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innovation, defined as the procecss of generating and applying new ideas to the creation and
upgrading of products, processes, and services, is a key driver of productivity and economic
growth, and thus a fundamental determinant of a country's standard of living.

There are various indicators for assessing a nation's inncvation perforimance, including
research & development (R&D) spending, patents and innovation counts based on innovation
surveys.

Canada's Innovation Strategy was launched on February 12, 2002, with the release of two
companion documents: Achieving Excellence: Investing in People, Knowledge and
Opportunity and Krowledge Matters: Skills and Learning for Canadians. The papers highlights
goals, milestones and targets that will improve innovation, skills and learning in Canada.

The purpose of this special report is to review a comprehensive set of indicators, measuring
innovation performance of Canadian private and public sectors, industry and provinces. The
report also provides an analysis of Canada's innovation performance compared to other major
economies.

Assessing innovation activity thrcugh research expenditures alone does not provide a
comprehensive measure of innovation. R&D (research & development) is an input of the
innovation process. Since inputs can be used more or less efficiently, one would like to have
indicators of the output side of the innovation process.
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Patents are a more direct measure of innovation output than R&D spending. Many
innovations are not protected by patents, with the propensity to patent being likely to vary
across sectors and classes of firms. Moreover, many patents are never translated into
commercially viable products and the economic impact of individual patents may differ
considerably.

Besides R&D and patents, there is another possible approach to measuring inriovation. This
approach is based on innovation surveys that attempt to measure more aspects of the
innovation process.

The overview section highlights some of the findings in the report.
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R&D
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Canada's R&D intensity -- R&D spending as a share of GDP -- is
considerably below the OECD average. However, Canada experienced the
fastest growth in R&D intensity among the industrialized countries over the
1981-2000 period.

The government's share of gross expenditure on R&D decreased
substantially in the past twenty years but is stiil higher than the OECD
average.

Industries and universities account for aimost 90% of all R&D spending in
Canada. Almost 70% of business expenditures on R&D is concentrated in
the goods producing sector with most of it in the Electrical anc Electronic
industry.

In 1999, Quebec, Ontario and Nova Scotia had the highest R&D
expenditures as a percentage of GDP.

Two-thirds of R&D expenditure in the business sector is performed by large
firms (with 500 or more employees). However, small firms (with 1 to 99
employees) devote a much greater share of their revenues to R&D than
large firms.
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One-fifth of Canada’'s business expenditure on R&D (BERD) is concentrated in
the Telecommunication industry, while the Aircraft & Parts and Engineering &
Scientific industries, each contributes to about one-tenth of Canada's BERD.

R&D financing by the private sector in Canada has been rising steacily in the
1990's, biut remains considerably below that of the U.S. and of other major
industrialized countries.

The share of R&D funding by Canada’s government sector has fallen in recent
years, but it remains above other OECD countries.

Foreign financing of R&D grew by 13% per vear over the 1981-2000 period,
raising the share of Canada’'s R&D funded by foreign sources from 4% in 1981
to 16% in 2000.

Canada has a highly educated work force, but ranks low in the number of R&D
personnel, defined in terms of fuli-time equivalent of persons who work on R&D
projects, vis-a-vis other industrial countries.

Ontario and Quebec have by far the largest shares of industrial R&D personnel
in their labour force.
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Patents

Patents are one of the major means of protecting intellectual property rights and
patent data are considered to be the most available, objective, and quantitative
measure of innovation output. Thus, a country's patenting activity is an indicator
of the strength of its research enterprise and of its technological strengths, both
overall and in particular fields of technology. Individual inventors or corporations
can apply for patents, both domesticaily or externally.

There are a number of reasons for inventors to apply for patents in other
countries: (1) over the past few years the number of U.S. patents obtained by a
country has become a norm against which to evaluate its innovative capabilities;
(2) patents are first sought in the U.S. in order to evaluate and learn about the legal
quality of a technology; and (3) if returns from innovations have to be quickly
appropriated, it is the intellectual property in some target countries, such as the
U.S., that have to be protected.

- In recent years Canada has experienced an increase in patenting activity.
Non-resident patent applications have increased at a faster rate than domestic

patent applications.

- Canadians file a much lower number of domestic patent applications per
capita relative to other G-7 countries.
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- Patent applications in Biotechnology and Computer-Related fields have increased
at a faster pace than other fields in the 1990s. Nonetheless, Mechanical/Civil patents
have continued to account for the largest share of applications filed in the 1990's.

- In 2000, Alberta, Ontario and Quebec accounted for the largest share of domestic
patents per capita.

- Canada achieved the fastest rate of growth (20% annually over the 1981-1998
period) in the G-7 in external patent applications.

- In 1999, the number of U.S. patents issued to Canadian inventors was more than
twice the number of Canadian patents issued to Canadians. During the same period,
the largest number of U.S. patents of Canadian origin were in the Computer &
Communications field.

- Over the 1994-1998 period, Nortei and Xerox were the top Canadian corporation with
U.S. patents while the National Research Council of Canada was the Canadian
research institution with the most U.S. patents.
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*  Quality of Patents

- Quality of inventions, as measured by the number of citations of a patented
invention, is significantly higher in Canada than other G-7 countries with the
exception of the U.S. A similar pattern is observed in all technology fields,
namely Chemical, Computer & Communications, Mechanical, Electrical &
Electronic except for Drugs & Medicines where Canada has outperformed
even the U.S. in 1999.
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* Innovation counts based on survey results

Manufacturing firms in Canada are largely innovative. More than 80% of firms
introduced a new and/or improved product or process between 1997 and
1999.

- Almost 15% of innovative firms who introduced riew products during the
1997-1999 period reported that new products accounted for more than 25% of
their total sales.

- The growth in the use of advanced technologies has picked up considerably
since 1993. However, technology adoption was more concentrated in the

larger firms.

- Overall, foreign-controlled firms in Canada use more advanced technologies
than domestic-controiled firms.

- Establishments in Beverages, Primary Textiles, Paper & Allied Products,
Primary Metals, and Electrical & Electronic Products industries tend to have
the highest adoption rates of advanced technologies.

- Although Canadian firms benefit from technology adoption, financial factors,
the lack of skill wurkers and the small market are important obstacies to
technology adoption in Canadian establishments.

Industry Canada/Industrie Canada
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Canada's Gross Expenditure on R&D (GERD)
as a Percentage of GDP: 1963-2001

1.9
1.7 l
. R&D investment in Canada hita 15 }
record $20.9 billion in 2001. R&D o |
intensity has risen from less than 2 ™ 1
1% in the early 1960s to 1.9% in = 1
2001. |
0.9
°* In real terms, total R&D 07
expenditures grew at an average 05
rate of 4.5% during the 19905’ a 1963 1970 1975 1980 1985 1990 1995 2001
slightly lower rate than in the 1980s. Camada. senes V1682131 VIB40593 VEABORY | L sieustes
However, over the 2000-2001 period Canada's A Growth Rates for Real
. anada’s Average Gro 1 ~haiwes 10r nea
our R&D spending accelerated, R&D Expenditure: 1963-2001
growing at an impressive rate of (% per year)
7.3% per year. 8.0 73
4.9 4 45

3.8

63-99 1960's 1970's 1980's 1990's 2000-2d01

Source Statist:cs Canada. series V13682131 V3840593 V646937
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Despite Canada’s upward trend in
R&D intensity, as measured by
R&D expenditure as a percentage
of gross domestic product (GDP),
it has remained below the OECD
average and ranked 14th among
the OECD member countries in
1999, suggesting that Canada has
a R&D gap.

Canada experienced the fastest
growth in R&D intensity over the
1981-2000 period among the G-7
countries, but still had the lowest
R&D intensity after Italy.

