 23 47 47 36 94 44
2 - Audio-visual technology 3 5 -2 32 20 50 94 130
3 - Telecommunications -3 36 9 16 26 199 105 144
4 - Digital communication 4 15 136 266 9 156 188 462
5 - Basic communication processes -4 1 -2 3 6 45 55 6
6 - Computer technology 5 27 44 139 12 118 728 522
7 - IT methods for management 0 1 6 29 0 10 53 34
8 - Semiconductors 5 -3 -2 5 10 8 39 19
9 - Optics 5 -1 8 -5 12 45 67 -28
10- Measurement -27 -7 25 76 59 10 96 43
11- Analysis of biological materials -4 5 11 -6 4 30 -1 -11
12 - Control -4 1 -3 14 4 37 38 32
13- Medical technology -6 3 35 59 33 49 30 77
14 - Organic fine chemistry -29 -11 16 1 7 29 41 12
15- Biotechnology 2 12 21 3 21 116 -21 14
16 - Pharmaceuticals -1 16 31 6 10 100 33 28
17 - Macromolecular chemistry, polymers 1 -14 16 -2 12 -11 32 -7
18- Food chemistry -12 -1 15 0 2 9 16 14
19- Basic materials chemistry -45 -12 24 36 2 8 30 33
20- Materials, metallurgy -80 6 24 -13 8 1 0 -2
21 - Surface technology, coating -23 -5 6 15 11 9 9 24
22 - Micro-structural and nantechnology 0 0 1 2 0 1 0 5
23- Chemical engineering -42 -4 14 33 17 32 -14 44
24 - Environmental technology -9 1 27 2 13 43 -7 -10
25- Handling -23 -10 10 35 37 10 -6 34
26 - Machine tools -10 -9 8 11 34 34  -26 35
27 - Engines, pumps, turbines -27 -13 40 51 12 51 18 9
28- Textile and paper machines -30 -4 -3 7 4 9 8 -4
29 - Other special machines 15 -42 51 6 84 31 -1 15
30- Thermal processes and apparatus -5 -12 15 11 7 19 -14 -5
31- Mechanical elements 0 -20 55 9 32 17 10 59
32- Transport -30 -9 50 30 48 71 -23 57
33- Furniture, games 23 -25 -10 38 51 48 -9 36
34 - Other consumer goods -7 -11 3 8 19 26 -22 13
35 - Civil engineering 56  -23 172 63 57 63 23 35
Unknown -50 -1 -3 0 0 2 -2 4
Total Absolute Change InPatents | 503 105 871 1027| 730 1511 1661 1017
rante

Source World Intellectual Property Organization statistics database. Indicatétatent grants by technology http://www.wipo.int/ipstats/en
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Appendix Table 9: Number and Percentage Distribution of Patents Issued at tHéSPTO to
Canadian Inventions, by International Patent Classification, 2002014
Panel A: Number

IPC A B C D E F G H
Mechanical
Engineering
Performing Lighting;
Human Operations; | Chemistry; | Textiles Fixed Weapons;
Necessities| Transporting| Metallurgy | Paper | Construction| Blasting Physics| Electricity | Total*
2003 671 661 296 14 185 270 716 604 3,417
2004 533 626 294 15 203 246 758 694 3,369
2005 451 537 201 14 179 249 644 611 2,886
2006 506 630 262 20 160 278 888 818 3,562
2007 439 529 267 11 162 255 873 776 3,312
2008 459 507 258 23 137 190 964 854 3,392
2009 465 479 292 14 174 223 1,129 877 3,653
2010 670 580 363 14 246 267 1,583 1,126 4,849
2011 701 605 371 29 250 240 1,609 1,205 5,010
2012 691 685 387 26 268 325 1,844 1,548 5,774
2013 918 706 353 18 281 325 2,122 1,822 6,545
2014 945 733 393 27 303 333 2384 1,925 7,043
%
Change 40.83 10.89 32.77 | 92.86 63.78 23.33 | 232.96| 218.71 | 106.12
2003 . . . . . . . . .
2014
Annual
Growth
rate
2003
2014 3.16 0.94 2.61 6.15 4.59 1.92 11.56 11.11 6.80

Panel B: Percentage Distribution

2003 19.6 19.3 8.7 04| 5.4 79 |21.0] 17.7 | 100.0
2004 15.8 18.6 8.7 04| 6.0 7.3 | 225]| 20.6 | 100.0
2005 15.6 18.6 70 | 05| 6.2 8.6 |223]| 21.2|100.0
2006 14.2 17.7 74 | 06| 45 7.8 |24.9]| 23.0 | 100.0
2007 13.3 16.0 8.1 03| 4.9 7.7 |26.4| 23.4 | 100.0
2008 13.5 14.9 7.6 07| 4.0 56 |28.4| 25.2 | 100.0
2009 12.7 13.1 80 | 04| 48 6.1 |30.9| 24.0 | 100.0
2010 13.8 12.0 75 | 03| 51 55 |32.6| 23.2|100.0
2011 14.0 12.1 74 | 0.6 5.0 48 |321]| 24.1|100.0
2012 12.0 11.9 6.7 | 05| 46 56 |31.9]| 26.8 | 100.0
2013 14.0 10.8 54 | 03| 43 50 |32.4]| 27.8|100.0
2014 13.4 10.4 56 | 04| 43 4.7 |33.8]| 27.3 |100.0
Percentage point change, 2a@®14 | -6.2 -8.9 -3.1 0.0 -1.1 -3.2 | 129| 9.7 0

Note: A patent is considered issued to a Canadian inventor only if his/her apgpears first on the patent application.
Source: fivelPoffices: Historical numbers of grants by IPC codes. http://www.fiveipoffices.org/statistics/statisticaldata.htm

* These totals (sourced from fivelPoffices) slightly differ from the numladrpatents issued at the USPTO to Canadian
inventions listed earlier in this report due to differences in accounting measures by the two sources they are taken from.
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Appendix Table 10: USPTO Patenting Intensity of Employment by Manufacturing North
American Industrial Classification System (NAICS) Code, 2002012

Panel A: USPTO Patents to Canadian Inventor(s) by Thigié NAICS Code

20012006 Average 20072012Average
Employment  Patent Patents Employment Patent

North  American Industrial Classificatio| Patents (Annual Intensity (Averag (Annual Intensity
System (NAICS) Code (Average Average, (Patents/ e Average, (Patents/

Annual) 1,000 Jobs) 1,000 Jobs) Annual) 1,000 Jobs) 1,000 Jobs)
Computer and Electronic Products (334) 1156.83 914 12.7 | 2165.17 75.0 28.9
Electrical Equipment, Appliances, ar
Components (335) 217.83 44.5 4.9 235.33 38.7 6.1
Chemicals (325) 421.17 92.5 46| 460.33 83.9 55
Miscellaneous Manufacturin@39) 268.5 57.7 4.7 | 305.67 56.0 5.5
Machinery (333) 576.83 138.4 4.2 558 130.1 4.3
Fabricated Metal Products (332) 268 179.7 15| 207.83 158.1 1.3
Transportation Equipment (336) 189.83 231.6 0.8 | 182.83 185.2 1.0
Plastics and Rubber Products (326) 107.17 125.9 0.9 85.67 99.9 0.9
Nonmetallic Mineral Products (327) 50 52.1 1.0 35.17 50.6 0.7
Textiles, Apparel and Leather (3B36) 34.17 111.4 0.3 25.83 53.3 0.5
Primary Metal (331) 23.33 84.3 0.3 18.83 65.2 0.3
Furniture and Related Products (337) 23 95.6 0.2 16.33 72.7 0.2
Wood Products (321) 16.5 134.4 0.1 15.33 98.3 0.2
Paper, Printing and support activities (322 ¢
323) 16.83 170.5 0.1 12.17 130.6 0.1
Beverage and Tobacco Products (312) 3.17 32.9 0.1 2.17 30.2 0.1
Food (311) 11.17 233.4 0.0 8.67 224.6 0.0

Panel B: USPTO Patents to Canadian Inventor(s) by-Bait NAICS Code

2001-2006 Average 20072012 Average
Employment  Patent Patents Employment Patent

North  American Industrial Classificatio| Patents (Annual Intensity (Averag (Annual Intensity
System (NAICS) Code (Average Average, (Patents/ e Average, (Patents/

Annual) 1,000 Jobs) 1,000 Jobs) Annual) 1,000 Jobs) 1,000 Jobs)
Computer and Peripheral Equipment (3341) | 252.17 10.4 24.2 737 7.0 104.6
Communications Equipment (3342) 341.83 26.5 12.9 697.5 24.2 28.8
Semiconductors and  Other  Electror
Components (3344) 192.67 25.5 7.6 273.7 16.1 17.0
Other Computer and Electronic Products (33
and 3346) 38.83 5.2 7.5 73.17 4.4 16.8
Navigational, Measuring, Electromedical, al
Control Instrument$3345) 331.17 23.8 13.9 384.2 23.3 16.5
Basic Chemicals (3251) 103.5 14.0 7.4 135.7 11.8 11.5
Pharmaceutical and Medicines (3254) 170.5 27.1 6.3 177 27.8 6.4
Other Miscellaneous (339 (except 3391)) 193.33 40.7 4.8 236.7 37.6 6.3
Medical Equipment an8upplies (3391) 75 17.0 4.4 69 18.4 3.7
Other Transportation Equipment (3365, 33
and 3369) 56 22.7 25 53.8 17.7 3.0
Resin, Synthetic Rubber, and Artificial ar|
Synthetic Fibers and Filaments (3252) 27.83 11.0 25 19 8.9 21
Motor Vehicles, Traileraind Parts (3363363) | 102.5 165.2 0.6 95.8 122.6 0.8
Aerospace Product and Parts (3364) 31.5 43.6 0.7 33.5 44.9 0.7

