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Preface

his study explores the industrial dimensions of the New Economy. It examines the

growth and development of industries that provide the technological and scientific
foundations for the New Economy—a collection of information and communications
technology (ICT) industries, both in services and in manufacturing, along with a larger
group of science-based industries, which includes most elements of the technology sector,
along with many other goods and service industries that make proportionately large
investmentsin research and development (R& D) and human capital . Focusing on the 1980s
and 1990s, our comparative profile examines whether the production and performance
characteristics of ICT and science industries differ from more traditional elements of the
business sector.

A range of production characteristics and performance measures are examined. We explore
differences in labour markets by examining the knowledge-intensity of the (industry)
workforce, thegrowth inlabour quality, and patterns of remuneration. Our analysis of capital
structure includes investment-to-GDP and investment-to-labour ratios, based, first, on all
capital investments, and second, on asubset of high-technology assets (computers, software
and communications equipment). Patterns of R& D expenditure are also evaluated.

Our exploration of industry performance is based on patterns of labour and multifactor
productivity. Differences in corporate profitability are examined, focusing on margins and
rates of return. We also investigate Canada'strade in ICT and science-based commaodities.
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Executive Summary

1.  Which industries make up the New Economy?

his paper explores the growth and development of Canada's ICT and science-based

industries. These industries play an important role in shaping the emerging industrial
structure of the New Economy—ICT industries develop, deliver and support advanced
information and communications technologies, products and services at the heart of the
technology revolution, while scienceindustriesmakelargeinvestmentsin R& D and scientific
workers, both key sources of industrial innovation.

Our empirical analysisisgrounded in aseries of research issuesthat are designed to explore
the evolving industrial structure of the New Economy. First, we want to know whether ICT
(or technology) industries exhibit different production and performance characteristicsthan
moretraditional industries (and if so, how different). Second, we areinterested in evaluating
whether a singular focus on the technology sector yields an adequate account of the New
Economy landscape, or whether there are other clusters of R& D-intensive industrieswhich
also warrant attention on the basis of their labour, capital and output characteristics.

Last, wewant to learn whichindustrial clusterswithinthelCT and science economies serve
asthe main engines of growth. Are certain elements of the |CT and science landscape more
dynamic than others, or are New Economy industries relatively homogenous in terms of
their production and performance characteristics? Much of the focus on the technology
revolution has centered on two core | CT services, computer servicesand telecommunications.
Arethese industries always at the vanguard of industrial change?

Following the definitional framework proposed by the OECD (2000a), 19 separate (4-digit)
industries are classified to the ICT sector, 10 in manufacturing and 9 in services. These ICT
industries are grouped into three subsectors: (1) core ICT services (i.e., computer services
and telecommunications carriers), (2) other ICT services (e.g., cable television and ICT
wholesaling) and (3) ICT manufacturing (e.g., electronic products).

A recent Canadian study of business strategies in science environments (Baldwin and
Johnson, 1999) classified 51 (4-digit) industries as science-based. This list of science
industriesincludes both technol ogy and non-technology industries, asdefined by the OECD’s
ICT classification. For thisstudy, science industries are also grouped into three subsectors:
(1) ICT-based science industries, (2) non-ICT science-based goods industries (e.g., aircraft
industries, chemical industriesand pharmaceuticals), and (3) non-ICT science-based services
(e.g., architecture, engineering and technical services).
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TheseICT and scienceindustries account for asmall, but growing, share of overall business
activity. In 2001, firms operating in ICT industries accounted for 5.5% of business sector
employment and 5.7% of business revenue. R& D-intensive science industries operating
outside the technology sector make up an additional 5.2% of employment and 6.9% of
revenue.

We should stress that our perspective on the New Economy’s industrial structure is
production-orientated, and not use-orientated. Our focus herein restswith profiling industries
that develop, deliver and support investments in technology (ICT industries), or industries
that make large investments in R& D-based innovation and scientific personnel (science
industries). The take-up of new technologies has reshaped production routines in ICT and
science environments, and in many other sectors of the economy. Accordingly, we are also
interested in how differences in technological intensity across industries, ICT, science or
otherwise, are correlated with different aspects of production and performance. While a
profile of technology use would shed additional light on the structure of the New Economy,
we reserve this for subsequent research.

2. What do we want to learn about New Economy industries?

This study compares the production and performance characteristics of ICT and science-
based industries with more traditional elements of the business sector. Its core objectiveis
to evaluate whether ICT and science-based industries—industries that provide the
technological and scientific foundations for the New Economy—exhibit different input
structures and performance characteristicsthan moretraditional goods and servicesindustries.

This dual focus on input structure and performance is important. Many of the policies
designed to promoteindustrial competitiveness center onimproving labour and capital inputs,
for example, by encouraging investmentsin skill development and training, or by reducing
the costs of acquiring advanced technology or instituting R&D programs. An analysis of
how input requirementsin ICT and science industries compare with moretraditional sectors
may aid in the development of policies designed to foster growth in more innovative and
technol ogy-based environments.

An analysis of industrial performance is important because it helps us to understand the
extent to which the industrial transitions at work within the New Economy have a positive
impact on our competitive prospects. Many exponents of the New Economy have linked its
emergenceto anew eraof higher productivity and corporate profitability. We are interested
in learning whether these gains are more apparent in technology and science industries—
industries at the heart of the innovation systems that drive the technology revolution.

... How do we evaluate differences in input structure?
Differencesin input structure are evaluated here using arange of production indicators: the

knowledge intensity of the workforce; long-run growth trends in labour quality; absolute
and rel ative wages, and expenditures on capital and new technologies, evaluated in relation
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to value added (our proxy for investment intensity) and in relation to labour inputs (our
proxy for capital intensity).

... How do we evaluate differencesin performance?

Our analysis of performance centers on a small set of key indictors: labour productivity,
multifactor productivity and profitability. Three profitability measuresare reported—margins,
returns on equity and returns on capital employed. We also examine one other structural
characteristic of ICT and science industries, their trade orientation. Export-to-output ratios
are reported, along with trade balances in ICT goods and science-based goods.

... What can an analysis of inputs and performance tell us?

The research design described above alows us to ask some basic questions about the
industrial structure of the New Economy. First, we want to learn if the technology sector
has a fundamentally different long-run profile than other less visible industries. Which
elements of the production process have received more emphasisin ICT industries? Which
facets of their performance record set them apart from other sectors of the economy?

Thisspotlight on ICT bringstwo additional research questionsinto view. First, doesasingular
focus on the ICT sector, home to firms that develop and support many of the innovative
technologies that fuel the technology revolution, capture the most dynamic elements of
production and performance in the New Economy, or does it risk omitting an interesting
group of industries that resemblesthe ICT sector in many crucia respects? We address this
issue by also focusing on alarger grouping of R& D and skill-based science industries that
includes many non-I1CT industries. Finally, we also ask whether the engines of growth in
the New Economy emanate from narrow clusters of industries within ICT and science-
based environments. Much of the analytical interest has been on core ICT services, such as
computer services and telecommunications carriers. Are these industries continually at the
forefront of industrial change, or are ICT and science-based manufacturing industries also
major sources of dynamism in the New Economy?

3.  The ICT sector as the vanguard of the New Economy

Our results support a view of the ICT sector that is highly dynamic. For many of the
production and performance statistics evaluated herein, the ICT average exceeds that for
other R&D and skill-based science industries, and, often by a considerable margin, for
industries that fall outside the ICT/science group.

The rapid growth of the technology sector is acentral characteristic of the New Economy.
From 1987 to 1997, real GDP in the ICT sector increased by 96%, compared to 28% for
non-1CT, non-science industries. Firms in the ICT sector employed 44% more workersin
1997 than in 1981. By comparison, employment outside of ICT and science industries
increased by 24%.
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Dynamism in ICT industries extends well beyond output and employment growth.
Knowledge workers comprise alarge, and growing, share of the ICT workforce. In 1981,
oneinfour workersinthe | CT sector was knowledge-based; by 1996, nearly one-half of the
|CT workforce was made up of knowledgeworkers. Thiswhilethe percentage of knowledge
workersoutside ICT and science industries actually declined, from 17% in 1981 to 12%in
1996.

Firmsin ICT industries also channel amuch larger share of their output into New Economy
technologies, such as computers, software and communications equipment. Over the 1981
to 1997 period, the investments in these technologies made by ICT industries averaged
13% of their total GDP. For industries outside the technology sector, this average did not
exceed 3%. ICT industries al so maintained higher stocks of technology investmentsrelative
tothesizeof their workforce. 1n 1997, theratio of technology expendituresto hoursworked
stood at 5.5. For non-ICT, science-based goods industries (i.e., a collection of heavy
manufacturing industries including industrial chemicals, pharmaceuticals, and aircraft
manufacturing) thisratio stood at 1.6. For industries operating outside the ICT and science
sectors (the vast majority of business sector industries), technology expenditures to hours
worked stood at 0.7.

New Economy technol ogies have been linked to improved productivity performance. Firms
in ICT industries produce many of these technologies, and are also heavy consumers of
these technologies. Long-run labour productivity gainsin the ICT sector (averaging 3.7%
per annum from 1987-1997) significantly outpaced thosein non-technology and non-science
environments (1.4%). After accounting for differences in capital intensity, long-run
multifactor productivity (MFP) growth in ICT industries (calculated from 1981-1997)
averaged 1.8% per year; industries outside of ICT and science averaged only 0.4% annual
MFP growth.

4.  Substantial economic dynamism outside of ICT, especially in
science environments

ICT industriesare highly dynamic. But asingular focus on the technology sector will overlook
other industries that play an important role in the transition towards knowledge-based
production. Our complementary focus on non-1CT, R&D-intensive science industries
corroborates this view.

Employment and GDP growth have also been substantial in R& D-intensiveindustries outside
the technology sector, particularly in services. Real GDPin science-based servicesincreased
by 61% over the 1987-1997 period, almost double the amount of growth in non-1CT, non-
science based services (34%). Long-run employment growth in science-based services also
outpaced job creation in more traditional services industries.

Knowledge workers are just as important in science industries as in the technology sector.
In 1996, 71% of the workforce in science-based services was classified as knowledge-
based, compared to 53% in core I CT services (computer services and telecommunications).
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Science-based services also enjoyed larger long-run improvements in labour quality,
exceeding thosein ICT industries. Wage ratesin science industries have a so kept pacewith
thosein the ICT sector.

Although ICT industries invest more heavily in technology assets, science industries also
maintain high investment-to-GDP and investment-to-worker ratios, much higher than the
corresponding averages calculated for more traditional industries. When the full spectrum
of investments is considered (and not just new technologies) science industries exhibit
investment profiles that, for much of the post-1981 period, equal or surpass those in ICT.

While labour productivity growth in non-ICT science industries has not been asrapid asin
the ICT sector, avery different picture of productivity performance emerges after controlling
for capital intensity. Long-run MFP growth in non-ICT science industries (38% cumulative
over the 1981-1997 period) actually exceeds that in the ICT sector (32%).

Scienceindustriesal so experienced higher profit marginsthan ICT during the 1990s. Average
profit margins in science industries over the 1988-1998 period was 12.4%, compared to
8.6% for the ICT sector.

Even outside the technology and science sectors, there are large numbers of industries that
surpass the ICT average when evaluating different input and performance characteristics.
Nearly one-quarter of other industries exhibited growth in hours worked and total
employment that surpassed the corresponding growth averages for ICT. Real wage levels
were aso higher in about one-quarter of non-I1CT, non-science industries. A similar pattern
was evident when examining performance indicators. Real GDP growth in the ICT sector
nearly doubled over the 1987-1997 period. Yet 10% of non-ICT, non-science industries
exceeded this average. Rates of labour productivity in 18% of industries operating in non-
technology, non-science environments eclipsed the labour productivity average for the
technology sector. And 32% percent of these traditional industries enjoyed superior MFP
performance. While only 12% of industries outside of ICT and technology environments
experienced higher profit margins, sizeable majorities (62% and 58%, respectively) enjoyed
higher returns on equity and returns on capital employed than the ICT sector.

There are aso groups of industries outside of our ICT and science boundaries that compare
favourably with ICT when evaluating a range of input and performance characteristics
simultaneously. A small cluster of automotive industries is illustrative—these industries
exhibit rates of long-run GDP growth, employment growth and MFP growth that surpass
the growth average for industriesin the ICT sector.

5. Patterns of growth within ICT and science differ

Our analysis of industrial structure classifies business sector industries into three broad
groupings: (1) ICT (or technology) industries, (2) science-based industries, and (3) all other
(non-ICT and non-science) industries.

The Canadian Economy in Transition Series -9- Statistics Canada — Catalogue No. 11-622-MIE No. 002



ICT and science environments were found to be very dynamic in many of their production
and performance characteristics. But the source of this dynamism depends very much on
which aspect of production or performance is being considered.

The industries that make up the ICT and science sectors are heterogeneous in their input
and performance characteristics. We evaluated this heterogeneity by focusing on distinct
subsectors within these ICT and science environments. And we found that overall trends
within ICT and science often obscure highly variabl e performance patterns emanating from
narrow clusters of industries.

Much of the New Economy focus has been directed towards core technol ogy-based services:
computer services and telecommunications. These core services lead other elements of the
ICT and science economies in GDP growth, employment growth, and investmentsin new
technologies. However, other groups of ICT and scienceindustries excel in other aspects of
production and performance. Knowledge workers, as a percentage of the workforce, are
more highly represented in science-based services than in core ICT industries. And these
R& D-based services have enjoyed higher rates of labour quality growth. Wage levelsin
ICT manufacturing have been gaining ground on core ICT services during the 1980s and
1990s. And by the late 1990s, the average real wage in science-based goods exceeded that
in core ICT services.

Overdl levels of capital intensity in science-based goods industries are also comparable to
those in core ICT services. The sameistrue of profit margins, which are higher in science-
based goods and core ICT services than in other New Economy sectors.

The most striking findings emerge when evaluating productivity performance at the
subsectoral level—as core ICT services industries are overshadowed by ICT and science-
based manufacturing. Long-runlabour productivity growth, at 6.7% annually, ismuch higher
in ICT manufacturing than in core ICT services (2.4%). Even after controlling for capital
intensity, ICT manufacturing industries exhibit much higher annualized MFP performance
than core services. Long-run MFP growthisalso significantly higher in science-based goods
industries (2.6%) than in any of the service subsectors examined herein. Productivity gains
in the New Economy are heavily concentrated in manufacturing.
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Chapter 1. Introduction

ver the last decade, the idea of a New Economy has gained widespread currency

among economists and business analysts. Proponents of the New Economy talk about
afundamental restructuring in the way the economic system operates—restructuring brought
about by the integration of information and communication technol ogiesinto many business
models, and their impact on systems of production, distribution and consumption. New
information and communication technologies have had a revolutionary impact on the
institutional structure of the modern economy. New technologies have expanded the
boundaries of competition. These technologies serve as a catalyst for the new products and
processesthat fuel systems of innovation and growth. New technol ogies have al so reshaped
therulesfor consumers. Search costs have been reduced. Delivery mechanismsthat provide
access to products and services have been enhanced. As aresult, consumers can now avail
themselves of far greater choice than in times past.

The idea of a New Economy is multidimensional. We not only find ourselves in a New
Economy, but also in a knowledge-based economy, a digital economy, an information
economy, an internet economy, an innovation economy, a high-tech economy, a real-time
economy, and a global-economy. Central to each of these conceptsisthe notion that the use
of advanced technol ogies, particularly information and communicationstechnol ogy, isrelated
to economic progress. Consequently, the advent of New Economy technologies has |eft an
indelible mark on the policy agenda—as governments shift their priorities from “industrial
economies’ to “information economies’.! Technology use and information management
have supplanted scale economies as the cornerstone of industrial competition. Hence,
“business and consumers must adapt to a more competitive global economy where success
depends on the devel opment, acquisition and use of knowledge”, an economy where growth
is“increasingly driven by information” (Industry Canada, 2001, pp. 2 and 9). Accordingly,
policy prioritiesare fashioned with New Economy objectives, such astechnological literacy,
in mind. The Federal government’s connectivity agenda—with its stated objectives of
transforming Canada“into the most connected country in theworld”, and hence “alocation
of choicefor e-commerce’—isonevisible manifestation of aNew Economy policy priority
(Industry Canada, 2001).

The attention that the technology revolution has garnered in academic and policy circles
has fuelled a wave of research exploring both the microeconomic and macroeconomic
dimensions of the technology revolution. We review key aspects of this research below.
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1.1 A new microeconomy

Microeconomic research on the New Economy has stressed the reorganization of business
model s around emergent technol ogies, and examined the impact that advanced technol ogies
have had on firm performance. The organizational impact of technology isreadily apparent
in traditional service industries, such as banking and financia services, where new ICT
technologies have redefined production methods and service delivery mechanisms (e.g.,
internet-banking), and supported arange of new portfolio products and investment options.?
In the manufacturing sector, advanced production technol ogies are reshaping the dynamics
of competition, and often set high-performance firms apart from other businesses.®

Many of the firm-level technology studies that have been conducted by statistical agencies
focuson entireindustry populations (e.g., manufacturing industriesversus serviceindustries).
This complements a burgeoning academic literature that focuses more narrowly on
specialized high-technology populations—such as high-technology small firms or new
technol ogy-based firms—that exist at the epicenter of technological change.* For many, the
growth and devel opment of these firmsrepresent central characteristicsof the New Economy.
The archetypa small technology-based firm

“(has) adisproportionate number of R& D employees (i.e. scientistsand/or engineers),
is active in arecent or emergent technology (e.g. biotechnology, microelectronics,
information technology)...(has) a large need for funds to finance R&D projects,
and often links with universities and/or public laboratories in order to access new
knowledge” (Chaillou, 1999, p.52).

A research priority for microeconomic analysts of the New Economy isto learn more about
the competitive dynamics at work within these high-technology populations. Technology-
based companies are often portrayed as vibrant examples of New Economy entrepreneurship.®
Accordingly, we need a better understanding of the organizational and institutional
frameworksthat support the growth and devel opment of technol ogy-based firms. Networks
and strategic clustersarewidely cited examplesof cooperativeinterfirm arrangementsamong
technol ogy-based startups—companiesthat network with university or public research labs,
or with other technology firms in science parks, and use these networks as vehicles for
information sharing and knowledge creation.® These partnership strategies overcome firm-
gpecific limitations in core business areas (financing, human resources, marketing and
management), and are more likely to take hold among new small firms that are less
encumbered by bureaucratic practices and more open to risk-taking strategies (see Chaillou,
1999).’