& Industry Canadafindustrie Canada

% of GDP

Scurce: OECD, Main Sci

. N

Gross Expenditure on R&D (GERD) as a

3.0 Percentage of GDP: 1981-2000*

and Technology  2002-1.
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Average Annual
Growth Rates of
M—’\v,/f GERD**:
(1981-2000)
2.0
Canada: 4.5
u.s.: 4.0
Canada
1.5
1.0
1981 1985 1980 1995 2000
Average Annual Growth of R&D
Intensity: 1981-2000
Japan
Canada R e
Ialy™* ‘ ]
Uu.s. ‘ ]
France ]
Germany*™™*
UK. |
OECD |
<5 1 045 0 05 1 15 2 25
Percent

*Fer most countries except Canada data for 2601 were not available.
**Calculated on a 1935$ basis using purchasing power parities.
*+*1933 for laly.
****Unified Germany from 1531 and western Ge‘ni;?ny until 1620,




* R&D personnel is crucial for innovation and
productivity growth.

* Canada had the strongest growth among the G-7
countries in the numbers of research scientists &
engineers as well as R&D personnel over the
1381-1999 period.

* Nonetheless, research scientists & engineers and
R&D personnel still constitute a smaller part of
Canada's labour force relative to most other G-7
countries.

Changes (%) in R&D Personnel
Between 1981 and 1999

A B
Japan 67.8 41.6
France 87.6 26.3
Germany  104.7 33.7
U.K. 249 -17.6
Canad 1325 79.6
italy 248 38.3
u.s. 63.0 n.a.

Note: A represents changes in scientists & engineers
8 represents changes in total R&D personnel

“Murrher of full-tme equivalent researchers performing RED 1988 farthe U K
1997 for the J S

="Tctal RAD personnel nciydes scentsts engineers technis:ans and other related
perscnnel 1833 fcrthe UK

Sgurce QECO Mam Scence & Technoiogy 'nd cators 200241
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Japan

Japan

il

Germany

France

France
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ﬂ
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Gross Expenditure on R&D (GERD) as a
Percentage of GDP by Province

2.1990 E1999

* Among all provinces, Quebec, Ontario,
and Nova Scotia had the highest R&D
intensity.

Percent

* From 1990 to 1999, Quebec enjoyed the
highest growth rate in R&D intensity,
followed by Ontario and Prince Edward
island. PEi

Average Annual Growth of R&D Intensity by
Province: 1990-1999

Alta Canada
Sask BC

Nfid

Percent
Industry Canada/lndustrie Canada Scurce Statisics Canada. Saience Statisics 2001 MEPA/ APME / 15




° Ontario and Quebec have by far the
largest shares of industrial R&D
personnel in their labour forces.

* However, the share of industrial R&D
personnel has risen in every
province.

Industrial R&D Personnel*
(per 1,000 labour force)

221989 BE1999

o 1 2 3 4 5 6 7 8

“Full-itme equivalent of persons who work on R&D projects

“*Source: Estimate of Research and Development Personnel in Canada.
1979 to 1999, Statistics Canada

Source’ Industrial Research and Development - 2001 intentions & Labour
Force Survey, Statistics Canada
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Total R&D
Personnel:
1998**

1,130
230
2,080
1,530
41,850
65,130
3.210
2,740
10,050
11,590

138,570




Canada's Concentration of R&D
Expenditures by Firm Size*: 1999

Medium
18.2%

Smali
15.1%

¢ Roughly two-thirds of R&D expenditure
in Canada is performed by large firms.

« However, small firms devote a much Large
greater share of their revenues to R&D 66.7%
than large firms.

Canada's R&D Expenditures as a Share
of Revenues by Firm Size: 1999

Note: Firm size can be defined in several
ways. However, the most commonly applied
proxies of firm size are: sales and the % revenues
number of employees.

(=]
-
N
w
£=S
[3,]
(«)]

*Firm size. small 1-89 emplnyees. medium 100-493 employees and large more than
499 employees
Source Statistics Canada; Industrial Research and Development - 2001 Intentions

E* B8 /ndustry Canada/Industrie Canada WEPA/ APME / 17




Canada's Real Gross Domestic Expenditure
on R&D (GERD) by performing sectors:
$ billions 1981-2001*

Average Annual
Growth Rates:
(1981-2001)

15

Total**

Total: 5.0
Industry: 5.8

* Industries account for more than 40 University: 6.1

industry

half of all R&D spending in Industry Government: 0.7
Canada.
5 University
« Government spending on R&D /__/
(in real terms) has been flat over — . l
the past two decades and its Government |
share in R&D spending has 1981 1985 1990 1995 2001 |
continuously declined. Canada's Share of Total R&D by Sector in 2001*** {
|

University
33.0%
* Calculated on a 19358 basis using purchasing power parities.
“*Total also includes the private non-profit sector.

““*Private non-profit sector distributed across sectors.
Source: OECD, Main Science and Technology Indicators, 2002-1. MEPA/ APME / 18
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ndustrial R&D intensity gap -

Industry's Share of Gross Expenditure
on R&D (GERD): 1981-2000

80

. . /—/_—V\U-S/" Average Growth
* Spending on R&D by Canadian 70 OECD of BERD:

industries has been lower than the P (1981-2000)

OECD average through the 1980s % Canada: 5.8
.S.: 4,
« However, the gap has narrowed 50
substantially over time, and
Canada, after Japan, experienced
the high i t 40
hig es} increase among he 1981 1985 1990 1995 2000
G-7 countries in its share of gross ch  Share in the Indust
H ange in are in tne Inausuy
o
faxpendlture n R&D by the Sector: 19812000
industry sector. 15
v
. . S 10
* Industries expenditure on R&D B
. ‘ > _
increased by 5.8% per yearduring & |§ . - w B B
the 1981-2000 period compared to 5 l
4.3% in the U.S. 5 °
-10
S DYFE SP
&~ Q*§(,é&’b WIS TR
*1999 for Htaly.
i & 5 Source: OECD, Main Science and Technology Indicators 2002-1.

} Industry Canada/industrie Canada MEPA/ APME / 19




» The industry sector R&D intensity
has been rising over time,
reflecting strong growth in R&D
expenditure.

* Still, in 2000, the U.S. industrial
R&D intensity was nearly double
that of Canada.

R&D Intensity Across Performing Sectors by
Country: 1981 and 2000

1981
Canada u.s. OECD
industry 0.60 1.67 1.29
Government 0.30 0.29 0.30
Higher-Ed. 0.33 0.31 0.31
Other 0.01 0.07 0.05
2000
Canada u.s. OECD
fndustry 1.04 2.04 1.56
Government 0.21 0.20 0.23
Higher-Ed. 0.57 0.37 0.38
Other 0.02 0.09 0.07

Source: OECD. Main Science and Technology Indicators, 2002-1.
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Canada's R&D Intensity by Performing Sector

Ea1981 EE2001

Industry

Higher-Education

Government §

60 02 04 06 08 1.0 1.2
Percent

R&D Intensity, Canada vs. U.S.: 2000

EiCanada EU.S.

Industry

Higher-Education

Government g

00 05 10 15 20 25
Percent
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» Government's share of total R&D
spending has declined in most
industrial countries since 1981.

* In Canada, government R&D
expenditure grew by 0.7% per
year over the past two decades.
Nonetheless, its share in total
R&D spending dropped from 24%
in 1981 to 11% in 2009. This is
the steepest drop among the G-7
cotintries.

