Catalogue no. 11-622-MIE — No. 005
o ISSN: 1705-6896
Ml |spN:0-662-37239-5

The Canadian Economy in Transition Series

Are Knowledge Workers Found
Only in High-technology
Industries?

by Desmond Beckstead and Guy Gellatly

Micro-economic Analysis Division
18th Floor, R.H. Coats Building, Ottawa, K1A 0T6

Telephone: 1 800 263-1136

This paper represents the views of the authors and does not necessarily reflect the opinions of Statistics Canada.

- - i+l
Bl S S Canada



How to obtain more infor mation

For information on the wide range of data available from Statistics Canada, you can contact us by calling one of
our toll-free numbers. You can also contact us by e-mail or by visiting our Web site.

National inquiriesline 1 800 263-1136
National telecommunications device for the hearing impaired 1 800 363-7629
Depository Services Program inquiries 1 800 700-1033
Fax line for Depository Services Program 1 800 889-9734
E-mail inquiries infostats@statcan.ca
Web site www.statcan.ca

Ordering and subscription information

This product is available in electronic format on the Statistics Canada Internet site, for free, as Catalogue
no. 11-622-MIE. To obtain single issues, visit our Web site at www.statcan.ca, and select Products and Services.

Standards of service to the public

Statistics Canada is committed to serving its clients in a prompt, reliable and courteous manner and in the official
language of their choice. To this end, the Agency has developed standards of service which its employees observe
in serving its clients. To obtain a copy of these service standards, please contact Statistics Canada toll free at
1 800 263-1136.

The Canadian Economy in Transition Research Paper Series

The Canadian Economy in Transition is a series of new analytical reports that investigate the dynamics of industrial change
in the Canadian economy. This new series brings together a coherent set of research reports that provide users with awide
variety of empirical perspectives on the economy’s changing industrial structure. These perspectives include the dynamics of
productivity, profitability, employment, output, investment, occupational structure and industrial geography. Readers are
encouraged to contact the authors with comments, criticisms and suggestions.

The primary distribution medium for the papers is the Internet. These papers can be downloaded from the Internet at
www.statcan.ca for free. Papers in the series are distributed to Statistics Canada Regional Offices and provincial statistical
focal points.

All papersin The Canadian Economy in Transition series go through institutional and peer review to ensure that they conform
to Statistics Canada’'s mandate as a government statistical agency and adhere to generally accepted standards of good
professiona practice.

The papers in the series often include results derived from multivariate analysis or other statistical techniques. It should be
recognized that the results of these analyses are subject to uncertainty in the reported estimates.

The level of uncertainty will depend on several factors: the nature of the functional form used in the multivariate anaysis; the
type of econometric technique employed; the appropriateness of the statistical assumptions embedded in the model or
technique; the comprehensiveness of the variables included in the analysis; and the accuracy of the data that are utilized. The
peer group review process is meant to ensure that the papers in the series have followed accepted standards to minimize
problemsin each of these areas.




Statistics Canada
Micro-economic Analysis Division

.'. A “’T‘-A‘T ,::
E'.‘ﬁ Are Knowledge Workers Found -

Only in High-technology
Industries?

Desmond Beckstead and Guy Gellatly

Published by authority of the Minister responsible for Statistics Canada
© Minister of Industry, 2004

All rightsreserved. No part of this publication may be reproduced, stored
inaretrieva system or transmitted in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without prior written
permission from Licence Services, Marketing Division, Statistics Canada,
Ottawa, Ontario, Canada, K1A OT6.

May 2004

Catalogue no.11-622-MI E no. 005
Frequency: Occasional

ISSN 1705-6896
ISBN 0-662-37239-5

Ottawa

Laversion frangai se de cette publication est aussi disponible (n°11-622-MIF n°005
au catalogue).

The authors' names are listed al phabetically.

This paper represents the views of the authors and does not necessarily reflect the
opinions of Satistics Canada.

Note of appreciation

Canada owesthe success of its statistical systemto along-standing partner ship between
Satistics Canada, the citizens of Canada, its businesses, governments and other
institutions. Accurate and timely statistical information could not be produced without
their continued cooperation and goodwill.




Acknowledgements

n behalf of all researchers who contribute to The Canadian Economy in Transition

Series, wewould liketo thank our production team at Statistics Canada, whose efforts
make the publication of these reports possible. Louise Laurin and Valerie Thibault oversee
different aspects of the production process and work extensively with authors on the
development of final products. Nicole Richer, Cindy Renaud, Héléne Villeneuve, Francine
Simoneau and Shannon McPhail provide critical production support.

We are indebted to John Baldwin for many hel pful comments and suggestions offered over
several drafts of this paper.

The Canadian Economy in Transition Series -2- Statistics Canada — Catalogue No. 11-622-MIE No. 005



- A—-f"_ S~y
- F ;--J
J -

Table of Contents
2053 2T RS 4
EXECULIVE SUIMIMALY ..uuvvveerverrerrrereesssrrrenssssseenssssesssssssesssssssssssssssssssssssssssssssssssssssssssssnss 5
(07; 7757753 0 B 4315 0T 3 Lot o) o OO 8
Chapter 2. Shifting the focus to knowledge WOIKErS .........ueeeeeeeevruveeeeeecsssvveeveeecsssnnns 12
Chapter 3. Who is a kKNOwWIedge WOIKEL? ...........ueeeeeuveeeerureeenivreresnnienssnreenssanseessnnees 14
Chapter 4. Identifying knowledge-intensive iNAUSIIIES ........cceeevruvevvrereerssuveeeeeeesesnnns 17

4.1 High-KNOWIEdge INAUSLIIES........cceiuiieieieiie ettt st st e et se e ene e e eneereens 17

4.2 Aredistinctions between science and knowledge statistically robust?..........ccooveereninicnenenene 20
Chapter 5. How do high-knowledge industries compare with technology
B7o e L1 LT3 5 1o 25
Chapter 6. CONCIUSION c.....uueeuueeveeeeiecrrivivrriiiissiniiieeeiisssssssseiecissssssesssssssssssssssssssssssses 33
Appendix A: Comparing ICT and science industries to high-knowledge
INAUSIIES oevvvvvrerrrreerirrireisireeiniteeiesiereesinseesssssssesssssesssssssossssssesssssssssssssssssssssessssssssssss 35
Appendix B: What about governments, education and health carer?......................... 37
RELEIEIICES uuueeeeiunrevvvivieiciiieiiiicciiiiieieeiicisitieseeecssssisssssesessssssssssssssssssssssssssssssssssssssses 38

The Canadian Economy in Transition Series -3- Statistics Canada — Catalogue No. 11-622-MIE No. 005



Preface

his study explores the industrial composition of Canada's Knowledge Economy. It

uses a new occupational taxonomy to identify a small set of high-knowledge
industries—industries that exhibit proportionately large concentrations of knowledge
workers. It then compares these high-knowledge industries with two industrial aggregates
that have recently been used to study growth trends in the New Economy: (1) information
and communications technology (ICT) industries, and (2) science-based industries.

Two basic questions guide our analysis. First, are there industries—beyond those located in
science and technol ogy-based environments—that emerge as high-knowledge leaders when
statistical estimates of knowledge intensity are based solely on occupational structure?
Second, how do the growth and structural characteristics of these high-knowledgeindustries
compare with those that characterize | CT-based environments, sectors that are home to the
technol ogy-based firmsthat devel op, deliver and support many of the products and services
associated with the New Economy?
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Executive Summary

his study compares two sources of industrial dynamism—industries that via their

technological or scientific characteristics have been associated with the devel opment
of the New Economy, and industries that because of their emphasis on high-wage, well-
educated workers can lay claim asimportant stakeholdersin what is often described as the
emerging Knowledge Economy.

Thisreport serves asaconceptual bridge between earlier studiesin The Canadian Economy
in Transitions series that focus on the growth of science and technology-based industries
and a recent study that documented the gradual shift in Canada's occupational structure
towards knowledge-intensive occupations. Two earlier studiesin Transitions—The Growth
and Development of New Economy Industries and A Decade of Growth: The Emerging
Geography of New Economy Industries in the 1990s—investigate the long-run structural
characteristicsof information and communicationstechnology (ICT) industries and science-
based industries. The recent Transitions study on occupational structure—Dimensions of
Occupational Changes in Canada’s Knowledge Economy 1971-1996, explores the long-
run growth of professional, management and technical occupations that, on the basis of
their wage and educational characteristics, are classified as knowledge intensive. In what
follows, we evaluate the extent to which thislatter focuson knowledge-based occupations
yields complementary, or competing, perspectivesontheindustrial composition of Canada’'s
high-technology economy. Are there many industries outside of high-technology sectors
that, on the strength of their occupational structure, can claim to be knowledge |eaders?

1. Who is a knowledge worker?

Inthisanalysis, weidentify asmall cluster of high-knowledgeindustries. This characterization
derivesfrom thefact that theseindustrial environments contain proportionately large numbers
of knowledge workers—workersin certain occupationsthat have previousy been designated
as knowledge-based.

The knowledge-worker classification used in this study was developed by Beckstead and
Vinodrai (2003) in Dimensions of Occupational Changesin Canada’s Knowledge Economy,
1971-1996 (the fourth paper in The Canadian Economy in Transition series). The authors
identified 40 occupational categories as knowledge-based. These occupations fall under
three general classes: professional workers, management workers and technical workers.
Many individual occupations, such as computer programmers, engineers, and physical and
life science professionals, conform with popular notions of the science- or technology-
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based, knowledge worker. Other occupations, such as creative and performing artists,
teachers, and sales and advertising managers, typically garner less attention in studies that
examine how skilled workers fuel systems of industrial innovation and growth. The
knowledge-worker classification proposed by Beckstead and Vinodrai is ambitious in its
scope—it includes many occupational categories from previous Canadian studies of
knowledge workers, while also relying on multivariate methods to classify occupations as
knowledge-based on the basis of their wage and educational characteristics.