Microeconomic contributions to New Economy research have focused on how the advent
of advanced technologies has reshaped the strategies and competencies of firms—both for
traditional firms and for technology-based companies whose business model is defined
around advanced technologies. From this standpoint, evidence of the New Economy is
legion, astechnology and information management are morecritical determinantsof afirm’s
competitive position than ever before. Witness the emergence of new organizational models
infirmswherein Chief Information Officers operate alongside traditional CEOs and CFOs.
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1.2 A new macroeconomy

The question of whether or not new technologies have given rise to a New Economy is
often eval uated in macroeconomic terms. Several studies have examined whether investments
ininformation and communications technol ogies have fundamentally shifted the economy’s
productivity performance. In assessing the U.S. economy, many analysts pointed to the
“unprecedented length” of the post-1991 expansion, with its low rates of unemployment
and inflation, and high rates of productivity growth, as evidence that some fundamental
structural change has occurred (see Landefeld and Fraumeni, 2001).2 Notionsthat economic
systems undergo profound structural changes due to the introduction of new technologies
are not new—asthese have occurred with previous shiftsin technol ogical paradigms. Mg or
innovations such asthe spinning jenny, the steam engine and the el ectric motor all transformed
production routinesand led to higher rates of output and productivity growth (OECD, 2000b).
In the OECD’sview, what distinguishesthe current ICT revolution from previousindustrial
paradigms is the pace at which new technology is being assimilated into systems of
production.®

The existence of a new macroeconomy is, at bottom, an empirical issue. Numerous studies
find significant rel ationshi ps between the stock of technol ogical capital and macroeconomic
performance. The OECD Growth Project has examined patterns of trend growth in member
countries. While explanations of growth performance are multidimensional, basic differences
inlCT-intensity areamajor factor in explaining growth differentialsacross OECD countries.
Jorgenson and Stiroh (2000) have found a linkage between U.S. multifactor productivity
growth and investmentsin information technology in the post 1995 period. Working at the
industry-level, Stiroh (2001a) has al so found a positive correl ation between | CT-investment
intensities and labour productivity. In Canada, Armstrong et al. (2002) has examined the
extent to which changes in output growth are driven by investments in information and
communication technologies, such as hardware, software and telecommunications
equipment. The authors found that the percentage of output growth attributable to ICT
investment has increased markedly over the 1995-2000 period—along with the linkage
between ICT investments and productivity performance.

A second stream of macroeconomic research has asked whether new-technology industries—
industries that play a leading role in the production and distribution of technological
innovations—have different output and input characteristics than other sectors of the
economy. Research on the growth and development of new-technology industries goes to
the heart of national, provincial and local efforts to promote industrial competitiveness.
During the 1980s, proponents of industrial policies drew distinctions between growing and
declining industries. By the mid 1990s, the focus of industrial policies had shifted to the
sizeand performance of high-technology industries.'® These exercisesraiseimportant debates
over the scope of theindustrial transition at work within domestic economies—debates that
center on where the boundaries for the Old Economy end and those for the New Economy
begin.tt
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Endnotes

! Diane Cohen (in Basset, 1993) gives a useful account of these changing prioritiesin discussing
what she terms as the shift from industrial to information economies.

2 Using data from a recent survey of service industries, Baldwin et. al. (1998) and Gellatly and
Peters (1999) developed profiles of innovative firmsin financial services industries.

3 Using apanel of Canadian manufacturing establishments, Baldwin and Sabourin (2001) examined
how the adoption of new production technologies is related to the stochastic growth process
within plant populations. They found that gains in relative productivity, and growth in market
share, are far more prevalent in firms that make investments in new technologies. This
complements earlier evidence from firm-level surveys that found that investmentsin R&D and
technology are strongly correlated with performance.

4 Small firms have traditionally played a central role in notions of “anew economy”. In the late
1980s, Birch and others argued that the emergent role of small firmsin job creation wasafeature
of the modern (U.S.) economy that differentiated it from times past (see Case, 1989). In the
“new economy”, workers do not have to rely on large firms as the major source of new
employment. The net contribution (gains less losses) of small firms on the Canadian economy
was recently examined by Picot and Dupuy (1996).

5 Voyer and Ryan (1994) provide an illuminating case-study review of technology-based firmsin
the Canadian marketplace, focusing onfirmsat different stagesin their lifecycle (startups, growing
firms and mature firms).

& A useful example of how emergent technol ogies can reshape the organizational dynamics of the
marketplace is found in the model of the “virtual enterprise”, outlined by Lefebrve, Lefebvre
and Mohnen (2001, p. 88). Closely tied to the notion of aglobal marketplace, thevirtual enterprise
is

“atemporary consortium of independent member companies which cometogether to
quickly exploit fast-changing worldwide product manufacturing opportunities. Virtual
enterprises assemble themsel ves based on cost effectiveness and product uniqueness
without regard for organization, size, geographic location, computing environment,
technol ogies deployed or processesimplemented. Virtual enterprise companies share
costs, skills, and core competencies which collectively enable them to access global
markets with world class solutions that could not be provided individually”.

Virtual firms exploit new information technologies to structure their operations along a “ virtual
value chain”, each representing a different stage of the production process.

" The emergence of new technologies has spawned arelated literature that focuses on strategies
for success in the New Economy. For an example, see Kelly (1999).

The Canadian Economy in Transition Series -14- Statistics Canada — Catalogue No. 11-622-MIE No. 002



8 Thisarray of positive indicators has led to much theorizing on the macroeconomic foundations
of the New Economy. Stiroh (1999) identifies three schools of thought in his survey of the New
Economy literature. The first, the long-run growth school, argues that New Economy forces—
market liberalization, deregulation and IT investments—have enabled the U.S. to enjoy more
robust (non-inflationary) rates of output growth. Fueled by the productivity-enhancing impacts
of ICT technology, new information-based economies should be able to grow more rapidly than
their industrial predecessors. The second school, which focuses on the dynamics of the business
cycle, contends that the short-run tradeoffs between inflation and unemployment, long the basis
for macro-stabilization policies, has been supplanted by a new era of low-inflation and high-
employment. This may reflect a decline in the natural rate of unemployment, owing to the
productivity-enhancing effects of ICT and an increase in global price competition. The final
group, the sources-of-growth school, aso focuses on improvements in long-run trend growth.
However, they question whether traditional ICT capital-deepening is a sensible explanation for
this growth, instead focusing on the unique networking and externality effects of ICT capital.
Technology spillovers across firms (and industries) can lead to “virtuous circles of positive
feedback”, laying the foundations for rapid expansion.

® Morck and Yeung (2001) argue that the accumulation of technological progressthat is embedded
in everyday goods and servicesiswhat differentiatesthe present economy from earlier economic
transitions. In their view “ (i)t isthis central role of knowledge in competition that distinguishes
our modern economy as a “knowledge-based economy” (p. 54). Thurow (1999) notes that the
rapid pace of technological change hasimplicationsfor entrepreneurship: “(i)n thisthird industrial
revolution ... no one knows where future profits will be made” (p. 5).

10 Research at the OECD (1997) has contributed to the competitiveness debate by developing
score-sheet indicatorsthat facilitate the ranking of member countries by the size of their domestic
high-tech economies.

A lack of consensus over its scope has become a persistent feature of the New Economy debate.
Landefeld and Fraumeni (2001, p. 24) report that “ estimates of theimportance of the new economy
vary widely, and a cottage industry seems to have sprung up in estimating the size of the high-
tech economy and itsimpact on growth, productivity, and other aspects of economic activity—
including exports, investment and retail sales. The wide variationsin such estimates stem from
the absence of common definitionsfor the new economy or its subcomponents.” Stiroh (1999, p.
82) notesthat “thereis not yet a consensus about what the new economy really means or how it
should be defined and evaluated.” The OECD (2000b, p. 3) makes the same point, acknowledging
that “the *New Economy’ remains an elusive concept which means different things to different
people’.
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Chapter 2. Research Strategy

F rom a microeconomic perspective, the New Economy is unquestionably a very real

phenomenon, and not simply an analytic or academic construct. For many businesses,
technology and information management strategies represent, to a greater extent than ever
before, core competencies that need to be mastered if the firm is to remain competitive.
From the corporate manager’s standpoint, debates over the existence of a New Economy
arelikely to be seen as moot, as harnessing and exploiting new technologies are an integral
part of day-to-day business.

As noted earlier, previous macroeconomic studies have searched for a New Economy in
two ways: (1) by quantifying relationships between technol ogy investments and economy-
wide output or productivity growth, and (2) by examining performance differentials across
industries that differ in how intensively they invest in new technologies. Jorgenson, Stiroh
and Armstrong et al. provide new evidence that investments in technology are correlated
with improved productivity and output performance. Stiroh shows that the adoption of new
technologies engenders productivity differences at the industry level.

In our view, thereis still much work to be done in order to obtain a better sense of how the
technological revolution isreshaping the industrial landscape. Accordingly, the goal of this
paper isto learn more about the industrial dimensions of the New Economy—by profiling
certain clusters of industries that, in varying degrees, have been linked to its growth and
development, that is, to the transition from “industrial to information” economies. We have
selected industries as our primary unit of analysis because many in the research and policy
community view the emergence of vibrant New Economy industries as the key determinant
of our current, and future, competitiveness. National, provincial and municipal governments
have all developed policies to foster the growth of emergent technology and knowledge-
intensive sectors.

2.1  Which Industries make up the New Economy?

To develop acomparative profile, wefirst have to decide whichindustries should be classified
as part of the New Economy. One approach is to rely on the emerging industrial standard
for technology statistics devel oped recently by the OECD. Their definition of the ICT sector
represents “the combination of manufacturing and service industries, which electronically
capture, transmit and display information” (Statistics Canada, 2001, p.12).? For many
analysts, ICT industries represent the technol ogical backbone of the New Economy. These
industries devel op, deliver and support products and servicesthat embody the technol ogical
revolution, and fuel the industrial-to-information transition.
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WhileICT industriesrepresent aclear analytical starting point, they are not the only industry
grouping that could be used to study the industrial dimensions of the New Economy. To
offer an alternative perspective, we a so focuson abroader set of goodsand servicesindustries
that have been classified as science-based. These industries place more stress on two
production inputsthat best exemplify the transition towards knowl edge-based production—
R&D and skilled labour. Investments in R&D have been used by the OECD (1997) to
classify industriesinto high, medium and low technology groupings. Investmentsin skilled
labour, such as professional and technical workers, represent an additional basis for
guantifying an industry’s knowledge base. Developed by Lee and Has (1996), this
classification technique was refined by Baldwin and Johnson (1999) to identify industries
that place relatively more stress on the importance of scientific knowledge.*®

It isimportant to stress that ICT and science-based industries are not mutually exclusive.
Thevast majority of ICT industries arelocated in the science sector because ICT industries
also place a strong emphasis on R&D and human capital. Shifting the focus from ICT to
science effectively extends our view of the New Economy landscape. While | CT bellwether
industries such as computer services and telecommunicationsfall squarely within the science
camp, industries such asaircraft and aircraft parts, industrial chemicalsand pharmaceuticals
are also classified as science-based, along with technical business services, such as
architecture and engineering.

Our comparative |CT/science focus parallels earlier research on systems of industrial
innovation. In their study of U.K. manufacturing, Robson, Townsend and Pavitt (1988)
recognize that there is a spectrum of innovation intensities across the industrial landscape,
allowing industries to be grouped aong a production-to-use continuum. Van Ark (2001), in
hisanalysis of technology and growth, distinguishes between ICT producersand ICT users
(industriesthat together make up the ICT economy). Our ICT/science duality isavariant on
this theme. There is a base group of technology-producing industries—ICT industries—
that are inexorably tied to the notion of a New Economy. And there are industries that fall
outside the boundaries of the technology sector, but that place a strong emphasis at the
frontier with respect to the use of scientific knowledge. Thereis acontinuum of industries
that areamongst theinnovation and technology leaders, and asingular focuson ICT producers
givesonly apartial account of the industrial transition at the heart of the New Economy.

For comparative purposes, we divide the industrial landscape into three main categories:
ICT industries, science industries and “other” industries—the final group a vast
agglomeration of business sector industries that are neither classified as ICT nor science-
based. Each of our three industrial aggregates—ICT, science and other—is, in turn, made
up of adiverse cross-section of individual industries. For example, ICT industries include
inter alia industries that focus on the manufacture of electronic products, the supply of
telecommuni cations servi ces, and computer wholesaling. The science sector includes*® heavy”
manufacturing industries, such as chemicals and pharmaceuticals, ICT or technology
industries, along with other professional services, such as engineering and architecture.
The “other” group, is effectively our residua category, and includes the vast mgjority of
commercia industries, both in the goods and services sector.
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Because these broad industry classes obscure agreat deal of heterogeneity, we have decided
to subdivide each category into a small number of sub units. We describe these bel ow.

» Withinthe ICT sector, three sub-units are evaluated: (1) core ICT services(2) other ICT
services, and (3) ICT manufacturing. Core | CT servicesarelimited to two high-technol ogy
bellwethers, computer servicesand telecommunications. Our other |CT services subsector
captures the remainder of OECD’s ICT service definition, and includes cable providers,
ICT wholesaling, and ICT rental and leasing. Last, to control for basic differences in
production activity, we group |CT manufacturing separately.

» Our second New Economy aggregate, the science sector, includes the vast mgority of
ICT industries. It also includes adiverse collection of R& D and skilled-based industries
that fall outside the boundaries of the technology sector. Accordingly, we decided to
produce data for these non-ICT industries separately, which alows us to evaluate the
extent to which the growth and devel opment of the science economy isdriven by industries
that are not part of the technology sector. Once again to control for basic differencesin
production activity, we further deconstruct our non-ICT grouping into two parts:. science-
based goods and science-based services.

e Our residua category, other industries, captures a large percentage of total economic
activity. We divide this category into two basic units: other goods industries, and other
service industries.

Our final analysis categories are presented in Table 1. Summary statistics on employment,
revenue and business establishments as of 2001 are reported in Table 2.

The New Economy sectors that we are studying are not large in absolute size. The ICT
sector accounts for about 5.5% of employment in the business sector. The non-1CT science
sector has another 5.3% of total employment. CoreICT servicesisthelargest ICT subsector
with 3% of total employment. In the non-ICT science sector, the goods subsector also
accounts for 3% of employment.

The basicideabehind our analysis categoriesisto better identify key elements of dynamism
within the New Economy. Does a singular focus on ICT—or, as is more often the case, on
core technology industries such as computer services and telecommunications—tell us all
we need to know about the engines of industrial growth? Or are these core ICT services
overshadowed by developments in science-based goods industries, or in science-based
services? We outline the structure of our analysis below.
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Tablel. ICT and Science Subsectors
Sector Subsector SICE 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 L easing
ICT Manufacturing 3341 Record Player, Radio and Television Receiver Industry
3351 Telecommunication Equipment |ndustry
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 SICEs 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 Qil 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
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Table 2. Share of Business Sector (%)

Establishments Employment Revenue
ICT Sector 4.0 55 57
ICT Manufacturing 0.2 12 15
Core ICT Services 2.8 3.0 2.3
Other ICT Services 1.0 13 19
Science-based Industries 6.9 9.6 109
|CT-based Science 31 4.3 3.9
Non-ICT Science-based Goods 0.7 3.0 5.3
Non-ICT Science-based Services 31 2.3 16
Other Industries 92.1 89.2 87.4
Goods 275 26.6 27.9
Services 64.6 62.5 59.4
Business Sector Total 100 100 100

Source: Statistics Canada Business Register, December 2001.

2.2  What do we want to learn about New Economy industries?

Our objective is to better understand the growth and development of New Economy
industries—industries that, in varying degrees, place a premium on innovation, advanced
technology, or worker skills. Our central research questions are as follows:

* How are ICT and science-based industries—industries that provide the technological
and scientific foundations for the New Economy—different from industries that are less
associated with technological innovation and scientific knowledge?

» Which elements of the ICT or science economy constitute the primary “ engines of
growth” ? Are highly visible, high-technology industries, such as computer services and
telecommunications, always among the science and technol ogy |eaders?

We explore these questions in two parts. First, we concentrate on differences in input
structure, focusing on the characteristics of labour and investment. Second, we evaluate a
range of performance outcomes, from productivity to profitability. Both levels of analysis
areimportant. Emergent science and technol ogy industries are seen asdrivers of innovation,
technological change and economic growth. An analysis of their input, or production,
characteristics (changesin labour and capital requirements) may help to strengthen policies
designed to improve our competitiveness—as many such policies hinge on improving
production inputs, notably the quality of labour. Large investments in skills and learning
are often posited to berequisitesfor successin the New Economy. And the supply of skilled,
high-quality workersto emergent industriesis sometimes said to bein short supply.** Herein
we evaluate whether patterns of labour quality growth are more apparent in New Economy
industries than elsewhere. Using wage data, we can also evaluate whether the returns to
knowledge, earnings premiums that favour knowledge workers, are also more apparent in
New Economy industries.

Labour, of course, is only one aspect of the production process. Capital investments—
particularly investments in technology assets or soft intangible assets such as R& D—are
another major source of industrial competitiveness. Differences in investment intensity
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provide analysts with one means of assessing anindustry’s growth or competitive prospects.
Accordingly, we evaluate whether ICT and science industries have been placing more
emphasis on investment than other sectors of the economy.

Wethen turn to adirect examination of performance characteristics—focusing on indicators
that, for most business analysts and policy makers, are important barometers of industrial
competitiveness. We ask which of our New Economy industries are vanguard industries—
when evaluated in terms of their productivity and profitability performance.

Our focuson arange of analysisvariables enables usto construct areasonably comprehensive
profile of industrial change in different sectors. In addition, it allows us to examine basic
relationships between inputs and outputs. For instance, labour productivity differences do
not control for underlying differences in labour quality or capital intensity. Are industries
that have enjoyed faster [abour productivity growth also those that have experienced labour
quality gains, or growing concentrations of knowledge workers? Or do differencesin labour
productivity look to be more closely related to patterns of capital investment? Are sectors
that produce important technological products aso those that invest more heavily in these
products? Are more productive industries also more profitable?