B Industrv Canada/industrie Canada

Percent

Government's Share of Gross Expenditure
on R&D (GERD): 1981-2000

30

Canada

Average Growth
of Government
R&D: (1981-2000)

20
Canada: 0.7
u.s.: 1.3
\\“.m“‘-
10 us.
0
1981 1985 1990 1995 2000

Change in Share in GERD in the
Government Sector: 1981-2000*

Percentage Points
&

-14
b’b o@
L&
W X 0@"

N

3 o &
o K o
S O & £

*1999 for italy and 1995 for Japan.
Source: OECD, Main Science and Technology Indicators 2002-1.
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¥tor and remains - -

Higher-Education's Share of Gross Expenditure on

N R&D (GERD): 1981-2000

%0 Canada
Average Growth of

. Higher-Education
 The share of total R&D spending R&D: (1981-2000)

by the Higher-Education sector in 25

§ Canada: 5.7
Canada is significantly above the o u.s. 4.2
OECD average. 8.
OECD
- ApprOXimater' one-third of tI'_Ie . \/"""’/\TJ?
gross expenditure on R&D is \_/——/\-\
concentrated in this sector.
10
B . R 1981 1985 1990 1995 2000
* The ngher-Educat-lon_ sector s Change in Share in GERD in the
_Share of R&D Spend_mg In Canada'l Higher-Education Sector: 1981-2030*
increased from 27% in 1981 to 31% a 15
: £
in 2000. S 10
o 5
L m_ _BN_ .
& -5
P O DYEE &P
P A R
¢
*1999 for Italy and 1.995 Iior Japan. )
Source: OECD, Main Science and Technology Indicators 2002-1. MEPA/ APME / 22
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Canada's R&D Intensity and Growth of

. Over the 1995-2001 period, Gross R&D Expenditures by Industry*

Canadian High-Tech Anual Growth of G
. . . nnua o [s] ross
industries experienced the R&D Expenditures _ Intensity
highest growth in R&D 1995-2001 1999
spending. While Medium-Low High-Tech 10.8 8.8

- H H Medium-High-Tech 2.9 0.7
and Low-Tech mdu.stnes Modium L oo Toch 06 !
decreased R&D spending. Low-Tech 1.2 0.4

» The High-Tech sector is also
characterized by the highest *High-Tech includes: Business Machines, Pharmaceuticals, Telecommunication,

. . . Electronic Parts & Other Electronic Products, and Aircraft.
R&D intensity, as defined by

the ratio of R&D expenditures Medium-High-Tech includes: Scientific & Professional Products, Electrical
to revenues. Products, 'Motor Vehicles & Other Transportation Eguipment, Chemical Products,
and Machinery.

Medium-Low-Tech includes: Rubber Products, Plastic Products, Primary Metals
(ferrous and non-ferrous), Refined Petroleum & Coal Products, Fabricated Metals,
and Other Manufacturing.

Low-Tech includes: Food, Beverages & Tobacco, Textiles, Wood, Furniture &
Fixture, Paper, Non-Metallic Mineral Products, and Printing & Publishing.

Source: OECD, Revision of the High-Technology Sector and Product
Classification, 1997

Source: Statistics Canada, Industrial Research & Development, 2001 Intentions.
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Canada's Relative Share of R&D Spending by industry Sector: 2001

One-fifth of Canada's
business expenditure on R&D
(BERD) is concentrated in the
Telecommunication industry.

Aircraft & Parts and
Engineering & Scientific
Services industries, each
contribute to about one-tenth
of Canada’s BERD.

Industry Canada/lndustrie Canada

Agriculture

Metal Mines

Oil & Gas

Food

Beverage

Rubber Production
Plastic Production
Textiles

Wood

Furniture & Fixtures
Paper

Printing & Publishing
Primary Metals (ferrous)
Primary Metals (non-ferrous)
Fabricated Metal Products
Machinery

Aircraft & Parts

Motor Vehicles, Parts & Other B

Telecommunication
Electronic Parts & Componenis
Other Electronic Products

Business Machines B

Pharmaceuticals
Scientific & Professional Products
Construction

Wholesale Trade
Finance

Computer Services
Engineering & Scientific
Management

Mineral & Coal Products
Transport
Communication

o Ry T <~ Py ™ =3 Im
BE--B "%
B

B 226

Other S

MEPA/ APME / 24




Canada’s Growth in Gross R&D Spending:

1995-2001
EBEAverage yearly growth rate
Agriculture 04
* R&D gross spending e s
growth was fastest in Food
the Electronic Parts & Rubber overde
Componenis industry, Plastic P;odufts
. extiles
with annual growth of Wood
2 4 % d ur ' n g t h e Furniture & Fixtures
. Paper
1995-2001 period. Printing & Publishing

Priman Metals (ferrous)
Primary Metals (non-ferrous)

e Durin g the same Fabricated Metal Products
. . Machinery
pEI'IOd R&D in the Aircraft & Parts

Teiecommunication Motor Vehicies, Parts & Other

Telecommunication

industry grew by 11%  Etectronic Parts & Components
annuasza 11 y This Other Electronic Products

Business Machines

in dust ry had t he Pharmaceuticals
. . . Scientific & Professional Products
highest R&D intensity Construction
level at 19% in 1998. Wholesale Trade
Finance

Computer Services

Engineering & Scientific

Management

*Intensity is defined as the share of Mineral & Coal Products
R&D expenditures relative to Transport
revenues. Communication
Other

Total

Industry Canada/Industrie Canada Source: Statistics Canada, Industrial Research & Development, 2001 Intentions.
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R&D
Intensity*
(1999)

4.4
0.5
0.7
0.5
0.2
0.6
1.0
1.7
0.4
0.9
0.3
2.5
0.2
1.3
1.8
3.0
9.6
0.2
19.1

fa 24.2 8.7

8.1
2.8
6.9
3.9
1.2
1.9
0.3
15.4
15.2
11.0
0.2
0.2
04
n.a.
1.9




Share of Goods Producing Industries in
BERD: 1981-1999

e The goods producing sector 100
accounts for roughly two-thirds
of business expenditure on R&D 90 U.s. - '
verage Annua
(BERD) \ Growi?\ Rates of
: BERD in Goods
80 Producing

« Between 1981 and 1999, R&D
expenditures by Canadian goods

industries:
(1981-1999)

Percent

producing industries grew at a & Canada Canada: 4.3
rate of 4.3% per year, but its us.: 23
share of BERD declined by 20 60
percentage points.

59981 1985 1320 1595 1993

Share and Changes in Share of BERD in

Selected Industries: 1981, 1999 .
elected Industries: 1981, 19 Change in Share of Goods Producing

Share in percent Difference industries in BERD: 1981-1999*
1981 1999

Canada U.S. Canada U.S. Canada U.S.

w
Goods 908 6.3 708 68.8  -200 -27.5 &%
Pharma. 2.4 4.0 6.4 6.7 4.0 2.7 °
Comp. & Off. 4.0 8.5 4.8 5.1 08 3.4 2
Aerospace 121 234 116 7.9 0.5 -15.2 g
Electro./Electri. 18.0 13.7 27.1 9.7 9.1 -3.5 g

a

“1986-1999 for the UK
Source. OECD, Main Science and Technology Indicators, 2002-1.
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R&D in Pharmaceutical
industries in Canada increased
12% per year over the
1981-1999 period, outpacing
growth in all other sectors.

As a result, the share of the
Canadian Pharmaceutical
industries' R&D expenditure as
a percentage of BERD rose
from 2.4% in 1981 to 6.4% in
1999.

Average Annual Growth Rates of BERD
by Industry: 1981-1999

Canada U.S.
Pharmaceutical 1.7 7.2
Computer & Office Equip. 6.9 1.3
Aerospace 5.5 -1.8

Electronic/Electrical 8.2 2.4

Percent

10

0

1981

Percentage Points

u.sS.

Share of Pharmaceutical
Industries in BERD: 1881-1999

Canada

1985 1980 1995

Change in Share of Pharmaceutical
Industries in BERD: 1981-1999

{-Average Anaual
Growth Rates of
BERD in
Pharmaceutical
Industries:
(1981-1999)

‘ Canada: 11.7
u.s.: 7.2




og@ 11 v“é'c:fncaf *m'q

S

g vt lyém_.::;

}\'

Share of ElectncallElectromc Industr;es in

BERD: 1981-1999

25
Canada Average Annual
20 Growth Rates of
BERDIn
ElectricaliElectronic

» The ElectroniciElectrical Industries:
sector accounts for about v _ 7\ (1981-1999)

one-third of BERD in Canada. \/\ Canada: 82
1 u.s: 24

Percent

* During the 1981-1999 period, 5 u.s.
R&D expenditures in this
sector grew at a rate of 8.2%

per year in Canada compared emn 1985 1920 1395 1993
to 2.4% annually in the U.S. Change in Share of Electrical/Electronic
Industries in BERD: 1981-1999
« Over the same period, the 2
share of BERD in these K
industries rose by 9 >
percentage points in Canada. ‘§‘
o
o

Source: OECD, Main Science and Technology Indicators, 2052-1.
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Aerospace industries' R&D
expenditure rose by an average
yearly rate of 5.5% in Canada over
the 1981-1999 period, while it
declined in the U.S.

