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The Productivity Puzzle
FEATURES
. ' n 1987, Robert Solow wrote "You can see the computer age everywhere
) Determl_n gnts g7 CeEelar I but in the productivity statistics." This much quoted comment sums up
Productivity Growth neatly a paradox that continues to bedevil economists. Widespread techni-

cal changes, new products, new services and other innovations, particularly in
computers and communications, have convinced many that we have entered
the era of a new economy which, sooner or later, will drive up productivity
growth. But until recently, official measures of productivity growth have
remained stubbornly low, giving rise to many theories attempting to explain
this apparent paradox. And some have dismissed the recent uptick in produc-
tivity growth as an indication of widespread recovery in productivity growth,
outside the computer industry itself. At times it has seemed that economists
could not agree on many fundamental questions, such as how to measure pro-
ductivity, much less on how to stimulate its growth.
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and Productivity Growth

* Implications of Foreign
Ownership Restrictions for
the Canadian Economy

SIS RI= 2 SHEA SR But gradually, agreement on some of the key drivers of productivity growth

SERIES as well as some of the appropriate policy levers to stimulate that growth has
-+ Eranlk Lagy begun to emerge from the debate. In an effort to focus on this growing con-
ST an d Work sensus and put in place afew more pieces of the productivity puzzle, Industry

Canada has commissioned several studies on productivity and its workings.
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Financial System

This issue of MICRO highlights an overview of productivity by Richard

Harris, an analysis of Canada's innovation performance by Manuel

Trajtenberg, an examination of the links between foreign direct investment

. Jack Triplett: and productivity growth by Industry Canada researchers Surendra Gera,
Quality | mprovements Wulong Gu and Frank Lee, and alook at foreign ownership restrictions by
and Productivity Steven Globerman.
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Determinants of Canadian Productivity Growth

eveloping economic policies

which can increase the chances
that Canada will improve its produc-
tivity record, and ultimately itsliving
standards, are high on both private
and public agendas these days.
Despite this apparent consensus, there
remains considerable disagreement as
to exactly how this can be achieved.

till considerable debate on the policy
leversto use in order to attain higher
productivity growth and on the way in
which innovation acts on productivity.
Notwithstanding this debate, Harris
identifies three factors that will be
very important to future productivity
growth: demography and its impact
on savings rates; globalization and the

The demographic challenge arises
from three main developments: the
median age of the labour force will
gradually increase from about 35 to
45; the share of the population over
65 will have more than doubled by
2030; and after 2011 the growth of the
labour force will slow substantially.
As aresult, spending on dependents
as ashare of GDP will rise

"Over long periods of time productivity is the single most
iImportant determinant of a nation's living standard."

-Richard Harris

dramatically and the aver-
age productivity of those
who will be working is like-
ly to decline as they get
older.

In an effort to clarify what economists
know, or think they know, about pro-
ductivity, Richard Harris examines the
issue in Industry Canada's Discussion

extent to which integration in addi-
tional areas, such as services, can gen-
erate further returns; and the role of
the "new economy" in stimulating

Three aspects of globalization have
important implications for productivi-
ty: the potential slowdown in the
growth of world trade and foreign

Paper No. 8, Determinants of productivity growth. investment; the trend toward agglom-
Canadian Productivit eration within an integrated
GrOWthT ISSJ%LE;n:jVL’¥O$mts Wages and Productivity, Canada: Norlth Avgr:erlican rlnarekget' and
According to Harris, part of 1361-%4 the emergence of a internation-
f[he disagreement is idepl ogical | 4= - a _market for_ the very highly
in nature, but much of it stems Productivity skilled. Harris observes that
from ambiguity in statistical (U por bewry world trade has been growing
and historical productivity \ faster than GDP and asks how
records that makes the meas- 1z long this trend can go on? He
urement of productivity prob- o eages® wonders as well whether, as an
lematic. In addition, while it is IHIES per vear) integrated North American
largely recognized that produc- economy emerges, some or al
tivity growth has declined, 15 of Canada's regions will
there is disagreement as to il "I’_"' 'I'I‘I"_"" b | become backwaters as the
why. In spite of the many dif- L otuomlsiabaie St T i R forces of agglomeration push
ferent approaches to both Source: Satistics Camada high value-added activities
B e e o e
inthe . er), the author con- sl Kooy, 1758 economic acti-vit d, ends on
cl udesliazt there iss consensus ":'::ﬂ ot human capital ad)</anefag$, the
on the three key drivers of ) o ) emergence of a global labour
national productivity growth: — . market for highly skilled work-
investment in machinery and ' ers, who are critical to afirm's
equipment; human capital - success, may have a significant
development; and openness to 8L TeE impact on Canada's productivi-
trade and investment, within an | ty.
overall framework where inno- Harris' thorough review of
at. eat th t t 'S TETRS Canada Lk d t t . ”
vation creates the opportunities S Corman [ productivity issues will prove
for growth. Having said this, PR ' very useful to researchers and
he acknowledges that there is ,,I,,__".' \ECD STT Outlock 1998 policy analysts.
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Is Canada Missing the "Technology Boat"?