In many cases, we evaluate production and performance characteristics by emphasizing
both growth and level differences. Much of the interest in the New Economy centers on
growth, as superior growth performancetellsus much about patterns of economic dynamism.
For certain variables, our primary metric is growth—as we want to ascertain (e.g.) whether
gainsin labour and multifactor productivity are more accelerated in the ICT sector. But a
singular focus on growth only tells part of the story, as, in many cases, growth rates mask
significant level differences. New industries that experience rapid growth over a given
period may do so because they start relatively small at the beginning of the period; despite
growing rapidly, they may still account for only a small share of economic activity at the
end of the period. For this reason, we highlight, where possible, both growth and level
differences, often to place patterns of growth in context.

Our starting point for analyzing New Economy industries is 1981. Our guiding principles
when devel oping the empirical profile are to report data for as many years as possible, and
to provide an analysisof New Economy industriesthat isas current aspossible. Our analysis
is based on National Accounting data sources—which place limits on data availability.
Constraints on data availability depend on the analysis variable in question. For instance,
estimates of labour quality growth are available for the full 1981-2000 period, while real
GDPand labour productivity ratios (based on the most recent System of National Accounts
pricing methodology) are available only for 1988-1997. Profit data are available only from
1988 to 1998. Data on wages and employment are extracted from the final input-output
tables, and are available up until 1997. Knowledge-intensity is based on occupational data
from the Census of Population that is available only for census years.
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Table 3. A List of AnalysisVariables and Data Sources

Variable Data Source
Constant Dollar GDP (1987-1997) Input/Output Tables
Growth in Labour Quality (1981-2000) Productivity Program

Current Dollar Investment (1981-1997)
Labour Productivity (1987-1997)
Average Real Wages (1981-1997)
Multifactor Productivity (1981-1997)
Employment (1981-1997)

Profit Margin (1988-1998) Industrial Profit Data
Return on Equity (1988-1998)
Return on Capital Employed (1988-1998)

Research and Development (1983-1997) Research and Development Survey

Exports (1981-1997) Trade Data
Trade Balance (1981-1987)

The most notable analytical limitation that we face is that our data sources do not capture
the sudden acceleration in science and technology markets in 1999-2000, followed by the
shakeout in 2000-2001. This will be the subject of another paper. Effectively, then, our
vantagepoint on the New Economy is “pre-bubble”. A summary of analysis variables and
data sourcesis presented in Table 3.

2.3 How straightforward is it to obtain estimates for New Economy
industries?

There is one measurement issue that represents acritical aspect of our research design. And
rather than relegate thisto atechnical appendix, we wish to stress thisissue here. As noted
above, our industrial profileis based on data resources that are used to support the System
of National Accounts (SNA). Many of these data sources use a system of industria
classification that is less detailed than the 4-digit SIC 1980 codes that are used to define
ICT and science industries (described in Table 1). Thisisimportant because it affects how
precisely we can measure these New Economy industries.

To construct data estimates for ICT industries, it is often necessary to extract data for an
individual ICT industry from its corresponding SNA industry, and then combine ICT data
to produce an aggregate estimate (e.g., corresponding to “core ICT industries’, or “all ICT
industries’). In many cases, the relationship between 4-digit ICT industries (what we are
trying to measure) and SNA industries (what we are working with) is“one-to-one”, that is,
they areidentically defined and identically measured. In other cases, the relationship between
a4-digit ICT industry and its corresponding SNA industry is “many-to-one”. Thisis often
the case for service industries, because SNA service industries are less detailed than SNA
goods industries. In such cases, the SNA industry contains a mixture of (4-digit) ICT
industries and (4-digit) non-ICT industries. Accordingly, to obtain an estimate for ICT, we
have to extract this ICT component from the host SNA industry and combine it with data
for other ICT industries. (We discussthisin termsof ICT industries, but the same principle
holds when measuring science industries).
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The extent to which these ICT extractions are required depends upon the variable being
measured. Like all systems of industrial classification, SNA industries are hierarchical.
Some statistics are available at less detailed levels. For instance, data on GDP and
employment are available for very detailed SNA industries. Inthese cases, only aminimal
amount of ICT extractionsarerequired in order to produce our ICT estimates. Other analysis
variables, like multifactor productivity, generally require more “ICT splitting” because the
inputs that are needed to construct MFP estimates are available with lessindustry detail. In
these cases, more data on ICT has to be “split out” in order to generate an estimate.

The mechanics of extracting these ICT components from (larger) SNA industries involves
alocating a fixed percentage of the host SNA industry to ICT, based on information from
secondary data sources. The variable used to derive this fixed percentage depends on the
analysisvariable under study. Consider ICT employment. In order to obtain an estimate for
total ICT employment (or, at the subsectoral level, for other ICT services) we need to obtain
information on employment in ICT wholesaling industries, which is not readily available
from SNA data. To produce this estimate, we obtained, from another data source, the
percentage of total employment in the wholesaling sector accounted for by the three ICT
wholesaling industries, and then applied this ratio to SNA data in order to extract an ICT
wholesaling estimate. This was combined with ICT employment information from other
ICT industries, many of which are available directly from SNA data, to obtain the final
estimate of ICT employment.

In al cases, the split parameters used for this analysis are time invariant. (Accordingly, in
the above exampl e, the percentage of ICT employment in wholesaling industriesis assumed
to be constant from year-to-year). While seemingly straightforward, the mechanics of
extracting ICT estimates from SNA aggregates based on fixed shares, or split parameters,
is, in practice, fairly complex. This operational complexity arises for two reasons. First,
different analysis variables, such as employment, investment, or GDP, all require different
split parameters, based, in many cases, on different data sources. Second, SNA datafor our
set of analysisvariablesisnot available at acommon level of industrial detail. Thisrequires
us to obtain and apply arange of split parameters (corresponding to different levels within
the SNA industrial classification) in order to generate an accurate set of ICT estimates.

Werai sethese points here because they have an important bearing on our empirical anaysis.
The more data that needs to be split, the less precise the resulting ICT estimate becomes.
(One reason for this, in addition to the time-invariance property outlined above, is that
splitting tacitly assumes that the characteristics of the nested ICT component are identical
to the larger SNA aggregate. In our example, this amounts to assuming that the economic
characteristics of ICT wholesaling are no different than other wholesaling industries, which
may or may not be the case). As such, estimates for other ICT services, which includes a
large ICT wholesaling component, are apt to be less precise than estimates for ICT
manufacturing, which is measured with more detail in the SNA industry structure. An
overview of data quality is presented in Table 4.
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Table 4. Data Precision, by Analysis Variable

Variable Source Detalil
Constant Dollar GDP 223 Business Sector Industries
Growth in Labour Quality 147 Business Sector Industries
Current Dollar Investment 123 Business Sector Industries
Labour Productivity 223 Business Sector Industries
Average Real Wages 223 Business Sector Industries
Multifactor Productivity 123 Business Sector Industries
Employment 223 Business Sector Industries
Profit Margin 4-digit SICE (726 Business Sector |ndustries)
Return on Equity 4-digit SICE (726 Business Sector |ndustries)
Return on Capital Employed 4-digit SICE (726 Business Sector |ndustries)
Research and Devel opment 4-digit SICE (726 Business Sector Industries)
Exports 4-digit SICE (726 Business Sector |ndustries)
Trade Balance 4-digit SICE (726 Business Sector |ndustries)

Our empirical analysis is organized as follows. We start by focusing on two standard
dimensions—GDP and employment growth. Comparatively high rates of GDP and
employment growth have fuelled much of the interest in New Economy industries, most
notably in ICT.

In the next section, we take a more intensive look at input structures in different New
Economy industries. We begin by focusing on the characteristics of labour, examining
differencesin knowledge-intensity, labour quality growth and remuneration. We then examine
patterns of investment.

Next, we shift our focus from input requirements to performance characteristics. In this
section, we analyze patterns of labour and multifactor productivity growth in New Economy
industries, followed by an evaluation of profitability. We then focus on the trade position of
ICT and science-based industries.

Throughout the analysis, we compare input and performance trends in ICT and science
industriesto thosein aresidual category of other industries. Thisresidual category accounts
for the vast majority of economic activity in the Canadian business sector. A final section
explores sources of industrial dynamism within this group of other industries via a series of
input and performance comparisons with the ICT sector.
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Endnotes

2 |n manufacturing, ICT industries

“(m)ust beintended to fulfill the function of information processing and communication
including transmission and display” and “(m)ust use electronic processing to detect,
measure and/or record physical phenomena or to control a physical process’ (OECD,
20004, p. 7).

In services, ICT industries

“must beintended to enabl e the function of information processing and communications
by electronic means’ (OECD, 2000a, p.7).

13 Toidentify scienceindustries, three R& D variableswere used—theindustry R& D-to-salesratio,
the share of R& D personnel to total industry employment, and the share of professional R& D
personnel to total industry employment—al ong with three measures of human capital—the shares,
respectively, of post-secondary workers, knowledge workers, and scientists and engineers, all
expressed in relation to total industry employment. Science-industries are those that fall into the
top one-third of industries for two of the three R&D measures and two of the three human
capital ratios.

14 See Baldwin and Peters (2001) and Sabourin (2001).
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Chapter 3. GDP and Employment Growth in the New
Economy

F or many analysts, the ongoing transition from industrial-to-information economiesis

synonymous with the rapid development of ICT industries. ICT industries are home
to firms at the vanguard of the technology revolution—firms that develop and market
advanced technologies, or that provide services that support advanced technologies. From
1987 to 1997, the real GDP of ICT industries nearly doubled (Figure 1). This GDP growth
was fuelled by gains in core ICT services, computer services and telecommunications
industries (which witnessed a 120% increase in real GDP over thisten-year period) (Table
5.2). These rates of growth are considerably larger than the cumulative rate of growth in
other industries of only 28% over the same period.

Output is not the only metric that can be
used to judge the growth prospects of an
industry. To many, it is the employment
prospects of an industry that also makeit a
candidate of choice. But this metric may
10 _ give quite different results than that of
100 1 GDP—especialy if the leading growth
S0 industries are al so those that areincreasing
O their labour productivity the most.
1987 198919911993 1991997 ndustries with high labour productivity

— |CT ==——Sgence Other growth may show rapid growth in output

but less rapid growth in employment.

Figurel. Growth in Real GDP
(1987=100), by Sector

250
200

GDP

Figure2. Growth in Total

Employment (1981=100), by Sector Employment in the ICT sector has also
160 grown more rapidly over the last two
140 - — decades than employment in other sectors

120
100 \/\—’/ (Figure 2). Once again, this growth was

fueled by core ICT services. During the

Employment
(o]
o

40 1981-1997 period, core services expanded
28 A their employment ranks by a cumulative
1981 1984 1987 1990 1993 1996 total of 85% or by 3.9% annually (Tables

6.1 and 6.2). As was the case with GDP,
this was al so above the cumul ative growth
of employment in other industries (24%)
over the same period. But the gap between the ICT sector and other industries was much
larger for GDP growth than for employment growth.

——— |CT == Stience Other
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Table5.1. Real GDP (1992 $, Billions), by Subsector

ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1987 19.2 47 11.0 34 59.2 16.7 345 8.8 420.7 160.1 259.8
1988 221 55 12.8 37 65.2 19.3 36.9 9.5 442.3 168.2 2733
1989 245 6.0 145 3.9 68.5 215 37.6 9.6 454.1 172.0 281.3
1990 25.3 5.9 15.6 3.8 69.7 22.4 375 10.0 4515 169.5 281.5
1991 26.2 5.9 16.4 3.9 69.6 233 36.2 10.2 440.7 161.6 279.0
1992 27.3 6.3 17.0 4.0 70.3 24.3 35.7 10.3 444 .4 159.7 284.7
1993 29.0 6.4 185 4.0 73.8 25.8 37.2 10.8 458.6 166.5 292.0
1994 317 7.4 20.0 4.2 78.7 28.2 39.1 11.4 484.0 1755 308.3
1995 34.1 8.4 215 4.2 84.2 30.6 41.6 12.0 497.8 179.2 318.6
1996 35.1 8.1 22.7 43 85.7 315 42.2 12.2 508.8 182.0 327.1
1997 37.6 8.8 24.3 4.6 91.5 33.6 44.0 14.0 536.3 190.3 346.5
Annual Growth
Rate (%) 7.0 6.3 8.2 3.0 4.4 7.3 25 4.8 25 17 29
Table5.2. Growth in Real GDP (1987=100), by Subsector
ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1987 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1988 115.3 117.0 116.1 109.2 110.1 115.8 107.1 108.0 105.1 105.1 105.2
1989 127.6 125.8 131.9 115.4 115.6 128.8 109.1 109.8 107.9 107.4 108.3
1990 131.9 124.2 141.5 112.0 177 134.4 108.7 113.9 107.3 105.9 108.4
1991 136.6 123.6 149.1 115.4 117.6 139.6 105.0 116.2 104.8 101.0 107.4
1992 142.4 1325 154.6 117.4 118.6 145.8 103.6 116.8 105.6 99.8 109.6
1993 151.0 135.5 168.1 118.0 124.5 155.0 107.9 122.4 109.0 104.0 112.4
1994 165.0 156.0 181.6 1245 132.9 169.5 1135 129.4 115.0 109.7 118.7
1995 177.7 177.6 195.5 122.7 142.1 183.7 120.6 136.8 118.3 112.0 122.7
1996 183.0 170.3 206.2 126.9 144.7 188.8 122.3 139.0 120.9 113.7 125.9
1997 195.9 184.8 220.2 134.3 154.5 201.7 127.6 159.5 127.5 118.9 133.4
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Table6.1. Total Employment (Thousands), by Subsector

ICT ICT CoreICT Other ICT Science- | CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 327.2 104.7 134.2 88.3 723.6 245.7 341.1 136.9 8,124.0 3,224.6 4,899.5
1982 3225 100.2 134.3 88.1 678.7 241.5 308.7 128.5 7,803.1 2,985.4 4,817.7
1983 317.2 97.3 132.0 88.0 642.2 237.0 286.6 118.5 7,853.1 2,943.3 4,909.8
1984 329.1 105.1 134.3 89.7 651.5 246.6 282.8 122.0 8,088.8 2,996.7 5,092.1
1985 337.2 106.7 139.1 914 663.6 252.9 288.0 122.7 8,408.8 3,067.6 5,341.2
1986 343.1 105.9 145.5 91.7 682.2 258.2 299.9 124.1 8,699.9 3,146.2 5,553.7
1987 358.9 111.2 152.4 95.3 718.0 270.3 307.1 140.6 8,986.8 3,249.4 5,737.3
1988 382.1 117.9 166.2 98.0 763.9 290.7 325.4 147.8 9,316.3 3,362.7 5,953.6
1989 395.2 117.9 173.9 103.3 794.3 298.3 339.3 156.8 9,543.1 3,435.6 6,107.5
1990 395.8 113.0 177.3 105.5 795.4 296.4 3335 165.5 9,547.5 3,337.4 6,210.1
1991 389.2 106.1 180.1 103.1 781.0 292.4 316.9 171.8 9,259.7 3,099.0 6,160.8
1992 395.5 105.8 188.8 100.9 766.6 300.0 307.3 159.3 9,143.3 3,010.4 6,132.8
1993 406.3 99.0 206.9 100.4 778.1 311.0 305.8 161.3 9,236.0 2,987.0 6,249.0
1994 413.0 99.6 210.4 102.9 784.0 315.2 299.8 169.0 9,459.1 3,041.1 6,418.0
1995 438.3 104.9 225.9 107.6 833.1 335.2 315.2 182.7 9,618.4 3,079.2 6,539.2
1996 443.0 103.0 229.9 110.1 857.4 336.6 321.1 199.7 9,801.7 3,106.6 6,695.1
1997 470.3 106.1 247.9 116.3 906.9 357.0 327.3 222.7 10,092.1 3,198.4 6,893.7
Annual Growth
Rate (%) 23 01 39 17 14 2.4 0.3 31 14 0.1 2.2
Table 6.2. Total Employment (1981=100), by Subsector
ICT ICT CoreICT Other ICT Science- | CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 98.6 95.7 100.1 99.8 93.8 98.3 90.5 93.9 96.1 92.6 98.3
1983 96.9 929 98.3 99.6 88.8 96.5 84.0 86.6 96.7 91.3 100.2
1984 100.6 100.3 100.1 101.6 90.0 100.4 829 89.1 99.6 929 103.9
1985 103.0 101.8 103.7 103.5 91.7 103.0 84.4 89.6 103.5 95.1 109.0
1986 104.9 1011 108.4 103.9 94.3 105.1 87.9 90.7 107.1 97.6 113.4
1987 109.7 106.2 113.6 108.0 99.2 110.0 90.1 102.7 110.6 100.8 117.1
1988 116.8 112.6 123.9 111.0 105.6 118.3 95.4 108.0 114.7 104.3 1215
1989 120.8 112.6 129.6 117.1 109.8 121.4 99.5 114.5 1175 106.5 124.7
1990 121.0 107.9 132.1 119.5 109.9 120.7 97.8 120.9 1175 103.5 126.8
1991 119.0 101.3 134.2 116.8 107.9 119.0 92.9 1255 114.0 96.1 125.7
1992 120.9 1011 140.7 114.3 105.9 1221 90.1 116.4 112.6 93.4 125.2
1993 124.2 94.6 154.2 113.8 107.5 126.6 89.6 117.9 113.7 92.6 1275
1994 126.2 95.1 156.8 116.6 108.4 128.3 87.9 1235 116.4 94.3 131.0
1995 134.0 100.1 168.3 121.9 115.1 136.5 92.4 1335 118.4 95.5 1335
1996 135.4 98.4 171.3 124.7 118.5 137.0 94.1 145.9 120.7 96.3 136.7
1997 143.7 101.3 184.8 131.7 125.3 145.3 95.9 162.7 124.2 99.2 140.7




Growth in ICT GDP is not limited to core services. ICT manufacturing industries also
enjoyed high ratesof GDP growth. From 1987 to 1997, real GDPintheseindustriesincreased
by 85%. However, employment growth occurred primarily in ICT services. ICT
manufacturers have not had any employment growth over this period.