Over the same period, the
Aerospace sector's share of total
BERD has declined in most of the
G-7 countries, with the exception of
Germany and Italy which
experienced a very small incrcase.

Between 1981 and 1999, the largest
decline in the Aerospace industry's
share of industrial R&D occurred in
the U.S. (15 percentage points).
Over the same period, Canada
suffered a small decline of half a
percentage point.

Percent

BERD: 1981-1999

25
Average Annual
Growth Rates of
20 us. BERD in
Aerospace
industries:
15 {1981-1998)
Canada
Canada: 5.8
10 us. -1.8
5
0
1981 1985 1980 1995 1999
Change in Share in Aerospace
Industries in BERD: 1981-1999
w 4
E ]
e 4
o
g -8
o -12
2
e -16
-20
g 4 3 N . )
P & L@ \)\-& )
oS & &
<o < e
©)
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* R&D spending in the Computer
and Office Equipment sector in
Canada increased by 6.9% per
year from 1981 to 1999,
compared to 1.3% in the U.S.

* Over the same period, the

sector’'s share of BERD rose by
0.8 percentage point.

Industry Canada/lndustrie Canada

Percent

Share of Computer and Office Equipment
Industries in BERD: 1981-1999

Average Annual
Growth Rates of
BERD in
Computer and
Office Equipment
Industries:
(1981-1999)

Canada: 6.9
us.: 13

10 U.S.
8
Canada

6 m

4

2

0

1981 1985 1990 1995 1999

Change in Share of the Computer and Office

Equipment Industries in BERD: 1981-1999

Percentage Points
N
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* The private sector share of R&D
financing in Canada has been
rising, but it remains considerably
beiow that of the U.S. and of the
OECD average.

* Over the 1981-2000 period,
business R&D financing in Canada
and the U.S. grew at an average
yearly rate of 5% and 6%
respectively.

Share of GERD by Sources of Funds and by

Country: 1981 and 2000

Percent

70

60

50

40

30
1981

1981

Canada u.s.~ OECD
Industry 40.8 49.4 511
Government 50.6 47.8 44.4
Foreign 38 - -
Other 4.8 238 29

2000

Canada us. OECD
Industry 426 68.2 63.9
Government 31.8 273 28.9
Foreign 16.8 - -
Other 9.8 4.4 4.5

B Industry Canada/industrie Canada

Share of R&D Financed by the

ector is trending up

Industry Sector: 1981-2000

OECD

uU.s.

Average Annual
Growth Rates of R&D
Financing by
Industries:
{1981-2000)

Canada: 5.1
u.s.: 5.8

Canada

1985

1990 1985 2000

Change in Share of R&D Financed by the

20
15
10

-5
-10

Percentage Points
om

Industry Sector: 1981-2000*

*Data for the foreign sector not isclaited.
**1995 for Japan, 1936 for italy, and 1999 for France.
Source: OECD, Main Science and Technology Indicators, 2002-1.
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Share of GERD Financed by Foreigners: 1981-2000

15
Canada
£ 10 Average Annual
8 France* Growth Rates of R&D
. . . by Financing by
* Foreign financing of R&D grew a Foreigners:

by 13% per year over the (1981-2000)

1981-2000 period, raising the s
share of Canada‘'s R&D funded Germany

by foreign sources from 4% in T~ |
|
|

Canada: 13.3

1981 to 16% in 2000. ¢

1981 1985 1990 1985 2000

e Over the 1981-2000 period,
financing of R&D by foreign Change in the Share of GERD Financed by
sources grew at a faster pace in Foreigners: 1981-2000"*

0]

2 14
Canada than other G-7 £ 12
. o 10
countries. o g
s 6
c 4

S 2 0

g 0 —

o

ngo

)

*1999 for France.
] **1995 for Japan, 1995 for ltaly, and 1999 for France; data for the U.S. were not available.
S Industry Canada/industrie Canada Source: OECD, Main Science and Technolegy Indicators, 2002-1. MEPA/ APM
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e Government financing of R&D in

Canada grew by 3% per vear on
average during the 1981-2000
period.

Given faster growth in other
sectors, the share of R&D
funding by Canada's government
sector fell from 51% in 1981 to
32% in 20060.

In the early 1980s, the
government share of R&D
funding was higher in Canada
than the OECD average. But
Canada’s share is now close to
the GECD average.

- Over the 1981-2000 period, all
OECD countries except ltaly
experienced a declining trend
in the government's share of
financing of R&D.

Industry Canada/Industrie Canada

Share of R&D Financed by the Government
55 Sector: 1981-2000

N

u.s.
Average Annual
45 Growth Rates of R&D
Financing by the
b Government:
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*1995 for Japan, 1996 for ltaly, and 1999 for France.
Source: OECD, Main Science and Technology Indicators, 2002-1. MEPA/ APME /33
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* In recent years Canada has experienced an
increase in inventive activity, as measured
by patenting activity.

Non-residents accounted for 94% of all

Canadian patent applications in 1998.

The U.S. accounts for the largest share of
non-resident patent applications in Canada.
However, the U.S. share of Canadian patent

applications is declining.

Share of Patent Applications in Canada Filed by
Country of Residence

Country 1978 1997 Difference
Canada 7.6 6.3 -1.3
u.s. 59.6 49.9 9.7
Other OECD 38.3 45.6 7.3
Other Countries 2.4 4.5 2.4

Note: Domestic or resident patent applications are
applications that are filed by residents of the country.
Non-resident or foreign applications in the country are
applications that are made by foreigners.

;i : Industry Canada/Industrie Canada

Thousands

Percent

Source: OECD

Invent:veActlvnty in Canad b pes o atent
Applications: 1981-1998
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60 Non-Resident
50
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10 ~ Resident
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Share of Non-Resident Patent Applications
7o Filed in Canada by Country: 1978-1997
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w0 — 7 Other OECD
30
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Other countries
e ——

0
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nt a substantial.innovation gap vis-a-vis its -

(s

* Patenting activities in most industrial
countries are growing faster than ever
before.

Canada's filing of domestic patent
applications per capita is the lowest
ameng the G-7 countries, suggestive of
an innovation gap relative to the other
G-7 cointries.

Note: The number of resident patent applications per
10,000 population is a proxy for the "inventiveness”
of the country.

Resident Patent Applications per 10,000
Population

12 30
Japan

10 25
The right-hand scale
y is for Japan
8 20
6 Germany 45
—\’_——/’ U'K‘
France
2 5
Canada
0 0
1981 1985 1990 1995 1998

Source: OECD.
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By major field, Mechanical/Civil patents
accounted for the ilargest share of
applications filed in Canada.

However, the annual growth rate of patent
applications in this field was relatively low
compared to other fields.

Patent applications in Biotechnology and
Computer-Related fields have increased at a
faster pace than other fields in the
1990-2000 period.

As a result, the share of Biotechnology
patents increased from 4.7% of the total in
1990 to 9.6% in 2000. Computer-Related
patents accounted for 19.2% of the total in
2000, up from 13.4% in 1990.

Share of Patent Applications by
Technology Fields*

Biotechnology *
B1990
32000

Computer-Related "
Electrical/Physics :

Mechanical/Civil

Organic Chemistry
Other Chemistry

Miscellaneous _‘
0 5 10 15 20 25 30
Percent

Annual Growth in Patenting Activity by
Technological Field: 1990-2000

Biotechnology 12.3
Computer-Related
Electrical/Physics

Mechanical/Civil

Ems

Organic Chemistry -0.2I

Other Chemistry

Miscellaneous

"Includes both domestic and foreign applications.
Source: CIPO. MEPA/ APME / 37




* Large entities accounted for just over
three-quarters of ail patent
applications in 2000.