Source USPTO (https://www.uspto.gov/web/offices/ac/ido/oeip/taf/naics/stc_naics_fgall/cax_stc_gdita) ind CANSIM Table 28002
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Appendix Table 11:Per Cent Share of Total National USPTO Patent Grants Classified as ICT Inventions, Select OECD
Countries, 20002014

% Point

Change

2000
Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014
Australia 2416 32.27 34.82 38.45 43.78 49.09 61.16 67.01 69.75 65.36 63.25 63.86 50.01 44.94 4471 20.56
Austria 21.92 20.52 22.26 2855 28.45 30.48 36.11 38.68 42.14 41.39 43.13 42.00 41.02 39.00 41.55 19.64
Belgium 21.51 23.67 21.02 29.29 33.78 33.33 38.74 39.57 43.11 39.46 3854 38.55 39.96 37.02 38.95 17.43
Canada 29.88 29.53 31.95 34.25 38.21 38.62 45.39 46.74 51.29 51.63 53.14 54.56 57.23 5851 59.52 29.64
Czech Republic 13.62 22.57 40.43 25.04 32.45 39.14 4255 28.53 39.04 37.34 36.03 49.04 58.17 45.82 61.68 48.06
Denmark 16.81 16.05 21.72 23.97 31.48 31.06 42.67 38.31 35.54 35.66 33.05 32.16 33.00 31.81 30.75 13.94
Finland 4791 4598 49.35 55.24 58.43 59.22 67.93 73.56 72.77 74.28 70.43 72.24 69.38 70.53 71.98 24.07
France 28.41 27.89 29.68 32.70 36.96 40.35 44.86 43.39 46.03 45.76 44.69 43.76 44.32 4561 43.98 15.57
Germany 23.37 23.73 25.85 28.48 30.51 34.28 39.23 41.61 4252 41.70 40.85 39.49 39.16 38.43 39.09 15.72
Ireland 33.93 4555 46.19 50.31 53.96 48.72 62.11 66.40 68.38 62.53 62.55 57.92 61.11 65.16 65.16 31.23
Israel 49.82 51.06 50.83 52.95 59.43 61.86 65.07 64.48 67.86 66.33 66.18 66.07 68.78 67.83 67.41 17.60
Italy 21.49 27.29 24.33 26.14 25.23 27.05 33.07 33.34 35.65 34.96 32.04 34.25 34.57 3550 36.68 15.19
Japan 56.31 56.17 57.28 59.31 62.19 63.71 67.72 67.49 67.73 67.47 64.84 65.04 64.98 64.75 64.59 8.28
Korea 73.87 7251 70.80 71.00 72.49 73.66 77.63 78.47 79.20 78.89 77.09 76.19 75.58 73.79 72.55 -1.32
Netherlands 37.58 38.13 41.35 45.20 48.48 47.01 58.27 49.84 53.26 51.93 48.75 48.82 4530 44.46 44.43 6.85
Norway 20.52 21.34 25.99 30.13 36.86 37.90 42.78 49.82 50.39 42.31 42.69 43.11 43.51 41.43 42.47 21.96
Spain 24.34 26.73 22.42 26.48 24.92 30.74 31.09 34.34 40.52 37.68 29.53 35.47 41.18 40.33 40.78 16.43
Sweden 37.75 35.81 38.24 37.65 36.79 40.33 46.53 43.42 42.70 46.50 48.49 49.59 53.73 54.17 57.58 19.83
Switzerland 19.53 19.56 23.76 26.39 30.73 33.63 35.21 38.47 37.84 39.04 37.51 35.23 33.63 33.55 35.75 16.22
United Kingdom 33.77 36.24 38.69 40.17 45.45 47.03 51.25 51.78 53.55 55.87 51.54 51.38 51.25 51.95 52.76 18.99
United States 39.36 41.03 42.72 4452 47.68 49.67 53.92 54.02 56.12 56.01 54.41 54.29 54.52 54.19 55.58 16.22

Note: 13 ofthe 34 OECD countries that were granted fewer than 100 ICT patents by the USPTO in 2014 are not included.
Source: Calculations from OECD Patent Statistics. http://stats.oecd.org/Index.aspx?DatasetCode=PATS_IPC#
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Appendix Table 12: USPTO Patents Granted to Canadians by Inventor(s)'s Place of
Residence, Canada and the Provinces, 192012
Panel A: Number

N.L. P.E.| N.S N.B. Que. Ont. Man. Sask. Alta B.C. CAN
1980 3 T 5 10 272 642 17 26 74 123 1,140
1981 3 ) 11 9 318 613 26 32 85 131 1,201
1982 2 T 6 9 247 558 26 27 97 111 1,050
1983 3 3 11 11 254 549 28 26 97 110 1,059
1984 5 T 13 7 272 678 30 27 96 141 1,232
1985 4 1 12 11 313 813 26 28 105 115 1,390
1986 3 i 12 6 266 791 46 31 111 129 1,359
1987 5 ) 14 6 350 946 42 39 116 169 1,644
1988 5 2 14 8 312 875 50 47 120 167 1,557
1989 4 1 23 17 400 1,139 74 55 155 225 2,052
1990 8 4 22 15 388 1,055 51 43 155 255 1,961
1991 7 3 21 13 411 1,152 53 66 231 272 2,162
1992 4 8 34 18 418 1,085 65 55 185 280 2,093
1993 11 1 20 15 421 1,143 61 53 186 238 2,101
1994 3 i 19 24 417 1,157 56 49 203 289 2,163
1995 8 4 16 25 441 1,199 60 48 243 273 2,239
1996 10 3 19 20 450 1,358 57 51 218 312 2,416
1997 9 4 26 39 503 1,410 53 54 274 341 2,612
1998 5 2 35 33 599 1,737 74 80 343 464 3,253
1999 7 6 32 37 654 1,916 102 94 375 462 3,536
2000 16 2 41 40 749 2,090 96 77 394 455 3,779
2001 11 3 20 73 764 2,151 91 86 462 498 3,982
2002 9 3 26 49 818 2,169 85 81 374 444 3,895
2003 11 6 34 40 817 2,138 78 68 381 493 3,911
2004 8 5 24 24 805 2,130 79 74 382 508 3,855
2005 6 4 32 21 714 1,765 42 67 359 427 3,307
2006 5 4 43 27 832 2,311 74 71 412 525 4,107
2007 6 1 41 35 726 2,169 76 51 393 534 3,827
2008 6 2 43 33 791 2,239 90 67 335 493 3,966
2009 13 7 39 28 794 2,545 79 84 404 517 4,300
2010 15 4 47 54 1,040 3,385 107 106 529 751 5,709
2011 18 3 53 45 1,087 3,475 100 96 569 783 5,926
2012 26 9 64 51 1,216 4,082 114 89 604 856 6,812
% change,
2000
2012 62.50 350.0 56.10 27.50 62.35 95.31 18.75 15.58 53.3 88.13 80.26
Annual
Growth

Rate,

2000

2012 4.13 13.35 3.78 2.05 412 5.74 1.44 1.21 3.62 5.41 5.03
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Panel B: Percentage Distribution

1980 0.26 - 0.44 0.88 | 23.86 | 56.32 | 1.49 2.28 6.49 | 10.79
1985 029 | 0.07| 086 | 0.79 | 2252 | 58.49| 1.87 | 2.01 | 7.55 | 8.27
1990 0.41 | 0.20 | 1.12 0.76 | 19.79 | 53.80 | 2.60 2.19 7.90 | 13.00
1995 0.36 | 0.18 | 0.71 | 1.12 | 19.70 | 53.55| 2.68 | 2.14 | 10.85| 12.19
2000 0.42 | 0.05| 1.08 | 1.06 | 19.82 | 55.31| 2.54 | 2.04 | 10.43| 12.04
2005 0.18 | 0.12 | 0.97 0.64 | 2159 | 53.37| 1.27 2.03 | 10.86 | 12.91
2010 0.26 | 0.07 | 0.82 | 095 | 18.22 | 59.29| 1.87 | 1.86 | 9.27 | 13.15
2011 0.30 | 0.05 | 0.89 0.76 | 18.34 | 58.64 | 1.69 1.62 9.60 | 13.21
2012 0.38 | 0.13| 094 | 0.75 | 17.85| 59.92| 1.67 | 1.31 | 8.87 | 12,57

-0.04| 0.08| -0.14| -0.31| -1.97| 461 | -0.87| -0.73 | -1.56 | 0.53

Percentage point change, 260012

Panel C: Number of Patents per 100,000 Residents

N.L. P.E.l N.S N.B. Que. Ont. Man. Sask. Alta B.C. CAN
1980 0.52 - 0.59 1.42 4.18 7.34 1.64 2.69 3.38 4.48 4.65
1985 0.69 0.78 1.35 1.52 4.70 8.75 2.40 2.73 4.37 3.87 5.38
1990 1.39 3.07 242 2.03 5.55 10.25 4.61 4.27 6.08 7.75 7.08
1995 1.41 2.98 1.72 3.33 6.11 10.95 5.31 4.73 8.89 7.23 7.64
2000 3.038 1.47 4.39 5.33 10.18 17.89 8.37 7.64 13.11 11.26 12.32
2005 1.17 2.90 3.41 2.81 9.42 14.09 3.56 6.74 10.81 10.18 10.26
2010 2.87 2.82 4.99 7.17 13.12 25.77 8.76 10.08 14.17 16.82 16.79
2011 343 2.08 5.61 5.96 13.57 26.20 8.11 9.00 15.01 17.40 17.26
2012 4.93 6.20 6.77 6.74 15.04 30.44 9.12 8.19 15.53 18.84 19.60