When viewed jointly through the lens of GDP and employment growth, one could make the
case that the transition to the New Economy has centered on the expansion of core ICT
services. Computer services and telecommunications have grown rapidly and they account
for a high percentage of economic activity within the ICT sector; in 1997, core services
accounted for about two-thirds of ICT GDP and one-half of ICT employment. By contrast,
ICT manufactures accounted for about one-quarter of total ICT GDP and 23% of ICT
employment. Whiletheir GDP growth wasrapid, their employment remained relatively flat
over the period.

Are there other engines of GDP and employment growth beyond the boundaries of ICT?
Yes. High rates of GDPand employment growth are al so apparent in science-based services,
services that place relatively high emphasis on R& D and skilled workers, but that are not
part of thetechnology sector. Theseincludeinter alia architectsand engineers, and scientific
and technical services. Real GDP increased by 60% in science-based services from 1987 to
1997, compared to 33% for other serviceindustries. Employment in science-based services,
over the 1981-1997 period, increased 3.1% annually, outpacing growth in other services
(2.2%).

We begin our profile by examining production characteristics—different aspects of
employment and capital investment. Throughout our analysis, we ask which industry
groups—e.g., corelCT services, science-based goods—are the source of industrial dynamism
in the New Economy.
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Chapter 4. Labour and Investment in
New Economy Industries

4.1 Labour skills

ur analysis of labour inputsis based on several factors. These include: changesin the

knowledgeintensity of the workforce associated with shiftsin occupational structure;
compositional shifts within industries that affect patterns of labour quality; and trends in
remuneration. We address each topic in turn below.

4.1.1 Knowledge workers

High rates of employment growth for skilled workers are central to the idea of a New
Economy—as these reflect an upgrading in labour market opportunities a ong the industry-
to-information continuum. In this section, we focus on whether employment growth in the
|CT sector has coincided with the devel opment of amore specialized, high-wage workforce
in these industries.®

We examine this by first focusing on the stock of knowledge workers in New Economy
industries. For this purpose, we use an occupation-based classification structure devel oped
by Beckstead and Vinodrai (2003) to rank industries on the basis of the knowledge intensity
of their workforce. Knowledge intensity is defined as the percentage of an industry’s
workforce accounted for by knowledge workers—workers employed in select management,
professional and technical occupations. A list of knowledge-based occupationsis presented
inTable 7.

In Table 8, we report the share of knowledge-based workers in each of our industrial
categories. Because these percentages are derived from occupationa data collected from
the Census of Population, estimates are only available for four census years (1981, 1986,
1991, and 1996).

Knowledge workers constitute a larger percentage of the workforce in ICT and science
industries than they do in other industries. In addition, their ranks in these industries have
expanded more rapidly. By 1996, nearly one half of workersin ICT and science industries
are classified as knowledge-based, up from 25% and 29% of ICT and science-based workers
in 1981. Among other industries—our residual category of industries that fall outside the
boundaries of ICT and science—only 12% of workers are classified as knowledge-based in
1996, down from 17% in 1981 (Figure 3).
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Table 7. 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 Managers in 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 Chemica Engineers
Cco4 Other Engineers
C05 Architects, Urban Planners and Land Surveyors
C06 Mathematicians, Systems Analysts and Computer Programmers

Science-Technical Occupations
Cl1 Technical Occupations in 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 D01 Physicians, Dentists and Veterinarians
D02 Optometrists, Chiropractors and Other Health Diagnosing and Treating Professional's
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
EO03 Policy and Program Officers, Researchers and Consultants
E11l 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
F02 Writing, Translating and Public Relations Professionals
FO3 Creative and Performing Artists

Within the ICT sector, the shift towards knowledge-based occupations is most apparent in
core ICT services—the fastest growing segment. Over the 1981-1996 period, computer
services and telecommunications more than doubled their stock of knowledge workers,
from 26% in 1981 to 53% of employeesin 1996. Gains in ICT manufacturing industries
were comparably rapid. By 1996, 45% of workers in ICT manufacturing industries are
knowledge-based. This compares with 30% of workers in science-based goods industries,
and just 11% of workers in other goods industries.
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Figure 3. Percentage of Employed Labour Forcein Knowledge-
based Occupations, by Sector
(Results Presented for Census Years)
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Within the science sector, the largest concentration of knowledge workers are found in
science-based services, which include professiona services such asarchitecture, engineering
and scientific and technical services. In 1981, 56% of workers in science-based services
were classified as knowledge-based; their share increased to 71% by 1996. This standsin
sharp contrast to service industries that fall outside these | CT/science designations, where
only about onein eight workersis classified as knowledge-based (Table 8).

4.1.2 Compositional change

The growth in skilled workers is one measure of skill change at the industry level. An
alternate measure of changesto occupational composition comes from an index used by the
productivity program (Gu et al., 2003). Thisindex is the difference between the weighted
sum of the growth of hours worked for different groups of workers (where the weights are
the relative wage share of each strata) and the growth in the sum of hours worked of all
strata. Sometimesreferred to asameasure of labour quality, itispositiveif the hoursworked
by more highly-paid workers are growing more quickly than those for lower-paid workers.
As such, the index captures compositional change towards groups of workersthat are more
highly paid.

Thisindex tracks the compositional changesin an industry’s education, age of worker, and
employment characteristics (self employed versus paid workers). Estimates of the growth
of ‘labour quality’, based on thisindex, are reported in Table 9.

Despite the growth in the proportion of knowledge workers employed in the ICT sector,
thereis little evidence from this index that the ICT sector exhibited larger gains in labour
guality than other sectors of the economy (Figure 4). From 1981 to 2000, labour quality in
ICT industries improved by 14%. In comparison, other industries—the vast mgority of
industriesthat fall outside of our New Economy classifications—experienced a15% quality
gain over thistwenty-year period. Scienceindustriesfared slightly better, with an estimated
quality gain of 17%.
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Table 8. Knowledge-based Occupations as a Per centage of the Employed L abour Force, by Subsector

ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries

facturing industries based based

Goods Services
1981 24.8 28.6 25.8 179 29.3 271 21.0 56.1 16.5 7.4 20.7
1986 345 36.0 37.7 24.6 37.6 36.9 22.8 68.7 18.3 8.7 22.1
1991 41.4 414 451 315 443 43.6 27.6 68.6 199 10.8 231
1996 46.4 4.7 53.1 331 47.2 50.0 29.6 70.5 12.1 10.8 12.8

Table 9. Labour Quality Index (1981=100), by Subsector
ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries

facturing Industries based based

Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 101.7 101.1 101.9 101.5 101.7 101.8 101.2 103.7 101.2 100.6 101.5
1983 102.8 101.4 103.3 102.3 102.8 103.0 102.2 106.7 101.9 101.5 102.2
1984 103.2 101.4 103.9 102.5 103.7 103.5 102.8 108.0 102.4 102.0 102.7
1985 103.9 102.0 104.6 102.8 104.7 104.2 103.7 110.3 102.7 102.5 103.0
1986 104.6 102.7 105.2 103.5 105.4 104.9 104.3 1111 103.6 103.2 103.9
1987 105.1 102.9 105.5 104.3 106.0 105.2 105.0 111.5 104.4 104.2 104.7
1988 105.7 103.8 105.9 105.1 106.8 105.6 105.8 112.6 105.4 105.4 105.8
1989 106.3 104.5 106.4 105.8 107.6 106.3 106.6 114.0 106.2 106.2 106.6
1990 107.3 105.7 107.4 106.8 108.8 107.2 107.9 115.6 106.8 106.7 107.1
1991 108.6 107.9 108.6 108.0 110.4 108.6 109.4 117.8 108.1 107.6 108.7
1992 109.8 109.3 109.9 109.1 111.7 109.9 110.8 119.6 109.3 108.6 110.0
1993 111.2 108.6 111.3 110.3 113.2 111.2 112.6 121.3 111.0 110.0 111.8
1994 1121 110.4 112.2 110.8 114.3 112.2 113.7 122.0 111.7 1111 112.4
1995 12.7 1115 112.6 1115 114.8 112.7 114.7 121.7 1124 112.3 112.8
1996 112.6 112.4 112.2 112.0 114.9 112.4 115.1 121.9 113.2 112.8 113.8
1997 113.1 114.3 112.4 112.9 115.6 112.7 115.9 122.7 114.3 114.0 115.0
1998 113.3 114.6 1125 113.0 116.0 112.8 116.1 1235 114.6 114.2 115.4
1999 1135 114.9 112.7 113.2 116.3 113.1 116.5 1239 14.7 114.4 115.4
2000 113.9 1155 113.1 113.7 116.8 1135 116.9 124.6 115.2 114.8 116.0




Figure4. Labour Quality Index (1981-2000), by Sector
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The primary driver of the ‘labour quality’ index is educational attainment. This means that
the growth in the proportion of knowledge workers employed in ICT industries was more
or less evenly spread across workers with different educational attainments. Higher levels
of educational attainment were being demanded of all groups of workers.

Two important results emerge when examining quality changes within ICT and science
industries. First, core ICT servicesexhibit lower quality gains (albeit marginally) than either
ICT manufactures or other ICT services. Hence rapid employment growth in core ICT
services, along with greater concentrations of knowledge workers, is not synonymous with
a shift to relatively higher levels of educationa attainment. The second noteworthy result
centers on the comparatively large quality gains apparent in science-based services. At
25%, labour quality gains in science-based services were significantly higher than in any
other subsector—certainly much higher than either science-based goods or ICT industries.
However, it should be stressed that much of the labour quality growth in science-based
services, post 1980, is a form of “catch up”, as labour quality growth in these industries
lagged behind other sectors prior to 1981.

4.1.3 Wage rates

Relative wagesreflect differencesin labour composition across sectors. Workerswith higher
educational qualifications generally receive higher wages. Ultimately, changes in the
composition of the labour force are reflected in changes in relative wage rates.

Average industry annual wage rates for paid workers in ICT industries are significantly
higher than for workersin the other industries sector—consistently about one-third higher,
on average (Figure 5 and Table 10.1). Moreover, during the 1981-1997 period, the average
real wage in ICT industries increased by 13% (Figure 6 and Table 10.2), which was more
than twice that in other industries (5%).

It is noteworthy that the average wage in the science sector was generally above that in the
|CT sector, and that the increase in the science sector as awhole was just as great asin the
ICT sector. Thislarger group of industries that we have dubbed the science sector not only
has about the same proportion of knowledge workers, it also pays equally high wage rates.
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Table 10.1. Average Real Wage (1992 $, Thousands), by Subsector

ICT ICT Core ICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 40.0 35.7 47.6 33.6 42.3 420 43.6 39.6 30.2 37.1 25.8
1982 41.3 37.3 49.8 329 44.6 439 46.0 42.3 29.8 36.9 255
1983 415 39.3 48.2 33.7 44.8 43.8 46.2 429 29.3 36.9 24.9
1984 425 39.0 50.4 34.9 45.0 45.0 46.3 41.8 29.6 37.0 255
1985 421 39.7 47.9 36.2 45.1 44.1 46.9 427 30.1 375 26.0
1986 424 39.7 47.2 38.2 444 43.8 457 424 29.6 36.7 25.7
1987 42.6 39.5 46.6 40.2 43.8 434 45.3 40.8 30.1 36.8 26.4
1988 43.0 39.6 45.7 42.8 44.0 43.1 455 424 30.8 37.6 271
1989 43.7 39.8 47.3 422 44.2 44.2 44.8 42.9 30.8 375 271
1990 434 40.0 47.4 40.8 45.2 44.4 46.4 439 30.4 374 26.8
1991 43.8 41.1 48.0 39.8 459 45.3 47.4 435 29.9 375 26.3
1992 443 431 47.3 40.4 47.1 45.8 48.8 46.2 30.3 38.0 26.6
1993 443 441 46.4 40.4 47.7 45.7 49.9 46.9 30.2 38.1 26.5
1994 45.0 4.7 47.4 40.6 48.7 46.6 51.2 47.6 30.5 38.7 26.6
1995 44.4 43.7 46.6 40.8 48.2 45.8 51.1 47.1 30.4 38.7 26.6
1996 4.7 43.8 47.2 40.7 47.8 46.1 50.8 44.8 30.7 39.1 26.9
1997 45.1 45.1 46.9 41.7 48.4 46.4 51.8 46.0 318 39.8 28.1
Average 43.3 40.9 47.4 39.0 45.8 44.8 475 439 30.3 37.7 26.4
Annua Growth
Rate (%) 0.8 15 -0.1 14 0.8 0.6 11 1.0 0.3 0.5 0.5
Table 10.2. Average Real Wage (1981=100), by Subsector
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 103.2 104.3 104.6 97.9 105.3 104.7 105.4 106.8 98.7 99.5 98.8
1983 103.6 110.1 101.3 100.4 105.8 104.5 106.1 108.4 97.1 99.7 96.3
1984 106.2 109.3 105.9 103.9 106.4 107.2 106.1 105.5 98.2 99.8 98.6
1985 105.2 111.3 100.6 107.8 106.6 105.0 107.5 107.9 99.7 101.2 100.5
1986 105.9 111.2 99.1 113.6 105.0 104.4 104.9 107.0 98.2 99.1 99.6
1987 106.4 110.6 97.8 119.6 1035 1035 104.0 103.2 99.7 99.2 102.2
1988 107.4 110.9 96.1 127.4 104.1 102.7 104.4 107.2 102.1 101.4 104.9
1989 109.0 111.6 994 1255 104.5 105.3 102.9 108.3 102.1 101.1 105.0
1990 108.5 112.1 99.6 121.4 106.7 105.9 106.3 110.9 100.8 100.8 103.7
1991 109.5 115.2 100.8 118.5 108.4 108.0 108.8 109.9 99.3 101.1 101.7
1992 110.7 120.7 99.3 120.2 1114 109.1 111.9 116.7 100.5 102.6 103.0
1993 110.7 1235 97.6 120.3 127 109.0 1145 1185 100.1 102.7 102.6
1994 12.4 125.3 99.6 121.0 115.0 111.0 117.5 120.2 101.0 104.5 103.1
1995 111.0 1224 98.0 1215 113.9 109.2 117.3 119.0 100.9 104.5 103.0
1996 111.6 122.8 99.1 121.4 112.9 110.0 116.6 113.2 101.9 105.4 104.2
1997 127 126.2 98.6 124.1 14.4 110.6 118.7 116.3 105.4 107.4 108.8




Figure5. Average Real Wage (1992 $, Thousands), by Sector
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In New Economy industrieswhere arerelative wage gains most apparent? | CT manufactures
and other |CT servicesboth enjoyed relatively strong wage increases (26% and 24%), while
real wages in core ICT services actually decreased dlightly from their 1981 level. Wage
gainsin science-based goods and science-based services were both high during the 1990s,
often exceeding the ICT average.

Of course, patterns of wage growth have to be viewed against actual wage levelsin these
industries (Table 10.1). Core ICT services, despite a decline in the real wage beginning in
the mid-1980s, still had the highest average ICT wage at the end of the period. But ICT
manufactures and other ICT services have been able to close the gap substantially.

Significant earnings differentials also exist between ICT and science industries. Science-
based goods are, on average, much higher paying than ICT manufactures. Average wagesin
science-based services and core ICT services are very similar throughout the 1990s. And
both these New Economy service industries are much better paying than other services.
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Figure7. Ratio of Average Hourly Wages—K nowledge Workers
to Non-K nowledge Workers, by Sector
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The industry wages reported above pull together earnings data from across an entire
distribution of occupations. In light of the similarities in the growth rate of the labour
composition index across sectors, but differences in the increase in the percentage of the
workforce that were knowledge workers, it is interesting to ask whether the returns to
knowledge—the earnings premium enjoyed by knowledge workers—are more apparent in
New Economy industries than they are elsewhere, and whether they have changed over
time. Simply put, we ask whether knowledge workers are paid more in New Economy
industries, relative to their counterparts in less knowledge-intensive occupations. Relative
wages for ICT, science and other industries are depicted in Figure 7.

First, it should be noted that the gap in rel ative wages between knowl edge and non-knowledge
workers is much more apparent for industries outside of the ICT or science fold. In 1981,
the average wage rate for knowledge workers in our residual grouping of other industries
was 1.71 timesthat of non-knowledge workers. In ICT industries, this earnings differential
stood at 1.42.

What is more interesting is that while the earnings gap between knowledge and non-
knowledge workers has increased dlightly in other industries, these relative wages have
been declining in ICT and science industries. Hence the returns to knowledge (the wage
premium to knowledge workers) are less, and have become increasingly less, in New
Economy industries.’® Inthe ICT sector, this declineis most apparent in core ICT services,
where relative wages decreased from 1.46 in 1981 to 1.18 in 1996 (Table 11).

This trend, along with the similarity in the labour quality indices that weight different
educational classes by their relative wage rates, suggeststhat in the ICT sector, educational
requirements were probably increasing more in non-knowledge workers. While the
proportion of knowledge workerswasincreasing, theindex that weights different educational
groups by their relative wage rates did not—partially because those in lower educational
groups (the non-knowledge workers) began to receive relatively higher wage rates in the
|CT sector.
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Table 11. Ratio of Average Hourly Wages—K nowledge Wor kersto Non-
Knowledge Workers, by Subsector (Results Presented for Census Years)
1981 1986 1991 1996
ICT Sector 1.42 1.34 1.35 131
ICT Manufacturing 141 1.43 1.50 1.55
Core ICT Services 1.46 1.26 1.28 1.18
Other ICT Services 1.36 1.36 1.36 1.32
Science-based I ndustries 1.39 1.33 1.33 1.27
ICT-based Science 1.44 1.33 134 1.29
Non-ICT Science-based Goods 1.42 1.44 1.38 1.38
Non-ICT Science-based Services 1.40 1.33 1.36 1.28
Other Industries 171 1.79 1.79 1.82
Goods 1.62 1.72 164 1.63
Services 181 1.85 1.90 1.95

4.2 Capital

Our analysis of capital inputs is based on different measures of investment and capital
intensity. These include investment-to-GDP and investment-to-labour ratios, calculated,
first, for al capital assets, and then for aspecia group of high-technol ogy assets (computers,
software, telecommuni cations equipment). Measures of R& D-intensity are al'so examined.