2. Why focus only on knowledge workers when identifying high-
knowledge industries?

In this paper, wefocus on asingle aspect of anindustry’sinput structure—the representation
of knowledge workers within its employment base—to identify a set of high-knowledge
industries. Our decision to focus solely on occupational structure is motivated by the high
degree of importance often attached to knowledge workersin debates over Canada sindustrial
competitiveness. Strategies for attracting, developing and retaining highly-skilled workers
are perceived as requisites for success in an economy where competitive positions depend
increasingly on information and technology management. In Canada, these issues are
galvanized by the Brain Drain debate, the perceived loss of skilled Canadian workers to
U.S. industries. While skill shortagesin the technology sector garner widespread attention,
the demand for knowledge workers extends well beyond the confines of highly visible,
technology markets. Knowledge workers are seen as critical sources of innovation and
growth in all sectors of the economy.

3. Which industries are knowledge leaders?

High-knowledge industries are those that exhibit proportionately large concentrations of
knowledge-workers (i.e., workers employed in knowledge-based occupations) in relation
to the size of their employment base. In this study, we utilize two basic thresholds for
establishing the dividing line between high-knowledge industries and other industries. Both
of these thresholds are meant to establish a conceptual linkage between the size of the
knowledge economy, and what we referred to in an earlier study (Beckstead and Gellatly,
2003) asthe science-based sector. Our first approach ensuresthat the employment coverage
of high-knowledge industries and science industries is equivalent; our second approach
ensures that the industrial coverage of the two classification schemes (the number of
industries identified as either high-knowledge or science based) is equivalent.

When employment coverage is used to define our threshold, sixteen industriesare classified
as high-knowledge. Collectively, this high-knowledge group accounts for 10% of
employment in the Canada's business sector—the same percentage of business sector
employment accounted for by science-based industries (Beckstead and Gellatly, 2003). Not
surprisingly, our high-knowledge grouping includes several technology- and science-based
industries. ICT industries such as computers and related services and el ectronic equipment
manufacturing industries are included in the high-knowledge group. One non-ICT science
industry, architecture, engineering and scientific services, isaso classified as aknowledge
leader based on our occupational metric. But there are also many industries outside of
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science and technology environments that, on the strength of their occupational structure,
can be seen as knowledge leaders. These include a range of financial service industries,
such asfinancia intermediaries, accounting, and investment intermediaries. Business services
such as management consultants also make the grade as high-knowledge. Also included in
the high-knowledge group are industries that would not necessarily garner headlines in
studies of the Knowledge Economy—such astheatrical and entertainment services, services
incidental to fishing, and publishing industries. Yet knowledge workers contribute
significantly to patterns of employment in these industries.

Whenindustrial coverageisused asabasisfor defining the knowledge sector, eight additional
industries are added to the high-knowledge group. Examples include primary industries
such as crude petroleum and natural gas and traditional business services such as lawyers
and notaries.

4. How do high-knowledge industries compare with technology
industries?

The high-knowledge industries examined in this paper are home to large concentrations of
knowledge workers—workers in skilled, high-wage professions. These are the most
knowledge-intensive industries, when the operational metric for evaluating cross-industry
differencesin knowledgeisbased entirely on occupational structure. What doesan analysis
of thishigh-knowledge classification reveal about the growth and structural characteristics
of the New Economy?

First, it draws attention to the fact that there is much evidence of dynamic growth beyond
the boundaries of the technology sector—notably in financial and business services
environments. Financial services areillustrative. These are high-knowledge industries that
were not previously classified as science- or technology-based. And estimates of long-run
growth in output, employment, wages, and technological intensity for thesefinancial service
industries compare well with growth estimates for ICT services.

Second, our classification exercise demonstrates that high-levels of urbanization, often
described as a core characteristic of emergent technology industries, are not unique to new
technology-based environments. Most of the high-knowledge examples identified herein
are highly urbanized—and growth-orientated financial services are about as urbanized as
ICT serviceindustries.

Third, our high-knowledge classification doesyield new perspectives on the characteristics
of the high-knowledge workforce. Many high-knowledge industries place more emphasis
on university education than do technology industries. And many of these high-knowledge
industries are home to larger concentrations of female workers.
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Chapter 1. Introduction

hanges in industrial structure are driven by dual processes of growth and decline

wherein economic resources, financial, physical and entrepreneurial, are diverted away
from established industries and channeled into new emerging sectors. New industries are
important sources of innovation and growth. They hel p shape perceptions of how competitive
(and entrepreneurial) an economy is, beit local, provincial or national in scope. During the
1980s, policiesdesigned to improve industrial competitiveness concentrated on devel oping
high-growth industries. By the 1990s, high growth had become synonymous with high
tech. Many analysts view the volume of economic activity accounted for by new technol ogy-
based industries, such ascomputer services, asatype of performanceindicator—abarometer
against which differences in industrial competitiveness can be evaluated.

The 1990s also saw the emergence of what many analysts, economists, and entrepreneurs
termed the New Economy—a more general process of economic restructuring driven by
therapid integration of new computer-based technol ogies (e.g., software and communications
equipment), and fuelled by continual advances in the application and quality of these
technologies. Computer-based innovations have revolutionized business models and
production routines in both service industries and traditional manufacturing industries.

In the first paper in The Canadian Economy in Transition series—The Growth and
Development of New Economy Industries—we asked a series of basic questions about the
industrial structure of the New Economy. First, we wanted to know whether information
and communications technology (ICT) industries and science-based industries, industries
often characterized as New Economy leaders, exhibit different input structures than other
sectors of the economy. Understanding differences in input requirements are important
because policies designed to bolster industrial competitiveness often focus on improving
inputs, for example, by encouraging investments in training or in soft, intangible assets
like R&D. Second, wewanted to know if emergent New Economy industriesexhibit different
productivity and profitability characteristics than other, less visible sectors. Productivity
and profitability are core measures of industrial performance, and are sometimes used to
verify the existence of the New Economy.

To answer these questions, we focused initially on the ICT sector—a collection of
manufacturing and service industries that develop, deliver and support new technol ogy-
based products and services.® For many, ICT industries are the epicenter of the technology
revolution. These technology industries grew rapidly in Canada during the 1990s.
Employment inICT industriesincreased by 31% between 1987 and 1997, whilerea (constant

The Canadian Economy in Transition Series -8- Statistics Canada — Catalogue No. 11-622-MIE No. 005



dollar) GDP grew by 96%. Despite these gains, however, the size of the ICT sector remains
relatively modest, when viewed in relation to the size of Canada’s business economy. By
2000, ICT industries accounted for roughly 5.5% of business sector employment and 5.7%
of business revenue.* For this reason, we also choose to profile science-based industries—
industries that make proportionately large investments in research and development and
scientific labour.® Investmentsin R& D and skilled workers are two important determinants
of an industry’s science base, and are both widely regarded as requisites for successin the
New Economy. And by focussing on scienceindustries, we were ableto extend our industrial
profile of the New Economy well beyond the confines of the (highly-visible) technology
sector. Science-based manufacturing includes| CT manufacturers(e.g., electronic products),
but also moretraditional R& D and skill-intensive manufacturing industries such asindustrial
chemicals, aircraft industries, and pharmaceuticals. Similarly, science-based servicesinclude
core technology industries such as computer services and telecommunications, but also
professional services such as engineering and architecture. This shift from ICT to science
significantly increases the amount of economic activity emanating from New Economy
industries. In 2001, science-based industries (both ICT and non-ICT) accounted for 9.6%
of business sector employment and 10.9% of business revenue (Beckstead and Gellatly,
2003).

Extending our focus to science was also useful because it yields new insightsinto different
sources of industrial dynamism that fuel the New Economy, insights which may have been
overlooked if we had limited our focus solely to ICT industries. To explore these sources of
dynamism, we focused (in Growth and Devel opment) on asmall collection of subsectors—
specific industrial groupings within the ICT and science sectors. We found that core ICT
services—industries comprised of firms that provide computer and telecommunications
services—enjoyed higher rates of GDP and employment growth than other elements of the
ICT or science economy. But we also found that it is ICT manufacturing, not core ICT
services, that has enjoyed the largest long-run gainsin labour and multifactor productivity.
Non-ICT science-based industries also warrant emphasis. Profit margins and investment
intensities are higher in science-based goods industries than in ICT manufacturing, and
science-based services, not core ICT services, have enjoyed the largest long-run
improvements in labour quality.

Thisdual ICT/science approach alowed usto devel op aprofile of the New Economy that is
multidimensional—a view of the industrial landscape not dominated solely by industries
producing advanced technologies, but one that extends more generally to other industries
that place a premium on knowledge creation. In this analysis, we revisit this
multidimensionality inadightly different light. We ask whether |CT and scienceindustries—
industriesthat providethe scientific and technological foundationsfor the New Economy—
are also those that employ the largest concentrations of knowledge workers. Weinvestigate
whether asingular focus on knowledge workers leads usto the same collection of industries
that one obtains when focusing on ICT outputs or science-based inputs.