Panel D: Relative Patents Per 100,000 Residents, Provinces vs. Canada

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 0.11 - 0.13 0.30 0.90 1.58 0.35 0.58 0.73 0.96
1985 0.13 0.15 0.25 0.28 0.87 1.63 0.45 0.51 0.81 0.72
1990 0.20 0.43 0.34 | 0.29 0.78 1.45 0.65 0.60 0.86 1.09
1995 0.18 0.39 0.23 0.44 0.80 1.43 0.70 0.62 1.16 0.95
2000 0.25 0.12 0.36 0.43 0.83 1.45 0.68 0.62 1.06 0.91
2005 0.11 0.28 0.33 0.27 0.92 1.37 0.35 0.66 1.05 0.99
2010 0.17 0.17 0.30 0.43 0.78 1.54 0.52 0.60 0.84 1.00
2011 0.20 0.12 0.33 0.35 0.79 1.52 0.47 0.52 0.87 1.01
2012 0.25 0.32 0.35 0.34 0.77 1.55 0.47 0.42 0.79 0.96

Note: The sum of the provinces will be greater than the total for Canada due to collaborations between provinces. For example
adding the patents granted to an inventor from each province in the year 2000 yields &3t6&0 phatents, whereas only 3,779
patents were issued to Canada. This means that 181 inventors collaborated with inventors from other provinces.
Source: Institute de la statistique du Québec data. http://www.stat.gouv.qc.ca/statistiquedtsdimategie
innovation/brevets/inventions_qc_prov.htm. Calculations for paneledCD are based on data from ISQ and CANSIM Table
051-0001.
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Appendix Table 13: Number and Percentage Distribution of Triadic Family Patents by

Inventor(s)'s Place of Residence, Canada and the Provinces, 198108
Panel A: Number

N.L. | P.E.I| N.S N.B. Que. Ont. | Man. | Sask. | Alta. B.C. | CAN
1980 i i i i 11 18 i 2 1 3 31
1981 i i i 1 18 39 i i 4 5 66
1982 i i i 1 22 55 3 i 5 3 86
1983 i i 1 2 22 71 2 1 3 5 101
1984 2 i 1 1 37 102 1 i 6 12 162
1985 1 i i 2 39 138 1 1 12 8 196
1986 i i 2 1 49 143 2 2 13 21 222
1987 1 i 2 i 54 197 1 1 17 24 292
1988 2 1 3 i 54 202 1 8 17 27 303
1989 i i 2 3 89 272 6 9 20 33 421
1990 i i 7 1 75 266 4 3 17 38 400
1991 1 i i 1 71 273 5 3 40 52 431
1992 i 6 3 i 75 260 6 3 28 44 404
1993 1 i 2 2 77 278 7 7 30 46 448
1994 i i 4 4 92 246 6 3 28 45 421
1995 1 i 2 i 93 277 5 2 35 54 457
1996 2 i 4 i 100 303 5 4 46 63 509
1997 1 1 8 5 122 334 10 3 51 78 588
1999 3 1 13 9 146 467 19 9 81 115 809
2000 i i 10 6 196 513 12 8 74 101 858
2001 1 1 4 6 211 513 12 3 101 100 906
2002 i i 6 6 209 536 10 6 73 113 916
2003 1 i 5 6 194 431 16 6 77 107 811
2004 i i 6 1 195 470 14 12 63 120 834
2005 i i 11 2 141 353 11 8 63 110 665
2006 1 1 6 5 209 509 10 8 73 121 896
2007 1 1 12 5 200 505 20 9 68 142 894
2008 i 1 11 4 191 457 12 8 61 125 821
% Change
20062008 N/A N/A 10.00 | -33.33 -2.55 -10.92 | 0.00 0.00 -17.57 | 23.76 | -4.31
Gg;‘?’éh N/A N/A 1.20 -4.94 -0.32 -1.43 0.00 0.00 -2.39 2.70 | -0.55
20002008
Panel B: Percentage Distribution
1980 N/A N/A N/A N/A 35.48 58.06 N/A 6.45 3.23 9.68 100.0
1985 0.51 i i 1.02 19.90 70.41 0.51 0.51 6.12 4.08 0.51
1990 N/A N/A 1.75 0.25 18.75 66.50 1.00 0.75 4.25 9.50 | 100.0
1995 0.22 N/A 0.44 N/A 20.35 60.61 1.09 0.44 7.66 11.82 | 100.0
2000 N/A N/A 1.17 0.70 22.84 59.79 1.40 0.93 8.62 11.77 | 100.0
2001 0.11 | 0.11 | 0.44 0.66 23.29 56.62 1.32 0.33 11.15 | 11.04 | 100.0
2005 N/A N/A 1.65 0.30 21.20 53.08 1.65 1.20 9.47 16.54 | 100.0
2006 0.11 | 0.11 | 0.67 0.56 23.33 56.81 1.12 0.89 8.15 13.50 | 100.0
2007 0.11 | 0.11 1.34 0.56 22.37 56.49 2.24 1.01 7.61 15.88 | 100.0
2008 N/A 0.12 1.34 0.49 23.26 55.66 1.46 0.97 7.43 15.23 | 100.00
Percetage
point N/A N/A 0.17 -0.21 0.42 -4.13 0.06 0.04 -1.19 3.45
change, 0
20002008
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Panel C: Number of Patents per 100,000 Residents

N.L. P.E.l N.S N.B. Que. Ont. Man. Sask. Alta B.C. CAN
1980 - - - - 0.17 0.21 - 0.21 0.05 0.11 0.13
1985 0.17 - - 0.28 0.59 1.48 0.09 0.10 0.50 0.27 0.76
1990 - - 0.77 0.14 1.07 2.58 0.36 0.30 0.67 1.15 1.44
1995 0.18 - 0.22 - 1.29 2.53 0.44 0.20 1.28 1.43 1.56
2000 - - 1.07 0.80 2.66 4.39 1.05 0.79 2.46 2.50 2.80
2001 - - 1.07 0.80 2.66 4.39 1.05 0.79 2.46 2.50 2.80
2002 0.19 0.73 0.43 0.80 2.85 431 1.04 0.30 3.30 2.45 2.92
2003 - - 0.64 0.80 2.81 4.43 0.86 0.60 2.33 2.76 2.92
2004 0.19 - 0.53 0.80 2.59 3.52 1.38 0.60 2.42 2.59 2.56
2005 - - 0.64 0.13 2.59 3.79 1.19 1.20 1.95 2.89 2.61
2006 - - 1.17 0.27 1.86 2.82 0.93 0.81 1.90 2.62 2.06
2007 0.20 0.73 0.64 0.67 2.74 4.02 0.84 0.81 2.13 2.85 2.75
2008 0.20 0.73 1.28 0.67 2.60 3.96 1.68 0.90 1.94 3.31 272

Panel D: Relative Patents Per 100,000 Residents, Provindéaneda

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 - - - - 1.34 1.63 - 1.63 0.36 0.86
1985 0.23 - - 0.36 0.77 1.96 0.12 0.13 0.66 0.35
1990 - - 0.53 0.09 0.74 1.79 0.25 0.21 0.46 0.80
1995 0.11 - 0.14 - 0.83 1.62 0.28 0.13 0.82 0.92
2000 - - 0.38 0.29 0.95 1.57 0.37 0.28 0.88 0.89
2001 0.07 0.25 0.15 0.27 0.98 1.48 0.36 0.10 1.13 0.84
2002 - - 0.22 0.27 0.96 152 0.30 0.21 0.80 0.94
2003 0.08 - 0.21 0.31 1.01 1.37 0.54 0.23 0.94 1.01
2004 - - 0.24 0.05 0.99 1.45 0.46 0.46 0.74 1.11
2005 - - 0.57 0.13 0.90 1.37 0.45 0.39 0.92 1.27
2006 0.07 0.26 0.23 0.24 1.00 1.46 0.31 0.29 0.78 1.04
2007 0.07 0.27 0.47 0.25 0.96 1.46 0.62 0.33 0.71 1.22
2008 - 0.29 0.48 0.22 1.00 1.44 0.41 0.32 0.69 1.16

Note: The sum of the provinces will be greater than the total for Canada due to collaborations between provinces. For example
the sum of the number of patents in each province for 2001 yields 946 patents while the only 916 patents were issued. This
mears that 30 inventors from different provinces collaborated when creating an invention.

Source: Institut de la  statistique du  Québec. http://www.stat.gouv.qc.ca/statistiquesfsaibndegie-
innovation/brevets/triad_canada.hamd CANSIM Table 05:D001.
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Appendix Table 14: Number and Percentage Distribution of ICT Patents at the USPTO by
Inventor(s)'s Place of Residence, Canada and the Provinces, 198112
Panel A: Number