4.2.1 Investment intensities

Investments in machinery and equipment are the key to increases in labour productivity.
During thelate 1990s, the Canadian business sector experienced rapid growth ininvestment.
In this section, we shift our focus from labour to capital inputs and examine which sectors
placed moreimportance on investment, and whether rates of investment have beenincreasing
over time.

Wefirst compareinvestment intensities across sectors by calculating investment expenditures
as a proportion of GDP. A high investment-to-GDP ratio indicates that capital formation
takes up a substantial proportion of output. Current dollar investment-to-GDP ratios are
reported in Table 12.1.

ICT and science-based industries have a higher ratio of investment to GDP than do other
industries. And for both these sectors, thereis acyclicality that follows the business cycle.
In both the early 1980s and the 1990s, the amount of investment by these sectorsfell relative
to GDP (Figure 8).

Science industries have traditionally exhibited the largest, and most volatile, investment-
to-GDP ratios. These ratios declined during the early 1980s and 1990s. By the mid-to-late
1990s, investment levelsin scienceindustriesand I CT industrieswere very similar, at roughly
20% to 25% of sectoral GDP. Investment ratios in the ICT sector fluctuate between 20%
and 30% over the 1981-1997 period. Both our New Economy sectors—ICT and science—
exhibit higher investment to GDP rates than other industries, which fall below 20%.
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Table12.1. Investment Intensity (Investment/GDP, Current $, All Assets), by Subsector

ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 0.30 0.12 0.41 0.13 0.49 0.33 0.62 0.38 0.20 0.24 0.17
1982 0.27 0.12 0.36 0.10 0.51 0.29 0.72 0.36 0.17 0.22 0.13
1983 0.22 0.13 0.28 0.12 0.39 0.24 0.57 0.13 0.16 0.18 0.14
1984 0.22 0.13 0.28 0.13 0.30 0.24 0.37 0.15 0.16 0.18 0.15
1985 0.23 0.13 0.30 0.13 0.27 0.25 0.31 0.12 0.17 0.19 0.15
1986 0.24 0.14 0.31 0.14 0.25 0.26 0.29 0.10 0.17 0.18 0.16
1987 0.26 0.13 0.36 0.15 0.27 0.29 0.30 0.08 0.18 0.17 0.18
1988 0.28 0.13 0.39 0.14 0.27 0.30 0.30 0.12 0.19 0.18 0.19
1989 0.29 0.11 0.42 0.15 0.33 0.32 0.37 0.19 0.18 0.18 0.18
1990 0.30 0.12 0.42 0.15 0.36 0.33 0.42 0.21 0.17 0.17 0.17
1991 0.26 0.11 0.35 0.13 0.36 0.28 0.44 0.27 0.16 0.17 0.14
1992 0.27 0.09 0.37 0.15 0.34 0.29 0.40 0.26 0.14 0.14 0.14
1993 0.24 0.10 0.31 0.16 0.28 0.25 0.31 0.21 0.14 0.16 0.13
1994 0.23 0.11 0.30 0.15 0.23 0.25 0.23 0.20 0.16 0.19 0.14
1995 0.21 0.08 0.27 0.17 0.20 0.22 0.19 0.17 0.16 0.20 0.13
1996 0.23 0.12 0.29 0.18 0.19 0.25 0.18 0.14 0.16 0.19 0.14
1997 0.27 0.12 0.34 0.20 0.23 0.29 0.20 0.17 0.18 0.23 0.15
Average 0.25 0.12 0.34 0.15 0.31 0.27 0.37 0.19 0.17 0.19 0.15
Annual Growth
Rate (%) -0.7 -0.2 -1.1 25 -4.7 -0.8 -6.8 -4.8 -0.6 -0.1 -0.7
Table 12.2. Investment Intensity (Investment/GDP, 1981=100, All Assets), by Subsector
ICT ICT CorelICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 89.3 96.1 87.2 78.2 104.5 89.1 114.8 96.4 86.4 94.2 78.0
1983 745 104.6 68.7 89.6 79.9 73.9 90.6 34.4 80.3 771 85.4
1984 74.0 109.6 68.1 99.9 60.6 72.8 59.5 39.7 82.0 76.1 90.2
1985 76.6 106.9 73.0 97.4 54.4 75.4 50.1 325 84.4 79.0 92.3
1986 78.9 114.1 74.1 101.0 51.6 78.0 46.3 25.8 85.1 76.6 97.2
1987 87.6 109.2 86.2 112.6 54.3 87.0 48.6 21.3 87.8 715 108.5
1988 2.4 104.3 94.9 103.8 56.1 2.4 47.3 31.6 93.1 71.7 113.0
1989 96.9 94.8 100.8 111.4 67.2 97.2 59.6 50.8 90.7 75.1 110.6
1990 98.6 96.9 100.8 110.8 735 99.3 67.9 55.5 85.3 72.6 103.0
1991 86.6 92.3 85.5 98.2 73.9 86.8 70.2 711 775 73.7 86.1
1992 90.0 77.1 89.4 110.1 69.6 89.0 63.6 68.4 70.9 61.3 83.9
1993 79.0 83.7 74.7 117.2 56.7 77.0 50.0 56.5 72.0 68.7 79.7
1994 77.4 94.7 72.2 113.8 47.9 75.9 374 54.2 79.4 81.1 82.6
1995 69.2 68.3 64.7 124.8 40.3 67.7 30.1 453 79.2 83.0 80.1
1996 775 95.8 69.4 136.8 39.8 76.3 28.0 36.4 79.9 80.8 83.3
1997 88.9 97.5 83.2 1475 46.5 87.6 32.7 45.9 90.6 98.0 90.1




Figure8. Investment Intensity
(Investment/GDP, Current $, All Assets)
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Among New Economy industries, core ICT services and science-based goods exhibit
comparatively high investment rates for much of this period. However, like most other
sectors, these investment ratios have been trending downward. A declinein ICT and science
investment ratios was apparent during the early 1990s. Over the entire time period, other
sectors saw amodest decline and then recovered by 1997 to almost the samelevel experienced
in 1981. The same was true for ICT as a whole. It is the science-based sector where the
cumulative declines are most noticeable—with the ratio of investment to GDP in 1997
standing at less than 50% of itslevel in 1981 (Table 12.2).

Investment in the above exercise isacomposite good—it takes into account expenditure on
all assets. Recently, attention has been focused on acore set of critical technology investments
in such assets as computers, software and telecommunications equi pment—investments
that are seen to be enabling companies to take advantage of the information revolution.

Restricting our focus to these high-

technology assets yields a different Figure9. Investment Intensity
perspective on patterns of investment (Investment/GDP, Current $,
intensity (Figure 9). ICT industries now o1 Critical Assets)

have higher investment-to-GDP ratios 0.16

than science industries, and much higher o 014 w
ratios than industries that fall outside of 2 o71o

our ICT/scienceclassification. Thisoccurs £ 0,08

because technological investments 200 T N N————
account for a much larger share of the

investment expenditure in ICT industries 0.00 —_—
than in other sectors of the economy. The 1981 1983 1985 1987 1989 1991 1993 1995 1997
ICT sector is not only an important |G = Sslence === Other

producer of ICT products. It is also an
intensive user of these products.
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Table 13.1. Investment Intensity (Investment/GDP, Current $, Critical Assets), by Subsector

ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 0.149 0.010 0.232 0.035 0.077 0.166 0.039 0.004 0.010 0.004 0.016
1982 0.140 0.017 0.209 0.031 0.078 0.155 0.047 0.003 0.009 0.005 0.012
1983 0.119 0.022 0.171 0.041 0.071 0.131 0.049 0.004 0.011 0.005 0.015
1984 0.112 0.023 0.165 0.043 0.061 0.124 0.034 0.004 0.011 0.005 0.017
1985 0.114 0.022 0.174 0.038 0.059 0.126 0.031 0.005 0.013 0.005 0.019
1986 0.111 0.025 0.166 0.039 0.051 0.123 0.019 0.005 0.013 0.007 0.018
1987 0.127 0.027 0.195 0.042 0.058 0.140 0.020 0.005 0.015 0.007 0.021
1988 0.138 0.026 0.219 0.041 0.061 0.154 0.018 0.005 0.015 0.007 0.021
1989 0.138 0.023 0.219 0.042 0.065 0.154 0.023 0.006 0.015 0.007 0.021
1990 0.147 0.026 0.229 0.038 0.070 0.164 0.025 0.006 0.015 0.007 0.020
1991 0.140 0.030 0.210 0.035 0.066 0.156 0.025 0.005 0.015 0.008 0.020
1992 0.154 0.029 0.229 0.041 0.070 0.170 0.020 0.007 0.016 0.008 0.021
1993 0.134 0.034 0.193 0.047 0.061 0.147 0.018 0.010 0.018 0.009 0.023
1994 0.128 0.030 0.185 0.046 0.059 0.140 0.020 0.012 0.019 0.008 0.025
1995 0.122 0.022 0.175 0.062 0.056 0.134 0.021 0.009 0.019 0.009 0.026
1996 0.131 0.033 0.182 0.060 0.060 0.143 0.020 0.010 0.021 0.009 0.029
1997 0.147 0.032 0.213 0.063 0.067 0.162 0.022 0.011 0.022 0.010 0.030
Average 0.132 0.025 0.198 0.044 0.064 0.146 0.026 0.007 0.015 0.007 0.021
Annual Growth
Rate (%) -0.1 75 -0.5 3.8 -0.9 -0.2 -35 5.6 48 49 41
Table 13.2. Investment Intensity (Investment/GDP, 1981=100, Critical Assets), by Subsector
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 93.8 170.2 90.0 89.5 101.8 93.1 121.3 68.0 86.2 112.6 77.8
1983 79.4 2145 73.8 118.7 92.2 79.0 127.0 83.8 101.6 107.9 975
1984 75.3 226.8 713 123.7 79.3 745 87.7 92.6 110.4 1134 107.6
1985 76.4 219.6 74.9 110.3 77.1 75.8 79.5 104.3 124.8 120.2 122.3
1986 74.6 249.0 715 112.5 66.8 74.4 49.8 107.9 128.4 146.9 115.9
1987 84.7 270.7 84.0 121.3 75.9 84.6 52.0 112.6 141.8 146.1 131.9
1988 925 261.4 94.5 117.6 79.2 92.9 46.9 1185 145.0 152.6 1335
1989 92.3 228.3 94.4 120.8 84.8 92.8 58.8 136.9 144.6 151.4 1324
1990 98.2 255.7 98.5 109.3 90.3 98.9 64.3 138.2 141.9 164.0 125.0
1991 93.8 297.9 90.5 100.5 85.8 94.0 64.6 116.8 1475 178.3 125.0
1992 103.3 291.3 98.8 117.0 91.2 102.5 51.9 166.2 157.1 176.1 135.1
1993 90.0 332.8 83.1 136.7 79.8 88.4 46.2 215.4 170.4 191.6 147.0
1994 85.8 296.4 79.8 132.4 77.0 84.2 50.8 258.5 180.7 183.4 161.3
1995 81.6 213.1 75.4 178.2 73.1 80.5 53.2 200.8 182.8 189.4 163.8
1996 875 3225 78.3 174.1 7.7 86.1 51.1 223.0 201.3 195.1 183.6
1997 98.7 320.0 91.7 181.2 87.1 97.4 56.7 238.0 213.1 215.0 188.8




Core ICT services—computer services and telecommuni cations—account for much of this
difference. As a percentage of GDP, core ICT services alocate afar greater share of their
investment expenditures to computers, software and communications equipment than ICT
goods producers. On average, technology investmentsin core ICT services stand at 20% of
GDP For ICT manufacturing, science-based goods and science-based services, technology
investments account for less than 3% of GDP (Table 13.1).

4.2.2 Capital-to-labour ratios

Investment-to-GDP ratios effectively compare the size of a production input to its outputs.
But for many purposes, we want to know whether workers are being given more capital
with which they can work. And this is given by the ratio of investment expenditures to
labour inputs. This provides us with a better sense of how production requirements—the
mix of labour and capital—are changing in different sectors of the economy. Current dollar
investment-to-labour ratios are reported in Table 14.1.

Does moving to investment-to-labour ratios change our view of investment patternsin the
science and technol ogy sector?Yes and no. Investment-to-labour ratiosin the science sector
follow the samecyclical pattern apparent in their investment-to-GDP profile. While science
industries exhibit the highest levels of spending per hour worked, there is little evidence
that the science sector is becoming more

capital intensive, as its investment-to- Figure 10. Investment to L abour
labour ratio in 1997 stands slightly below (Current $/Hour, All Assets)
its1981 level. Investment-to-labour ratios 18

in the ICT sector and in the larger group 12
of other industries trend upward slightly 12
over the 1981-1997 period. By 1997, the 0 \/\/\/

Investment/Hours
[o¢]

investment-to-labour ratio for the ICT 6

sector had nearly reached the science ‘2‘

average. Both ICT and science industries o b
re|‘na|ns|gn|f|cant|y morecapita| inteng'\/e 1981 1983 1985 1987 1989 1991 1993 1995 1997
than other industries (Figure 10). —— ICT === <tience Other

In terms of capital intensity, science-based goods industries and core ICT services lead the
way. In 1997, investment-to-labour ratios in science-based goods were three times as high
asfor ICT manufacturing. Core ICT services—computer services and telecommunications
industries—exhibit higher investment per hour ratiosthan other service industry groupings.
science-based services, other ICT services, and other services.

Restricting investment expenditures to technology assets (computers, software and
communi cations equipment), asbefore, shiftsthefocusfrom scienceto ICT industries (Figure
11). The core ICT services sector again stands out—these industries maintain much higher
investment-to-labour ratios than other sectors. That said, investments in technology assets
have grown rapidly in all sectors (Table 15.1).
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Table 14.1. Investment to Labour (Current $/Hour, All Assets), by Subsector

ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing industries based based
Goods Services
1981 6.3 2.0 13.3 1.3 121 8.3 16.9 6.7 31 4.1 2.3
1982 6.4 2.2 133 11 145 8.4 21.8 8.3 2.9 4.1 2.0
1983 5.6 2.4 11.0 1.4 12.2 7.2 20.1 31 2.9 3.8 2.3
1984 6.1 2.9 11.7 1.6 10.4 7.8 15.6 3.6 31 4.0 2.6
1985 6.3 3.0 121 1.8 9.7 8.1 139 3.0 34 4.3 2.8
1986 6.7 32 125 21 9.6 8.6 134 2.6 34 4.0 31
1987 7.8 34 14.7 25 10.1 10.0 139 22 37 39 36
1988 8.4 33 159 25 10.8 10.6 145 3.2 4.1 4.4 4.0
1989 9.3 3.4 17.4 2.8 13.2 11.9 18.2 53 4.2 4.4 4.1
1990 9.7 35 18.1 2.8 14.9 12.6 21.4 5.8 4.0 4.3 3.9
1991 9.0 33 16.3 2.6 16.1 11.7 24.7 7.8 3.7 4.3 34
1992 9.6 2.8 17.3 2.9 15.6 12.2 22.7 8.2 35 3.8 34
1993 85 34 13.8 33 131 10.6 189 6.9 3.7 4.4 3.2
1994 8.4 4.0 13.1 33 11.5 10.5 154 6.6 4.2 5.6 34
1995 77 2.9 12.0 3.8 10.1 9.6 13.4 57 4.4 6.1 34
1996 8.8 4.1 131 4.1 9.9 11.0 12.3 4.3 45 6.2 3.6
1997 10.0 4.7 14.8 4.4 11.5 12.4 14.5 5.6 5.3 7.5 4.2
Annual Growth
Rate (%) 29 5.3 0.7 8.0 -0.3 2.6 -0.9 -1.2 3.6 39 3.8
Table 14.2. Investment to Labour (1981=100, All Assets), by Subsector
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 100.5 106.2 99.6 81.8 120.0 101.2 129.1 123.0 93.4 101.6 84.9
1983 87.7 116.5 82.7 105.9 101.3 87.4 118.8 46.2 94.9 91.9 101.1
1984 95.7 143.8 87.7 128.5 86.1 94.5 92.4 52.7 103.0 98.7 1115
1985 99.6 146.0 90.6 138.7 80.2 97.7 825 45.2 110.4 106.0 119.8
1986 106.1 154.2 934 162.6 79.2 103.1 79.3 39.1 111.7 97.2 132.9
1987 123.2 163.9 110.1 193.9 83.7 120.3 82.3 32.0 121.5 95.5 156.1
1988 132.6 160.9 119.3 196.9 89.8 128.0 86.1 47.0 135.2 107.6 172.3
1989 147.2 163.7 130.8 217.0 109.6 144.0 107.5 77.9 137.2 107.4 176.8
1990 153.6 169.5 135.7 215.6 123.3 152.4 126.9 86.6 132.0 106.1 167.6
1991 142.0 163.4 122.1 199.3 133.3 140.6 146.5 115.0 122.7 106.4 148.1
1992 151.1 137.8 129.6 230.1 129.4 147.1 1345 121.3 115.3 92.0 1475
1993 134.4 164.0 103.4 254.4 108.5 127.9 111.8 101.7 119.8 107.9 141.3
1994 133.1 193.0 98.6 256.6 95.4 126.6 91.0 98.2 137.4 136.9 149.4
1995 121.8 143.1 89.8 292.9 84.1 115.4 79.2 84.1 143.2 149.9 149.0
1996 138.3 200.0 98.5 320.9 81.8 1325 727 63.3 147.4 150.9 157.0
1997 157.3 229.3 111.0 343.1 95.1 150.2 86.0 825 174.9 183.0 182.8
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Table 15.1. Investment to Labour (Current $/Hour, Critical Assets), by Subsector