These exercises in classification are far from esoteric. Classification systems, especialy
when based on concepts like innovation, technology and knowledge, can create powerful
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impressions about the level of dynamism at work within an industry—and hence about the
desirability of certain industries vis-a-vis others when assessing the competitiveness of an
economy. If there are high-knowledge industries (presumably an asset on a competitive
balance sheet), then there must also be low-knowledge industries (presumably aliability).®
Here we ask which industries emerge as high-knowledge leaders—when estimates of
knowledge intensity are based entirely on occupational structure. Is the high-knowledge
group dominated by science and technology industries, or do other industries emerge as
knowledge leaders? How do the growth and structural characteristics of high-knowledge
industries|ocated outside of science and technology environments compare with those that
characterize the technology sector?
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Endnotes

1 The OECD (1997) has contributed to the competitiveness debate by publishing a high-tech
scoreboard, which allows member countriesto draw conclusions about the relative performance
of their domestic technology industries.

2 There is ample research from Canadian innovation and technology surveys documenting the
extent and impact of innovative technol ogies on systems of production. For research on business
service industries, see Baldwin et al. (1998) and Gellatly and Peters (2000). The impact of
technology strategies on the performance of manufacturing firms has been examined by Baldwin
and Sabourin (2001).

3 Foralist of four-digit ICT industries, see Appendix A. A lengthy analysis of long-run input and
performance trends in the technology sector is found in Beckstead and Gellatly (2003).

4 Of course, the indirect impact of ICT industries may be significantly larger, because of the
dissemination of technology capital to other sectors of the economy. Understanding the impact
that ICT investments have on output and productivity growth in different sectorsis the focus of
much of the empirical work on the New Economy.

> SeeasoAppendix A.

¢ Baldwin and Gellatly (1998, 1999, 2001) have emphasized that there exist clusters of advanced
firmsin all sectors of the economy, and that one should not lose sight of the fact that so-called
low-knowledge sectors still contain significant concentrations of advanced firms. In a similar
vein, Beckstead and Vinodrai (2003) stress that knowledge workers, while better represented in
certain industries than others, are also found in all sectors of the economy.
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Chapter 2. Shifting the focus to knowledge workers

rior to developing alist of high-knowledge industries, we want to stress that previous

attempts to classify industries in accordance with their knowledge base are closely
aligned with the concept of science industries discussed above. While the science-based
designation originates with Baldwin and Johnson (1999), the classification technique used
to identify certain industries as science-based was originally developed by Lee and Has
(1996), who used different R& D and skilled labour indicators to sort industries into high-,
medium-, and low-knowledge groupings. The OECD (2001) is currently developing an
index of knowledge intensity using asimilar technique, quantifying anindustry’sknowledge
base from its R&D and human capital characteristics. Drolet and Morrisette (2002) have
also recently used Baldwin and Johnson’'s list of science industries to investigate work
patterns in the Knowledge Economy.

In this paper, we adopt amore straightforward measure of evaluating an industry’ sknowledge
base—one based entirely on the share of workersin certain knowledge-based occupations.
We opt for this more simplistic approach because of the enormous importance attached to
knowledge workerswhen designing policiesto enhanceindustrial competitiveness. Strategies
for attracting, developing and retaining highly-skilled workers are perceived as requisites
for successinthe New Economy. In Canada, theseissues are galvanized by the Brain Drain
debate—the perceived loss of skilled Canadian workers to U.S. industries. While skill
shortages in technology sectors garner widespread attention, the demand for knowledge
workers extends well beyond the boundaries of highly visible, technology-producing
industries. Knowledge workersare seen ascritical to the process of competitive restructuring
in all sectors of the economy.

Inwhat follows, we ask some basi ¢ questions about the concentration of knowledge workers
indifferent industrial environments. In Growth and Devel opment, we reported that ICT and
science-industriesexhibit, in aggregate, relatively high concentrations of knowledgeworkers,
and that the share of knowledge workersin science and technology environmentsincreased
rapidly during the 1990s (Beckstead and Gellatly, 2003). By 1996, nearly one half of workers
in ICT and science industries were classified as knowledge-based, up from 25% and 29%
of ICT- and science-based workersin 1981. Only 12% of business sector workers outside
of science and technology environmentswere classified as knowledge-based in 1996, down
from 17% in 1981. This creates the impression that skilled workers are far more at homein
New Economy sectors such as ICT and science. And, on aggregate, thisisindeed the case.
However, these aggregate statistics do not tell us whether the most knowledge-intensive
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industries—industries with the highest concentrations of knowledge workersin relation to
the size of their employment base—are also located inthe ICT or science sectors. We explore
this below.
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Chapter 3. Who is a knowledge worker?

0 measure an industry’s complement of knowledgeworkers, welook to previous studies

which have designated certain occupations as knowledge-based. The occupational
categories that the OECD is using to develop itsindex of knowledge intensity is based on
Canadian research by Lavoie and Roy (1998). In their view, knowledge-based occupations
are those that “mainly involve the production of knowledge and/or the provision of expert
opinion” (OECD, 2001: 16). Lavoie and Roy classified knowledge workers into five
subcategories. applied science, pure-science, engineering, computer science, and social
sciences and humanities. Lavoie and Roy’s framework was analyzed by Boothby (1999),
who evaluated the skill components (fine motor, gross motor, management, cognitive and
communication skills) associated with different occupations. He found that knowledge
occupations are more skill-intensive and require larger investments in education.

The knowledge-worker classification that we utilize herein is that proposed by Beckstead
and Vinodrai in Dimensions of Occupational Changes in Canada’s Knowledge Economy
1971-1996, the fourth paper in the Transitions series. Beckstead and Vinodrai (2003) draw
extensively on the classification schemes developed by Lee and Has (1996) and Zhao,
Drew and Murray (2000a, 2000b). Lee and Has' (1996) taxonomy of knowledge-based
occupations includes “occupations in natural sciences, engineering and mathematics, in
education and related occupations, other managers and administrators, social sciences, law
and jurisprudence, medicine and health, and writing” (1996: 75). They use this list in
conjunction with other skill indicators (i.e., the share of employees with post-secondary
education, theratio of engineersand scientiststo total employment) to estimate the “human
capital content” of an industry. The flow of knowledge workers to and from the Canadian
economy has been studied recently by Zhao, Drew and Murray (2000a, 2000b). Their
taxonomy of knowledge workers includes many of the occupations listed by Lee and Has
(1996) and Lavoie and Roy (1998), but it al so makes several additions, notably entrepreneurs,
secondary school teachers, and certain artsand cultural occupations. Beckstead and Vinodrai
(2003) utilized the results of these previous studies to define a more comprehensive list of
knowledge-based occupations. In certain cases, the decision to designate an occupation as
knowledge-intensive was based on rel ative wage rates, with higher-wage occupations having
ahigher likelihood of being classified as knowledge based. Beckstead and Vinodrai proposed
three general categories of knowledge workers:

(@) Professiona occupations—those with high relative wages and proportionately large
numbers of university graduates.
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(b) Technical occupations—those with lower relative wages but high post-secondary
representation.

(c) Management occupations—those with high relative wages, but with lower levels of
post-secondary education.

Beckstead and Vinodrai’s resulting taxonomy is very comprehensive, covering a diverse
cross-section of occupational groups. Managers from manufacturing and engineering, to
finance, advertising and cultural industries are all designated as knowledge-based.
Professional occupations include those in the fields of business, science and engineering,
health and education, and arts and culture. Technical occupationsincludeworkersin physical
and life sciences, engineering, architecture and electronics. A full list of knowledge-based
occupational groups in these professional, technical and management classes is presented
in Table 1.

Many of the occupational categories included in Table 1 are consistent with the popular
notion of aknowledge workers as ascience or technol ogy-based professional (e.g., systems
analysts and computer programmers). But Beckstead and Vinodral’s classification scheme
also includes workers outside of science and technology (e.g., managers in finance,
communications, administrative services) that more closely accord with Lavoie and Roy’s
second criteria, namely the* provision of expert opinion” . Following Zhao, Drew and Murray
(20003, 2000b), Beckstead and Vinodrai also extend the concept of knowledge workersto
occupational categories that are apt to be viewed by some as more controversial, such as
teachers, nurses and arts and cultural professionals. The authors explored many of these
“margina cases’ in their multivariate analysis of relative wage rates, and found sufficient
evidence, based on acombination of wage and educational factors, to warrant their inclusion.
And to this, one could add a substantial amount of anecdotal evidence that shows how
technological innovations have been reshaping the nature of work in these occupations.
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Table 1. Knowledge-based occupations
Occupations (based on the 1991 Standard Occupational Classification)

Management A01 Legislators and senior management
All  Administrative services managers
A12 Managers in engineering, architecture, science and information systems
A13 Sales, marketing and advertising managers
A30  Managersin financial and business services
A3l Managers in communication (except broadcasting)
A32 Managers in health, education, social and community services
A33 Managers in public administration
A34 Managersin art, culture, recreation and sport
A38 Managers in primary production (except agriculture)
A39 Managers in manufacturing and utilities

Business professionals BO1  Auditors, accountants and investment professionals
B02 Human resources and business service professionals

Science and engineering professionals
Cco1 Physical science professionals
C02 Life science professionals
C03  Civil, mechanical, electrical and chemical engineers
C04  Other engineers
C05  Architects, urban planners and land surveyors
C06 Mathematicians, systems analysts and computer programmers

Science-technical occupations
Cl1  Technica occupationsin physical sciences
C12  Technical occupationsin life sciences
C13  Technical occupations in civil, mechanical and industrial engineering
C14  Technical occupations in electronics and electrical engineering
C15  Technical occupations in architecture, drafting, surveying and mapping
C16  Other technical inspectors and regulatory officers
C17  Transportation officers and controllers

Health professionals Do1 Physicians, dentists and veterinarians
D02 Optometrists, chiropractors and other health diagnosing and treating professionals
D03 Pharmacists, dietitians and nutritionists
D04  Therapy and assessment professionals

