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SIX PROPOSITIONS ABOUT DIGITALIZATION
AND THE LABOUR MARKET
H I GHL I G HTS
•The range of human tasks that can performed by
technology is expanding in the digital age.
•Technologies are productivity-enhancing though
they do not appear to be large net job creators.
•Technology prices have fallen relative to wages
over time, encouraging labour-substitution and
dampening real wage growth for the lower part of
the skill distribution.
•There is mounting evidence that technologies

are skill-biased, contributing to wage inequality;
routine-biased, contributing to job polarization;
and capital-biased, contributing to a rising share
of national income received by owners of capital
relative to wage earners.
•The challenge facing policy-makers – in British
Columbia, Canada and globally – is how to maximise
the productivity gains of technological progress
through digitalization, while taking steps to mitigate
its intrinsically-skewed distribution of benefits.

“In any new regime in which machines and power play a greater role than they do even today,
men will not have become useless; but the nature of their tasks will have changed. It is man’s
destiny to perform those functions which machines can never do—the thinking and contriving
ones. We shall be on the way to that destiny for a very long time, with various ups and downs
during the transition. Our task is the double one of speeding the process and of taking
precautions meanwhile against unnecessary personal and family loss and suffering. We are
not excused from these duties in any case; and ways will somehow be found to meet them;
they may be better or worse ways, but human revolt against intolerable conditions will insure
some sort of action.”					
Tugwell (1931, 227)1

WHAT IS THE DIGITAL
ECONOMY?
How will digitalization of the
economy impact the labour market?
Rexford Tugwell’s prescient quote
from 1931 suggests the impact will
be profound, uneven and inevitable.
Here, I outline six propositions
suggested by the evidence on
recent technological progress. The
challenge facing policy-makers –

in British Columbia, Canada and
globally – is how to maximise the
productivity gains of technological
progress through digitalization,
while taking steps to mitigate its
intrinsically-skewed distribution of
benefits.
The “digital economy” refers to the
new forms of economic activity –
new products, business models and
employment specializations – made

possible by advances in computerbased technologies. Examples
include the Internet of Things
(IOT), advanced analytics (big data,
artificial intelligence and machine
learning), advanced robotics, social
media, biotechnology, 3D printing,
and virtual and augmented reality.
These technologies have in common
their ability to lower the cost of
connectedness, data sharing and
storage, analysis and prediction.
They also dramatically increase the
feasible scale, and the potential
rewards for owners and developers,
of networked information platforms.
There is no consensus as to whether
digitalization represents a distinct,
fourth industrial revolution or an
extension of the third industrial
revolution that began in the
1960s centred on information and

Rexford Tugwell was a professor of economics at several US universities and an original member of US President Franklin Roosevelt’s New Deal “brains
trust.”
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communications technologies (ICTs).
For a primer on these debates,
see D’Souza and Williams (2017)
or St-Laurent (2017). What does
seem reasonably clear is that the
range of tasks and occupations that
could technically be performed by
computer-based technologies is
expanding in the digital age.
How will this next wave of
technological progress impact
the labour market? There may be
lessons in the recent past. There
is now a large body of evidence
that the impact of technological
progress since the 1980s has been
“skill-, routine- and capital-biased.”
These biases have contributed to
“significant shifts in income shares
between workers at different levels
of the skill distribution, as well as
between labour and owners of
capital” (Berger and Frey 2016,
8). The evidence suggests six
propositions about the impact
of recent technological progress
on the labour market. These
are summarized below and then
examined in further detail.