ICT ICT CorelCT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 3.14 0.17 7.50 0.33 1.90 4.20 1.05 0.08 0.16 0.08 0.22
1982 3.32 0.32 7.70 0.31 2.23 4.44 1.43 0.07 0.15 0.09 0.18
1983 2.94 0.41 6.66 0.47 2.23 3.93 175 0.09 0.19 0.10 0.25
1984 3.06 0.51 6.89 0.53 214 4,07 1.43 0.10 0.22 0.11 0.29
1985 3.12 0.52 6.97 0.52 2.16 413 1.37 0.12 0.26 0.13 0.35
1986 3.15 0.58 6.76 0.60 1.95 413 0.90 0.13 0.27 0.15 0.34
1987 3.74 0.70 8.05 0.69 2.23 4,92 0.92 0.14 0.31 0.15 0.41
1988 417 0.70 8.92 0.74 241 541 0.89 0.14 0.33 0.16 0.44
1989 4.41 0.68 9.18 0.78 2.63 5.78 111 0.17 0.35 0.17 0.46
1990 481 0.77 9.95 0.71 2.88 6.38 1.26 0.17 0.35 0.19 0.45
1991 4.83 0.91 9.70 0.68 294 6.40 141 0.15 0.37 0.20 0.47
1992 5.45 0.90 10.75 0.81 3.23 7.12 115 0.24 0.40 0.21 0.52
1993 4.82 1.13 8.62 0.98 2.90 6.17 1.08 0.31 0.45 0.23 0.57
1994 4.64 1.04 8.17 0.99 291 5.90 1.30 0.38 0.50 0.24 0.64
1995 452 0.77 7.85 1.39 291 5.77 147 0.30 0.52 0.27 0.66
1996 491 1.16 8.33 1.36 3.04 6.28 1.39 0.31 0.59 0.28 0.75
1997 5.49 1.30 9.17 1.40 3.39 7.01 1.56 0.34 0.65 0.31 0.83
Annual Growth
Rate (%) 36 134 13 9.4 37 33 25 95 9.2 9.1 8.8
Table 15.2. Investment to Labour (1981=100, Critical Assets), by Subsector
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 105.7 188.0 102.7 93.6 117.0 105.8 136.4 86.8 93.2 121.4 84.7
1983 935 238.9 88.8 140.2 117.0 935 166.5 112.8 120.1 128.6 115.4
1984 97.3 297.6 91.8 159.0 112.6 96.8 136.2 123.0 138.7 147.0 133.0
1985 99.3 299.9 92.9 157.2 137 98.2 130.9 145.0 163.3 161.3 158.6
1986 100.3 336.3 90.1 181.1 102.6 98.3 85.4 163.2 168.5 186.3 158.5
1987 119.1 406.3 107.3 208.8 117.0 117.0 88.0 169.1 196.1 195.3 189.8
1988 132.7 403.2 118.9 2231 126.8 128.7 85.4 176.6 210.5 211.4 203.6
1989 140.2 394.3 122.4 2355 138.2 137.4 106.0 210.1 218.6 216.5 211.6
1990 153.0 447 4 132.6 2125 151.4 151.8 120.0 215.7 219.6 239.7 205.2
1991 153.7 527.3 129.2 204.0 154.7 152.2 134.8 188.9 2334 2575 215.0
1992 1734 520.9 143.3 2445 169.6 169.5 109.7 294.9 255.5 264.1 237.6
1993 153.2 652.3 114.9 296.6 152.6 146.8 103.2 387.9 283.3 300.8 260.7
1994 147.4 604.1 109.0 298.6 153.2 140.5 123.7 468.4 312.8 309.5 291.9
1995 143.6 446.7 104.6 418.1 152.7 137.2 140.1 3724 330.5 342.2 304.7
1996 156.2 673.0 111.0 408.2 159.7 1495 132.7 388.0 371.6 364.6 345.9
1997 174.7 752.4 122.3 4215 178.4 166.8 149.2 428.0 411.3 402.1 382.8




Figure 11. Investment to Labour
(Current $/Hour, Critical Assets)
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4.2.3 R&D-to-Labour Ratios

In the previous section, we have focused on two categories of investment, a composite
good and a subset of technology assets, and two measures of investment intensity, an
investment-to-GDPratio and an investment-to-labour ratio. We focused on technology assets
because these investments are posited to be critical determinants of growth. There is one
other category of investment that is often described as critical to innovation in the New
Economy—research and development (R& D). R& D expenditure per hour worked isreported
in Table 16.1.

ICT and science industries as awhole have very similar R& D-to-labour ratios (Figure 12).
R& D-intensity is one aspect of the production process where ICT manufactures, and not
core ICT services, emerge as New Economy leaders; R&D ratios in ICT manufacturing
industries eclipse those in other sectors by a significant margin. Not surprisingly (given the
method by which classification occurs), science-based goods and science-based services
also exhibit relatively high R& D-to-labour ratios.

Figure 12. Ratio of Research and Development
to Labour (Current $/Hour)

4.0
3.5
3.0
25
2.0
15
1.0
0.5
0.0

R& D/Hours

1983 1985 1987 1989 1991 1993 1995 1997

——— |CT === Science Other

The Canadian Economy in Transition Series -45- Statistics Canada — Catalogue No. 11-622-MIE No. 002



S9119S UONISUR. ] Ul AWouodT ueipeue) ay L

.97.

200 "ON J1IA-229-TT "ON anfio[ere) —epeueD solisieSs

Table 16.1. Ratio of Research and Development to Labour (Current $/Hour)

ICT ICT CorelICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1983 1.34 3.64 0.50 0.06 1.31 1.82 121 0.59 0.04 0.09 0.01
1984 154 4,00 0.62 0.08 1.45 2.06 1.25 0.74 0.04 0.09 0.01
1985 1.87 4,74 0.81 0.20 1.74 2.46 143 1.03 0.05 0.10 0.01
1986 2.09 5.23 1.00 0.23 1.88 2.72 1.49 1.13 0.05 0.10 0.02
1987 211 5.30 0.97 0.26 1.92 2.75 1.60 112 0.06 0.10 0.03
1988 2.08 5.26 0.86 0.25 1.90 2.68 161 1.09 0.06 0.10 0.03
1989 2.18 5.85 0.90 0.27 1.95 2.83 1.63 1.06 0.06 0.10 0.03
1990 2.30 6.39 0.95 0.30 214 3.02 1.88 117 0.07 0.11 0.04
1991 2.55 7.25 1.06 0.39 2.34 3.30 211 121 0.07 0.12 0.04
1992 2.72 7.47 121 0.53 2.58 3.46 2.33 1.48 0.09 0.14 0.06
1993 3.03 8.72 1.37 0.75 2.79 3.75 247 1.63 0.10 0.16 0.06
1994 3.53 10.12 1.66 1.02 3.10 4.32 253 1.90 0.11 0.20 0.07
1995 357 10.27 1.58 1.18 3.14 4.32 2.66 1.88 0.11 0.20 0.07
1996 3.56 10.95 1.42 1.19 3.04 4.32 2.61 1.63 0.10 0.18 0.06
1997 3.66 12.04 1.29 1.27 3.21 443 3.08 1.48 0.10 0.18 0.06
Annual Growth
Rate (%) 7.4 8.9 7.0 24.8 6.6 6.6 6.9 6.9 6.9 5.2 15.6
Table 16.2. Ratio of Research and Development to Labour (1983=100)
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1983 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1984 14.7 109.9 123.9 143.6 110.3 113.1 103.2 126.8 107.4 108.0 112.2
1985 139.8 130.2 162.3 347.0 132.6 1355 118.5 174.9 119.5 114.8 171.2
1986 155.7 143.9 198.5 402.2 143.3 149.8 123.7 192.2 132.9 116.0 280.2
1987 157.3 145.7 193.2 457.1 146.6 151.2 132.6 190.9 140.6 117.1 333.0
1988 154.9 144.7 170.5 442.8 144.7 147.2 132.9 186.0 150.3 119.4 393.7
1989 162.2 160.8 179.6 4785 148.9 155.9 134.9 180.1 156.2 120.3 440.7
1990 171.3 175.8 189.8 523.6 162.9 165.9 155.5 198.7 164.8 126.5 483.8
1991 190.3 199.4 210.8 684.8 178.0 1815 174.4 205.7 182.8 140.5 556.6
1992 202.8 205.3 241.8 929.8 196.4 190.2 192.7 252.7 222.1 160.9 749.1
1993 225.6 239.7 273.0 1317.1 212.6 206.2 204.7 277.1 246.9 182.4 819.6
1994 263.1 278.3 3315 1793.8 236.1 2375 209.5 323.9 284.5 224.8 859.0
1995 266.5 282.4 314.3 2062.5 239.5 237.9 220.4 319.5 282.3 225.4 845.2
1996 265.3 301.1 282.3 2080.1 231.8 237.7 215.8 2775 251.4 206.0 725.1
1997 272.8 3311 256.4 2233.4 244.8 243.7 255.2 252.7 254.3 203.9 761.9




Figure 13. Ratio of Research and Development to GDP
(Current $)
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R& D-to-labour ratios have increased in al sectors during the last two decades. The largest
absoluteincreases have occurred in the ICT manufacturing sector—going from 3.6 in 1983
t0 12.0in 1997. This sector does not have the highest rate of increase—but thisis probably
the result of it starting from a higher level. For industries outside of the ICT and science
sectors, expenditure on R&D per hour worked remains low despite healthy growth rates
(Table 16.1).

Next, we base R& D expenditures on GDP (Figure 13 and Table 17.1). Thisyields similar
results. Though high rates of growth occurred in other services, the largest expenditure
ratiosare in ICT and science industries, most notably in ICT manufacturing.

The R&D datayield adifferent perspective on the structure of investment than one obtains
when focusing on critical technology investments, or al investments. While significant
investments in technology are occurring in all sectors, investments in R&D remain
concentrated largely within the boundaries of ICT and science industries.

Our analysis to this point has focused on exploring input structures in New Economy
industries. In the next section, we turn from production to performance—and investigate
differences in productivity and profitability. Once again, we start with a basic question. Is
there evidence that New Economy industries are leaders in terms of their productivity and
profitability performance? If so, in which industries is this most evident?
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Table 17.1. Ratio of Research and Development to GDP (Current $)

ICT ICT Core ICT Other ICT Science- | CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1983 0.054 0.191 0.013 0.005 0.042 0.061 0.034 0.024 0.002 0.004 0.000
1984 0.057 0.179 0.015 0.007 0.041 0.062 0.030 0.031 0.002 0.004 0.001
1985 0.069 0.203 0.020 0.014 0.048 0.075 0.032 0.041 0.002 0.004 0.001
1986 0.074 0.227 0.024 0.015 0.050 0.081 0.032 0.041 0.003 0.005 0.001
1987 0.071 0.207 0.023 0.016 0.051 0.079 0.035 0.041 0.003 0.004 0.001
1988 0.069 0.200 0.021 0.014 0.048 0.076 0.033 0.041 0.003 0.004 0.001
1989 0.068 0.198 0.021 0.015 0.049 0.076 0.033 0.038 0.003 0.004 0.002
1990 0.070 0.214 0.022 0.016 0.052 0.078 0.037 0.042 0.003 0.004 0.002
1991 0.074 0.240 0.023 0.020 0.052 0.080 0.037 0.041 0.003 0.005 0.002
1992 0.077 0.245 0.026 0.026 0.056 0.083 0.041 0.046 0.004 0.005 0.002
1993 0.084 0.261 0.031 0.036 0.059 0.089 0.041 0.050 0.004 0.006 0.003
1994 0.098 0.291 0.038 0.047 0.063 0.102 0.038 0.058 0.004 0.007 0.003
1995 0.096 0.287 0.035 0.052 0.061 0.100 0.037 0.056 0.004 0.006 0.003
1996 0.095 0.308 0.031 0.053 0.060 0.098 0.037 0.052 0.004 0.006 0.002
1997 0.098 0.300 0.030 0.057 0.063 0.102 0.043 0.046 0.003 0.005 0.002
Annual Growth
Rate (%) 4.4 3.3 6.2 18.9 3.0 3.8 1.7 4.7 3.2 1.9 11.2
Table 17.2. Ratio of Research and Development to GDP (1983=100)
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1983 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1984 104.5 93.3 115.9 131.9 98.5 103.0 87.1 128.6 101.0 99.2 107.4
1985 126.6 106.2 157.6 287.6 14.1 123.8 94.4 169.1 107.9 101.9 156.2
1986 136.4 118.6 189.9 295.1 118.4 134.1 94.6 1711 119.7 109.0 2425
1987 131.8 108.1 182.2 3135 120.8 129.4 102.7 171.0 120.1 104.4 273.8
1988 127.1 104.5 163.3 275.6 14.7 125.7 95.8 167.9 122.3 102.8 305.4
1989 125.8 103.7 166.7 290.0 115.9 1245 98.1 157.9 122.1 100.3 326.2
1990 129.5 111.9 169.8 317.9 123.2 127.9 109.2 171.3 125.8 103.2 348.7
1991 136.7 1255 177.7 398.6 125.3 132.6 109.6 1711 136.5 116.0 382.8
1992 142.2 127.9 200.8 525.4 133.9 136.1 119.5 191.6 161.3 127.9 504.0
1993 156.1 136.2 237.7 717.0 141.0 147.0 120.0 207.0 175.4 138.5 547.0
1994 180.3 152.1 292.3 939.6 150.5 168.4 112.8 240.6 194.2 158.8 561.8
1995 178.3 150.1 272.8 1038.2 1455 165.2 109.8 231.9 184.5 148.7 537.6
1996 174.9 160.7 239.6 1047.7 143.1 161.9 109.0 214.6 160.9 131.4 455.3
1997 1815 156.8 2315 1134.0 151.6 168.2 127.2 189.1 155.6 130.0 4445




Endnotes

> Picot and Heisz (2000) have characterized the shift towards self-employment as the definitive
characteristic of the Canadian |abour market. Self-employment continuesto play lessof arolein
ICT and science industries than in other sectors; however, the rates of self-employment in ICT
and scienceindustries haveincreased rel ative to other industries. By 1997, 10% of theworkforce
in both the ICT and science sectors was self-employed, compared to 15% of workers in other
industries; this contrasts sharply with just 2% and 3% of the ICT and science workforces in
1981, when the self-employment rate in other industries stood at 11%.

16 These ratios will, of course, mask compositional effects, as the occupational characteristics of
knowledge workers will differ from sector to sector.
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Chapter 5. Performance in New Economy Industries

5.1 Labour productivity

abour productivity statistics provide a measure of how efficiently labour services are

transformed into economic value within different industrial climates. Theratio of real
GDP-to-hoursworked is one of the most widely used measures of labour productivity. Real
GDP-to-hours ratios for the 1987-1997 period are reported in Table 18.1. Interindustry
differences in the level of labour productivity reflect differences in capital intensity,
technology use, the exploitation of scale economies and organizationa efficiency.

I.n the_ late 198_05’ science industries had Figure 14. Labour Productivity
significantly higher GDP-per-hour ratios (GDP/Hour, 1992 $)

than the ICT sector, partially reflecting 60

their higher capital intensity outlined in 50 //"“"
the previous section. Beginning in the o 40

early 1990s, ICT industriessteadily began 3 0 //
to close this gap (Figure 14). Science &

. . . . O 20

industries increased their labour

productivity by 20% from 1987 to 1997, 10

while ICT industries recorded a 44% 0

increase over this ten-year penOd 1987 1989 1991 1993 1995 1997

—— |CT === Stience Other
Both our New Economy aggregates, ICT
and science, recorded higher labour Figure 15. Labour Productivity
productivity levels, and exhibited faster o (GDP/Hour, 1987=100)
productivity growth, than the 140
agglomeration of other industriesthat fall 130
outside these New Economy 120
classifications. A significant labour 110 /
productivity (GDP per hoursworked) gap 100 | ==

GDP/Hours

was apparent in 1987, and this gap 90
widened as the growth of labour 80 L——
productivity in ICT and scienceindustries 1987 1989 1991 1993 1995 1997

accelerated over the period (Figure 15). T === Ssience Other
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Table 18.1. Labour Productivity (GDP/Hour, 1992 $), by Subsector

ICT ICT CorelICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1987 28.3 22.7 39.3 18.2 43.2 33.2 58.1 318 255 24.7 25.9
1988 30.3 24.2 417 19.3 44,0 35.2 575 32.3 25.8 249 26.3
1989 32.7 27.3 4.7 19.3 45.2 38.6 58.1 31.0 25.9 25.0 26.3
1990 33.8 28.0 47.1 18.4 45.8 40.5 58.4 304 25.9 25.6 26.1
1991 35.9 29.6 495 19.6 47.0 43.0 60.1 30.1 26.4 26.4 26.4
1992 37.2 317 49.9 20.5 48.6 442 60.8 333 271 27.0 27.2
1993 38.1 34.3 49.1 20.7 50.1 44.9 63.8 34.2 27.6 28.1 27.3
1994 39.9 38.8 49.9 21.0 51.8 47.0 67.2 33.8 28.2 28.8 27.8
1995 40.9 41.8 51.0 20.0 52.7 484 68.6 335 28.6 29.3 28.3
1996 40.9 40.7 51.3 19.9 515 485 67.9 30.9 28.6 29.2 28.3
1997 40.9 43.2 49.9 20.0 51.7 48.4 69.3 3.7 29.2 29.7 29.0
Annua Growth
Rate (%) 37 6.7 24 0.9 18 3.8 18 0.0 14 1.8 1.1
Table 18.2. Labour Productivity (GDP/Hour, 1987=100), by Subsector
ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1987 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1988 107.0 107.0 106.0 105.9 101.8 106.0 99.1 101.4 101.0 100.5 101.3
1989 115.5 120.3 113.6 106.2 104.6 116.2 100.0 97.3 101.3 101.2 1015
1990 119.2 123.6 119.8 101.0 106.0 122.0 100.6 95.5 1015 103.3 100.5
1991 126.6 130.5 126.1 107.6 108.8 129.5 103.6 94.5 103.6 106.7 102.0
1992 131.2 139.7 127.0 112.9 1125 133.1 104.7 104.5 106.4 109.3 104.9
1993 134.6 151.1 124.9 113.9 116.0 135.2 109.8 107.4 108.2 113.7 105.2
1994 140.8 171.3 127.0 115.6 120.0 1415 115.8 106.3 110.4 116.4 107.2
1995 144.3 184.5 129.7 109.8 122.0 145.9 118.2 105.1 112.2 118.3 109.0
1996 144.3 179.5 130.5 109.7 119.2 146.2 116.9 96.9 112.0 118.0 109.0
1997 144.4 190.4 127.1 109.8 119.7 145.8 119.3 99.7 114.6 120.1 112.0




The most rapid growth rates occurred in ICT manufacturing, with a 90% increase over the
1987-1997 period (Table 18.2). Core| CT services, by comparison, recorded a27% increase.
Faster productivity growth in ICT manufacturing brought their productivity levelsmorein
line with these core ICT services, which prior to the mid 1990s exhibited much higher
GDP-per-hour ratios than ICT manufactures.