Other health occupations D11 Nurse supervisors and registered nurses
D21 Medical technologists and technicians (except dental health)

Education, law and social science-related
EO01  Judges, lawyers and Quebec notaries
EO3 Policy and program officers, researchers and consultants
E11 University professors and assistants
E12 College and other vocational instructors
E13 Secondary and elementary school teachers and counselors

Arts and culture professionals FO1 Librarians, archivists, conservators and curators
FO2  Writing, translating and public relations professionals
FO3 Creative and performing artists

Source: Beckstead and Vinodrai (2003).
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Chapter 4. Identifying knowledge-intensive industries

ur classification exercise is based on data from the 2001 Census of Population—

whichincludes detailed information on the occupational structure of 265 three-digit
private sector industries.” To derive a set of high-knowledge industries, we calculate the
percentage of paid employment in each industry accounted for by workers in knowledge-
based occupations (i.e., the occupational groupslistedin Table 1). This knowledge scoreis
then used to rank industries along a continuum of knowledge intensity. Ours is a very
straightforward approach in that it restricts the evaluation of an industry’s knowledge base
to asingle dimension of interest: occupational structure. Next, we derive aworking list of
high-knowledge industries—simply the collection of industries that exhibit the highest
knowledge scores. Two approaches are utilized to determine the boundaries of the knowledge
sector, that is, the threshold that separates the high-knowledge group from the remaining
(lower-knowledge) industries. To define these thresholds, we looked to the dimensions of
the science sector, the larger of the New Economy aggregates profiled in Growth and
Devel opment. In 2001, the science sector (whichincludesamost all ICT industries) accounted
for approximately 10% of business sector employment. To establish a basic symmetry
between our science and knowledge classifications, we first generated a high-knowledge
group by selecting industries with the highest knowledge scores until the combined
employment of these industries reached 10% of business sector employment. Establishing
this comparable employment coverage between our high-knowledge and science definitions
resultsin aset of 16 high-knowledge industries.®

A second method of establishing some measure of symmetry between our high-knowledge
and science classificationsistorely onthelatter’sindustrial dimensions. Twenty-four three-
digit industries are classified as science-based.® Accordingly, we augment our original list
of 16 high-knowledge industries by aso including the next 8 industries with the highest
knowledge scores.

4.1 High-knowledge industries

Our first group of 16 high-knowledge industries (based on employment coverage, the more
restrictive of our thresholds) ispresented in Table 2a. Werefer to these asfirst-tier knowledge
industries, because they have the highest knowledge scores (i.e., the highest percentages of
workers in knowledge-based occupations). Note that we have excluded public industries
(government services) or quasi-public industries (education and heal th industries) from our
classification, as these industries are not classified to the business sector.®®
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Table 2a. High-knowledge industries

(First tier, based on employment cover age—business sector only)
Industry (SIC) Knowledge % of industry % of industry
score® employment employment
classified as classified as
|CT-based science-based
1. Computer and related services (772) 83.7 100.0 97.8
2. Architectural, engineering and other scientific and 78.3 0 100.0

technical services (775)
3. Management consulting services (777) 69.2 0 0
4. Other financial intermediary industries (740) 68.5 0 0
5. Theatrical and other staged entertainment services (963) 65.0 0 0
6. Investment intermediary industries (720) 60.5 0 0
7. Servicesincidental to fishing (032) 55.4 0 0
8. Accounting and bookkeeping services (773) 54.9 0 0
9. Office, store and business machine industries (336) 53.0 100.0 100.0
10. Communication and other electronic equipment 51.8 100.0 100.0
industries (335)

11. Other services n.e.c (999) 49.4 0 0
12. Publishing industries (283) 48.8 0 0
13. Business associations (982) 484 0 0
14. Labour organizations (984) 48.2 0 0
15. Political organizations (985) 47.8 0 0
16. Professional membership associations (983) 46.9 0 0

* Percentage of employment in knowledge-based occupations.

Only three industries in this group of sixteen—computers and related services (SIC 772),
communications and el ectroni c equipment (SIC 335), and office, storeand business machines
(SIC 336)—are classified, in whole or in part, as both ICT- and science-based. One other
(non-1CT) science industry—architecture, engineering and scientific services (SIC 775)—
isaso included in our high-knowledge group. Two of these industries set the standard for
knowledgeworkers. Computer servicesexhibitsthe highest knowledge score (84%) followed
by architectural, engineering and scientific services (78%).

Our knowledge rankings al so unearth arange of other industries |ocated outside of science
and technology environments that, on the strength of their occupational structure, could
also be classified as knowledge |eaders. Twelve out of the sixteen industriesin Table 2a are
neither 1CT-based nor science-based. These include financial services, such as financial
intermediaries (SIC 740) and investment intermediaries (SIC 720). Business services such
as management consultants (SIC 777) and accounting (SIC 773) also make the grade as
high-knowledge. Also included in the high-knowledge category are industries that would
not necessarily garner headlines as knowledge |eaders—such astheatrical and entertainment
services (SIC 963), servicesincidental to fishing (SIC 032), and publishing industries (SIC
283). These industries employ significant concentrations of knowledge workers.

The second tier of knowledge industries (additions based on industrial coverage, the less
restrictive of our thresholds) isreported in Table 2b. Thisgroup includes | CT manufacturers,
such as scientific and professional manufacturing (SIC 391), along with science-based
industries, such as pharmaceuticals and medicine (SIC 374) and pipeline transport (SIC
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Table 2b. High-knowledge industries

(Second tier, based on industrial coverage—business sector only)
Industry (SIC) Knowledge % of industry % of industry
score® employment employment
classified as classified as
|CT-based science-based
17. Offices of lawyers and notaries (776) 46.3 0 0
18. Crude petroleum and natural gas industries (071) 443 0 0
19. Telecommunication broadcasting industries (481) 442 29.3 29.3
20. Pharmaceutical and medicine industries (374) 43.3 0 100.0
21. Consumer and business financing intermediary industries (710) 431 0 0
22. Other servicesincidental to construction (449) 43.0 0 0
23. Pipeline transport industries (461) 425 0 100.0
24. Scientific and professional equipment industries (391) 420 91.5 100.0

* Percentage of employment in knowledge-based occupations.

461). Once again, industries outside of ICT and science environments make the grade as
knowledge based. Examples include traditional business services, such as lawyers and
notaries (SIC 776), and primary industries, such as crude petroleum and natural gas (SIC
071).

Tables 2a and 2b highlight many examples of industries with proportionately large
concentrations of knowledge workers that lie outside the boundaries of ICT and science.
That said, one should not conclude that ICT and science industries fare poorly in terms of
their representation of knowledge workers. The group of 16 high-knowledge industries
listed in Table 2a constitute only 10% of business sector employment. The remaining 90%
of paid workers are spread across 249 other industries.™* When viewed against this larger
group, most ICT and scienceindustries score highly intermsof their rel ative concentrations
of knowledge workers. Tables3 and 4 list all 3-digit industriesthat are comprised, in whole
or in part, of ICT and science-based components.*?

Table 3. Knowledge scoresfor ICT industries®
Industry (SIC) Knowledge Knowledge
score** rank***

Computer and related services (772) 83.7 1
Office, store and business machine industries (336) 53.0

Communication and other electronic equipment industries (335) 51.8 10
Telecommunication broadcasting industries (481) 44.2 19
Scientific and professional equipment industries (391) 43.3 20
Telecommunication carriers industry (482) 39.2 29
Communications and energy wire and cable industry (338) 36.2 33
Other telecommunication industries (483) 35.7 34
Electrical and electronic machinery, equipment and supplies, wholesale (574) 35.3 35
Other machinery, equipment and supplies, wholesale (579) 29.3 50
Record player, radio and television receiver industry (334) 25.7 60
Machinery and equipment rental and leasing services (991) 8.9 199

* Industriesin italics contain both ICT and non-ICT components.
**  Percentage of employment in knowledge-based occupations.
*** Ranking out of 265 business sector industries.
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Table 4. Knowledge scores for non-1CT science-based industries*
Industry (SIC) Knowledge Knowledge
score** rank***

Architectural, engineering and other scientific and technical services (775) 78.3 2
Pharmaceutical and medicine industry (374) 433 20
Pipeline transport industries (461) 42.5 23
Motion picture, audio and video production and distribution (961) 41.2 25
Service industries incidental to agriculture (021) 40.4 26
Refined petroleum industries (361) 38.2 30
Industrial chemicals industries (371) 38.2 31
Electric power systems industry (491) 37.2 32
Aircraft and aircraft parts industry (321) 33.6 38
Plastic and synthetic resin industry (373) 32.7 40
Electrical industrial equipment industries (337) 30.6 47
Other chemical products industries (379) 29.8 49
Agricultural chemical industries (372) 28.0 55
Other machinery and equipment industries (319) 26.2 58
Other petroleum and coal products industries (369) 22.3 71
Commercial refrigeration and air conditioning industries (312) 19.7 88
Agricultural implement industries (311) 16.8 114

* Industriesin italics contain both science and non-science components.
**  Percentage of employment in knowledge-based occupations.
*** Ranking out of 265 business sector industries.

Science and technol ogy environmentsarewell represented in the upper end of the knowledge
distribution. Of the 12 industries with ICT representation, 10 place in the top quintile in
terms of their knowledge score (the top 53 business sector industries). Similarly, 12 out of
the 17 science industries that are not classified as | CT-based also place in the top quintile.