SIX PROPOSITIONS ABOUT
RECENT TECHNOLOGICAL
PROGRESS
1. Technological capabilities have
expanded. The range of human tasks
that can technically be performed
by a computer-based technology is
growing. Many routine or rules-based
tasks and basic social interactions
can now be automated. Tasks that
remain hard to automate tend to
involve cognitive skills such as
creative or social intelligence, or the
perception and dexterity to deal with
unstructured, awkward and irregular
manual tasks.
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2. Technologies are productivityenhancing though they do not
appear to be large net job creators.
Industries that intensively use or
produce technology have made
strong contributions to productivity
growth in OECD countries since the
1980s. However, most employment
growth has taken place in less
technology-intensive industries (e.g.
health, education, retail services).
The ICT-producing sector itself is a
small employer and has made minor
contributions to total employment
growth over time.
3. Technology prices have fallen
or been flat over recent decades.
Falling prices for many computerbased technologies, along with everimproving capabilities, encourage
firms to substitute capital for labour
in the production process. This
dampens employment and wage
growth in skill-sets and occupations
that compete with laboursubstituting technologies.
4. Recent technologies are skillbiased and contribute to wage
inequality. There are strong
complementarities between human
capital and technology. New
technology-intensive occupations
typically require high skill. New
technologies create employment
and – when the pace of technological
change outruns the growth in highskill labour supply – raise wages
for high-skill workers. Skills-biased
technological change is a principal
driver of wage inequality.
5. Recent technologies are
routine-biased and contribute to
job polarization. Technological
change appears to be a principal
contributor to the polarization of
labour markets (the “hollowing
out” of jobs in the middle portion
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of the skill distribution) in advanced
economies. Mid-skill occupations
that compete with technology have
seen little employment growth or
real wage growth in recent decades.
This seems to be because many
rules-based or routine tasks and
basic social interactions can now
be automated, and also because
of falling or flat technology prices
(see above). Meanwhile, rising
employment and incomes among
high-skill occupations have boosted
demand for services. This has led
to strong job growth in low-skill
service-based occupations, but not
necessarily much real wage growth
as low-skill workers compete with
labour-substituting technologies and
displaced mid-skill workers.
6. New technologies are associated
with a decreasing share of national
income share received by wage
earners. There has been a fourdecade decline in the share of
national income earned by labour
relative to the share received by
owners of capital. The evidence
points to technological change
as a chief contributor: increasing
technological capabilities and
declining or flat technology prices
incentivize capital deepening and
labour-substitution, especially in
mid-skill occupations. The shrinking
income share for wage earners
is a widespread phenomenon.
It can be seen across countries
(including industrializing economies
like India and China), across and
within industries, and occurs
notwithstanding differences in
countries’ industrial structures,
collective bargaining arrangements
or union densities.
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U S O CC U PATI O N S TH AT CO U L D F E AS I B LY B E P E RFO RM ED
BY A C U R R E N T CO MP U TE R - B AS E D TE C H N O LO GY

F IG U R E 1 :

1. New technologies are expanding
their capabilities
In a widely-cited paper, Frey and
Osbourne (2017) examined the
relationship between 702 detailed
US occupations and the technical
capabilities of current computerbased technologies. They found
almost half of US workers face
competition from an existing
technology that is technically
capable of performing their current
tasks. They predict that 47% of total
US employment faces “high risk”
of seeing their current occupation
partly or fully automated over the
next decade or two.
Jobs most susceptible to automation
include those involving rules-based
procedures, repetitive tasks and
basic social interactions (Figure 1).
These characteristics can be found
in many sales, service, office and
administrative support, production,
and transportation and logistics
occupations. Occupations least
susceptible to automation involve
cognitive skills such as creative
intelligence (problem-solving,
originality, composition and artistic
performance) and social intelligence
(persuasion, negotiation, social
perceptiveness, caring for others),
and perception and manipulation
(finger and manual dexterity,
performance of unstructured,
awkward and irregular tasks).
Examples include jobs in education,
health care (except diagnostic work),
management, business, finance,
sports and arts, mathematics, science
and engineering.
BC employment trends appear
broadly consistent with these
predictions. Over 1987-2017, the