I n recent years, Canada has been lag-
ging other countries in terms of pro-
ductivity growth. Given that innovation
and technical change are key determi-
nants of productivity growth, attention
has focused on Canada's performance
in these areas. In Industry Canada's
Discussion Paper No. 9, Is Canada
Missing the "Technology Boat"?
Evidence from Patent Data, Manuel
Trajtenberg assesses Canadas relative

soon. Trajtenberg argues that these
countries are experiencing much faster
rates of innovation than Canada, prima-
rily due to deliberate policies aimed at
encouraging industrial R&D.

The author also suggests that the
technological composition of Canadian
patents is out of step with the rest of
the world. In Canada, traditional fields
still comprise the largest share of
patents, whereas in fields such as com-

the Canadian economy, because com-
puters and communications are the
leading "general purpose technology™
of our time.

Trajtenberg concludes that there is
considerable room for improvements in
the rate and type of innovative activity
in Canada and that Canada seems to be
"missing the boat". He observes that
Canadian patenting is highly correlated
with R&D spending in Canada, and
suggests that a poli-

"Essentially, Canada seems to be ‘missing the boat'

...It continues to innovate in traditional fields."
-Manuel Trajtenberg

cy shift in favour of
R&D spending may
boost innovative
output in 2-3 years.
On a positive note,

performance in innovation.

To this end, the author uses data
from patent applications filed with the
U.S. Patent Office to compare Canada's
performance to that of two groups of
countries: the other members of the
Group of Seven (G7) and areference
group of countries with fast-growing
high-tech sectors: Finland, Israel,
Taiwan and South Korea. The author
finds that Canada stands mid-way
among the G7 in terms of patents per
capita and patents per dollar spent in
R&D. For the number of patents per
capita, Canada compares well with
France and the United Kingdom and is
amost even with Germany, but it is
well behind the United States and
Japan. Canada also ranks below the
other G7 (except for Italy) in terms of
the relative amount of resources devot-
ed to innovation, with a R& D/GDP
ratio of 1.5%, as opposed to 2.0-2.8%
for Germany, Japan and the United
States.

The comparison with the reference
group yields more worrying results. In
terms of patents per capita, Canada
outperformed all four countriesin the
1970s, but Taiwan, Finland and Israel
have since overtaken Canada, while
South Koreais poised to do so very

puters and communications, and elec-
trical and electronic equipment we are
well below the world mark. With
respect to the former, a closer examina-
tion reveals that Canada's problem lies
with computers rather than communi-
cations. He warns us that lagging inno-
vation in computers may have dire
consequences for the performance of

the author stresses

that Canada has the human capital and
the infrastructure needed to benefit
from and innovate successfully in cut-
ting-edge technologies. Whether
Canada will do so depends both on
increasing the level of R&D spending
and on encouraging innovation and
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Foreign Direct Investment and Productivity Growth

ectacular growth in foreign direct

nvestment (FDI) has accompanied
the increasing globalization of produc-
tion. Over the past ten years, the stock
of inward FDI has more than doubled
in Canada, reaching 22.6 percent of
GDPin 1996. The larger role of FDI in
the economy has rekindled the debate
about its impact on such areas as
employment, production and export

inward FDI alters the structure of pro-
duction as industries adjust their

demand for factor inputs. The authors
results show that inward FDI is biased

of ideas and innovations. In this regard,
the authors point out that, while
Canadas inward FDI stock has
increased over the past decade, its

share of North American and world
wide FDI has declined since the imple-
mentation of the Free Trade Agreement
(FTA). They conclude that attracting
more FDI into Canada poses an impor-
tant policy challenge to policymakers.

against the use of capital, labour and
intermediate goods. In contrast, inward
FDI is somewhat biased toward the use
of domestic R&D. Third, international
R&D spillovers significantly reduce
production costs across Canadian

"Inward FDI lowers production costs and hence increases
productivity in most Canadian industries."”