 However, the growth of patent
applications has been faster for
smaller entities across all major fields.

Canadian Intellectual Property Office (CIPO) defines
"Small Entity"” in respect of an invention as an entity that
employs 50 or fewer employees or that is a university.
(http:/istrategis.ic.gc.ca/sc_mrksvi/cipo/help/glos-e.html)

Industry Canada/industrie Canada

S

Growth in Patenting Activity: Large
vs. Small Entities: 1990-2000*

Total §&
Large Entity

Small Entity

Percent

Growth in Patenting Activity by Entity Size
and Technology Fields: 1990-2000*

Biotechnoiogy
Computer-Related

Electrical/Physics

. 8 Small Entity
Mechanical/Civil F @ L arge Entity

Miscellaneous

Organic Chemistry

Other Chemistry

-5 0 5 10 15 20 25 30
Percent

“‘Includes both domestic and foreign applications.
Source: CIPO.
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* Canadian provinces differ significantly
in patenting activities.

e In 2000, Alberta accounted for the
largest amount of domestic patents per
capita, foilowed by Ontario and
Quebec.

¢ Overall, patents issued to Canadian
provinces declined beiween 1990 and
2000.

Patents Issued per 100,000 Population by
Canadian Province*

B2 1990 ®WE2000

N W A OO

o ekl
Nfid NB Ont Sask BC

NS Que Man Alta Cdn

*Data for Prince Edward Island not available.
Source: CIPO.
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 The composition of patent applications by Canadians
has shifted dramatically.

External patent applications by Canadian inventors
have grown at a much faster rate than domestic
applications. Over the 1981-1998 period, external
appiications increased at a rate of 20% per year,
compared to 4% domestically.

The share of Canada's external patent applications in
the U.S. has declined sharpiy since 1978. Other OECD
countries (all OECD excluding the U.S.) also

Thousands

Patenting Activity by Canadians by Types of

Patent Applications: 1981-1998

External

100

80

€0

________/_/ Domestic

1981 1485 1959 1993 1998
1983 1987 1991 1995

experienced a steady decline in share, while gnhape of Canada's External Patent Applications by

non-OECD countries experienced an increase.

Foreign Country's Share of Total Patent
Applications Filed by Canadians Abroad: 1978
and 1997 (in percent)

Country 1978 1897 Difference
u.s. 484 5.5 -42.9
Other CECD 44.7 30.7 -14
Other Countries 6.9 63.8 56.9

88 Industry Canada/industrie Canada

e "y T o B Y

Percent

Destination Country: 1978-1997
70

Other countries

60

50

40

30

20

10

0
1978 1983 1687 1201 1995
1981 1985 1389 1993 1997
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Comparison of Trends for U.S. and Canadian
Patents Granted to Canadian Resident
Inventors: 1970-1999

3500
* U.S. patents granted to Canadians are 3000
rising at a much faster rate than
domestic patents.
2500
) — Canadian Patents Granted
 This suggests that U.S. patent data £ US Patents Granted
provide a more credible window into ;% 2000
Canadian innovation performance than 3
Canadian patent data. é’ 1500
z
e Between 1990 and 1999, the number of
1000

U.S. patents issued to Canadian
inventors increased by 74% to 3,226.
The number of Canadian patents issued 500
to Canadian inventors over the same
period increased by 26% to 1,389.

0
1970 1975 1979 1983 1987 1991 1995 1939

Source: USPTO and CIPO.
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° Canada's share of both applications and
grants of U.S. patents of foreign origin has
declined since 1970 despite a slight
upward trend in the late 1980s.

°* In 1999, Canadian inventors obtained
about 4.6% of all U.S. patents issued to
foreigners, and accounted for about 5.1%
of all applications made by foreigners for
U.S. patents.

i & ! Industry Canada/lndustrie Can=da

Percent

Canada's Share of U.S. Patents

7
6
Applications
5
4 Grants

3
1970 1975 1979 1983 1987 1991 1995 1999

Source: USPTO.
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* Foreign patenting in the U.S. is highly
concentrated by country of origin. In 2000,
two countries -- Japan and Germany --
accounted for over 57% of U.S. patents
granted to foreign inventors.

= Canada’s share was 4.7% in 2000, a slight
increase of 0.4% between 1990 and 2000.

« The lower share of European patenting in the
U.S. may be attributable to the common
European market, which has encouraged
wider patenting within Europe.

Change in Foreign Inventor Share of
U.S. Patents (in percentage points)

Country 1980-1990 1990-2000
Japan 16.3 -2.2
Others 4.7 8.8
Germany -5.9 -3.6
UK. -3.3 -1.4
France -1.9 -1.4
Canada -0.1 04
ltaly 04 -0.6

Industry Canada/Industrie Canada

Percent

Share of U.S. Patents Granted to Foreign
Inventors, by Nationality of Inventors

50

Source: USPTO.
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* In the U.S., Canadian inventors are increasingly patenting
in cutting-edge technologies that are expected to play an
important role in future economic growth.

° Over the 1980-1999 period, the largest number of U.S.
patents of Canadian origin were awarded to Computers &
Communications technology. Over the same period, the
traditionally strong Mechanical field lost ground.

* Over the last two decades, the largest increases in the
share of U.S. patents of Canadian origin occurred in the
Computers & Communications field, fellowed by Drugs &
Medicines (albeit from a low base).

Change in Share of U.S. Patents in
Selected Technology Fields

Computers &
Communications

Mechanical B 1980-1990

@8 1990-1999
Chemical
Electrical &
Electronic
Drugs &
Medicines

-4 -2 0 2 4 6
- Percentage points
B Indus

try Canada/Industrie Canada

T -

Share of U.S. Patents by Canadian
Inventors in Selected Technology Fields

E®1980 M®@1990 31999
20

15

10

Percent

Source USPTO
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Share of U.S. Patents by Country and
Technology Field - 1999
» Though Canada is strong in

Computers & Communications 40

technologies, our patenting activity e
in this field is still below all G-7 30 DGermany
countries except Germany and ltaly. Dlitaly
% WWJapan
« Japan and the U.S,, in particular, 8 20 —
. . pe . < . O .
have significantly increased their o
shares of all U.S. patents in
Computers & Communications over 10
the 1990s.
0 g g b
Drugs & Computers & Electrical & Chemicai Mechanical
Medicines Communications Electronic
Source: USPTO
Changes in Share of U.3. Patents in Selected Technology Field by Country:
1990-1999 (percentage points)
Canada France Gemany ltaly Japan UK U.S.
Drugs & Medicines 3.9 26 1.1 1.5 0.3 36 25
Computers & Communications 6.8 26 33 51 115 74 11.1
Electrical & Electronic 0.3 0.6 0.7 09 0.0 -1.3 04
Chemical 28 29 -2.6 -14 -3.1 1.5 -1.5
Mechanical -2.0 4.4 0.7 0.8 1.7 -3.2 -24
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+ Citation per patent, a measure of the
quality of inventions, is significantly
higher in Canada than other G-7 countries
with the exception of the U.S.

« Canada has a "quality gap” in patents, as
measured by the "citation gap"”, relative
to the U.S., though it leads all other
countries in the number of citations per
patent granted.

* in 1995, Canadian patents were "better”
than Japanese patents by about 163%™*.
In that same year, U.S. patents were
about 127% "better” than Canadian
patents.

10

An often-used quality indicator is the number of times a
patent document is cited in other patent documents. Given
the importance of the U.S. in the global market place, U.S.
patent data offer a credible comparison of a country’s
performance with that of other nations.

Citations per U.S. Patents Granted to
G-7 Countries, 1995*

15

u.s. U.K. Germany France
Canada Italy Japan

Source: USPTQ.