Source: Frey and Osbourne 2017.
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fastest growing occupations in
the province were: arts, culture,
recreation and sport; natural and
applied sciences; health; and
education, law and social, community
and government services. These
would seem to feature creative
intelligence, social intelligence and/
or perception and manipulation
tasks (Figure 2). By contrast, the
slowest growing occupations were:
natural resources and agriculture;
manufacturing and utilities;
management (the largest subcategories are retail and wholesale
trade managers and restaurant and
food service managers); and trades,
transport and equipment operators
(Figure 3). These occupations
would seem to feature more scope
for automation of repetitive and
rules-based tasks or basic social
interactions, consistent with Frey and
Osbourne’s (2017) findings.
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F IG U R E 3 : B C E M P LOY M E N T BY O CC U PATI O N — TH E S LOW E ST GROWI NG
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F IG U R E 4 : L A B O U R P R O D U C TI V I TY G R OW TH I N I C T- P R O DU CI NG,
I C T- U S I N G A N D N O N - I C T I N TE N S I V E S E C TO R S
(P E RC E NTAGE P OINT CONT RIB U T ION TO NON- FARM B U S INE SS S EC TO R
L AB OU R P RODU C T IV IT Y GROWT H , S E L E C T E D OE C D COU NT RIE S )

2. Technologies are productivityenhancing though do not seem to
be large net job creators

Years

Years

Technology creates new job
specializations and opportunities.
These can mostly be found in highskill occupations, such as those
focused on science, technology,
engineering and mathematics
(STEM). In the US, roughly threequarters of the new occupation
titles that emerged during 20002010 were directly associated with
the use of digital technologies
(Berger and Frey 2016). Examples
include information scientists and
technologists, new engineering
specialisations (e.g. nanotechnology,
solar and bio-energy), digital
marketing and public relations
specialists, web designers, database
architects, biostatisticians and
climate change analysts.
ICT-using industries and (in some
Source: OECD 2015.
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F IG URE 5: EMP LOYM EN T G R OW T H I N OEC D CO U N TR I E S 1 9 9 0 - 2 01 0
WAS CO N C EN T R AT ED I N LOW-T ECH N O LO GY I N D U STR I E S

Source: Berger and Frey 2016.

F IG URE 6: THE ICT SEC TOR I S A SM A L L A N D MOSTLY U N C H A N G E D
SHARE OF EM P LOYM EN T AC R OSS O E C D CO U N TR I E S

Source: OECD 2017a.

F IG URE 7: THE ICT SEC TOR HAS M A D E M OST LY S MA L L CO N TR I B U TI O N S
TO OECD EM P LOYM EN T G R OW T H
%

Source: OECD 2015.

%

countries more than others) ICTproducing industries have made
strong contributions to labour
productivity growth across the OECD
since the 1980s (Figure 4). However,
employment growth in the advanced
economies has mostly occurred
in non-tradable industries with
relatively low-technological intensity
(Figure 5). The ICT-producing sector
is itself not a major employer. Its
share of total employment is less
than 5% (Figure 6). The sector has
also made only small contributions to
overall employment growth over time
(Figure 7).
3. The price of technology has
fallen or been flat over recent
decades
As the price of technology declines
or grows more slowly than wages,
firms are incentivized to substitute
capital for labour. This continues to
be the case. In the US, a wide range
of ICT goods have seen sharp price
falls in recent decades (Byrne and
Corrado 2017). Canada has likewise
seen persistent falls in the price of
digital computing equipment (Figure
8, left hand panel).2 Overall, total ICT
prices have been mostly flat over the
past 20 years (Figure 8, right hand
panel).
4. New technologies are skillsbiased and contribute to wage
inequality
Dutch economist Jan Tinbergen
famously attributed wage inequality
to a perennial “race between
education and technology.” Because
new technologies are complementary
with human capital, their adoption
leads to greater demand for skilled
workers (Acemoglu and Autor
2011). When technological change
outpaces growth in the supply of

Relative to other countries, Canada’s flat rather than falling communications prices can be attributed to the more concentrated and less intensely
price-competitive telecommunications sector (Charbonneau et al. 2017).
2