-Surendra Gera, Wulong Gu & Frank Lee

growth. In Industry Canada's Working
Paper No. 30, Foreign Direct
Investment and Productivity Growth:
The Canadian Host-Country
Experience, Surendra Gera, Wulong
Gu and Frank Lee investigate the
effects of technology transfers and
spillovers from inward FDI on the cost
of production and total factor produc-
tivity of Canadian industries. They aso
examine their impact on the structure
of production — through the demand
for factor inputs such as capital, labour,
intermediate goods and R& D capital.

The study makes two contributions
to the empirical literature. First, the
authors apply a cost-function approach
— arigorous framework of factor-
demand analysis. This allows them to
trace the response of factor demands to
FDI in the production process while
investigating the impact of inward FDI
on production costs. Second, their
analysis controls for domestic and
international R& D spillovers, which
have been found to affect productivity
growth in small open economies such
as Canada.

Their major findings are as follows:
First, inward FDI lowers production
costs and hence increases productivity
in most Canadian industries. Second,

industries.

The observed relationship between
domestic R& D and international R& D
spillovers suggests that domestic firms
must invest in R& D to capture the ben-
efits of R&D spillovers from abroad. In
addition, inward FDI appears to act as
an important channel for the diffusion
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Implications of Foreign Ownership Restrictions
for the Canadian Economy — A Sectoral Analysis

ver the past decade, a wide con-

sensus has emerged in the eco-
nomic literature around the notion that
inward FDI imparts substantial net
benefits to the host economy and gov-
ernments have been reducing both
formal and informal barriersto inward
foreign direct investment (FDI).

benefits from reduced inward foreign
direct investment were probably mod-
est. With the shift to greater competi-
tion in the telecommunications indus-
try and the accelerating rate of tech-
nological change in the sector, along
with a growing convergence between
telecommunications and computer

to "negative externalities" associated
with the loss of control over credit
creation and allocation.

In general, Globerman observes
that there are very few studies of the
relevance and impact of restrictions
on foreign direct investment in these
sectors that would justify continued

existence of these

"..there is no compelling welfare economics case to be made

in support of general restrictions of FDI at the sectoral level."
-Steven Globerman

restrictions. He con-
cludes that theoreti-
cal considerations
suggest that there is
no compelling wel-

However, significant government
restrictions remain on inward FDI, in
Canada and elsewhere, in so-caled
infrastructure industries such as trans-
portation, telecommunications and
financial services. Given the consen-
sus on the need to reduce barriers to
FDI, what evidence is there to justify
these sectoral restrictions? In Industry
Canada's Discussion Paper No. 7,
Implications of Foreign Ownership
Restrictions for the Canadian
Economy — A Sectoral Analysis,
Steven Globerman assesses the impli-
cations of foreign ownership restric-
tions for the Canadian economy at a
sectoral level, as well as the practical
need for an empirical analysis of these
situations.

Globerman observes that critics of
inward FDI often argue that while the
net costs of inward FDI may be
insignificant in other industries, infra-
structure industries are "critical” to the
economic development of the host
economy, and the role of infrastruc-
ture firms will only be satisfactorily
discharged if the latter are domestical-
ly owned.

Globerman notes that because the
telecommunications market was high-
ly regulated in the past, the foregone

technologies, he suggests that the cost
of restrictions on foreign direct invest-
ment may be substantially higher now
and in the foreseeable future than in
the past.