Within the science sector, much of the labour productivity gains were generated by ICT.
Outside the technol ogy sector, science-based goodsindustries experienced only a19% gain
in labour productivity. Other goods industries, by comparison, realized a 20% gain.

No long-run productivity gains were apparent in science-based services—these industries
exhibit the same GDP per hour ratiosin 1987 asthey did in 1997. Other service industries
that operate outside the ICT/science fold experienced a 12% gain in labour productivity.

5.2 Multifactor productivity

One limitation of labour productivity statisticsisthat they do not control for cross-industry
differencesin capital endowment. Gainsin labour productivity may be dueto improvements
in efficiency, or they may reflect basic differences in the amount of capital that is used in
production. We noted earlier that ICT and science industries exhibit higher investment to
labour ratios than other sectors of the economy. Basic differences in investment intensity,
and capital accumulation, may account for relatively high rates of labour productivity in
these industries.

To obtain productivity growth measures that correct for differencesin capital intensity and
labour force composition (more as opposed to less skilled workers)—and thus arrive at a
measure that is more closely aligned with efficiency gains—we turn to multifactor
productivity estimates, a metric that controls for changes in capital and labour. Efficiency
gains, in this context, are broadly defined. They are the net effect of a host of underlying
influences, including technological and organizational change, differences in plant size,
and externalities.

A Fisher-chained index of multifactor productivity is presented in Table 19 (Figure 16).
ICT and science-based industries experienced significant MFP gains during the 1980s,
coming out of the economic downturn. MFP performance in the large agglomeration of
other industries (representing approximately 90% of business sector activity) stagnated
during the mid-to-late 1980s—with successive year-to-year declines negating positive growth
in the early 1980s. Cumulative productivity growth in this large cross-section of non-1CT,
non-science industries was negligible between 1981 and 1991. In comparison, MFP grew
by 27% in the ICT sector and 25% in the science sector between 1981 and 1991.

MFP increased steadily in technology industries during the early-to-mid 1990s. MFPin science
industries declined during the economic downturnintheearly 1990s, and then rebounded sharply
after 1992. By 1997, long-run productivity growth in science industries (a cumulative gain of
37% over the 1981-1997 period) actually surpassed long-run growthinthe ICT sector (again of
32%). Long-run productivity performance in other industries improved by 7%.

The Canadian Economy in Transition Series -52- Statistics Canada — Catalogue No. 11-622-MIE No. 002



S9119S UONISURI] Ul AWouodT ueipeue) ay L

.89.

200 "ON J1IN-229-TT "ON anfio[ere) —epeueD solisieSs

Table 19. ValueAdded Multifactor Productivity for Components of the Business Sector (Fisher Index, 1981=100)

ICT ICT CoreICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries
facturing Industries based based
Goods Services
1981 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1982 98.1 98.7 98.6 93.6 95.2 98.4 92.7 95.5 98.9 99.9 97.9
1983 99.1 98.5 99.5 98.0 96.6 98.8 95.5 93.8 100.8 103.6 98.1
1984 108.1 124.0 103.2 101.9 116.2 108.2 125.6 97.9 104.0 109.2 98.9
1985 112.2 132.0 105.9 106.8 119.5 111.9 129.8 96.8 106.1 1115 100.9
1986 113.8 1285 108.3 1111 1215 113.0 133.1 96.6 105.6 110.5 100.8
1987 120.0 145.2 1125 110.9 126.2 119.6 136.4 100.3 105.1 110.2 100.2
1988 125.4 155.6 116.8 114.5 130.8 124.9 140.3 105.2 104.1 109.9 98.6
1989 128.1 168.3 117.8 1115 131.0 127.9 139.1 102.1 102.9 109.4 96.9
1990 126.9 166.6 117.9 105.0 127.9 1275 134.3 98.2 101.6 110.0 94.2
1991 127.3 168.4 117.7 106.7 125.1 127.9 128.9 95.9 100.2 110.1 92.1
1992 128.4 182.1 115.8 108.9 123.8 128.6 125.6 95.8 101.4 111.2 93.3
1993 129.4 190.6 115.6 107.7 126.8 129.6 130.7 96.9 102.6 114.9 93.0
1994 132.1 207.2 1155 110.7 1315 132.1 138.6 96.1 105.2 116.5 96.0
1995 134.7 227.1 116.3 105.9 136.4 135.5 146.4 95.9 105.7 115.8 97.3
1996 130.2 209.2 114.0 102.7 134.8 130.7 148.1 925 105.1 115.5 96.5
1997 131.9 226.4 113.4 101.0 136.7 132.6 151.2 915 106.7 115.9 98.7
Annual Growth
Rate (%) 1.7 5.2 0.8 0.1 2.0 1.8 2.6 -0.6 0.4 0.9 -0.1




Figure 16. ValueAdded Multifactor Productivity for Components of
the Business Sector
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It is useful to bring together the evidence from the various sections. The ICT sector
experienced higher labour productivity growth over the period, but also experienced
significant increasesin capital per worker. After controlling for differencesin capital intensity,
multifactor productivity growth in science environmentsison par with gainsin the technol ogy
sector. Both science and technology environments have much stronger long-run MFP
performance than other industries.

Viewed from either a labour productivity or multifactor productivity standpoint, ICT
manufacturing industries emerge as the primary engine of growth. ICT manufacturing
industries exhibited a much higher MFP growth trgjectory than other sectors. Beginning in
1984, MFP in ICT manufacturing accelerated far more rapidly than other New Economy
industries. Over the full 1981 to 1997 period, ICT manufacturing enjoyed a 126% increase
in MFP—strikingly higher than any of the other industry groupings examined herein. By
comparison, core |CT services experienced only a 13% increase in MFP growth during this
period, and no significant productivity gains were apparent in other ICT services. It should
be noted that the ICT manufacturing sector also had high growth ratesin labour productivity
and capital intensity. Despite correcting for thelatter, itsmultifactor productivity performance
isthe highest of all sectors.

Science-based goods industries—R& D-intensive goods industries outside the technology
sector—al so exhibited comparatively large gainsin MFP. Long-run productivity increased
by 51% in these industries; science-based services, by contrast, experienced a 9% decline
in their MFP over the 1981-1997 period.

Productivity growth is one aspect of economic performance in the New Economy where
the focus shifts markedly from technol ogy-based services to manufacturing. Both ICT and
science-based manufacturing industries enjoyed much higher rates of productivity growth
than core ICT services (computer services and telecommunications).
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5.3 Profitability

Productivity statistics create strong impressions of differences in relative performance in
different sectors of the economy. We now shift our focus from productivity to the balance
sheet, and compare the financial performance of ICT, science and other industries. Strong
corporate profits have been identified as a key feature of the New Economy (L akatos and
Benderly, 1999). In this section, we ask whether higher productivity growthin New Economy
industries has translated into superior profit performance.

We focus on three standard profit ratios: (1) profit margins, a measure of the operating
profits that accrue from the firm’s main business activities; (2) return on capital employed,
thereturnto creditors (ownersand lenders); and (3) return on equity, the net profitsavailable
to owners and investors.'” Profit data are available for the 1988-1998 period.

5.3.1 Profit margins

The profitability measure derived from profit margins will be affected by differences in
capital intensity across industries. Industries that invest substantial sums relative to GDP
would be expected to have higher profit margins—or they could not expect to finance this
capital. There is therefore reason to expect long-run trends in investment intensity to be
reflected in long-run trends in margins—if markets operated relatively well. There is a
second reason to expect these ratios to move together, especially in the short run across the
business cycle. Investment closely follows cash flow, because cash flow is used to finance
investment. We should therefore expect short-run changesin profit margins to be reflected
in short-run changes in investment.

Profit margins for ICT and science industries exhibit a downward trend during the late
1980s and early 1990s (Figure 17). ICT margins remain stable during the 1990s. Profit
marginsfor other industries rebound sharply after 1992, and eclipse those in ICT industries
by the mid 1990s. Margins in science

industries, though higher, show some

evidenceof declineinrecent years. These Figure 17. Profit Margin

trends are more or less the same as we 0.16
found for the investment-to-GDP ratios o \’\/\
reported in Chapter 4. The ICT profit 0.10 /'\/_\/\

0.08 -

marginstrack theinvestment ratiosquite & P
closely over the period. The overall 0.04
science margins track investment 0.02

0.00

intensity less perfectly, but the
relationship is close enough to suggest
that profit margins and investment are —— ICT === Sience Other
closely related in both sectors.

1988 1990 1992 1994 1996 1998

Basic differences in profit margins are apparent across subsectors. Average profit rates,
calculated over the full 1988-1998 period, are reported in Table 20.
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Table 20. Average Profitability (1988-1998), by Subsector (%)

ICT ICT CorelICT Other ICT Science- |CT-based Non-ICT Non-ICT Other Goods Services
Sector Manu- Services Services based Science Science- Science- Industries

facturing Industries based based

Goods Services
Profit Margin 8.6 5.7 121 4.8 124 9.9 145 9.6 7.9 5.6 9.4
Minimum 7.7 3.3 10.0 37 10.3 8.7 11.2 75 5.2 28 6.6
Maximum 1.1 7.6 16.5 5.8 15.0 13.3 16.8 13.2 9.5 7.6 11.6
Return on Equity 6.5 7.0 6.7 4.0 6.7 6.6 7.1 5.2 7.4 6.6 7.7
Minimum 1.0 1.8 -7.6 -3.0 13 15 -5.8 -6.1 14 -5.2 22
Maximum 10.7 124 125 20.5 12.3 10.6 13.2 11.2 11.6 12.8 11.2

Return on Capital

Employed 5.2 6.4 5.2 4.0 55 53 5.8 49 6.1 5.2 6.5
Minimum 24 27 -04 17 3.0 20 3.0 1.9 29 15 35
Maximum 7.6 9.8 8.4 9.4 8.1 79 8.3 8.8 8.2 85 85




Within the ICT sector, core services exhibit the highest profit margins, estimated at 12%
over the ten-year period. This compares with 6% for ICT manufacturing and 5% for other
ICT services. At 15%, science-based goods industries exhibit the highest average margin.
This compares to 6% for other goods industries.

5.3.2 Rates of return

Rates of return provide a measure that can be used to evaluate whether a sector earns higher
returns on capital invested—either all capital or a subset of capital such as equity. In a
world of well-functioning capital markets, rates of return will be equalized by capital
movements from one industry to another.

Fewer inter-industry differences are
apparent when rates of return are
examined—return on equity and return
on capital employed (Table 20). For the

Figure 18. Return on Equity
0.14

012 |-\

vast agglomeration of other industries, 0.10 \

these ratios exhibit a cyclical pattern— 008 \/\ F j
declining through the late 1980s and & 0.06

increasing through the 1990s (Figures 18 0.04 \./\\/

and 19). Returns on equity and capital g'gz T M
employed are more volatile in ICT and  less 1000 1062 1094 1096 1998
science industries. In some years, the

rates of return in New Economy — ICT === Science Other
industries are similar to those in other

industries. In 1996 and 1997, however,

profit ratesin ICT and science industries

show evidence of a sharp decline— Figure 19. Return on Capital Employed
because of a significant reduction in net 010

operating profits. Despite this, average 0.08

rates of return are very similar between '
ICT, science and other industries. The ~ § *® A f\

long-run return on equity is6.5%inICT ~ © 004 4

industries; itis6.7% in scienceindustries, 0.02

and 7.4% in other industries. The long- 0.00 T S
run return on Cap|ta| emp| oyed is 5.2% 1988 1990 1992 1994 1996 1998

in the ICT sector, 5.5% in the science
sector, and 6.1% in other industries.

——— |CT === Science Other
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Endnotes

17 We selected measures of profitability that provide useful barometers for the regular operating
activities of the firm.
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Chapter 6. Other Structural Characteristics

I ndustriesdiffer from one another in anumber of ways other than in their input structure,

their productivity growth and their profitability. They can have more or less entry of
new firms. They may have more or lessfirm turnover and worker separations. They may be
characterized by small or by large firms. They may be primarily exporters or primarily
importers.

We examine one of these characteristics here—the nature of the trade balance for the ICT
and science-based sector. Historically, an interest in the trade balance of an industry has
often been associated with the mercantilist position that ‘desirable’ industries are those
with a positive trade balance and the reverse. International trade theory points out that
having more of those industries whose bal ance is negative would often make a country less
well off.

6.1 Trade balance

During the last twenty years, falling world tariffs have led to increased international trade.
As part of the international trading community, Canada has been affected by these trends.
Successive rounds of tariff reductions under the Kennedy and the Tokyo Round of GATT
reductions led to increased Canadian exports. These tariff reductions culminated in the
Free Trade Agreement (FTA) between Canada and the United States and then the North
American Free Trade Agreement (NAFTA) for Canada, Mexico and the United States in
thelate 1980s and early 1990s. Asaresult of these changes, Canada’ s export-to-gross output
ratio for the goods sector, where most of trade occurs, gradually climbed from 24% in 1982
to about 26% by 1990. It then rapidly increased to 38% by 1997 (Table 21.1).

The ICT sector was a substantial beneficiary of thismove to freer trade (Figure 20). At the
start of the 1980s, it was already heavily involved in trade, with an export-to-output ratio of
over 50%. During the 1980s, thisratio languished, falling to 44% by the late 1980s. But the
advent of the trade agreement with the United Statesin the early 1990s saw the export ratio
begin to climb and it reached 75% by 1997.

Non-ICT science-based goods industries had lower export ratios at the beginning of the
1980s than the ICT sector. And their export ratios aso saw little growth in the 1980s but
then leaped upwards in the 1990s. Indeed the rate of growth in the export-to-output ratio
was about the same in both sectors over the two decades.
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Table 21.1. Ratio of Exportsto Output, by Subsector

ICT Non-ICT Goods

Manu- Science-

facturing based

Goods
1982 0.43 0.22 0.24
1983 0.48 021 0.24
1984 0.52 0.22 0.27
1985 0.49 0.23 0.26
1986 0.47 0.24 0.26
1987 0.48 0.23 0.25
1988 0.44 0.24 0.26
1989 0.44 0.23 0.25
1990 0.52 0.25 0.26
1991 0.56 0.26 0.27
1992 0.59 0.26 031
1993 0.61 0.29 0.33
1994 0.66 0.32 0.35
1995 0.67 0.35 0.37
1996 0.72 0.36 0.37
1997 0.75 0.38 0.38
Annua Growth Rate (%) 257 257 3.01

Table 21.2. Ratio of Exportsto Output (1982=100), by Subsector

ICT Non-ICT Goods

Manu- Science-

facturing based

Goods
1982 100.0 100.0 100.0
1983 111.8 94.0 99.0
1984 1214 102.1 112.0
1985 113.6 103.0 109.5
1986 109.7 107.5 109.5
1987 111.8 105.4 103.8
1988 103.5 109.3 108.4
1989 102.7 104.8 102.3
1990 121.1 1131 107.0
1991 130.5 117.2 112.8
1992 137.8 1189 126.9
1993 142.8 1325 137.0
1994 1534 144.9 145.3
1995 155.4 158.5 153.6
1996 167.7 165.9 1535
1997 175.4 172.8 156.1

The Canadian Economy in Transition Series - 60 - Statistics Canada — Catalogue No. 11-622-MIE No. 002



Figure 20. Ratio of Exportsto Output, by Sector
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While both the ICT manufacturing sector and science-based goods industries in Canada
became more internationally oriented during this period, Canada a so increased itsimports
of goodsthat are produced in these industries. Indeed, it has tended to import more of these
goods than it exports. The trade balance in the goods and services produced by ICT
manufacturing and science-based goods is negative (Table 22). And over time, the size of
the negative trade balance in both of these areas has grown. While the net trade balance for
other goods had reached some $55 billion by 1997, it was -$19 hillion for ICT goods and
-$16 billion for non-ICT science-based goods. Canada then exports more than it importsin
more traditional sectors, and buys more than it sellsin the ICT and science sectors (Figure
21).
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Table22. Trade Balance (Current $, Billions), by Subsector

ICT Non-ICT Goods

Manu- Science-

facturing based

Goods
1982 -4.6 -2.2 20.5
1983 -5.2 -3.3 19.6
1984 -7.0 -4.7 25.6
1985 -6.6 -5.7 22.0
1986 -75 -8.6 18.2
1987 -8.1 -8.3 18.9
1988 -8.2 -11.4 28.0
1989 -9.3 -11.2 253
1990 -85 -8.7 26.3
1991 -8.7 -7.0 23.7
1992 -9.9 -8.6 30.4
1993 -12.2 -9.0 36.0
1994 -14.4 -11.3 44.2
1995 -15.9 -11.3 59.0
1996 -15.7 -8.9 63.7
1997 -18.8 -16.0 55.5
Annual Growth Rate (%) 11.3 14.4 6.8
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Chapter 7. ICT and Science: Not the Only Examples
of Dynamic Growth

I n studies of the New Economy, ICT industries invariably garner the lion’s share of

attention. Theseindustries are, after all, hometo firmsthat devel op, deliver and support
the technological products and services—computers, software, and communications
equipment—that most view as catalysts for the technology revolution. In this report, we
havetried to offer an alternative perspective on theindustrial structure of the New Economy
by training our lens on other science-based industries—industriesthat, viatheir investments
in R&D and human capital, also make substantial contributions to patterns of industrial
innovation.

Even with this dual 1CT/science focus, oneisled, aimost by design, to a high-tech view of
the New Economy—one in which highly visible technology or R& D-based industries are
the primary agents of industrial change. Thisimpression is, in no small part, aided by our
nomenclature. In our comparisons, we relegate industries operating outside the borders of
ICT and scienceto aresidual category of “other” industries. At various stages of thisreport,
werefer to these other industries as “ non-ICT, non-science based” or as*more traditional”
industries. Yet it isimportant not to lose sight of the fact that these industries account for the
vast share of overall business activity—they are home to 92% of establishments, 89% of
employees, and 87% of business revenue. And the labour, capital, GDP, productivity and
profitability histories presented for this“other industries’ category are based on broad cross-
sectional averages, tabulated for all non-1CT, non-science industries, while making basic
distinctions between goods-producers and service-providers.