N.L. P.E.| N.S N.B Que. Ont. Man. Sask. Alta. B.C. CAN
1980 T i i i 28 88 T 2 4 10 125
1981 1 i 3 1 48 83 2 3 9 8 154
1982 ) T 1 T 30 101 5 3 18 16 167
1983 T 1 i 1 26 97 4 5 18 17 165
1984 ) T 2 1 34 111 5 2 15 22 186
1985 T i 4 2 39 166 9 5 11 15 244
1986 T i 5 2 37 162 4 5 20 19 243
1987 T i 1 1 43 190 2 6 19 21 269
1988 ) T 5 2 54 184 4 6 19 29 291
1989 1 i 10 5 57 236 6 10 22 23 360
1990 4 i 5 i 61 200 7 5 28 26 324
1991 2 i 4 1 50 231 6 11 32 35 351
1992 T i 6 2 51 220 5 6 35 28 340
1993 1 1 4 2 56 249 5 9 37 32 380
1994 T i 2 2 75 252 3 9 32 45 403
1995 4 i 1 6 67 263 8 9 47 48 430
1996 3 i 4 1 85 361 10 6 40 75 565
1997 5 1 6 7 97 359 6 7 43 65 579
1998 T 1 3 3 136 500 11 8 63 124 818
1999 T 1 5 5 190 538 16 12 53 120 898
2000 4 1 9 3 210 633 10 13 71 107 991
2001 3 1 5 7 174 715 11 9 77 110 1,054
2002 2 1 2 4 213 760 10 8 59 101 1,110
2003 4 3 6 11 212 817 17 10 89 145 1,244
2004 2 1 8 5 255 879 10 10 88 168 1,346
2005 2 i 7 2 234 741 5 11 77 156 1,186
2006 1 T 17 12 279 1,123 16 10 95 212 1,683
2007 1 i 9 14 266 1,069 15 5 113 221 1,625
2008 5 T 13 10 301 1,276 24 8 80 221 1,876
2009 5 i 12 8 279 1,458 14 9 113 244 2,040
2010 11 1 16 16 379 1,996 22 16 145 338 2,794
2011 12 1 21 12 411 2,046 16 19 155 374 2,921
2012 20 2 21 18 462 2,477 29 14 171 430 3,498
% Change
200012 400.0 | 100.0 | 133.3 | 500.0 120.0 | 291.3 190.0 7.7 140.9 301.9 253.0
Annual
Growth Rate
200012 14.35| 5.95 7.32 16.10 6.79 | 12.04 9.28 0.62 7.6 12.29 11.08
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Panel B:Percentage Distribution

1980 - - - - 22.40| 70.40| - 1.60 | 3.20 | 8.00 | 100.0
1985 T 164 | 0.82 | 15.98| 68.03| 3.69| 2.05| 451 | 6.15 | 100.0
1990 123 | na. | 154 | na. | 18.83| 61.73| 2.16| 1.54 | 8.64 | 8.02 | 100.0
1995 093 | na. | 0.23| 1.40 | 1558| 61.16| 1.86| 2.09 | 10.93| 11.16 | 100.0
2000 040| 0.10 | 091 | 0.30 | 21.19| 63.87| 1.01| 1.31 | 7.16 | 10.80 | 100.0
2005 0.17| n.a. | 059 | 0.17 | 19.73| 62.48| 0.42| 0.93 | 6.49 | 13.15| 100.0
2010 0.39| 0.04 | 0.57 | 0.57 | 13.56| 71.44| 0.79| 0.57 | 5.19 | 12.10 | 100.0
2011 0.41| 0.03 | 0.72 | 0.41 | 14.07| 70.04| 0.55| 0.65| 5.31 | 12.80 | 100.0
2012 0.57| 0.06 | 0.60 | 0.51 | 13.21| 70.81| 0.83| 0.40 | 4.89 | 12.29 | 100.0
Percentage point change, 262012 | 0.17 | -0.04 | -0.31| 0.21 | -7.98 | 6.94 | 0.18| -0.91| -2.27 | 1.49 | n.a.

Panel C: Share of ICT Patents at the USPTO of Total Patents at the USPTO Gwanted
Canadian Inventors, 1981012

N.L. P.E.I N.S M.B. Que. Ont. Man. Sask. Alta B.C. CAN
1980 n.a. n.a. n.a. n.a. 10.29 | 13.71 n.a. 7.69 5.41 8.13 10.96
1985 i i 33.33 | 18.18 | 12.46 | 2042 | 34.62 17.86 10.48 13.04 | 17.55
1990 50.00 n.a. 22.73 n.a. 15.72 | 18.96 13.73 11.63 18.06 10.20 16.52
1995 50.00 n.a. 6.25 2400 | 15.19 | 21.93 13.33 18.75 19.34 17.58 19.21
2000 25.00 | 50.00 | 21.95 7.50 28.04 | 30.29 10.42 16.88 18.02 23.52 | 26.22
2005 33.33 n.a. 21.88 9.52 32.77 | 41.98 11.90 16.42 | 21.45 36.53 | 35.86
2010 73.33| 25.00 | 34.04 | 29.63 | 36.44 | 58.97 | 20.56 15.09 | 2741 45.01 | 48.94
2011 66.67 | 33.33 | 39.62 | 26.67 | 37.81 | 58.88 16.00 19.79 | 27.24 47.77 | 49.29
2012 76.92 | 2222 | 3281 | 35.29 | 37.99 | 60.68 | 25.44 15.73 | 28.31 50.23 | 51.35

Panel D: ICT Patents by Inventor Per 100,000 Residents

NL | PEI| NS | NB. | Que. | Ont | Man | Sask. [ Ata | B.C. | CAN
1980 - - - - 043 | 101 - 021 | 018 | 036 | 051
1985 - - 045 | 028 | 059 | 179 | 083 | 049 | 046 | 050 | 0.94
1990 | 0.69 - 0.55 - 087 | 194 | 063 | 050 | 110 | 079 | 1.17
1995 | 0.70 - 011 | 080 | 093 | 240 | 071 | 089 | 172 | 127 | 147

2000 | 076 | 073 | 096 | 040 | 285 | 542 | 087 | 129 | 236 | 265 | 3.23
2001 | 057 | 073 | 054 | 093 | 235 | 601 | 096 | 090 | 252 | 270 | 3.40
2002 | 038 | 073 | 021 | 053 | 286 | 628 | 086 | 08 | 1.8 | 246 | 354
2003 | 077 | 219 | 064 | 147 | 283 | 667 | 146 | 100 | 2.8 | 352 | 3.93
2004 | 039 | 073 | 085 | 067 | 338 | 7.09 | 085 | 100 | 272 | 404 | 421

2005 | 0.39 - 075 | 027 | 309 | 591 | 042 | 111 | 232 | 372 | 368
2006 | 0.20 - 181 | 161 | 366 | 887 | 135 | 1.01 | 278 | 500 | 517
2007 | 0.20 - 096 | 1.88 | 346 | 837 | 126 | 050 | 322 | 515 | 4.94
2008 | 0.98 - 139 | 1.34 | 38 | 990 | 200 | 079 | 222 | 508 | 564
2009 | 0.97 - 128 | 1.07 | 356 | 11.22 | 1.16 | 087 | 307 | 553 | 6.07

2010 | 241 | 071 | 170 | 212 | 478 | 1520 | 180 | 152 | 3.8 | 757 | 8.22
2011 | 229 | 069 | 222 | 159 | 513 | 1543 | 130 | 178 | 4.09 | 831 | 851
2012 | 380 | 138 | 222 | 238 | 571 | 1847 | 232 | 129 | 440 | 947 | 1007
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Panel E: Relative Per 100,000 Residents ICT Patents by Inventor at the USPTO, Provinces vs. Canadian Total

N.L. P.E.I N.S N.B. Que. Ont. Man. Sask. Alta B.C.
1980 - - - - 0.84 1.97 - 0.41 0.36 0.71
1985 - - 0.48 0.29 0.62 1.89 0.88 0.52 0.48 0.53
1990 0.59 - 0.47 - 0.75 1.66 0.54 0.42 0.94 0.67
1995 0.48 - 0.07 0.54 0.63 1.64 0.48 0.60 1.17 0.87
2000 0.23 0.23 0.30 0.12 0.88 1.68 0.27 0.40 0.73 0.82
2005 0.11 - 0.20 0.07 0.84 1.61 0.12 0.30 0.63 1.01
2006 0.04 - 0.35 0.31 0.71 1.72 0.26 0.20 0.54 0.97
2007 0.04 - 0.19 0.38 0.70 1.69 0.26 0.10 0.65 1.04
2008 0.17 - 0.25 0.24 0.69 1.76 0.36 0.14 0.39 0.90
2009 0.16 - 0.21 0.18 0.59 1.85 0.19 0.14 0.51 0.91
2010 0.26 0.09 0.21 0.26 0.58 1.85 0.22 0.19 0.47 0.92
2011 0.27 0.08 0.26 0.19 0.60 1.81 0.15 0.21 0.48 0.98
2012 0.38 0.14 0.22 0.24 0.57 1.84 0.23 0.13 0.44 0.94

Note: ICT includes electronic devices, computers, telecommunication devices and other ICT devices.

Note: The sum of the provinces will be greater than the total for Canada due to collaborations between provinces. For example
the sum of ICT patents of the provinces in 2000 yields 1,061 patents while the total for Canada in 2000 is 991 patents. This
means that 71 inventors from different provinces collaborated when creating an invention.