He reaches largely similar conclu-
sions concerning the transportation
sector. In the financial services sector,
on the other hand, the main concerns
about foreign ownership relate more

fare-economics case
in support of general restrictions on
FDI at the sectoral level. However, if
non-economic considerations favour
the continuation of sectoral restric-
tions, studies focused on the potential
consequences of these restrictions
would be in order.
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DISTINGUISHED SPEAKERS SERIES

Computers and Work

Frank Levy

o ot Massachusetts Institute of Technology

Al

I n alecture given on April 30, 1999
entitled Computers and Work, Frank
Levy discussed the use of case studies
to demonstrate specific ways in which
computers may affect economic activ-
ity. Much theorizing about computers
impact on the economy center on two

least-educated workers. But thisis not
the case. Some of the least skilled
operations turn out to be the hardest
for computers. With computers, the
key criterion is the number of lines of
code required to replicate atask,
rather than the number of years of

can be replicated by computersin a
cost-effective manner, such as cheque
clearing; and those that are expensive
to do by computer. If jobs were made
up entirely of the first category, they
would be eliminated. For jobs that
include both types of tasks, the result

“There is a disconnect in the way in which artificial intelligence people think
about skills and the way in which economists think about skills.”

issues. computers' ability to increase
productivity and the rate of economic
growth, and their ability to generate
skill-biased technical change. In

schooling. So the notion of asimple
correspondence between what com-
puters do and ranking by years of
education doesn't work.

is more complicated. The introduction
of computers can cause a shift in job
composition from the first type of
tasks toward more tasks of the second

Levy's view, however,
empirical work on these sub-
jectsis still not well devel-
oped.

The speaker described .
how he carried out a case
study on how the introduc-
tion of computers and infor-
mation technology affected
the work in a large Ford car
dealership. He soon found
that there is a disconnect in
the way in which artificial
intelligence people think
about skills and the way in
which economists think o
about skills. Economists
equates skills with years of

e Empirical work on how computers affect
the nature of work is not well developed.

Case studies show that some of the
least skilled operations are hardest for
computers.

e What matters in the shift of job
composition is not the number of years
of schooling, but the number of lines of
code required to allow a computer to
perform the function.

Case studies would help understand the
actual impact of computers on work
and generate testable hypotheses.

type.

Levy conceded that the case
study approach is still crude
and there needs to be further
study of individua channels. In
undertaking case studies, how-
ever, he was not trying to prove
any particular argument.
Rather, he was attempting to
find pictures consistent with
skill-biased technical change
and higher productivity, and at
the same time illustrate the role
of computers. He concluded
that by using case studies to
understand the actual impact of
pieces of work that are being
computerized, economists

schooling. If computers
were causing skill-biased
technical change, they would have
their biggest impact on the jobs of the

Instead, Levy categorized work
into two groups of tasks: those which

could generate testable
hypotheses.
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urrency crises in emerging market
economies and the "Asian flu"

which destabilized a series of countries,

starting with Thailand in 1997, have
prompted a search for more effective

ways to deal with such events. In March

1999, Peter B. Kenen addressed this

Peter B. Kenen
Princeton University

was caused by rising interest rates in the
United States and political shocksin
Mexico, which dried up the large capi-
tal inflows the country had been enjoy-
ing, forcing it to finance its current
account deficit from reserves. The mas-
sive official financial support provided

Reforming the International Financial System:
Motion or Commotion?

publication of economic and financial
data by countries seeking access to
international markets. An effort to pre-
vent similar crises spawned an initiative
to promulgate standards by which to
judge the quality of financial institu-
tions and of financial supervision, espe-

“The official community may be paying too much attention to the architecture
of the international financial system and ignoring what might be fixed more
expeditiously—a flaw in the architecture of the international monetary system.”

issue in alecture entitled Reforming the
International Financial System: Motion

or Commotion?
He argued that events have been

interpreted by pointing to the weakness-

es in the international financia

to Mexico led to accusations that the
U.S. Treasury and the IMF had bailed
out Mexico's creditors. As well, the
weakness of the Mexican banks as a
contributing factor focused the debate

system, and this has oriented the
debate toward the need for a
reform. However, in Kenen's °
view exchange rate arrange-
ments and policies in emerging
market economies, rather than
the financial system itself, were
largely responsible for the build-
up of conditions that led to the
crises in Southeast Asiaand
elsewhere. Consequently, in the
debate about potential reforms,
we pay too much attention to o
the architecture of the global
financial system, while ignoring
what might be fixed more expe-
ditiously: aflaw in the structure
of international monetary
arrangements.

As a result of the Mexican exchange

crisis of 1994-95, the official community is
focused on strengthening the financial
system.