*The calculation is based on the number of citations, cumulated over five years, to patents issued in 1995.
**|f the average number of citations per patent of country A is Ca and that of country B is Cb, then the country A patents are

(CalCb) x 100 percent betier than country B patents.
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* U.S. patents awarded to foreigners
are generally cited less frequently
than those awarded to U.S.
inventors.

e As measured by citations, the
"quality gap" between U.S. patents
and all others is increasing over
time. However, this "disadvantage"

Disadvantage in Citations Received (%)
)
o

-40
has increased at a slower pace for 1980
i h or
Canac{uan patents than for other 50 1990
countries. £11999
Disa f G-7 Patents Relative to U.S 00
isadvantage of G-/ Pa e? s Relative to U.S. & é‘* & & & Q@Q
Patents (%) & . <& @ S R X
S : USPTO.
Country 1980 1990 1999 onree
Canada 90 -7.8 222 Data on patent citations can be used to assess the "quality” of
_ Canadian patents. The extent to which Canadian patents received
Germany -21.3 "49‘7 54.2 lower citation rates than U.S. patents determines the disadvantage
France -20.9 -38.8 -53.0 of Canadian patents relative to U.S. patents. Thus the
UK -18.5 2904 -40.7 "disadvantage™ of Canadian patents vis-a-vis U.S. patents is
T ' ' defined as the ratio of the number of citations per U.S. patent of
lta!y -23.7 -39.1 -52.2 Canadian origin to the number of citations per U.S. patents of U.S.
Japan -21.6 405 -54 0 origin minus one expressed in percentage terms (e.g., Trajtenberg,
M (2000). “Is Canada Missing the "Technology Boat"? Evidence
From Patent Data, Discussion Paper Number 9, industry Canada.

Industry Canada/industrie Canada
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U.S. patents awarded to U.S. residents
are more frequently cited than patents
from other countries across all
technolegies.

Over time, the "quality” gap for Canada
relative to the U.S. in all technologies
increased in all fields except for the
Drugs & Medicine and the Electrical &
Electronic fields.

Canada's quality gap vis-a-vis the U.S.
has narrowed during the 1990s in the
Drugs & Medicines and Electrical &
Electronic fields.

For other countries, the "quality” gap
relative to the U.S. has widened over
time across all technologies.

Industry Canada/industrie Canada

S~

The Quality of Patents in Cutting-Edge Technologies
Relative to the U.S. by Country
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The Quality of Patents in Cutting-Edge The Quality of Patents in Cutting-Edge

Technologies Relative to the U.S. by Country Technologies Relative to the U.S. by Country
Drugs & Medicines Electrical & Electronic
ff EE1980 E&1990 51999 BE1980 EE1990 311999

Disadvantage in Citations Received (%)

Disadvantage in Citations Received (%)

Source: USPTO.
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Over the 1994-1998 period, 65% of
Canadian-invented U.S. patents were issued
to corporations with the rest issued to
individual inventors. Just over one-third of
all Canadian corporations with U.S. patents
were issued at least 5 U.S. patents.

Among those Canadian enterprises who
were issued at least 5 U.S. patents over the
1994-1998 period, 10 corporations enjoyed
the lion’s share of the paten.  These are
large firms, typically in the high technology
sector, with revenue ranging from $30 million
to $26 billion in 1998.

Canadian research institutions also seek to
commercialize their research results through
the protection of intellectual property.

Of these institutions, the National Research
Council was the largest recipient of U.S.
patents.

v_ Industry Canada/Industrie Canada

U.S. Patents Issued to Top-10 Canadian
Corporations: 1994-1998

NORTEL
XEROX )&
IBM
MERCK FROSST
MITEL
HYDRO-QUEBEC
ALCAN
L 48
ALILELIX BIOPHARMACEUTICALS m 44

HUSKY INJECTION MOLDING

JDS FITEL

U.S. Patents Issued to Top-9 Canadian Research
Institutions: 1994-1998

NATIONAL RESEARCH COUNCIL OF CANADA
ALBERTA RESEARCH COUNCIL
PULP AND PAPER RESEARCH INSTITUTE OF CANADA

MOUNT SINAI HOSP{TAL CORPORATION

CANADIAN SPACE AGENCY [

ONTARIO CANCER INSTITUTE B 11

ALBERTA OIL SANDS TECHNOLOGY & RESEARCH AUTHORITY E 10
TELECOMMUNICATIONS RESEARCH LABORATORIES |

INSTITUT NATIONAL D'UPTIQUE E 9

1

Source: USPTO MEPA/ APME /5
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e Manufacturing firms in Canada are Innovation by Firms: 1997-1999

largely innovative. More than 80% of  pycess innovators
firms introduced a new and/or improved

product or process between 1997 and

1999.

Product Innovators

* 68% of manufacturing firms were

product innovators in the 1997-1999
period. Innovative Firms

- Moreover, from 1997 to 1999,

Innovation rate (% of firms that innovate)

43% of innovative
manufacturers introduced six or
more new or improved Distribution of the Introduction of New or
products. Improved Products by Product innovators:
1997-1999
e Over the same period, 66% of 3-5 products 1-2 products
manufacturing firms were process 33.8% 22.9%
innovators.

Note: The Oslo Manual (OECD/Eurostat, 1997) identifies two types of innovation
to investigate a country's innovation in the manufacturing sector - product and
process innovation. In the case of product innovation, the product must be
introduced to the market. A process innovation must have been used within the
production process. An innovative firm is one that has implemented a new or
significantly improved product or process during the period under review. 6-10 products
18.8%

>50 products
7.8%

21-50 products
6.8%

11-20 products
9.9%

Source: Survey of Innovation: 1999, Statistics Canada.
MEPA/ APME / 53
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« 12% of innovations were "world-first" R O
during the 1997-1999 period. |

» Substantiai differences in the degree Canada-first
of innovation exist between product
and process innovators.

innovation rate (% of firms that innovate)

- Product innovators .
introduced both "world-first" Innovation by Types of Innovators: 1997-1999 |

and "Canada-first”
innovations at a higher rate

Product Innovators World-first [[EER 15.2

. Canada-first n R 33.0 f
than process innovators. @
First for the firm | ~179.3 |
Process Innovators Worid-first 4.3
Canada-first 14.0
First for the firm | 175.4
Note: If the most important new or
significantly improved product or process Product and World-first il 12.9
(innovation) is a "world-first", it is also first Process Innovators [P —
in Canada and a first for the firm. If the most Canada-first 2361
important innovation is not a “world-first"”, First for the firm | 185.9
but still a first in Canada, then it is also a
first for the firm. Innovation rate (% of firms that innovate)

Source: Survey of Innovation: 1999, Statistics Canada.
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* fiore innovative firms can be expected to have higher proportion of total sales due to
new and improved products.

 Almost 15% of innovative firms who introduced new products during the 1997-1999
period reported that new products accounted for more than 25% of their total sales.
Only 5% of firms reported that new products contributed more than half of their total

sales.

e The proportion of sales arising from new products differs significantly across
industries. For example, in 3 out of 10 firms in the Semiconductor and Electronic
sector, revenues from new products account for more than one-quarter of their total
sales. This is double the figure for the manufacturing sector as a whole.

Percentage of Firms by Share of Sales

Percentage of Firms by Share of Sales Attributable to New Products in the
Attributable to New Products Semiconductor and Electronic Sector
1to 5% Tiienet 8 30.9 1to 5%
S 6to15% V §34.4 2
5 0 15% 34 2 6to15%
it BRI v
o 161t025% [ ° 161025%
o @
£ 2610 50% £ 26t050% §
wn (72}
51 to 100% 51 to 100%
Percentage of Firms Percentage of Firms

Industry Canada/industrie Canada Source: Statistics Canada, Survey of Innovation, 1998. MEPAJ APME | 55




 Innovation can be hindered by many factors, such as the inability to devote staff to projects on
an on-going basis because of production requirements, high cost of development, lack of skilled
labour, and lack of financing.