Source: Institut de la  statistigue du  Québec, http://www.stat.gouv.gc.ca/statistiquesfembnotogie
innovation/brevets/inventions_tic_prov.hemd CANSIM Table 05D001.
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Appendix Table 15: Number of USPTO Patents Granted to Canadian Inventors, 1988012, by Census Metropolitan Area
Panel A: Number of USPTO Patents to Inventors(s)

%

Change

2000

1980 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2012

St. John's, N.L 2 6 11 8 6 6 4 5 5 5 6 10 12 17 20 81.82
Halifax, N.S. 5 17 26 12 17 18 13 24 26 26 34 26 36 40 48 84.62
Moncton, N.B. 1 2 10 7 4 7 2 2 7 9 6 4 9 4 11 10.00
Saint John, N.B. i i 14 42 22 10 6 2 4 8 6 6 13 11 12 -14.29
Montréal, Que 203 254 502 515 569 532 498 465 532 490 533 535 684 740 856 70.52
OttawaGatineau, Que 5 10 39 58 49 48 70 49 62 68 75 68 77 88 92 135.90
Québec, Que 14 28 57 51 65 67 55 83 90 74 78 78 107 91 111 94.74
Saguenay, Que 4 16 8 14 6 12 6 8 7 7 8 7 5 7 13 62.50
Sherbrooke, Que 3 8 21 23 31 50 39 38 41 29 46 37 56 54 60 185.71
Trois-Rivieres, Que i 1 3 2 6 11 9 8 6 4 5 6 5 6 12 300.00
Barrie, Ont 3 9 19 15 14 22 21 20 15 19 13 22 23 36 22 15.79
Brantford, Ont 4 9 20 18 29 26 22 7 21 25 21 16 33 30 41 105.00
Greater Sudbury, Ont 8 10 9 18 10 11 6 9 3 3 5 6 4 6 8 -11.11
Guelph, Ont 9 24 47 40 42 33 30 33 29 49 27 49 42 70 50 6.38
Hamilton, Ont 42 66 131 140 133 152 122 100 116 107 126 144 174 157 188 43.51
Kingston, Ont 36 37 52 49 72 55 44 30 30 38 24 39 43 39 54 3.85
KitchenerWaterloo, Ont 20 62 128 155 123 123 104 132 200 245 260 384 532 682 917 616.41
London, Ont 21 33 63 67 79 77 77 64 83 56 63 84 78 102 98 55.56
Oshawa, Ont 10 18 20 16 14 16 18 18 13 6 17 21 39 29 37 85.00
OttawaGatineau, Ont 91 150 422 483 505 538 591 446 630 549 608 634 841 837 951 125.36
Peterborough, Ont 7 9 11 15 8 17 18 23 23 14 16 18 36 35 23 109.09
St. Catharines Niagara, Ont 17 23 19 33 30 41 30 24 35 37 31 41 50 55 53 178.95
Thunder Bay, Ont 1 i 6 5 4 6 2 1 3 2 3 5 7 7 7 16.67
Toronto, Ont 273 511 1,019 959 937 894 863 736 1,018 996 1,073 1,143 1,555 1,527 1,785 75.17
Windsor, Ont 18 22 50 70 76 72 89 72 91 84 39 76 87 87 99 98.00
Winnipeg, Man 14 39 62 66 65 54 59 37 61 64 74 63 86 81 93 50.00
Regina, Sask 9 8 4 10 15 12 14 11 6 4 3 8 22 7 9 125.00
Saskatoon, Sask 3 13 44 44 39 31 31 41 43 33 44 49 68 58 65 47.73
Calgary, Alta 25 59 204 237 170 182 190 169 198 205 169 225 276 321 325 59.31
Edmonton, Alta 41 58 138 179 149 147 133 141 167 154 126 136 196 196 210 52.17
Abbotsford- Mission, B.C i 7 13 8 12 9 10 13 12 15 12 11 17 21 23 76.92
Kelowna, B,C. 2 3 7 17 8 8 26 18 26 25 22 13 16 12 16 128.57
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Vancouver, B.C. 83 174 338 381 334 387 397 325 412 424 387 434 610 654 711 110.36
Victoria, B.C. 8 22 25 27 31 46 33 38 34 47 47 36 66 64 62 148.00
Canada 1,140 1961 3,779 3,982 3895 3911 3855 3,307 4,107 3827 3966 4,300 5,709 5926 6,812 80.26
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Panel B: Number of USPTO Patents to Inventors(s) per 100,000 residents

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 % Change 2002012
St. John's, N.L 624 453 337 334 220 274 272 269 316 516 605 839 971 55.58
Halifax, N.S. 730 325 454 476 342 629 676 673 872 660 9.04 994 11.80 61.56
Moncton, N.B. 829 573 323 558 157 156 540 686 452 296 654 285 7.71 -7.11
Saint John, N.B. 10.96 3331 1748 7.95 477 159 320 637 475 471 1015 855  9.34 -14.81
Montréal, Que 14.43 1458 1594 1478 13.72 1272 14.44 1319 1421 1409 17.80 19.04 21.74 50.68
Québec, Que 825 724 917 940 766 1150 12.36 10.04 1045 1031 1396 11.71 14.14 71.31
Saguenay, Que 499 862 373 751 378 507 445 445 507 443 315 439 813 62.86
Sherbrooke, Que 13.66 12.49 16.68 26.62 2056 19.83 2121 14.87 23.38 1858 27.77 26.38 28.92 111.72
Trois-Riviéres, Que 2.12 140 419 767 624 552 412 272 336 399 329 392 777 266.79
Barrie, Ont 1249 966 866 13.10 12.08 11.14 813 1021 692 11.62 12.05 1867 11.26 -9.85
Brantford, Ont 15.69 14.01 2237 19.83 1659 521 1551 18.34 1533 11.62 23.83 2152 29.20 86.09
Greater Sudbury, Ont 571 1115 620 680 370 552 1.83 182 302 362 242 363 483 -15.28
Guelph, Ont 36.83 3096 3201 2478 2217 2397 20.81 3499 19.09 3436 29.13 48.06 33.78 -8.29
Hamilton, Ont 19.49 2032 19.08 2159 17.18 13.98 16.12 14.82 17.37 19.75 23.64 21.14 2504 28.48
Kingston, Ont 3429 3207 4647 3513 2793 19.00 1897 2395 1502 24.17 2639 2371 3254 -5.11
KitchenerWaterloo, Ont 30.20 3592 27.96 2753 2282 2848 4250 51.66 5431 7957 109.20 138.35 183.82 508.6
London, Ont 14.92 1479 1722 16.64 16.47 1357 17.44 11.70 13.09 17.39 16.05 20.84 19.82 32.85
Oshawa, Ont 669 518 444 496 545 533  3.78 172 482 588 1077 7.90  9.90 47.95
OttawaGatineau, Ont/Que ~ 42.40 4872 49.19 51.40 57.48 4266 59.04 51.93 56,57 57.14 7341 7282 80.95 90.93
Peterborough, Ont 852 1301 6.85 1442 1514 1916 19.07 1161 1323 1488 2954 2864 18.74 119.87
St. CatharinesNiagara, Ont 486 842  7.60 1032 749 596 866 919 772 1022 1244 1366 13.12 169.83
Thunder Bay, Ont 477 395 315 471 157 078  2.36 159 239 400 560 560 559 17.39
Toronto, Ont 21.35 19.64 1873 1758 1670 14.02 19.08 18.38 19.49 20.44 27.37 26.47 30.42 42.49
Windsor, Ont 16.29 21.81 2327 21.80 2671 2148 27.08 2519 11.80 2315 2651 2650 29.92 83.72
Winnipeg, Man 909 948 929 767 831 519 852 890 1023 864 11.68 10.86 12.24 34.76
Regina, Sask 201 508 762 606 703 552  3.00 198 146 382 1031 322  4.00 99.37
Saskatoon, Sask 19.05 19.04 16.75 13.22 13.09 17.21 17.88 1351 17.62 1911 2586 21.46 23.10 21.30
Calgary, Alta 2152 2424 1687 1768 18.04 1553 17.61 17.77 1425 1845 2226 2539 24.86 15.50
Edmonton, Alta 1465 1860 1513 1469 13.08 1353 1555 1394 11.14 11.70 1657 1625 16.91 15.41
Abbotsford- Mission, B.C 855 520 772 573 626 803 7.30 905 714 645 984 1205 13.02 52.24
Kelowna, B,C. 462 11.03 513 505 16.14 11.00 1556 1462 1257 7.29 882 654  8.62 86.67
Vancouver, B.C. 16.40 1837 1592 1829 1861 1505 1882 19.12 17.17 1886 26.02 27.56 29.52 80.01
Victoria, B.C. 788 829 944 1390 990 1128 1001 1376 1366 10.34 1879 18.18 17.46 121.44

of ficial 2000 population estimates unaxaislitamiged fforomsdrme QNAS, ptolpwd 2Ri2Soaceantdi matne
Institut de la statistique du Québec. http://www.stat.gouv.qc.ca/statistiques/seieimeelogieinnovation/brevets/inventions_rmr.htm and CANSIM Tables-0636 & 0510014
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Appendix Table 16: Number of Triadic Patents Granted to Canadian Inventors, 1982012 by Census Metropolitan Area

Panel A: Number of Triadic Patents to Inventors(s)

% Change
1980 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 20002008
St. John's, N.L ) T T 1 T 1 ) T 1 ) T n.a.
Halifax, N.S. i 6 7 2 4 3 6 9 4 7 8 14.29
Moncton, N.B. T T 2 1 1 3 T 1 2 2 T n.a.
Saint John, N.B. ] T T T 2 T T 1 2 2 i n.a.
Montréal, Que 10 51 143 169 170 149 150 111 168 157 150 4.90
Québec, Que i 3 17 8 14 15 3 11 15 17 23 35.29
Saguenay, Que T 10 3 1 2 T 1 T 2 1 T n.a.
Sherbrooke, Que ] i 4 3 5 7 9 8 8 9 5 25.00
Trois-Riviéres, Que ) T ) T 2 1 ) 2 1 1 3 n.a.
Barrie, Ont T T 1 1 1 1 i 1 2 T T n.a.
Brantford, Ont i 1 6 2 6 6 2 1 i 3 3 -50.00
Greater Sudbury, Ont ] 1 3 6 2 3 i i i i 1 -66.67
Guelph, Ont 2 4 19 14 10 7 6 7 12 2 -89.47
Hamilton, Ont i 13 32 42 35 24 32 22 32 41 35 9.38
Kingston, Ont 3 23 24 20 45 28 25 12 14 19 7 -70.83
KitchenerWaterloo, Ont 3 13 26 42 23 20 26 31 40 59 39 50.00
London, Ont i 5 22 14 27 24 21 18 22 11 17 -22.73
Oshawa, Ont i 3 5 2 1 2 2 2 i i 2 -60.00
OttawaGatineau, Ont/Que i 26 85 90 97 88 111 70 103 105 91 7.06
Peterborough, Ont ] 1 1 4 3 6 5 4 9 6 3 200.00
St. Catharines Niagara, Ont ] 5 5 5 5 2 3 3 6 8 9 80.00
Thunder Bay, Ont i T 1 T i i T i i i n.a.
Toronto, Ont 4 134 287 274 255 209 214 173 274 282 275 -4.18
Windsor, Ont 1 4 8 23 9 14 22 15 19 16 7 -12.50
Winnipeg, Man i 3 11 11 8 14 12 10 10 16 9 -18.18
Regina, Sask 1 1 1 i i i 1 i i 1 0.00
Saskatoon, Sask i 2 1 6 4 5 9 6 50.00
Calgary, Alta 1 5 37 52 38 41 33 27 33 39 24 -35.14
Edmonton, Alta i 10 34 42 30 39 26 31 39 31 34 0.00
Abbotsford- Mission, B.C T T 2 1 1 i T 3 4 6 200.00
Kelowna, B,C. T T 1 3 1 2 5 3 6 8 5 400.00
Vancouver, B.C. 2 30 85 87 95 94 102 95 101 121 114 34.12
Victoria, B.C. i 3 5 2 8 4 7 6 7 13 5 0.00
Canada 31 400 858 906 916 811 834 665 896 894 821 -4.31
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Panel B: Number of Triadic Patents to Inventors(s) per 100,000 residents

% Change
2000 2001 2002 2003 2004 2005 2006 2007 2008 20002012

St. John's, N.L - 0.57 - 0.56 - - 0.54 - - n.a.