4.2 Are distinctions between science and knowledge statistically robust?

The above classification exercise draws distinctions between science and technology
environmentsand other high-knowledge environments by focusing on small setsof individual
industries which occupy the upper tail of the knowledge distribution—industries with the
largest concentrations of knowledgeworkers. Certain highly visible, science and technology
industries, such as computer services and electronic equipment manufacturers, areincluded
inthishigh-knowledge group. But other industries, including arange of financial and business
services, a'so make the grade as knowledge leaders.

Theseindustry distinctions need to be set in context. Evenif many ICT and scienceindustries
arenot included in thefirst or second tier high-knowledge groups (Tables 2a and 2b), most,
as we noted at the conclusion of the section 4.1, have relatively high knowledge scores.
And wewould expect thisto bethe case. The vast mgjority of ICT industriesareincludedin
the science sector. And, as discussed in Chapter 2, the science designation isitself based in
part on human capital indicators that evaluate the knowledge and skill characteristics of an
industry’s workforce.
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Table 5. Satistical relationships between science and knowledge classification schemes

Method

Features of method

Results

1) Independence of classification

— Null hypothesis: the classification schemes
are independent of one another.

— 2x2 contingency table, test statistic
distributed as Chi-square.

— Separate tests based on different coverage
rules for defining threshold between high-
knowledge and low-knowledge industries
(employment-based coverage rule versus
industry-based coverage rule).

— When employment coverage rule is used,
dimensions of knowledge and science
classification schemes differ (18 high-
knowledge industries versus 24.2 science
industries).

— When industry-based coverage rule is used,
dimensions of two classification schemes
are (basicaly) equivaent (24 high-
knowledge industries).

A) Employment-based coverage rule:

— Reject at 5% the null that classification
schemes are independent of one another.
Cannot reject the null of independence at
1%.

— Tests are very sensitive to changesin
classification (i.e., reclassification of small
numbers of industries).

B) Industry-based coverage rule:

— Reject at 1% the null that the classification
schemes are independent of one another.

General comment: Tests are influenced by the
definition of the high-knowledge threshold.

2) Independence of classification

— Null hypothesis: exact dependence
(equivalent taxonomies).

— 2x2 contingency table, test statistics
distributed as Chi-square.

— Separate tests based on employment-based
coverage rule and industry-based coverage
rule.

— Expected contingency tables based on the
maximum number of science/knowledge
pairings that are possible under
equivalence.

— Reject at 1% the null that the classification
schemes are exactly equivalent—regardless
of whether the employment- or industry-
based coverage rule is used.

3) Correlation analysis

— Evaluates linear association between
taxonomies.

— Compared continuous and binary
definitions of the knowledge index to the
binary science index.

— Advantage: more complete use of
knowledge worker data.

— Correlation coefficient between continuous
knowledge index and binary science index
is0.44.

— Correlation is 0.14 when the employment-
based coverage rule is used to define the
binary knowledge classification; 0.23 when
the industry-based coverage rule is used to
define the binary knowledge classification.

The nature of this functional relationship between science (the more comprehensive of the
New Economy taxonomies) and knowledgeisimportant. Even if somefunctional dependence
exists between science and knowledge, there still may beimportant differences between the
two classification systems (presumably the result of factoring R& D characteristicsinto the
mix when estimating an industry’s science base). At the extreme, however, if our science
and knowledge classifications are essentialy equivalent, then slight differences in the
classification of individual industries (to the extent that these differences exist) may amount
to little more than statistical aberrations.

We evaluate statistical relationships between the science and knowledge classificationsin
several ways. A brief overview of methods and resultsis presented in Table 5.

We begin with our initial expectation—that some functional relationship exists between the
high-knowledge and science classifications. First, we used standard chi-square statisticsto
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test for theindependence of thetwo classification systems (high-knowledge versus science) .2
We performed separate tests based on the two coverage rules (employment coverage and
industrial coverage) that were used separately to classify industries to the high-knowledge
group. Regardless of whether the more restrictive (employment) threshold or the less
restrictive (industrial) threshold was used to define the high-knowledge group, our test
statistics rejected the null that the binary knowledge and science classifications are
independent of one another. The high-knowledge classification contains a higher ratio of
science-to non-science industries than does the low-knowledge classification. Because of
the dimensionality of these classification schemes, however, these standard tests need to be
interpreted with caution as, in certain cases, small changesin classification (e.g., the number
of industries that are jointly classified as high-knowledge and science-based) have a
significant impact on test results.*

A moreintriguing concern, however, rests with the “extreme case” noted earlier—the case
of exact functional dependence.’® We can evaluate this null hypothesis (exact dependence)
as a special case of the alternative hypothesis outlined above (some dependence). To test
the null of exact dependence, we effectively treated our set of expected frequencies (e.g.,
the expected number of science and knowledge pairings) as exogenously determined. These
expected frequencies correspond to the maximum number of identical science-knowledge
pairingsthat wewould observeif the science and knowledge taxonomies classified industries
equivalently, in situationswhere the possibility of equivalence exists. Irrespective of whether
the employment threshold or the industry threshold was used to construct the high-knowledge
group, the null of exact dependence was strongly rejected.

The above tests are based on binary classifications. The science taxonomy developed by
Baldwin and Johnson (1999) is binary—each industry is either designated as science-based
or non-science based (the authors refer to these as “ other” industries). No attempt is made
to quantify the extent to which certain industries are more science-based than others. But
the knowledge scoresthat we useto generate our binary high-knowledge and “ other” groups
are continuous, and rank industries along a continuous distribution. As afinal exercise, we
make more use of the continuous information that underlies our knowledge index. The
correlation coefficient between the continuous knowledge index and the binary science
taxonomy is 0.44. When these knowledge scores are used to construct binary high-
knowledge/other industry groups, the correlation coefficient between the (binary) knowledge
and science classification schemes reduces to 0.23 (when the less restrictive industry
threshold isused to identify the high-knowledge group) and 0.14 (when the morerestrictive
employment threshold is used to define the high-knowledge group).

Our tests suggest that these knowledge and science taxonomies are related, but imperfectly.
This, inturn, provides some statistical justification for drawing attention to the select group
of high-knowledge industries located outside of science and technology environments. In
the next section, we examine the growth and structural characteristics of these high-
knowledge industries—against the backdrop of what many analysts view as the epicenter
of the New Economy, the technology sector.
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Endnotes

7 Our classificationisbased on 1980 SIC industries (as opposed to the more current North American
Industrial Classification System standard). This was done, first, to facilitate comparisons with
the SIC-based definitions of ICT and science industries utilized in Growth and Devel opment,
and second, to ensure consistent industrial definitions for our analysis of long-run growth in
Chapter 5. Note that in a small number of cases, industries in this Census database represent
groupings of three-digit industries.

8 One methodological difference between these science and knowledge classifications warrants
mention. The 10% employment sharefor science industries reported in Growth and Devel opment
isbased on that sector’s share of paid worker jobs. In the current analysis, the 10% employment
share that is used to classify industries to our high-knowledge group is based on a broader
definition of employment, which includes both paid and self employment. Because both
employment types are readily available from Census data, we saw no reason to exclude self
employment from those tabulations.

9 Science industries are defined at the four-digit level based on the 1980 SIC (see Appendix A).
Twenty two three-digit industries are wholly classified as science-based (i.e., all the paid
employment in these industries is located in four-digit industries that Baldwin and Johnson
(1999) identify as science-based). Two other three-digit industries have the majority of their
employment in four-digit science industries, while two others have minority science shares.
Our group of 24 is based on industries with all or a mgjority of their employment classified as
science-based. Data issues that limit our ability to compare high-knowledge industries to ICT
and science industries are discussed in Appendix A.

10 This conceptual limitation is examined in Appendix B. For comparative purposes, we generate
an alternative definition of the high-knowledge group based on a mixture of public and private
industries.

1A small employment residual is not classified to a specific industry.

2 For background on why certain industries contain only “partial” ICT or science components, see
Appendix A.

13 These tests are based on contingency tables that examine the ratio of science to non-science
industries across high- and low-knowledge strata. Under the null of independence (i.e., no
functional relationship between science and knowledge), the proportion of scienceto non-science
industries in the high-and low-knowledge groupings should be the same. For background on
these tests, see Monks and Newton (1988).

14 These analytical limitations reflect small counts in certain cells of the contingency table. For
example, when the more restrictive employment threshold is used to define the high-knowledge
group, only 4 industriesarejointly classified as high-knowledge and science-based; the resulting
test statistic allows us to reject the null of independence at the 5% level of confidence. If one
additional observation was eliminated from this high-knowledge/science group, we could not
reject the null.
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5 One way of conceptualizing this test of exact dependence is to ask whether the deviations that
we observe between the two classifications are slight enough to be randomly generated by the
construction of “equivalent” science and knowledge taxonomies.
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Chapter 5. How do high-knowledge industries compare
with technology industries?

n The Growth and Development of New Economy Industries (the second paper in the
Transitions series), we asked whether ICT industries were “special” and concluded that
they were. We also asked whether there exist other industries (or clusters of industries) with
long-run production and performance profiles on par with those in the technology sector.
Andwefound evidenceto this effect—R& D-intensive scienceindustries have al so enjoyed
high rates of GDP growth. Wages, investment intensities and productivity growth in these
industries rival those in the technology sector. We thus concluded that a singular focus on
ICT risksomitting potentially interesting groups of industriesthat are a so making significant
contributions to the growth of the New Economy.