In earlier sections, we devoted a considerable amount of our analysisto ICT and science-
based subsectors, such as ICT manufacturing industries, core ICT services industries, and
science-based services. We did so as a means of highlighting input and performance
heterogeneity within the |CT and science-based industrial groups. When considering variation
in input or performance histories, our residual group of “other industries’ is no different.
Averages based on large cross-sections often obscure a great deal of heterogeneity—
encompassing potentially large amounts of industry-to-industry variation.

To see this, consider the previous section on multifactor productivity. Taken together, our
residual class of other industries exhibit along-run MFP growth rate of 0.4%, much lower
than the ICT and non-ICT science averages of 1.7% and 2.0%, respectively. Yet a mean of
0.4% may result from ahighly variable distribution of industry-specific MFP growth rates.
And many individua “other industries’ may enjoy MFP growth histories that compare
favourably with the long-run MFP averages for ICT and science industries.
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Table 23. Percentage of Other Industries Outperformingthe | CT Average,
Select Variables

Variable % of Other Industries
(Non-ICT, Non-science)
Above the ICT Average

GDP Growth 10.0
Growth in Hours Worked 22.0
Growth in Total Employment 23.6
Wages Rates 241
Labour Productivity 17.8
Multifactor Productivity 325
Profit Margins 115
Return on Equity 61.7
Return on Capital Employed 57.8

See Table 4 for level of industry detail.

We bring this point into clearer focus by cal cul ating how many industrieswithin the“ other”
category outperform the ICT average for different input and performance characteristics.
Table 23 reports, for select variables, the percentage of “other” industries that exceed the
corresponding mean for ICT industries.

For each of our input and performance categories, there exist clusters of non-ICT, non-
science industries that surpassthe ICT average. Net job growth in the ICT sector was very
substantial during the 1980sand 1990s. But nearly one-quarter of other industries—industries
outside the science and technol ogy sector—exhibited long-run growth ratesin hoursworked
and total employment which surpassed the corresponding growth averages for ICT. Redl
wageswere al so higher than the ICT average for about one-quarter of non-1CT, non-science
industries.

Similar patterns emerge when examining performanceindicators. Real GDPgrowthin ICT
industries—one of the defining characteristics of the technol ogy revol ution—nearly doubled
over the 1987-1997 period. Yet 10% of non-ICT, non-science industries exceeded this
average. Productivity performance in ICT industries was much stronger than in “other
industries’, when other industries are measured in the aggregate. However, rates of labour
productivity growth in 18% of industries operating in non-technology, non-science
environments eclipsed the productivity average for the technology sector. And this climbed
to 33% of other industries when examining MFP growth. Twelve percent of industries
operating in non-technology and non-science environments experienced higher profit margins
(12%) than I CT, and sizeable mgjorities (62% and 58%, respectively) enjoyed higher returns
on equity and capital employed.

Which of these “other” industries consistently fare well in relation to the ICT average?
Below we report on three groups of industries that surpass the ICT average across arange
of input and performance characteristics. Group A is a small collection of industries that
outperform the ICT average in five of seven input and performance categories. Group B
industries best the ICT averagein four categories. Last, Group C industries surpassthe ICT
average in three analysis categories. These groupings represent collections of high-
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performanceindustries; all, in varying degrees, outperformthe |CT sector acrossasignificant
number of analysis categories. We restate these categories bel ow.8

* Growthinrea GDP, 1987-1997 (GDP)

* Growth in hours worked, 1981-1997 (HRS)

* Growth in employment, 1981-1997 (EMP)

* Average annual real wages, 1981-1997 (WAGE)

» Growth in labour productivity, 1987-1997 (LP)

» Growth in multifactor productivity, 1981-1997 (MFP)*°
* Average profit margin, 1988-1998 (PM)

We report on the composition of these three groups in Table 24. Values of one represent
categorieswhere the score for the “other” industry exceedsthe ICT average. Values of zero
represent categories where the estimate for the other industry is less than (or equal to) the
corresponding ICT average.

When making these comparisons, it isimportant to bear in mind that many of these high-
performanceindustriesare very small whenviewed inrelationto thel CT sector. Collectively,
thefour industriesthat comprise Group A have an employment base that isonly 5% the size
of ICT sector’s. Group B industriestogether have aworkforcethat isabout 20% the size of
the ICT employment base. This said, many of these industries do have long-run input and
performance characteristics that compare favourably with the growth profile established by
the ICT sector. High rates of GDP and employment growth are two defining characteristics
of ICT industries. Eleven of the high-performance industriesin GroupsA and B have long-
run GDP growth rates that exceed the ICT average. And nine of these industries also have
expanded their labour inputs (employment and hours worked) more rapidly than the ICT
sector. Most of these high-performance industries are drawn from the goods-producing
sector. Of the 13 industries that outperform the ICT average in four or more categories
(GroupsA and B), 12 are either manufacturing or primary goodsindustries. Of the group of
18 industriesthat best the ICT averagein three of seven categories (Group C), 14 arelocated
in manufacturing or primary goods industries.

The exercises in this section are meant to place changes in industrial structure in context.
ICT and science-based industries are important sources of industrial growth, and have
contributed significantly to the evolution of the New Economy. But just as a singular focus
on the ICT sector risks omitting an interesting group of R& D-intensive science industries,
relegating the vast majority of business-sector industriesto aresidual classof other industries
may inadvertently create the impression that there are scant examplesof industrial dynamism
beyond the boundariesof ICT and science. Yet there exist sizeable concentrations of “ other”
industries that surpass the ICT average—whether in terms of output growth, employment
growth, or GDP performance. And some industries (such as those listed in Table 24)
consistently fare better than ICT in many input and performance categories.
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Table 24. High Performance Industriesin the “Other” Sector

Size GDP HRS EMP WAGE LP PM MFP TOTAL
Relative
toICT
(%)
Group A: Industriesthat Outperform the ICT
Averagein Five of Seven Categories
Motor Vehicle Wiring Assemblies Industry 0.8 1 1 1 0 1 0 1 5
Other Transportation Equipment Industries 0.5 1 1 1 0 1 0 1 5
Particle and Wafer Board Industries 0.9 1 1 1 1 1 0 0 5
Plastic Parts and Access. for Motor Vehicles Industries 25 1 1 1 0 1 0 1 5
Group B: Industriesthat Outperform the ICT
Averagein Four of Seven Categories
Gold Mines 15 0 1 1 1 0 0 1 4
Lotteries, Bingos, Casinos, etc. 6.0 1 1 1 0 0 1 0 4
Man-made Fibre and Filament Yarn Industry 0.6 0 0 0 1 1 1 1 4
Motor Vehicle Stampings Industry 2.2 1 1 1 0 0 0 1 4
Motor Vehicle Steering and Suspension Parts Industries 1.1 1 1 1 0 0 0 1 4
Other Motor Vehicle Accessories, Parts and
Assembly Industries 5.7 1 1 1 0 0 0 1 4
Other Rubber Products Industries 24 1 1 1 0 0 0 1 4
Steel Pipe and Tube Industry 1.2 1 0 0 1 1 0 1 4
Vegetable Qil Mills (except Corn Mills) 0.1 1 0 0 1 1 0 1 4
Group C: Industriesthat Outperform the ICT
Averagein Three of Seven Categories
Accounting and Legal Service 27.3 0 1 1 0 0 1 0 3
Aluminium Rolling, Casting and Extruding Industries 1.1 0 0 0 1 1 0 1 3
Crude Petroleum and Natural Gas Industries 7.0 0 0 0 1 1 1 0 3
Educational Service Industries, Private 142.0 1 1 1 0 0 0 0 3
Hydraulic Cement Industry 0.3 0 0 0 1 0 1 1 3
Lime Industry 0.1 0 0 0 1 1 0 1 3
Machine Shop Industry 5.8 1 1 1 0 0 0 0 3
Motor Vehicle Engine and Engine Parts | ndustry 1.9 0 0 0 1 1 0 1 3
Motor Vehicle Fabric Accessories Industry 1.8 1 0 0 0 1 0 1 3
Motor Vehicle Industry 7.9 1 0 0 1 1 0 0 3
Musical Instrument and Sound Recording | ndustry 0.9 1 1 1 0 0 0 0 3
Non-ferrous Metal Smelting and Refining Industries 37 0 0 0 1 0 1 1 3
Other Metal Mines 20 0 0 0 1 0 1 1 3
Other Primary Steel Industries 4.3 0 0 0 1 1 0 1 3
Railway Transport and Related Service Industries 6.9 0 0 0 1 1 0 1 3
Real Estate Operator Industries 313 0 1 1 0 0 1 0 3
Tire and Tube Industry 1.1 0 0 0 1 1 0 1 3
Wine Industry 0.3 0 0 0 0 1 1 1 3

Industries within each group are listed alphabetically.

Relative sizeistheratio of industry employment to ICT employment, expressed as a percentage (source: Business Register 2001).
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The most striking feature of these high performance lists is the cluster of motor vehicle
industries. Many analysts view the motor vehicleindustry asthe backbone of the traditional
industrial economy. Automotiveindustriesareto the“Old Economy” what computer services
and telecommunications are to the new. Yet eight separate motor vehicleindustries (ranging
from assembly to parts to accessories) make the grade as high-performance, when their
input and performance characteristicsare compared directly tothe ICT average. Collectively,
these eight automotive industries have an employment base that is about one-quarter the
size of the ICT sector’s.

Five of these high-performance automotive industries best the ICT averagein at least four
separate categories (Groups A and B). Which categories contribute to this performance
record? GDP growth, growth in labour inputs and MFP performance are important aspects
of the track record for high-performance automotive industries in Groups A and B.% In
contrast, labour productivity, wages and profit margins in these automotive industries
compare less favourably with the ICT sector.

What the comparisons in this section do not address, however, is the extent to which the
input and performance records for different industries are determined by investments in
new technologies—specifically, the technologies developed, delivered and supported by
firmsin the ICT sector. It may well be the case that many of these “other industries’ are
surpassing the ICT average because of ICT capital (and automotive industries may be
illustrative of this). New research on business productivity (Armstrong et a., 2002) has
begun to emphasi ze how technological innovationsdeveloped in ICT industriesareimproving
business performance in different sectors. A complete analysis of the impact of ICT and
science industries requires an evaluation of how the goods and services produced by these
industries has affected systems of production throughout the economy. From atechnol ogy-
use perspective, straightforward conceptual distinctions between New Economy industries,
such asICT and science, and more traditional segments of the business sector serve more as
analytical constructs than as precise descriptions of the economy’s evolving industrial
structure.
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Endnotes

8 Only one measure of profitability—profit margins—is examined in this exercise. We have
excluded the return on equity and the return on capital employed from our list of analysiscategories
because the majority of industriesin non-1CT and non-science environments have rates of return
that exceed the ICT average (see Table 23). Consequently, these two profit rates are |less useful
barometers of (superior) ICT performance on which to base our comparisons.

1 Compared to other analysis categories, less data detail is available to support industry-specific
estimates of MFP. Of the 31 industrieslisted in Table 24, 11 have M FP estimatesthat are specific
to thereported industry. In the remaining 20 cases, MFPestimates are cal culated for acombination
of industries that include the reported industry.

20 MFPstatistics, however, are generated collectively for two groups of industrieswithin the cluster
of eight industriesthat comprisesthe automotive sector. Limitations on data avail ability preclude
us from examining variations in MFP performance within this group. See note 19.
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Chapter 8. Conclusion

his paper has addressed four distinct issues. First, isthere something unique about the

|CT sector? Second, isthere another set of industries, perhapsthe group that are more
intensive performersof R& D, that possess many of the same characteristicsas|CT industries?
Third, are ICT industries a homogeneous group, or are there industry subsets within ICT
that have quite different characteristics? Fourth, are there dynamic industries outside of the
ICT and science-based sectors?

To answer the first two questions, we have divided the business sector into three groups—
ICT, science-based, and ‘other’. Science-based industries are a group of industries that
have been varioudly referred to asthe R& D intensive group, or the knowledge group. They
haverelatively high R& D-to-GDPratios and their workforce includes alarge proportion of
scientists and professionals. Science industries include many in the ICT group, but they
also include industries like aerospace, pharmaceuticals, architecture and engineering. ICT
industries account for about 5% of employment, non-1CT science-based industriesfor another
5%, and the ‘ other’ sector for the remaining 90%.

In terms of growth in GDP in the 1990s, the ICT sector led both the science and ‘ other’
sectors and, in this sense, was extremely dynamic. It is aso the case that employment
growth was relatively higher in the ICT sector than in either the science-based sector or in
‘other’ industries.

On the employment side, the percentage of knowledge workersin ICT industries is much
higher than in the ‘other’ sector. Moreover, the share of the ICT workforce employed in
knowledge-based occupations hasincreased rapidly during the 1980sand 1990s. In contrast,
the increase in labour quality (the compositional shift towards higher paid workers) was no
greater in the ICT sector than elsewhere. This indicates that there was no greater shift
toward higher paid workers, in particular those whose educational attainmentswere higher.
Of particular interest is the declining wage premium for knowledge workers in the ICT
sector. Knowledge workers did not suffer an absolute decline in their wages. Rather, non-
knowledge workers saw a higher relative increase—probably because their educational
requirements were increasing relatively faster.

In keeping with the higher proportion of knowledge workersin the ICT sector, the average
hourly wage rate is higher there than in * other’ industries. The rate of growth of ICT wages
was also dightly higher than in these non-1CT, non-science industries.
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Investment intensity (measured as a percentage of GDP) was higher in the ICT sector than
in the *other-industry’ sector. But this measure of investment intensity has been trending
downward over thelast two decades. WWhen core computer, tel ecommuni cations and software
assets are examined, the ICT sector leads the way.

If we consider investment-to-labour ratios, the ICT sector is more capital intensive than
‘other industries’ but theincreasein thisratio over the period has been no higher for the ICT
sector than for the‘ other’ sector. A similar pattern emergeswhen just critical ICT investment
commodities—computers, telecommunications and software—are considered. |CT industries
had arelatively high level of investment per worker in these areas at the beginning of the
period, but the rate of growth of thisratio was actually higher in the ‘ other’ sector. The one
areawhere ICT capital investment stands out isin terms of R&D per capita spending.

Itisclear from these datathat the ICT sector differed from the ‘ other’ sector in terms of the
level of knowledge workers and the level of capital investment, whether measured in terms
of investment per dollar of GDP or investment per worker. But evidence concerning the
long-run growth of knowledge workers and investment intensity is mixed. On the labour
input side, therate of growth of knowledge workersishigher for ICT industries, but thereis
no disproportionate shift to higher-educated or higher-wage workers within the overall
employed workforce in the ICT sector. In fact, there is a decline in the knowledge worker
wage premium over timein the ICT sector.

The level of labour productivity and labour productivity growth is much higher inthe ICT
sector than in ‘other’ industries. The ICT sector also experienced much higher increasesin
capital services per worker because of the concentration of investment in this sector in high
cost, rapidly depreciating ICT commodities. Despite this, multifactor productivity growth
isalso higher inthe ICT sector.

Finally, it should be noted that profitability isnot particularly high in technology industries.
Whileit istrue that profit margins are higher in the ICT sector, thisisjust in keeping with
higher investment to GDP ratios. More importantly, the rates of return that are earned on
total capital or on equity are very similar to those earned by ‘other’ industries.

The second question examined by this paper is the extent to which focusing on a narrowly
defined high-tech sector known as ICT, risks omitting an interesting group of industries
that resemble the ICT sector in many respects. For this purpose, we defined a group of
related industries that has variously been referred to as high-knowledge or high-tech, and
that werefer to asthe science-based sector because of their emphasison R& D and scientific
personnel. This is the group that resembles the ICT sector in that they have high R&D
intensities.

This sector was found to resemble the ICT sector in a number of other dimensions. First,
science-based service industries also had high GDP growth rates. The science-based sector
was found to have asimilar percentage of workersthat are knowledge intensive. It also has
high wage rates. It has high investment intensities that have also been trending downward
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and higher investment to worker ratios. Labour productivity growth rates in the science
sector are lower than for the ICT sector. But after controlling for differences in capital
intensity, multifactor productivity gains in the science sector actually exceed those in the
ICT sector. While rates of return in science industries are quite similar to those in the ICT
and ‘other’ sectors, profit margins in science industries are slightly higher.

The evidence presented herein suggeststhat there are other industries beyond the ICT sector
that could also beincluded as part of the New or Knowledge Economy. The input structure
and performance characteristics of science industries resemble, in many dimensions, those
of the ICT sector. What is more, there are industries in more traditional segments of the
economy (e.g., motor vehicles) with input and performance profilesthat stand up well against
the ICT sector. Accordingly, studiesthat attempt to evaluate the full extent of the changing
industrial paradigm might well be prepared to train their lenson awider array of industries
than just highly-visible, technology industries.

Thethird major question focuses on whether there are substantial industry differenceswithin
the ICT and science-based sectors. Isthe ICT sector ahomogeneous group of industries or
isthereacore set of industriesthat lead the group? To answer this question, wefirst divided
the ICT sector into goods and service industries. We then examined what we arbitrarily
defined asacore set of ICT serviceindustries—computer services and telecommunications
industries.

Core ICT services (computers and telecommunications) have the fastest rate of both GDP
and employment growth over the period. Science-based services also had relatively high
rates of growth. The shift towards knowledge workersis greatest in core ICT services. But
knowledge workers are just as important in science-based services.

The ICT core service sector possessed the highest average wage rates at the beginning of
the study period—>but experienced relatively low growth rates. By the end of the period, the
average wage rate in the ICT manufacturing sector caught up with the ICT service sector.

Productivity growth is much higher in ICT manufacturing than elsewhere—this allowed
GDP-per-worker ratiosin |CT manufacturing industriesto gain ground on core | CT services
during the 1990s. ICT manufacturing aso has the highest MFP growth over the post 1981
period. It should be noted that this sector also had high growth rates in capital intensity.
Despite correcting for this, its multifactor productivity growth isthe highest of all sectors.

All this suggests that studies of the ICT sector had best focus separately on the service and
the goods sectors. Employment growth in the service subsectors of both ICT and science
has been comparatively rapid. But it isthe ICT manufacturing sector that has seen itswage
rates and its productivity increasing more dramatically over the last two decades.
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