Halifax, N.S. 1.97 0.54 1.07 0.79 1.58 2.36 1.04 1.81 2.05 4.31

Moncton, N.B. 1.66 0.82 0.81 2.39 - 0.78 1.54 1.53 - n.a.

Saint John, N.B. - - 1.59 - - - 1.60 1.59 - n.a.

Montréal, Que 4.11 4.78 4.76 4.14 4.13 3.04 4.56 4.23 4.00 -2.69
Québec, Que 2.46 1.14 1.98 2.11 0.42 1.52 2.06 2.31 3.08 25.16
SaguenayQue 1.87 0.62 1.24 - 0.63 - 1.27 0.64 - n.a.

Sherbrooke, Que 2.60 1.63 2.69 3.73 4.74 4.18 4.14 4.61 2.54 -2.30
Trois-Rivieres, Que - - 1.40 0.70 - 1.38 0.69 0.68 2.02 n.a.

Barrie, Ont 0.66 0.64 0.62 0.60 - 0.56 1.08 - - n.a.

Brantford, Ont 4.71 1.56 4.63 4.58 151 0.74 - 2.20 2.19 -53.47
Greater Sudbury, Ont 1.90 3.72 124 1.86 - - - - 0.60 -68.23
Guelph, Ont 14.89 10.84 7.62 5.26 4.43 5.09 6.46 8.57 141 -90.50
Hamilton, Ont 4.76 6.10 5.02 3.41 451 3.08 4.45 5.68 4.83 1.35

Kingston, Ont 15.83 13.09 29.05 17.89 15.87 7.60 8.85 11.97 4.38 -72.33
KitchenerWaterloo, Ont 6.13 9.73 5.23 4.48 5.71 6.69 8.50 12.44 8.15 32.78
London, Ont 5.21 3.09 5.89 5.19 4.49 3.82 4.62 2.30 3.53 -32.20
Oshawa, Ont 1.67 0.65 0.32 0.62 0.61 0.59 - - 0.57 -66.09
OttawaGatineau, Ont/Que 7.82 8.11 8.61 7.72 9.65 6.03 8.79 8.84 7.54 -3.58
Peterborough, Ont 0.77 3.47 2.57 5.09 4.20 3.33 7.46 4.98 2.48 220.25
St. Catharines Niagara, Ont 1.28 1.28 1.27 0.50 0.75 0.74 1.49 1.99 2.24 75.23
Thunder Bay, Ont 0.79 0.79 - - - - - - - n.a.

Toronto, Ont 6.01 5.61 5.10 411 4.14 3.30 5.14 5.20 5.00 -16.91
Windsor, Ont 2.61 7.17 2.76 4.24 6.60 4.48 5.65 4.80 212 -18.72
Winnipeg, Man 1.61 1.58 1.14 1.99 1.69 1.40 1.40 2.23 1.24 -22.80
Regina, Sask 0.50 - - - 0.50 0.50 - - 0.49 -2.88
Saskatoon, Sask 1.73 0.43 2.58 171 3.80 2,94 2.08 3.69 2.40 38.76
Calgary, Alta 3.90 5.32 3.77 3.98 3.13 248 2.93 3.38 2.02 -48.15
Edmonton, Alta 3.61 4.36 3.05 3.90 2.56 2.98 3.63 2.81 3.01 -16.74
Abbotsford- Mission, B.C 1.32 0.65 0.64 0.64 - - 1.83 2.41 3.57 171.46
Kelowna, B,C. 0.66 1.95 0.64 1.26 3.10 1.83 3.59 4.68 2.86 333.06
Vancouver, B.C. 4.12 4.19 4.53 4.44 4.78 4.40 4.61 5.46 5.06 22.60
Victoria, B.C. 1.58 0.61 2.44 1.21 2.10 1.78 2.06 3.81 1.45 -7.84

of ficial 2000 population estimates unaxaislitamiged fforomsdrme QNAC, ptolpwd 2W2Soaceantdi matne
Institut de la statistique du Québec. http://www.stat.gouv.qc.ca/statistiques/seiemeelogieinnovation/brevets/inventions_rmr.htm and CANSIM Tables-0636 & 0510014
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Appendix Table 17: Number of ICT Inventions Patented at the USPTO, 1982012 by Census Metropolitan Area (CMA)
Panel A: Number of USPTO ICT Patents to Inventors(s)

0,

1980 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2/(§O%hZa0nnge
St. John's, N.L i 4 3 1 i 4 2 i i 1 2 4 8 6 3 0.00
Halifax, N.S. i 3 1 4 3 6 4 7 6 3 7 4 8 10 13 1,200.00
Moncton, N.B. T T T T 1 3 T 1 1 1 i T 1 i 2 n.a.
Saint John, N.B. T T T 1 i i T T T 1 I 1 T I 3 n.a.
Montréal, Que i 82 457 512 472 479 558 422 393 351 359 320 276 155 150 -67.18
Québec, Que i 4 6 6 11 18 19 24 21 18 15 15 24 27 20 233.33
Saguenay, Que 1 T T T i 1 T T T I I 2 T i ) n.a.
Sherbrooke, Que T T 2 3 i 2 1 4 i 1 2 1 i 2 3 50.00
Trois-Riviéres, Que i i i i i 2 1 i 1 i 1 1 i i i n.a.
Barrie, Ont T 1 T 1 1 1 T T T 1 1 T 1 1 T n.a.
Brantford, Ont T T T T T T 1 T T T 1 T T T 1 n.a.
Greater Sudbury, Ont i i i i i i 2 i i i 1 1 i 1 1 n.a.
Guelph, Ont i i 2 3 3 1 3 6 4 5 7 6 7 3 1 -50.00
Hamilton, Ont i 5 10 9 4 11 9 10 21 15 18 6 15 12 22 120.00
Kingston, Ont 2 i 2 2 5 1 1 1 3 2 3 5 3 4 2 0.00
KitchenerWaterloo, Ont 2 4 23 27 34 44 42 46 104 155 217 301 454 501 820 3,465.22
London, Ont 1 3 3 1 6 8 6 4 4 6 10 5 5 10 5 66.67
Oshawa, Ont 1 1 i i ] ] i 1 1 T 1 i 1 3 i n.a.
OttawaGatineau, Ont/Que 29 51 138 136 193 229 230 163 268 202 190 185 258 272 311 125.36
Peterborough, Ont 22 i 2 4 T 5 1 12 4 2 4 6 6 7 1 -50.00
St. CatharinesNiagara, Ont 1 1 i 4 7 4 2 2 4 1 i i i 8 4 n.a.
Thunder Bay, Ont T T T T > T T T i T T 1 i T i na
Toronto, Ont i 50 134 150 139 120 130 132 191 179 191 195 264 363 339 152.99
Windsor, Ont 28 2 7 2 1 2 3 1 7 i i 3 6 4 2 -71.43
Winnipeg, Man 1 6 4 6 2 8 6 2 6 7 10 7 10 9 12 200.00
Regina, Sask i 1 i 2 3 1 1 2 1 1 i 1 4 i 1 n.a.
Saskatoon, Sask i i 6 6 4 4 3 2 1 1 1 1 4 10 7 16.67
Calgary, Alta 1 8 13 34 19 39 32 33 35 34 34 42 43 51 79 507.69
Edmonton, Alta 2 8 20 13 16 27 21 17 21 25 14 9 23 23 16 -20.00
Abbotsford- Mission, B.C ] ] ] 1 1 1 2 1 1 1 1 T 1 1 n.a.
Kelowna, B,C. i i 1 i i 4 2 2 2 i 2 2 1 0.00
Vancouver, B.C. 1 17 58 57 62 77 83 80 90 79 58 85 108 112 105 81.03
Victoria, B.C. 2 ] 4 5 7 16 9 13 13 24 8 16 20 8 n.a.
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Panel B: Number of USPTO Patents to Inventors(s) per 100,000 Residents