We then extended this line of argument further (in Growth and Devel opment) by showing
that there are significant numbers of non-1CT / non-science industries—what we referred to
as other or traditional industries—that outperform the average for technology industriesin
different aspects of their production and performance profile. (The number of theseindustries
doing so depends, of course, on the metric used.) What ismore, we also found small clusters
of these moretraditional industriesthat consistently outperformed the ICT average acrossa
range of input and performance dimensions. Even in traditional sectors of the economy,
evidence of dynamic growth is legion.

|CT industries produce, devel op and support technol ogy-based products. Science industries
(many of which are aso ICT-based) make relatively large investments in research and
development and skilled workers. In Dimensions of Occupational Changes in Canada’s
Knowledge Economy (the fourth paper in the Transitions series), Beckstead and Vinodrai
shifted the focus from ICT and science industries to knowledge workers. The concept of a
knowledge industry advanced in Dimensions (and explored in this paper) is based solely on
the representation of knowledge workers within an industry’s occupational structure. Inthe
present study, we note that some of the most knowledge-intensive industries (industries
with the largest concentrations of knowledge workers given the size of their respective
employment bases) lie outside the boundaries of these ICT and science classifications. In
this section, we evaluate how the growth profiles and structural characteristics of high-
knowledge industries located outside of science and technology environments compare
with the growth and structural characteristics in the technology sector.

As in Growth and Development, we have selected ICT industries as our comparative
benchmark because, for many analysts, these technology industries are most associated
with the growth of the New Economy. Because long-run input and performance trends for
|CT servicesdiffer fromthosein ICT manufacturing'®, we compare high-knowledge services
tothe ICT servicesaverage, and high-knowledge goodsto the ICT manufacturing average.t’
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Table 6. Analysisvariables

Variable Data source

Growth measures:

1. Percentage point change in aggregate GDP share (1987-1997) Productivity Accounts database
2. Average annual rate of growth of employment (1991-2001) Census of Population
3. Average annual rate of growth of hourly earnings (1991-2001) Census of Population

4. Percentage point change in average ICT investment intensity (1981-89 / 1994-2002)  Productivity Accounts database

Structural characteristics:

5. Percentage of employment in urban areas (all CMAs, 2001) Census of Population
6. Percentage of employment in largest urban areas (largest four CMAs, 2001) Census of Population
7. Percentage of workforce with post-secondary degrees (2001) Census of Population
8. Percentage of women in workforce (2001) Census of Population

Our analysisvariables arelisted in Table 6. Four different aspects of the growth profile are
examined, related to output, employment, earnings and technology use. On aggregate, ICT
industries experienced significant GDP growth in the 1990s—increasing their share of total
business sector output. We examine percentage point changes in nominal GDP shares over
the 1987 to 1997 period to eval uate the extent to which individual high-knowledge industries
outside of ICT and science environments are al so becoming important parts of the private-
sector economy.*®

Long-run employment and earnings growth are two other areas in which technology
industrieshave excelled (Beckstead and Gellatly, 2003). We eval uate labour market dynamics
by comparing annual growth rates for employment and hourly earnings over the 1991 to
2001 period. Our final measure of growth focuses on technological intensity. ICT industries
not only develop, deliver and support new technological products and services—they are
also heavy consumers of these products (Beckstead and Gellatly, 2003). We examine the
changing role of technological investment in high-knowledge industries by comparing the
average contribution of high-technology capital (computer, software and telecommunications
equipment) to total investment over two general periods (1981-1989, 1994-2002).

In addition to growth, we focuson arange of structural characteristicsthat describe different
facets of the production environment. Four basi ¢ characteristics are examined—two related
to urbanization, one related to educational attainment and one to femal e participation.

Knowledge-based industries are widely perceived as an urban phenomenon. Beckstead et
al. (2003) used an analysis of location quotientsto demonstrate that employment in Canadian
technology industriesis highly concentrated in large urban centres, and that the geographic
concentration of ICT activity has accelerated in recent years. In what follows, we examine
two basic measures of urbani zation—the percentage of paid worker employment in Canadian
CMAs s (urban areas with populations of 100,000 or more'), and the percentage of paid
worker employment in the largest CMAs (urban areas with populations of 1,000,000 or
more®).
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Education and female participation are two other areas that are often seen to differentiate
technology industries from other sectors. According to Vaillancourt (2003), computer and
telecommunications industries contain proportionately about twice as many university
graduates as other industries. In addition, these are industries that are widely regarded as
male dominated. Employment in computer and telecommunications is becoming
“increasingly dominated by university-educated younger men” (Vaillancourt, 2003). From
1990 to 2002, the share of women in these technology industries actually declined.
Vaillancourt notes that this reflects sharp differences in employment growth rates, as the
long-run employment growth rate in these industries was significantly lower for women
(51%) than for men (75%). Below we examine industry differencesin degreeintensity (the
percentage of the workforce with a post-secondary degree) and in female participation (the
percentage of the workforce that is female).

Resultsarereported in Tables 7aand 7b. Table 7afocusesonfirst-tier knowledgeindustries.
Thisisthe subset of 12 industries|ocated outside of science and technology environments?
that are classified as high-knowledge when the more restrictive of our two thresholds,
employment coverage, is used to differentiate high-knowledge industries from other
industries. Table 7b reports on the group of 4 second tier knowledge industries. These are
(non 1CT-based, non science-based) industries with lower knowledge scores than those in
thefirst tier, but that are classified to the high-knowledge sector when the more inclusive of
our thresholds, industrial coverage, is used to distinguish high-knowledge industries from
other industries. Prior to our discussion of results, one data limitation warrants mention.
Two of the growth variables featured in Table 6—GDP growth and long-run changes in
technology-based investment—are derived from data sources that are used to support
Statistics Canada's Productivity Accounts. On balance, these data sources contain less
industry detail than the Census files that are used to generate the other analysis variables
described in Table 6. Thishas direct implicationsfor how precisely we can measure growth
trends in certain industries. Accordingly, in certain cases, we can only evaluate whether a
specific high-knowledgeindustry (e.g., investment intermediary industries) ispart of alarger
industrial environment (a collection of investments and other financial intermediary
industries) in which GDP growth or long-run changes in technological intensity compare
favourably with growth trends in the ICT sector. (We indicate situations in which these
measurement issues arise via shading in Tables 7aand 7b.)%

In the technol ogy sector, positive growth in nominal GDPwas concentrated in ICT services
(a percentage point change of 0.39). Only one of the high-knowledge service industries
identified in Tables 7aand 7b, management consulting industries, islocated in anindustrial
environment with larger growth in nominal GDP? Financial service industries, three of
which are classified herein as high-knowledge, also realized gains in their GDP share that
were roughly comparable to those in ICT services.

The New Economy revolution of the 1990s fuelled substantial long-run employment gains
inICT services (an annualized rate of 5.3%). Yet four of the high-knowledge serviceslisted
in Table 7a—management consulting (6.7%), other financial intermediaries (11.7%),
investment intermediaries (7.4%) and accounting and bookkeeping services (9.0%)—enjoyed
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larger long-run employment growth rates than ICT services. Average earnings growth also
outpaced ICT services (3.1%) in other financial intermediaries (5.0%) and investment
intermediaries (3.7%). Consumer and business financing intermediaries (3.8%) and lawyers
and notaries (3.2%) are other high-knowledge services with significant long-run earnings
growth.

Technology industries are both important producers and consumers of New Economy
products and services. A large share of total investment in ICT service industries takes the
form of expenditureson high-technology capital (hardware, software and telecommunications
equipment). High-tech investment shares for ICT services in the recent reference period
(1994-2002) were, on average, about 5 percentage points greater than for the historical
period (1981-1989). Similar long-run gains in technological intensity (a shifting of the
investment mix towards high-tech commodities) are also apparent in financial services—
with an averageincrease of 7 percentage points between the two periods. Whilethese growth
comparisons mask basic differences in investment levels (ICT services, in both periods,
exhibited much larger high-tech investment shares than all other service groups examined
here), they do underscore theincreasing role that advanced technology playsin the provision
of traditional services such as financing.?* A recent survey of firms in the banking and
insuranceindustries highlights rel ationshi ps between technol ogical capital and innovation—
over 90% of innovative financial servicesfirmsreported that computers and software were
important to their innovation activities, while 50% of innovatorsidentified high performance
communications networks as important innovation inputs (Baldwin et al. 1998; Gellatly
and Peters, 2000).

Our analysisof structural variables (measures of urbanization, degree attainment and female
participation) isdesigned to highlight basic differencesin the production environments that
characterize high-knowledge industries. Technology industries are widely viewed as an
urban phenomenon.® But high levels of urbanization are hardly unique to science- or
technology-based environments. Employment in many of the knowledge-based services
listed in Tables 7a and 7b is highly concentrated in large cities.® Only the two resource
sector industriesin our high-knowledge group—crude petroleum and natural gasindustries
and services incidental to fishing—have CMA shares less than 70% (54% and 20%
respectively).?” Even when the more stringent urbanization criteriais used (which focuses
on employment in thefour largest urban areas), many high-knowledge industries, particularly
in financing and professional services, maintain urban employment shares that are
comparable to the technology sector.