Where Leaders Meet to Unlock BC’s Full Potential | www.bcbc.com

5

HUMAN CAPITAL
LAW AND POLICY
skilled workers, wages for skilled
workers rise faster than for other
workers. This is known as a “skill
premium” and is a principal driver of
wage differentials.
The skill premium is significantly
positive across the OECD countries.
For example, a one standard
deviation increase in numeracy
scores translates to a roughly 10-25%
higher real wage (Figure 9).3 Wage
inequality has increased since the
1980s. In Tinbergen’s analogy, this
could be due to faster technological
change or a slowing in the pace of
human capital formation (the rate at
which the workforce acquires skills).
The risk of labour-substitution is
borne disproportionately by lowskill and low-wage workers. Frey
and Osbourne (2017) found a
strong negative correlation between
an occupation’s susceptibility
of automation and, respectively,
education and wages (Figure 10).
In other words, for workers whose
duties could technically be done by a
computer-based technology, there is
always another factor of production
competing for their position and
driving down prices to perform the
work.
5. New technologies are routinebiased and contribute to job
polarization
Although skills-biased technological
change appears to explain some
aspects of labour market trends,
it cannot explain the increasing
polarization of employment (Berger
and Frey 2016). In almost all regions
of the world, growth in high-skill
and low-skill employment has
been strong while growth in midskill employment has been weak
(Figure 11). An explanation may
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F I G U R E 8: I C T P R I C E S I N C A N A DA H AV E FA L L E N O R S H OW N
M U TE D G R OW TH

Source: Charbonneau et al. 2017.

F IG U R E 9 : P OS I TI V E R E TU R N S TO S K I L L S I N O E C D CO U N TR I ES

Source: OECD 2015.

F IG U R E 1 0: L A B O U R - S U B STI TU TI O N DI S P R O P O R TI O N ATE LY IM PACTS
LOW- S K I L L A N D LOW-WAG E WO R K E R S

Source: Berger and Frey 2016.

Wage inequality differences across countries can be attributed to differences in the speed of growth in skilled labour supply and to differences in labour
market institutions. With respect to the latter, lower levels of wage inequality tend to be associated with higher union density and more generous minimum
wage laws, employment protections and unemployment benefits (Machin 1997; Kroeniger et al. 2007).
3
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F IG URE 11: LA BOUR M A R KET P OL A R I Z AT I ON AC R OSS O E C D CO U N TR I E S
BY REGI ON , 19 95 -2015

Source: OECD 2017b.

F IG URE 12: BC EMP LOYM EN T G R OW T H OV ER T H E LO N G -TE R M
IS OVERW HEL M I N G LY I N SERV I C ES
Change in employed persons x 1,000

Services-producing sectors

Goods-producing sectors

1977-1987

0

200

400

600

1987-1997

800

1997-2007

2007-2017

1,000

1,200

1,400

Source: CANSIM 282-0008.

F IG URE 13: BC EMP LOYM EN T G R OW T H I S CONC E N TR ATE D
IN SERV I C E I N U DST R I ES
Change in employed persons x 1,000
Health care and social assistance
Wholesale and retail trade
Professional, scientific and technical services
Construction
Accommodation and food services
Educational services
Information, culture and recreation
Finance, insurance, real estate, rental and leasing
Other services (except public admin.)
Business, building and other support services
Transportation and warehousing
Public administration
Manufacturing
Agriculture

1977-1987

1987-1997

1997-2007

2007-2017

Forestry, fishing, mining, quarrying, oil and gas
Utilities
-50

0

50

100

Source: CANSIM 282-0008.

150

200

250

be that technological change has
different impacts across tasks and is
routine-biased. That is, technology
is a complement to labour when
performing complex or non-routine
tasks, but is a substitute for labour
when performing routine tasks
(Autor and Dorn 2013).
The mechanisms behind these trends
might be as follows (Berger and Frey
2017). Complementarities between
new technologies and human capital
boost employment and incomes for
high-skill workers (i.e. skill-biased
technological change). This raises
demand for consumer products.
Production expands to meet this
demand. However, the expansion
is largely jobless for mid-skill
occupations because technology
is increasingly used to substitute
for workers performing routine
production tasks.4 At the other end
of the skill distribution, there is
strong employment growth in sales
and service occupations that are lowskill and manual, but also non-routine,
making them difficult to automate.
Yet although demand for low-skill
workers increases, these workers do
not see higher real wages because
they are competing with displaced
mid-skill workers and the expanding
scope of task automation.
Since the 1970s, Canada, US, UK
and Europe have seen rising
shares of employment in high-skill
management, professional and
technical occupations, and in lowskill sales and service occupations
(Green and Sand 2015). Meanwhile,
there have been decreasing shares of
employment in mid-skill occupations
in production, crafts and operations
and, since the ICT revolution, in
secretarial and clerical support
occupations. Canada shared these
global trends from the 1970s up