But most currency crises are the result of
pegged exchange rates and political and
debt crises.

This is also true of the Asian crisis.
The official community should focus

instead on fixing the international
monetary system.

Kenen examined the Mexican
exchange crisis of 1994-95 that trig-
gered the debate over reforming the
financial system. In hisview, the crisis

on the role of the financial system.
As aresult, subsequent discussions
were aimed at encouraging prompter

cialy in emerging market economies.
This focus on the financial system car-
ried over in the official reaction to the
Asian crisis, athough in Kenen's view,
pegged exchange rates played a greater

rolein this case.

He concluded that the offi-
cial community is simply too
preoccupied with long-term
structural and financial reform
as the key to crisis prevention
and management. In his opin-
ion, authorities should concen-
trate more narrowly on things
that can be done and should be
done quickly, both for crisis
prevention and crisis manage-
ment, in particular the intro-
duction of greater exchange
rate flexibility and the imposi-
tion of controls or taxes on
short-term capital inflows, like
those applied by Chile and
Colombia.
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Jack Triplett

.- : e Brookings Institution

Despite rapid technical progressin put it into proper historical perspective.
Triplett identified the measurement
widespread introduction of computers, of services as akey issue because that is
official measures have shown low levels  where investments in computers have
been strongest. In the United States, the
until recently. In response, economists four top computer-using industries —

information technology and the

of productivity from the early 1970s

Quality Improvements and Productivity

ilar. The problem is that service indus-
tries have shown a marked slowdown in
productivity growth.

The output of most of these indus-
triesis inherently hard to measure. For
example, Triplett noted that the dispute

“All the major hypotheses [explaining low productivity growth]

over how to measure the output of
the banking industry goes back to
1932, and is till going on. He

have been refuted, leaving the mismeasurement hypothesis...” indicated aso that in the OECD

tabulation of productivity growth

in finance and insurance, countries

have developed many theoriesto

by one, these have been refuted, with
one exception. In alecture given on

April 9, 1999, entitled Quality

financial services, wholesale trade, busi-  like Finland, Sweden and Japan show
explain this apparent paradox. But one  ness services, and miscellaneous equip-  strong productivity growth in these

I mprovements and
Productivity, Jack Triplett
examined the main remaining
explanation, the mismeasure-
ment hypothesis.

Triplett noted that one rea-
SoON economists suspect a mis-
measurement problem as a key
explanation of the productivity
slowdown has to do with the
notion of the "new economy".
We see all sorts of new servic-
es and products, but they are
not reflected in the productivi-
ty numbers. He countered this
observation by arguing that
many of the new products
available smply do not have
the same significance as prod-
ucts developed in earlier years.
Aswell, he suggested that if
productivity gains depend on
new consumer products, we

« Most potential explanations for slow
productivity growth have been refuted,
except that of mismeasurement, particularly
of services.

» Measurement of services is key because
four service sectors account for 40% of
US investment in computers.

= Many services are intermediate goods so
productivity growth in these industries
should be reflected in the aggregate
figures.

= Unresolved measurement difficulties in
services mean that we still do not have a good
understanding of what is going on
in a key sector of our economy.

would need an ever increasing

rate of introduction of new products
simply to maintain the rate of produc- these six industries account for over

ment rental and leasing — account for industries, but all had banking crises. In
over 40% of computer investments. If contrast, countries like the United
States, the United Kingdom and

Canada, which seem to have a
dominant position in financial
services, are the ones displaying
negative productivity numbers.
Thisimplies that there is some-
thing fundamentally wrong with
the way we measure productivi-
ty in banking and insurance, and
indeed in other services as well.
This leads him to conclude that
if computers are having an
impact on productivity growth
in these and other service indus-
tries, it is mismeasured.

Triplett observed that many
of these services are intermedi-
ate goods, so whatever is hap-
pening in these industries should
show up in the aggregate fig-
ures. Still, economists want to
be able to measure the key
industries that are producing or
absorbing high-tech products.
As aresult of mismeasurement

we add communications and insurance,  problemsin services, they are faced
with amajor problem in trying to

tivity growth. According to the speaker, 50% of US investments in computers. understand what is going on in the
proponents of this view have failed to The figures for Canada are roughly sim-  economy.
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