Sharper differences emerge when examining the educational characteristics of the high-
knowledge workforce. While the technology sector has much higher levels of degree
attainment than the business sector average, several serviceindustriesin our high-knowledge
group exhibit attainment rates that are significantly higher than the technology services
average (35%). Examples include management consultants (52%), lawyers and notaries
(50%) and professional membership associations (44%).
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Table 7a. Select growth and demogr aphic characteristics: High-knowledge industriesin non-1CT/non-science environments (first tier, based on
employment cover age)
KW GDP  Employment Wage Changein Urban Urban Degree Female
score growth growth growth average share share incidence partici-
(%) (1987- (1991- (1991- ICT (@l (largest (2001) pation
1997) 2001) 2001) investment CMAs CMAs (2001)
intensity (2001) (2001)
(1981-1989,
1994-2002)
() @) (©) 4 () (6) U] (C)
High-knowledge industry:
Management consulting services (777) 62.9 0.59 (+) 6.65 (+) 293 (-) 1.77 (-) 85.6 (-) 60.6 (-) 51.8 (+) 46.0 (+)
Other financial intermediary industries (740) 68.5 0.31(-) 11.73 (+) 4.96 (+) 7.05 (+) 87.3(-) 60.3 (-) 422 (+) 45.9 (+)
Theatrical and other staged entertainment services (963) 65.0 0.04 (-) 2.63(-) 1.61(-) 354 (-) 85.5(-) 59.8 (-) 30.3(-) 439 (+)
Investment intermediary industries (720) 60.5 0.31(-) 7.37 (+) 3.66 (+) 7.05 (+) 87.9 (+) 64.6 (+) 43.2 (+) 52.0 (+)
Services incidental to fishing (032) 55.4 -0.11 (-) 1.41(-) 1.14(-) 0.84 (-) 20.4 () 5.0(-) 20.5(-) 26.1(-)
Accounting and bookkeeping services (773) 54.9 0.10 () 9.03 (+) 222 (-) 1.77 (-) 724 (-) 456 (-) 39.9 (+) 61.6 (+)
Other services n.e.c (999) 49.4 0.03 (-) 1.50 (-) 1.35(-) 3.73(-) 72.7 (-) 46.0 (-) 314 (-) 51.0 (+)
Publishing industries (283) 48.8 0.09 (+) 3.21(-) 2.02(-) 6.92 (+) 79.2 (-) 57.9(-) 36.0 (+) 60.9 (+)
Business associations (982) 484 0.11 (-) 216 (-) 2.40(-) 16.8 (+) 72.0(-) 47.4(-) 35.6 (+) 62.7 (+)
Labour organizations (984) 48.2 0.11 (-) -0.34(-) 2.10(-) 16.8 (+) 79.6 (-) 48.1(-) 225(-) 52.3 (+)
Political organizations (985) 47.8 0.11 (-) -1.17 (-) 2.79() 16.8 (+) 79.9(-) 43.0(-) 38.0 (+) 61.1(+)
Professional membership associations (983) 46.9 0.11 (-) -0.55 (-) 1.81(-) 16.8 (+) 91.7 (+) 69.1 (+) 44.3 (+) 72.5(+)
ICT manufacturing 48.7 -0.04 3.48 3.08 5.4 84.2 65.0 31.6 35.1
ICT services 62.5 0.39 5.33 3.10 4.9 87.5 61.9 35.2 34.7

G00 "ON J1IN-Z29-TT "ON anfio[ere) —epeue) solisieIS

Shaded cells: indicate cases where the estimate corresponds to amore aggregate industrial grouping that containsthe three-digit high-knowledge industry. (+) denoteslarger than the corresponding
ICT estimate; (-) denotes smaller than the corresponding ICT estimate.
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Table 7b. Select growth and demographic characteristics: high-knowledge industriesin non-1CT/non-science environments (second tier, based on
industrial coverage)
KW GDP  Employment Wage Changein Urban Urban Degree Female
score growth growth growth average share share incidence partici-
(%) (1987- (1991- (1991- ICT @ll (largest (2001) pation
1997) 2001) 2001)  investment CMAs CMAs (2001)
intensity (2001) (2001)
(1981-1989,
1994-2002)
(€ @) (©) ) ® (6) U] (C)
High-knowledge industry:
Offices of lawyers and notaries (776) 46.3 0.10 (-) 0.39(-) 3.20(+) 1.77 () 80.1(-) 527 (-) 50.4 (+) 64.2 (+)
Crude petroleum and natural gas industries (071) 443 -0.47 (-) -1.63 (-) 3.31(+) 0.13(-) 53.6 (-) 15() 28.0(-) 28.3(-)
Consumer and business financing intermediary industries  43.1 0.31(-) 311() 3.79 (+) 7.05 (+) 84.7 (+) 57.6 (-) 325(-) 59.1 (+)
(710)
Other services incidental to construction (449) 43.0 -1.55 (-) 0.21(-) 217 (-) 0.86 (-) 71.1(-) 42.0(-) 254 (-) 31.4(-)
ICT manufacturing 48.7 -0.04 3.48 3.08 54 84.2 65.0 31.6 351
ICT services 62.5 0.39 5.33 3.10 4.9 875 61.9 35.2 34.7

Shaded cells: indicate cases where the estimate corresponds to amore aggregate industrial grouping that contains the three-digit high-knowledge industry. (+) denoteslarger than the corresponding
ICT estimate; (-) denotes smaller than the corresponding ICT estimate.



While technology industries are often viewed as male-dominated, the same cannot be said
for many of the high-knowledge examplesidentified above. Female workers make up over
60% of theworkforcein 6 of 16 cases—professional membership associations (73%), lawyers
and notaries (64%), business associations (63%), accounting and bookkeeping services
(62%), publishing industries (61%), and political organizations (61%). Women account for
more than half the workforce in four other industries—consumer and business financing
(59%), investment intermediaries (52%), labour organizations (52%) and other services
(51%). And in many of the cases noted above (examplesinclude investment intermediaries,
publishing industries, other services, and business associations) these female workforces
include large concentrations of knowledge workers.

The above exerciseis designed to shed new light on the high-knowledge landscape. Earlier
research on the New Economy’s industria structure (e.g., Beckstead and Gellatly, 2003)
has focused on the growth of highly-visible technology industries, and on industries that
make relatively large investments in scientific knowledge. A singular focus on knowledge
workers brings other industriesinto the limelight, most notably those that supply financial
services. Financial service industries have dynamic growth profiles—with rates of output,
employment, wage, and technologica change that compare well with rates of growth in
ICT services. And financial services are just as highly urbanized as emergent technology
industries. But financial services does yield a slightly different perspective on the
demographics of the high-knowledge sector. The two financing industries in our first-tier
group—other financial intermediaries and investment intermediaries—have slightly higher
rates of degree attainment than ICT services. All of the financial servicesthat are classified
as high-knowledge employ amuch higher percentage of female workersthan ICT services.
And the two first-tier financial services (other financial intermediaries and investment
intermediaries) also contain large concentrations of female knowledge workers.

One other characteristic of our high-knowledge classification warrants mention—its
emphasison serviceindustries. All of theindustry examples noted above are service based.
Only three of the high-knowledge industries listed in Tables 7a and 7b are classified as
goods-producing: publishing industries, crude petroleum and natural gas industries and
servicesincidental to fishing.22 And, on balance, none of theseindustries have growth profiles
on par with ICT manufacturing.?®

This service-based focus accords with our expectations. Firms in service industries are
often characterized aslessintensive users of traditional innovation inputs, suchasR&D. In
fact, the science-based classification proposed by Baldwin and Johnson (1999), which
depends in part on R& D-intensity, places a strong emphasis on manufacturing industries
and lessemphasison services (seeAppendix A). In serviceindustries, firm-level differences
in innovation and growth are strongly associated with underlying differences in human
resource strategies (Baldwin and Johnson, 1996; Baldwin, 2000). More successful service
firms are those that develop skilled workers. In thislight, it is not surprising that many of
the largest concentrations of knowledge workers are found in service environments.
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Endnotes

18 Thisis discussed in Beckstead and Gellatly (2003).

17" Asin Growth and Development, wetake careto ensurethat our 1CT sector definition(s) conform
with the standards developed by the OECD. In certain cases (most notably for ICT services
industries), estimates for specific ICT industries are “split out” of larger industrial aggregates,
and then combined to arrive at ICT manufacturing and service estimates that conform with the
OECD standard.

18 The selected time frame for these GDP comparisons reflects alimitation in our data source—as
consistent industrial definitions of the ICT sector, for the purpose of tracking long-run growth,
are not (currently) available beyond 1997.

19 Twenty-five urban centres across Canada are classified as CMAs.
2 Four urban areasareincluded in thisgroup: Toronto, Montreal, Vancouver and Ottawa—Gatineal.

2L Or, more accurately, these are industries that contain no ICT- or science-based employment
representation at the four-digit level.

2 |n practice, these measurement limitations can range from minor to severe, depending on the
industry in question. The extreme case is services incidental to fishing. This high-knowledge
industry accounts for only 7% of employment in the fishing and trapping industry, the level at
which GDP growth is measured.

2 Thegrowth estimate for management consulting isdistributed acrossarange of services, including
employment agencies and personnel suppliers aswell as aresidual grouping of other business
services.

2 The long-run growth estimate associated with membership organizations (e.g., business,
professional, political, and labour) exemplifiesthis*“growth versuslevel” distinction; theindustrial
grouping that includes these services experienced sharp growth in its investment mix towards
high-tech commodities (a 17 percentage point increase between the two periods ). In the first
period, however, the high-tech investment share for this industrial grouping was very low,
compared to those for financial servicesor ICT services. Consequently, the sharp growth stems
from amuch lower initial emphasis on technological capital.

% For discussion, see Beckstead et al. (2003).

% Many of these servicesare significantly more urbanized than the business sector average. Seventy-
two percent of employment in business sector servicesis found in urban areas with populations
greater than 100,000. And 43% of service employment is concentrated in the four largest urban
centers.