+ The inability to devote staff to projects is cited as the most important barrier to innovation by
Canadian manufacturing firms.

* In the 1997-1999 period, 56% of the firms ciaimed that the largest impediment to innovation was
the "inability to devote staff to projects”.

Impediments to Innovation: 1997-1999

Inability to devote staff to projects

High cost of development :

Lack of skilled fabour [l

Lack of financing

Lack of customer responsiveness to new products z
Organizational rigidities of the firm g

Lack of marketing capability

0 10 20 30 40 50 60
Percentage of Firms

Source: Statistics Canada, innovation in Canadian Manufacturing: National Estimates.

€& Industry Canada/industrie Canada
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Technological advancement is essential for the economic growth of both
firms and nations. It is aiso a key factor in determining the ‘competitiveness’
of a firm. With increasing global markets, firms are expected to produce
‘high-quality’, customized goods quickly and at a reasonable cost. To do so,
they must rely on the use of advanced manufacturing technologies.

"Firms that have better routines -- production technolcgies, procedures for
choosing alternative mixes of inputs and outputs, pricing rules,
investment-project screening rules, mechanisms for allocating the attention
of management and the operations research staff, R&D policies, etc. -- will
tend to prosper and to grow relative to those firms whose capabilities and
behavior are less-suited in the current situation.”

Nelson, R., "Evolutionary Modelling of Economic Change”
in J.E. Stiglitz and G. F. Mathewson (eds.)

New Developments in the Analysis of Market Structure
The MIT Press, 1986, p. 453
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Increasing global competition is forcing
Canadian firms to significantly increase
their rate of technology adoption.

in 1998, three-quarters of
manufacturing establishments adopted
at least one advanced technology. This
compares to about one-half in 1993, and
about one-third in 1989 (see the Annex
for a list of the 26 advanced
technologies).

- These gains in technology use have
occurred in all four functional areas.

Growth in the use of advanced
technologies -- particularly
communications technologies -- has
picked up considerably since 1993.

Processing, Fabrication & Assembly . ;

Network Communications .

Integration & Control

At least one technology

221989

31993

1998
Fin o ]

10 20 30 40 50 60 70 80

Percentage of establishments

Source. Balov..: & Sabounn “Advanced Technology Use in Manufactuning dunng the

90's", Canadian Economic Observer. March

2000 No 119, Statistics Canada and

communications with David Sabounn of Statistics Canada

Advanced manufacturing technologies rely on the integration of computers into the production process. They are
employed either individually or in clusters at various stages of the production process to perform different functions.
These technologies can be assigned to four functional groups: design and engineering; processing, fabrication and
assembly; network communications; and integration and control.

] Industry Canada/Industrie Canada
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P Functional Technology Use by Size of Fi
 The rate of technology adoption increases ' chnology Use by Size ot Firm

with firm size. Network Communications

Percentage of Establishments

 Over the 1989 to 1998 period, iarge plants
had substantiaily higher adoption rates than :zgz 1993
medium and small-sized plants for each of
the four functional! areas of advanced
technologies. This points to a technology
gap between small and large piants.

35

Some reasons why large firms tend to have higher technoiogy
adoption rates than smaller firms:

= Asymmetry of information: large firms may be generally Small Medium Large
more informed abouf new technologies than smali firms. . . .
Design & Engineering

* Resources: large firms tend to have more financial and Percentage of Establishments
technical resources to acquire advanced technologies than 87
small firms. 71989 WM1993 :
31898

* Production process: production processes of large firms
tend to faciiitate the implementation of advanced
technologies compared to small firms.

Note: Plant size is measured according to the number of
employees in the plant. Large plants are defined as
establishments with 250 or more employees, medium-sized
plants as establishments beiween 50 and 249 employees and
small plants as establishments with fewer than 49 employees.

Source: Baldwin and Sabourin, 2000. RELl2 : I
Small Medium Large

Source: Baldwin & Sabourin, "Advanced Technology Use in Manufacturing during the
I*I Industry Canada/lndustrie Canada 90's”, Canadian Economic Observer, March 2000 No. 119, Statistics Canada. MEPAJ APME / 60
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While technology use increased
significantly for ali firms over the
1989-1998 period, small plants did not
catch up in any significant fashion with
large plants.

Changes in technology use over the
1993-1998 period for large and small
plants were about the same, except in the
case of communications, where the gap
between small and large firms has
widened.

By contrast, medium sized plants
narrowed the gap with large plants in all
of the functional groups.

Industry Canada/Industrie Canada

Functional Technoiogy Use by Size

integration & Control

Percentage of Establishments

90

31989 EM1993
{11998

66

38

Small Medium Large
Processing, Fabrication & Assembly

Percentage of Establishments

90

21989 #1993
31998

Medium

Large

Source Baldwin & Sabourin, "Advanced Technology Use in Manufacturing
during the 90's", Canadian Economic Observer, March 2000 No 119,
Statistics Canada

Small
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Canadian-owned plants have a much
weaker record of using advanced
technologies than foreign-owned
plants. This persistent technology
adoption gap occurs at all types of
technologies.

Industry Canada/industrie Canada

Functional Technology Use by Ownership

Network Communications

Percentage of Establishments

BE1989 11993 31998 - 3

14 14
- .

Canadian

Foreign

Design & Engineering

Percentage of Establishments

B81989 11993 31998 617
50

34

Canadian Foreign
Source: Baldwin & Sabournin, "Advanced Technology Use in Manufacturing
during the 90's”, Canadian Economic Observer, March 2000 No. 119,
Statistics Canada. MEPA/ APME / 62




e QOverall, foreign-controlled firms use more
advanced technologies than
domestic-controlled firms.

In 1989, the differences in the rates of
technology adoption between Canadian and
foreign-owned plants were largest in the areas
of integration and control as well as
processing, fabrication and assembly
technologies.

Foreign-owned plants increased their use of
technologies at a faster rate than domestically
owned firms from 1989 to 1893. As a result, the
technology gap between foreign and
domestically owned plants widened
substantially in this period across almost all
functional technology groups.

Although the adoption rates in

domestically-owned plants grew more rapidly

than in foreign-owned plants between 1993 and

1998, technology use in domestic plants still

lagged behind that of foreign-owned plants in
9938.

B

Functional Technoliogy Use by Ownership

integration & Control

Percentage of Establishments

m1989 11993 [31998 66

47 44

19

i

Canadian Foreign

Processing, Fabrication & Assembly
Percentage of Establishments

B91989 (11993 (31998 69

Canadian Foreign

Source: Baldwin & Sabourin, "Advanced Technology Use in Manufacturing
during the 90's". Canadian Economic Observer. March 2000 No. 119,
Statistics Canada
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- Establishments in beverage, primary
textiles, paper and allied products,
primary metals, and electric and
electronic products industries tend to
have the highest adoption rates across
most of the functional technology

groups.

Establishments in clothing, wood,
furniture and fixture, refined petroleum
and coal products, textile products,
leather and allied products, and printing
and publishing industries tend to have
the lowest adoption rates across most
functional technology groups.

T some extent, the relative size of
plants in these industries may affect
results.