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 % Change
20002012
St. John's, N.L 1.70 0.57 - 2.23 1.10 - - 0.54 1.05 2.06 4.03 2.96 1.46 -14.43
Halifax, N.S. 0.28 1.08 0.80 1.59 1.05 1.83 1.56 0.78 1.79 1.02 2.01 2.48 3.20 1,037.66
Moncton, N.B. - - 0.81 2.39 - 0.78 0.77 0.76 - - 0.73 - 1.40 n.a.
Saint John, N.B. - 0.79 - - - - - 0.80 - 0.78 - - 2.33 n.a.
Montréal, Que 13.13 14.49 13.22 13.30 15.38 11.55 10.67 9.45 9.57 8.43 7.18 3.99 3.81 -71.00
Québec, Que 0.87 0.85 1.55 2.53 2.65 3.32 2.88 2.44 2.01 1.98 3.13 3.48 2.55 193.23
Saguenay, Que - - - 0.63 - - - - - 1.27 - - - n.a.
Sherbrooke, Que 1.30 1.63 - 1.06 - 2.09 - 0.51 1.02 0.50 - 0.98 1.45 11.15
Trois-Riviéres, Que - - - 1.39 0.69 - 0.69 - 0.67 0.67 - - - n.a.
Barrie, Ont - 0.64 - 0.60 - - - - - - 0.52 - - n.a.
Brantford, Ont - - - - 0.75 - - - 0.73 - - - 0.71 n.a.
Greater Sudbury, Ont - - - - 1.23 - - - 0.60 0.60 - 0.61 0.60 n.a.
Guelph, Ont 1.57 2.32 2.29 0.75 2.22 4.36 2.87 3.57 495 4.21 4.85 2.06 0.68 -56.90
Hamilton, Ont 1.49 1.31 0.57 1.56 1.27 1.40 2.92 2.08 2.48 0.82 2.04 1.62 2.93 96.96
Kingston, Ont 1.32 1.31 3.23 0.64 0.63 0.63 1.90 1.26 1.88 3.10 1.84 2.43 1.21 -8.63
KitchenerWaterloo, Ont 5.43 6.26 7.73 9.85 9.22 9.92 22.10 32.69 45.33 62.37 93.19 119.89 164.38 2,928.93
London, Ont 0.71 0.22 1.31 1.73 1.28 0.85 0.84 1.25 2.08 1.04 1.03 2.04 1.01 42.34
Oshawa, Ont - - - - - 0.30 0.29 - 0.28 - 0.28 0.82 - n.a.
OttawaGatineau, Ont/Que 12.69 12.25 17.14 20.09 20.00 14.05 22.86 17.00 15.74 15.06 20.63 21.41 24.14 90.18
Peterborough, Ont 155 3.47 - 4.24 0.84 10.00 3.32 1.66 3.31 4.96 4.92 5.73 0.81 -47.42
St. Catharines Niagara, Ont - 1.02 1.77 1.01 0.50 0.50 0.99 0.25 - - - 1.99 0.99 n.a.
Thunder Bay, Ont - - 1.58 - - - - - - 0.80 - - - n.a.
Toronto, Ont 2.81 3.07 2.78 2.36 2.52 2.52 3.58 3.30 3.47 3.49 4.65 6.29 5.78 105.78
Windsor, Ont 2.28 0.62 0.31 0.61 0.90 0.30 2.08 - - 0.91 1.83 1.22 0.60 -73.49
Winnipeg, Man 0.59 0.86 0.29 1.14 0.84 0.28 0.84 0.97 1.38 0.96 1.36 1.21 1.58 169.53
Regina, Sask - 1.02 1.52 0.50 0.50 1.00 0.50 0.49 - 0.48 1.87 - 0.44 n.a.
Saskatoon, Sask 2.60 2.60 1.72 171 1.27 0.84 0.42 0.41 0.40 0.39 1.52 3.70 2.49 -4.21
Calgary, Alta 1.37 3.48 1.89 3.79 3.04 3.03 3.11 2.95 2.87 3.44 3.47 4.03 6.04 340.56
Edmonton, Alta 2.12 1.35 1.63 2.70 2.06 1.63 1.96 2.26 1.24 0.77 1.94 1.91 1.29 -39.33
Abbotsford- Mission, B.C - 0.65 0.64 0.64 0.63 1.24 0.61 0.60 - 0.59 - 0.57 0.57 n.a.
Kelowna, B,C. 0.66 - - 0.63 2.48 1.22 1.20 0.58 1.14 - 1.10 1.09 0.54 n.a.
Vancouver, B.C. 2.81 2.75 2.95 3.64 3.89 3.71 4.11 3.56 2.57 3.69 4.61 4.72 4.36 54.92
Victoria, B.C. - 1.23 1.52 2.12 4.80 2.67 3.83 3.81 6.98 2.30 4.56 5.68 2.25 n.a.

of ficial 2000 population estimates unaxaislitamiged fforomsdme QNAS, ptolpwd 2Ri2Soaceantdi matne
Institut de la statistique du Québec. http://www.stat.gouv.qtat@tiques/scienetechnologieinnovation/brevets/inventions_rmr.htm and CANSIM Tables-0836 & 0510014

101



Appendix Table 18: Research and Development Expenditure, Millions of Dollars, 1980

2014
Panel A:GrossExpenditures on Research and Developm@&RD)
. Nominal Total R&D Per
Current 2007 (;onstant Deflator Nominal Cent Share of Nominal
Prices Prices GDP GDP

1980 3,575 N/A N/A N/A N/A
1981 4,415 9,317 47.4 367,121 1.20%
1982 5,198 10,116 51.4 386,773 1.34%
1983 5,517 10,181 54.2 419,691 1.31%
1984 6,273 11,207 56.0 460,243 1.36%
1985 6,985 12,109 57.7 498,075 1.40%
1986 7,546 12,690 59.5 524,450 1.44%
1987 7,950 12,783 62.2 571,926 1.39%
1988 9,045 13,919 65.0 624,401 1.45%
1989 9,517 14,019 67.9 669,026 1.42%
1990 10,260 14,636 70.1 692,997 1.48%
1991 10,767 14,923 72.2 699,253 1.54%
1992 11,338 15,516 73.1 716,019 1.58%
1993 12,184 16,424 74.2 744,608 1.64%
1994 13,341 17,781 75.0 789,507 1.69%
1995 13,754 17,924 76.7 828,973 1.66%
1996 13,817 17,730 77.9 857,023 1.61%
1997 14,635 18,557 78.9 903,902 1.62%
1998 16,088 20,489 78.5 937,295 1.72%
1999 17,637 22,080 79.9 1,004,456 1.76%
2000 20,555 24,706 83.2 1,102,380 1.86%
2001 23,132 27,343 84.6 1,140,505 2.03%
2002 23,534 27,493 85.6 1,189,452 1.98%
2003 24,693 27,902 88.5 1,250,315 1.97%
2004 26,680 29,190 91.4 1,331,178 2.00%
2005 28,022 29,716 94.3 1,417,028 1.98%
2006 29,079 30,009 96.9 1,492,207 1.95%
2007 30,038 30,038 100.0 | 1,573,532 1.91%
2008 30,751 29,597 103.9 | 1,652,923 1.86%
2009 30,129 29,625 101.7 | 1,567,365 1.92%
2010 30,555 29,267 104.4 | 1,662,130 1.84%
2011 31,834 29,503 107.9 | 1,769,921 1.80%
2012 32,707 29,869 109.5 | 1,822,808 1.79%
2013 31,972 28,804 111.0 | 1,892,193 1.69%
2014 31,825 28,164 113.0 | 1,973,043 1.61%

% OrS?;OP(fz'gtliha”g‘ 54.8% 14.0% 29.8 79.0% -0.25

% °r2°/(';1pcfz'gtliha”g‘ 4.2% -3.8% -54.8 18.7% -0.23
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Panel B: Business Enterprise Sector Research and Development Expenditure (BERD)

. Nominal BERD Per
Current 2007 (;onstant Deflator Nominal CentShare of Nominal
Prices Prices GDP GDP
1980 1,571 N/A N/A N/A N/A
1981 2,124 4,482 47.4 367,121 0.58%
1982 2,489 4,844 51.4 386,773 0.64%
1983 2,602 4,802 54.2 419,691 0.62%
1984 3,022 5,399 56.0 460,243 0.66%
1985 3,635 6,302 57.7 498,075 0.73%
1986 4,022 6,764 59.5 524,450 0.77%
1987 4,341 6,980 62.2 571,926 0.76%
1988 4,623 7,114 65.0 624,401 0.74%
1989 4,779 7,040 67.9 669,026 0.71%
1990 5,169 7,374 70.1 692,097 0.75%
1991 5,355 7,422 72.2 699,253 0.77%
1992 5,742 7,858 73.1 716,019 0.80%
1993 6,424 8,660 74.2 744,608 0.86%
1994 7,567 10,086 75.0 789,507 0.96%
1995 7,991 10,414 76.7 828,973 0.96%
1996 7,997 10,262 77.9 857,023 0.93%
1997 8,739 11,081 78.9 903,902 0.97%
1998 9,682 12,331 78.5 937,295 1.03%
1999 10,399 13,018 79.9 | 1,004,456 1.04%
2000 12,395 14,898 83.2 | 1,102,380 1.12%
2001 14,266 16,863 84.6 | 1,140,505 1.25%
2002 13,545 15,824 856 | 1,189,452 1.14%
2003 14,094 15,925 88.5 | 1,250,315 1.13%
2004 15,144 16,569 91.4 | 1,331,178 1.14%
2005 15,638 16,583 943 | 1,417,028 1.10%
2006 16,474 17,001 96.9 | 1,492,207 1.10%
2007 16,756 16,756 100.0 | 1,573,532 1.06%
2008 16,644 16,019 103.9 | 1,652,923 1.01%
2009 16,038 15,770 101.7 | 1,567,365 1.02%
2010 15,803 15,137 104.4 | 1,662,130 0.95%
2011 16,894 15,657 107.9 | 1,769,921 0.95%
2012 16,700 15,251 109.5 | 1,822,808 0.92%
2013 16,032 14,443 111.0 | 1,892,193 0.85%
2014 15,877 14,050 113.0 | 1,973,043 0.80%
% OrZO/E;OP(fZ'Btliha”g‘ 28.1% -5.7% 29.8 79.0% -0.32
% °r2°/(';1pcfz'gtliha”g‘ 0.5% 7.2% 54.8 18.7% -0.15
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Panel C: HigheEducation Sector Research and Development Expenditure (HERD)