27 The CMA average for goods industries is 57%.
2 The SIC classifies these support services to the goods sector.

2 Specific examplesto the contrary are wage growth in the crude petroleum and natural gasindustry
and changes in technological investment in publishing industries—both of which compare well
with growth trendsin ICT manufacturing.
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Chapter 6. Conclusion

hese classification exercises raise important questions about the underlying

dimensionality of what is often termed the Knowledge Economy. Previous research
on knowledge-based firms from a recent Canadian survey (Baldwin and Gellatly, 1998,
1999, 2001) has demonstrated that there exist anumber of different dimensionsto advanced
knowledge (these studies explore a range of innovation, technology and labour practices
within new technol ogy-based firms), and not all of these can be expected to produce consi stent
portraits of the high-knowledge sector.

Using current research on Canada's knowledge-based occupations, this study demonstrates
that the flow of knowledge workers to different areas of the economy follows a similar
pattern. Whilemany | CT and scienceindustries place ahigh premium on knowledge workers,
ICT and science industries do not possess a monopoly on highly skilled, highly educated
labour. Thisisnot to suggest that ICT or science industries do not warrant the attention that
they receive, or that their role in fostering systems of innovation should be downplayed.
But investmentsin knowledge are ubiquitous—they are found in many different industries,
not just in high technology sectors. To exclude these other industries from a systematic
evaluation of our competitive assets is to give only a partial account of human capital
investments that are essential for innovation and growth.

In this study, we concentrated on a single aspect of an industry’s input structure—the
representation of certain knowledge-based occupations in its employment base—in order
to quantify its emphasis on knowledge. We chose to do so because knowledge workers are
often seen asaprimary determinant of industrial competitiveness. Thisoccupational approach
isilluminating becauseit casts many different industriesinto the limelight—industries outside
of science and technology environments that may otherwise be overlooked in discussions
about the New Economy. Exercisesin classification, of the sort examined herein, may help
giverise to healthy debates about “what ought to be measured” and “whether our current
set of operational toolsis appropriate”. These, in turn, help to shine light on the underlying
dimensionality of the New Economy.

The high-knowledgeindustriesidentified in this paper are noteworthy in that they are home
to large concentrations of knowledge workers—workersin professional, management and
technical occupations that require relatively large investments in education and/or pay
relatively high wages. These are the most knowledge-intensive industries, when the metric
for evaluating differences in knowledge is based entirely on occupational structure. Are
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these industries making substantial contributions to the growth of the New Economy? For
readers whose concept of the New Economy is closely related to the increasing demand for
skilled workers, the answer is most likely yes (presuming, of course, that one accepts the
classification of knowledge workers proposed herein). Alternatively, readers for whom the
idea of aNew Economy is grounded in empirical indictors such as output and productivity
growth, or in the growth of new innovative sectorsthat devel op scientific and technological
capital, there may be less justification for focusing on industries ssmply because they are
home to large numbers of knowledge workers.

At abasic level, our objective in this paper has been to draw attention to what are often
amorphous distinctions between widely used constructs such as New Economy and
Knowledge Economy. In Growth and Devel opment, we argued that a singular focus on the
technology sector may obscure important industries—industries that via their investments
in R&D and human capital, are also making significant contributions to the growth of the
New Economy. In this paper, we adopted a singular focus on knowledge workers, and
asked whether thisyields adifferent set of “leading-edge” industries. To a certain extent it
does. As to whether this influences perceptions about the industrial structure of the New
Economy depends on how significantly one viewsthe concentration of knowledge workers
as a characteristics of the New Economy in its own right—apart from other characteristics
of high-technology environments such as high rates of technological innovation and R&D
activity.
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Appendix A: Comparing ICT and science industries to
high-knowledge industries

want to draw attention to one factor that limits our ability to compare our list of
high-knowledgeindustriesto | CT or science-based industries. Industries are classified
as high-knowledge using occupational data from 2001 census records. These census data
collect information for 3-digit Standard Industrial Classification (SIC) industries (the second
most detailed industry categoriesin the SIC). In contrast, | CT- and science-based industries
are defined using 4-digit SIC industries (the most detailed industrial category in the SIC).
This, inturn, hasimplicationsfor how accurately we can state that a high-knowledgeindustry
(defined at the 3-digit level) is also ICT- or science-based. In some cases, a 3-digit high-
knowledge industry is comprised entirely of one or more 4-digit industries, al of which are
al classified as ICT- or science-based. For example, the 3-digit industry Computer and
Related Services (772) makes the grade as knowledge-based, and is made up of two 4-digit
industries, Computer Services (7721) and Computer Equipment Maintenance and Repair
(7722), both of which are classified as ICT industries. Here, the above measurement issue
ismoot. In other cases, the status of a high-knowledge industry as | CT- or science-based is
less apparent. Telecommunications broadcasting industries (3-digit industry 481) is also
classified as high-knowledge, and it is made up of 4 separate 4-digit industries, only one of
which isclassified asan ICT industry (cable television, SIC 4814). Thisone ICT industry,
cabletelevision, accountsfor 29% of total employment in thislarger 3-digit combination of
telecommuni cations broadcasting industries. In thiscase, we are not ableto ascertain whether
the ICT-based cable television industry has different occupational characteristics than the
three other (non-1CT) 4-digit industries which collectively make up telecommunications
broadcasting (SIC 481).

A complete list of ICT- and science-based industries—defined at the SIC 4-digit level—is
reported below. Analysis at the subsectoral level isfound in Beckstead and Gellatly (2003).
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TableAl. ICT and science subsectors
Sector Subsector SIC code Description
ICT Core ICT services 4821 Telecommunication carriers industry
4839 Other telecommunication industries
7721 Computer services
7722 Computer equipment maintenance and repair
Other ICT services 4814 Cable television industry
5743 Electronic machinery, equipment and supplies, wholesale
5744 Computer and related machinery, equipment and packaged software,
wholesale
5791 Office and store machinery, equipment and supplies, wholesale
9913 Office furniture and machinery rental and leasing
ICT manufacturing 3341 Record player, radio and television receiver industry
3351 Telecommunication equipment industry
3352 Electronic parts and components industry
3359 Other communication and electronic equipment industry
3361 Electronic computing and peripheral equipment industry
3362 Electronic office, store and business machine industry
3369 Other office, store and business machine industry
3381 Communications and energy wire and cable industry
3911 Indicating, recording and controlling instruments industry
3912 Other instruments and related products industry
Science ICT science Above SIC except for 5743, 5744, 5791, 7722 and 9913
Non-ICT science-based goods 0231 Agricultural management and consulting services
0239 Other services incidental to agriculture n.e.c.
3111 Agricultural implement industry
3121 Commercial refrigeration and air conditioning equipment industry
3191 Compressor, pump and industrial fan industry
3192 Construction and mining machinery and materials handling equipment
industry
3193 Sawmill and woodworking machinery industry
3194 Turbine and mechanical power transmission equipment industry
3199 Other machinery and equipment industries, n.e.c.
3211 Aircraft and aircraft parts industry
3371 Electrical transformer industry
3372 Electrical switchgear and protective equipment industry
3379 Other electrical and industrial equipment industries
3611 Refined petroleum products industry (except lubricating oil and grease)
3612 Lubricating oil and grease industry
3699 Other petroleum and coal products industries
3711 Industrial inorganic chemical industries n.e.c.
3712 Industrial organic chemical industries n.e.c.
3721 Chemical fertilizer and fertilizer materials industry
3722 Mixed fertilizer industry
3729 Other agricultural chemical industries
3731 Plastic and synthetic resin industry
3741 Pharmaceutical and medicine industry
3791 Printing ink industry
3792 Adhesives industry
3799 Other chemical products industries n.e.c.
3913 Clock and watch industry
3914 Ophthalmic goods industry
4911 Electric power systems industry
Non-ICT science-based services 4611 Natural gas pipeline transport industry
4612 Crude oil pipeline transport industry
4619 Other pipeline transport industries
7751 Offices of architects
7752 Offices of engineers
7759 Other scientific and technical services
9611 Motion picture and video production
9619 Other motion picture, audio and video services

Source: Beckstead and Gellatly (2003).
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Appendix B: What about governments, education and
health care?

he high-knowledge groupings reported in Tables 2a and 2b draw exclusively from the

business sector. Thiswas done to ensure comparability—asall ICT- and science-based
industries are located in the business sector. However, as Beckstead and Vinodrai (2003)
note, there exist large concentrations of knowledge workers in the public sector, or in
industries with extensive public sector intervention (education, health and social services).
In what follows, we regenerate our (employment-based) set of high-knowledge industries
without making any industry exclusions ex ante. Asin Table 2a, the set of industriesthat are
classified as high-knowledge is determined by a 10% employment threshold (here based on
total employment, as opposed to business sector employment).

The inclusion of health, education and government industries has a significant impact on
the composition of the high-knowledge group (Table B1). Education industries—post-
secondary (non-university), secondary & elementary, and university—exhibit among the
highest knowledge scores, as do medical and health laboratories. Because these industries
employ large numbers of workers, the overall number of industries required to obtain the
10% cutoff isreduced from 16 to 8. Computer services and architecture and engineering are
the only ICT or science industries represented in this total economy grouping.

Table B1. High-knowledge industries*
(based on employment threshold, full industrial coverage)

Industry (SIC) Knowledge % of industry % of industry
score*  employment employment

classified as classified as

ICT-based  science-based

1. Computer and related services (772) 83.7 100.0 97.8
2. Architectural, engineering and other scientific and technical services (775) 78.3 0 100.0
3. Post-secondary non-university education (852) 74.6 0 0
4. Medical and other health laboratories (868) 2.7 0 0
5. University education (853) 71.0 0 0
6. Management consulting services (777) 69.2 0 0
7. Other financial intermediary industries (740) 68.5 0 0
8. Elementary and secondary education (851) 65.9 0 0

*|ndustries in italics are not classified to the business sector.
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