Functiona!l Use of Advanced Technologies:

Design & Engineering

Network Cominunications
Integration & Control

Processing, Fabrication & Assembly
Automated Material Handling
inspection

Industry Canada/industrie Canada

Ranking of Advanced Technology
Use by Industry

Beverage

Rubber Products

Plastic Products

Leather & Allied Products
Primary Textiles

Textile Products

Clothing

Wood

Furniture & Fixture

Paper & Allied Products
Printing & Publishing

Primary Metal

Fabricated Metal Products
Machinery

Transportation Equipment
Electric & Eiectronic
Non-Metaliic Mineral Products
Refined Petrotieum & Coal
Chemicat & Chemical Products
Other Manufacturing

A
13

"

15
14
11

N AR WaAD OO

11

12

B

c

1
12
7
15
3
11
17
14
16

- - —d
C RN R R - W= Ryl N

14

D E F
3 3 2
4 6 8
1 6 6
16 8 14
9 1 1
14 9 9
18 10 13
10 9 9
15 12 13
5 2 3
17 11 10
2 4 4
7 14 £
6 8 7
8 3 3
6 5 5
11 13 N
16 " 6
12 7 5
13 13 12

Source: D. Sabourin and D. Beckstead. "Technology Adoption in Canadian
Manufacturing: Survey of Advanced Technology in Canadian Manufacturing 1998,"”

Statistics Canada, 1999.
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Rate of Technology Adoption by Industries: 1998

Designh & Engineering

Rank
Beverage [ 13
Rubber Products @& 8
Plastic Products 7
Leather & Allied Products 11
Primary Textiles 8
» Establishments in primary metals, Textile Products 15
. . Clothing 14
electrical & electronic products, Wood h
fabricated metals, machinery, and Furniture & Fixture g
. . Paper & Allied Products 6
transportation equ:pment-were the Printing & Publishing A
largest users of design and Primary Metal 1
engineering technologies in 1998. Fabricated Metal Products £ 3
Machinery 4
Transportation Equipment 5
Electric & Electronic 5
Non-Metallic Mineral Products 11
Refined Petroleum & Coal Products 1(')
Chemical & Chemical Products 12
Other Manufacturing 7

20 40 60 80
Percentage of Establishments

Source: D. Sabourin and D. Beckstead. "Technology Adoption in Canadian
Manufacturing: Survey of Advanced Technology in Canadian Manufacturing 1998,
Statistics Canada, 1999.
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Establishments in beverage, electrical
and electronic products, primary
textiles, paper and allied products, and
primary metal were the largest users of
network and communications
technologies in 1998.

Roughly two-thirds to three-quarters of
establishmenris in these industries
used network and communications
technologies in their production
process.

Industry Canada/Industrie Canada

Rate of Technology Adoption by Industries: 1998

Network Communications

Beverage RS

Rubber Procucts
Plastic Products

Leather & Allied Products §

Primary Textiles
Textile Product

Clothing §

Woced

Furniture & Fixture §
Paper & Allied Products §
Printing & Publishing 4

Primary Metal

Fabricated Metal Products
Machinery

Transportation Equipment

Electric & Electronic §
Non-Metallic Mineral Products §

Refined Petroieum & Coal Products

Chemical & Chemical Products |

Other Manufacturing

20

Rank

-k —ia
mmf\)\)O’)(DO’)\)

-
o 9

80

Percentage of Establishments

Source: D. Sabourin and D. Beckstead. "Technology Adoption in Canadian
Manufacturing: Survey of Advanced Technology in Canadian Manufacturing 1998,

Statistics Canada, 1839.
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Rate of Technology Adoption by Industries: 1998

Integration & Control

Rank
Beverage 1
e In 1998, establishments in beverage, Rubber Products 12
| tri | & | t . d t Plastic Products 7
e ?C rica eiectronic proaucts, Leather & Allied Products 15
primary textiles, and paper & allied Primary Textiles 3
products were the largest users of Textie Péﬁ)dtfﬁg e 11
integration and control technologies. Wood H
Furniture & Fixture & 16
. Paper & Allied Products i
» More than two-thirds of Printing & Publishing B 143
establishments in these industries Primary Metal g 5
. . Fabricated Metal Products E
used integraticn and control Machinery [ 9
technologies in their production Transportation Equipment g
rocess Electric & Electronics g
P 8S. Non-Metallic Mineral Products 2
Refined Petroleum & Coai Products 10
Chemical & Chemical Products B 12
Other Manufacturing [ 184

20 40 60 80
Percentage of Establishments

Source: D. Sabourin and D. Beckstead. "Technology Adoption in Canadian
Manufacturing: Survey of Advanced Technology in Canadian Manufacturing 1998,"
Statistics Canada, 1999.
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Rate of Technology Adoption by Industries: 1998

Processing, Fabrication & Assembly

Rank
» In 1998, establishments in plastic Beverage NERGCEERUIES
products, primary metal, beverage, ‘E‘:Q&?Qi{ﬁﬁﬂﬁ{i 5
rubber products, and paper & allied Leather & Allied Products § -
products industries were the largest ?22::;",;533:;22
users of processing and fabrication Clothing |
technologies. Furniture&F\:Zch;g i

Paper & Allied Products E LT
N s _thi Printing & Publishing
Approximately two-thirds of Primary Mots! SRR

establishments in these industries Fabricated Metal Products B

ed processing and fabrication Machinery IS
us p g Transportation Equipment m

technologies in their production Electric & Elecironic

process. Non-Metallic Mineral Products -

Refined Petroleum & Coal Products §

Chemical & Chemical Products § o
Cther Manufacturing m

20 40 60 80
Percentage of Establishments

3
4
1
16
g
14
18
10
15
5
17
2
7
6
8
6
1
16
12
13

Source; D. Sabourin and D, Beckstead. "Technology Adoption in Canadian
Manufacturing: Survey of Advanced Technology in Canadian Manufacturing 1998,"
Statistics Canada, 1999.
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Technology Competitiveness of Canadian
Establishments Reiative to their U.S.
Counterparts: 1998

* In 1998, about 55% of Canadian domestic
competitors felt that their production
technologies were as advanced or more
advanced than their U.S. counterparts.

Equal §

» Roughly one-quarter of Canadian plants

are believed to be behind their U.S. e
counterparts in technology competition. Less advanced S

Not applicable [

Percentage of Establishments

. igx - Source: D, Sabourin and D, Beckstead. "Technology Adoption in
&
The technological competitiveness of domestic Canadian Manufacturing: Survey of Advanced Technology in

manufacturing establishments relative to their Canadian Manufacturing 1988,” Statistics Canada, 1998.
foreign competitors may be measured by the
domestic establishment's self evaluation of its
production technologies relative to its competitors.
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. Adoptlon of advanced technologles can generate a stream of benef‘ts mcludmg increased
productivity, reduced labour requirements, improved product quality, tighter control over the
production process and reduced production costs.

» But while Canadian establishments appreciate the benefits from technology adoption, there are a
large number of perceived barriers to technology adoption.

* Financial factors including high equipment costs, software development costs, the cost of
capital, and cost of integrating new technologies are cited as important barriers. A lack of skilled
workers and small market size are also considered to be important obstacles to technology
adoption in Canadian piants.

Importance of Obstacles to Advanced Technology Adop’non. 1998
High Cost of Equipment : IR
Cost of Capital §
Cost of integration of New Technologies §
Costs to Develop Softwares
Shortage of Skills .
Small Market Size RS
Worker Resistance
inability to Evaluate New Technology
Lack of Technical Support
Resistance to Introduction of New Technology

0 10 20 30 40 50 60 70

Percentage of Establishments

Source: D. Sabourin and D. Beckstead. "Technology Adoption in Canadian Manufacturing: Survey of Advanced Technology in Canadian
Manufacturing 1998," Statistics Canada, 1999.
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Bl Industry Canada/industrie Canada

Design & Engineering:
Computer-aided design (CAD) and engineering
CAD output to control manufacturing machines
Modeling or simulation technologies
Electronic exchange of CAD files
Processing, Fabrication & Assembly
Flexible manufacturing systems
Programmable logic controllers
Robots with sensing
Robots without sensing
Rapid Prototyping systems
High speed machining
Near net shape technologies
Automated Material Handling
Part identification for manufacturing automation
Automated storage/retrieval system
Inspection
Automated vision-based systems used for inspection/testing
Other automated sensor-based systems used for inspection/testing
Network Communications
Local area network for engineering or production
Company-wide computer networks
- Inter-company computer networks
Integration & Control
- Manufacturing resource planning
Computer used for control on the factory floor
- Computer integrated manufacturing
Supervisory controf and data acquisition
- Use of inspection data for manufacturing control
Digital, remote controlled process plant control
- Knowledge-based software

Source: Sabourin and Beckstead (1998), Statistics Canada.
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