. Nominal HERD Per
Current 2007 (;onstant Deflator Nominal Cent Share of Nominal

Prices Prices GDP GDP

1980 1,055 N/A N/A N/A N/A
1981 1,177 2,484 47.4 367,121 0.32%
1982 1,373 2,672 51.4 386,773 0.35%
1983 1,452 2,680 54.2 419,691 0.35%
1984 1,604 2,866 56.0 460,243 0.35%
1985 1,722 2,985 57.7 498,075 0.35%
1986 1,839 3,093 59.5 524,450 0.35%
1987 1,934 3,110 62.2 571,926 0.34%
1988 2,669 4,107 65.0 624,401 0.43%
1989 2,844 4,189 67.9 669,026 0.43%
1990 3,033 4,327 70.1 692,097 0.44%
1991 3,289 4,559 72.2 699,253 0.47%
1992 3,519 4,816 73.1 716,019 0.49%
1993 3,660 4,934 74.2 744,608 0.49%
1994 3,675 4,898 75.0 789,507 0.47%
1995 3,691 4,810 76.7 828,973 0.45%
1996 3,697 4,744 77.9 857,023 0.43%
1997 3,879 4,919 78.9 903,902 0.43%
1998 4,370 5,566 78.5 937,295 0.47%
1999 5,082 6,362 79.9 | 1,004,456 0.51%
2000 5,793 6,963 83.2 | 1,102,380 0.53%
2001 6,423 7,592 84.6 | 1,140,505 0.56%
2002 7,455 8,709 856 | 1,189,452 0.63%
2003 8,144 9,202 88.5 | 1,250,315 0.65%
2004 9,058 9,910 91.4 | 1,331,178 0.68%
2005 9,518 10,093 943 | 1,417,028 0.67%
2006 9,625 9,933 96.9 | 1,492,207 0.65%
2007 10,187 10,187 100.0 | 1,573,532 0.65%
2008 10,927 10,517 103.9 | 1,652,923 0.66%
2009 10,818 10,637 101.7 | 1,567,365 0.69%
2010 11,249 10,775 104.4 | 1,662,130 0.68%
2011 11,832 10,966 107.9 | 1,769,921 0.67%
2012 12,953 11,829 109.5 | 1,822,808 0.71%
2013 12,715 11,455 111.0 | 1,892,193 0.67%
2014 12,860 11,381 113.0 | 1,973,043 0.65%
% OrZO/SOP(fZ'BfEa”ge 122.0% 63.4% 29.8 79.0% 0.13
% °r2°/(';1pcfz'gtliha”g‘ 14.3% 5.6% 54.8 18.7% -0.02
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Panel D: Federal and Provincial Government Research and Development Expenditure
(GovERD)

. Nominal GovERD Per
Cu_rrent 2007 (_:onstant Deflator Nominal Cent Share of Nominal
Prices Prices GDP GDP
1980 876 N/A N/A N/A N/A
1981 1,025 2,163 47.4 367,121 0.28%
1982 1,241 2,415 514 386,773 0.32%
1983 1,360 2,510 54.2 419,691 0.32%
1984 1,528 2,730 56.0 460,243 0.33%
1985 1,490 2,583 57.7 498,075 0.30%
1986 1,556 2,617 59.5 524,450 0.30%
1987 1,534 2,467 62.2 571,926 0.27%
1988 1,591 2,448 65.0 624,401 0.25%
1989 1,721 2,535 67.9 669,026 0.26%
1990 1,860 2,653 70.1 692,997 0.27%
1991 1,923 2,665 72.2 699,253 0.28%
1992 1,924 2,633 73.1 716,019 0.27%
1993 1,949 2,627 74.2 744,608 0.26%
1994 1,950 2,599 75.0 789,507 0.25%
1995 1,913 2,493 76.7 828,973 0.23%
1996 1,955 2,509 77.9 857,023 0.23%
1997 1,876 2,379 78.9 903,902 0.21%
1998 1,898 2,417 78.5 937,295 0.20%
1999 2,032 2,544 79.9 1,004,456 0.20%
2000 2,244 2,697 83.2 1,102,380 0.20%
2001 2,356 2,785 84.6 1,140,505 0.21%
2002 2,446 2,857 85.6 1,189,452 0.21%
2003 2,337 2,641 88.5 1,250,315 0.19%
2004 2,349 2,570 91.4 1,331,178 0.18%
2005 2,694 2,857 94.3 1,417,028 0.19%
2006 2,806 2,896 96.9 1,492,207 0.19%
2007 2,867 2,867 100.0 1,573,532 0.18%
2008 2,963 2,851 103.9 1,652,923 0.18%
2009 3,114 3,062 101.7 1,567,365 0.20%
2010 3,332 3,191 104.4 1,662,130 0.20%
2011 2,949 2,733 107.9 1,769,921 0.17%
2012 2,867 2,618 109.5 1,822,808 0.16%
2013 3,035 2,734 111.0 1,892,193 0.16%
2014 2,895 2,562 113.0 1,973,043 0.15%
Yo or Y Pome Changt 29,006 5.0% 208 | 79.0% 0.06
% OrS(glp(;’z'gtliha”g‘ 13.1% 119.7% 548 | 18.7% 0.05
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Panel E: Per Centontribution to Total R&D Expenditure of BERD, HERD, and GovERD,

19802014 (Current Prices)

Business Enterprise Sectc
Research and Developme
Expenditure (BERD) (%)

Higher Education Sector
Research and
Development Expenditurg

(HERD) (%)

Federal and Prancial
Government Research an
Development Expenditure

(GovERD) (%)

1980 43.9 29.5 24.5
1981 48.1 26.7 23.2
1982 47.9 26.4 23.9
1983 47.2 26.3 24.7
1984 48.2 25.6 24.4
1985 52.0 24.7 21.3
1986 53.3 24.4 20.6
1987 54.6 24.3 19.3
1988 51.1 29.5 17.6
1989 50.2 29.9 18.1
1990 50.4 29.6 18.1
1991 49.7 30.5 17.9
1992 50.6 31.0 17.0
1993 52.7 30.0 16.0
1994 56.7 27.5 14.6
1995 58.1 26.8 13.9
1996 57.9 26.8 14.1
1997 59.7 26.5 12.8
1998 60.2 27.2 11.8
1999 59.0 28.8 11.5
2000 60.3 28.2 10.9
2001 61.7 27.8 10.2
2002 57.6 31.7 10.4
2003 57.1 33.0 9.5
2004 56.8 34.0 8.8
2005 55.8 34.0 9.6
2006 56.7 33.1 9.6
2007 55.8 33.9 9.5
2008 54.1 35.5 9.6
2009 53.2 35.9 10.3
2010 51.7 36.8 10.9
2011 53.1 37.2 9.3
2012 51.1 39.6 8.8
2013 50.1 39.8 9.5
2014 49.9 40.4 9.1
Average Contribution,
20002014 55.0 34.7 9.7
Average Contribution,
20102014 51.2 38.8 9.5
% Change 2002014 -10.4 12.2 -1.8
% Change 2012014 -1.8 3.6 -1.8

Source: CANSIM 358001; CANSIM 3840038
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Appendix Table 19:Business Enterprise Research and Development (BERD) Intramural
Expenditures by North American Industry Classification System (NAICS), Millions of

Dollars, 19942014

Panel A: BERD by NAICS, All Industries

Services (41,

Information and
communication
stechnologies
(33411, 33421,

Mining, 44-45, 4849, 33422, 33429,
quarrying, 51,52,53,54, 33431, 33441,
Agriculture, and oil and 55, 561, 61 33461, 4173,
forestry, gas Utilities  Constructio (excluding 5112, 517 to
fishing and extraction (221 and n[315,316 Manufacturing 611310), 62, 518,5415and Total all
hunting [11] [21] 562) and 339] [31-33] 71, 72,and 81) 8112) industries
1994 X X X X 4529 2539 n.a. 7567
1995 58 X X X 4977 2523 n.a. 7991
1996 X 197 X 23 5118 2362 n.a. 7997
1997 61 189 X X 5766 2501 n.a. 8739
1998 X X X X 6483 2750 n.a. 9682
1999 X 134 X X 7044 2920 3972 10399
2000 X 182 X X 8474 3430 5588 12395
2001 92 218 X X 9194 4539 6101 14266
2002 107 X X 49 8198 4805 4859 13545
2003 94 300 X X 8172 5349 5027 14094
2004 102 389 243 56 8281 6073 5107 15144
2005 111 480 270 72 8367 6339 5167 15638
2006 118 731 313 85 8850 6376 5267 16474
2007 179 781 288 97 8427 6984 5408 16756
2008 134 980 217 122 7724 7468 5200 16644
2009 127 929 187 135 7764 6896 4861 16038
2010 131 981 188 113 7334 7056 4664 15803
2011 145 1387 199 158 7372 7632 5190 16894
2012 97 1608 213 110 7165 7507 5070 16700
2013 81 1585 232 68 6753 7313 5006 16032
2014 85 1442 212 76 6785 7277 4940 15877
% Change, 15 a0
20002014 | -7.6% afé?n/" 55.1%
(unless (from 200% 692.3% 2004 (from -19.9% 112.2% -11.6% 28.1%
otherwise 2014) 20022014)
2014)
noted)
Annual
Growth
Rate 2009 | 0.6% 15.9%  -1.4% 3.1% 1.6% 5.5% -0.9% 1.8%
(where
available)
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