For example, the introduction of accounting software in the 1980s was associated with strong employment growth among high-skill management accountants and financial analysts, but a decline in employment among mid-skill book-keepers and accounting clerks (Ip 2017).
4
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until the 2000s. Thereafter, the
commodities boom appears to have
raised demand for mid-skill workers
in resources production, temporarily
mitigating technology-induced job
polarization (Green and Sand 2015).
BC employment data seems broadly
consistent with these trends. Figure
12 points to only small increases in
the number of persons employed
in goods-producing sectors where
routine and rules-based tasks
are prevalent. Over the past 40
years, BC job growth has been
overwhelmingly concentrated in
services-producing industries (Figure
13). By occupation, sales and service
occupations account for two-ofevery-seven jobs created in BC in
the past three decades (Figure
14). Jobs in business, finance and
administration and health have also
made large contributions in the past
decade. Occupations that might
be associated with automatable
operations, such as manufacturing
and utilities and natural resources
and agriculture, have made
diminishing contributions to total
employment growth.
6. New technologies are associated
with a decreasing share of national
income share received by wage
earners.
A final dimension is that
technological change may be
increasingly biased toward owners
of capital rather than wage earners.
This has important implications for
living standards, because it means
that real wages are not keeping
pace with labour productivity
growth (Dao et al. 2017). A longstanding and core assumption in
macroeconomics is that the shares
of national income earned by labour
and capital are roughly stable, with
labour earning the greater share. A
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F I G U R E 1 5 : TH E DE C L I N E I N TH E L A B O U R I N CO M E S H A R E
I N S E L E C TE D CO U N TR I E S , 1 970 - 2 01 4

Source: ILO and OECD 2015.

seminal paper by Kaldor (1957, 591)
noted “the remarkable historical
constancies revealed by recent
empirical investigations. …[T]he share
of wages and the share of profits
in the national income has shown a
remarkable constancy in “developed”
capitalist economies.” Post-1970s
data shows that this assumption is
no longer valid. The share of national
income accruing to wage earners has
declined significantly across many
countries (Figure 15).
Contributors to the declining labour
share may be the long-term decline
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in the price (relative to labour)
of ICT capital, capital-for-laboursubstitution (especially in mid-skill
occupations) and the concentration
of productivity gains, profits and
market share among a small number
of technologically-intensive firms. In
a recent US study, Autor et al. (2017)
found that many product markets
increasingly exhibit “winner takes the
most” competition. For a wide range
of industries, sales are increasingly
concentrated among a small
number of “superstar” firms. These
“superstars” exhibit high capital
8

HUMAN CAPITAL
LAW AND POLICY

intensity (low labour intensity)
and high-productivity growth. US
industries that became more
concentrated since the 1980s tend to
show higher productivity growth and
a more pronounced decline in the
labour share.

CONCLUSION
Digitalization, like all forms of
technological progress throughout
history, offers the potential to raise
productivity and improve living
standards in the aggregate. Yet
there is mounting evidence that
the economic gains yielded by
computer-based technologies are
intrinsically skewed towards owners
of capital and workers with highand complementary skills. Since
the 1980s, technological progress
has been associated with greater
wage inequality, polarization of
employment growth across the skill
distribution and a declining share of
national income received by wage
earners. These trends seem only
partly mitigated by labour market
institutional arrangements. The
fundamental challenge therefore
facing policy-makers – in British
Columbia, Canada and globally – is
how to maximise the potential
productivity gains in transitioning to
the digital economy, while ensuring
that its gains are shared.
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