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Introduction
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THE MODERN ECONOMY is in many ways the digital 
economy. Since the advent of wide adoption 
of personal computers, and more recent 
advancements in both computational capacity 
and efficiency, much of the economic activity 
that happens globally is influenced by digital 
technology.

However, digital technology does not exist in 
a vacuum, and value is created only when it 
is used by and for humans. While most recent 
research has focused on the potential negative 
impact of the introduction of digital technology 
on workers, we need to balance such concerns 
with the immense productivity value of increased 
technological adoption. It is with this view 
that the Brookfield Institute for Innovation + 
Entrepreneurship engaged in a research program 
that sought to understand how digital technology 
impacts the Canadian economy and workers in 
Canada. In particular, we worked to identify areas 
in which digital technologies were complementary 
to workers, or areas that can be described as a 
“win-win” scenario of technological adoption: 
increased productivity and improved work 
conditions.

This brief draws upon our research reports: Further 
and Further Away: Canada’s Unrealized Digital 
Potential, and Race Alongside the Machines: 
Occupational Digitalization Trends in Canada, 
2006-2021. In the former, we analyzed the 
influence of technology on worker productivity 
and wages from 2001 to 2016, and were also able 
to identify specific labour participation and pay 
inequities in the labour market. The latter report 
focused on studying the rate of change in digital 
intensity across 500 occupations, highlighting 
trends in the fields and types of occupations 
that witnessed major changes over the past 15 
years and analyzing potential explanations. The 
insights gleaned from these reports will enable 
the Canadian policy community to develop better 
strategies related to technology adoption and the 
development of digital skills in the workplace. 
They also help provide insights on inequities 
in technology worker participation and wages. 

Undertaking a similar exercise in Europe would 
similarly inform policy decisions for digital 
workforce development to prepare workers for 
technology adoption and complement human 
talent. This brief seeks to aid Europe-focused 
researchers who might be interested in replicating 
this work by highlighting potential differences in 
how digital technology impacts workers in Canada 
and Europe. 

While working on replicating this research, it 
is important to note the wide heterogeneity 
that exists across EU member states, which we 
touch on in this brief. While this heterogeneity 
requires that the data sources across different 
member states are comparable, it is important 
not to ignore local details (such as the unique 
existence of certain occupations due to cultural 
and historical reasons). It is also important to 
note that while the consideration of an equity 
context is critical to this work, the Canadian and 
US frameworks may be different and not suited for 
the task in Europe. Finally, the evidence suggests 
overall lower levels of digital adoption across 
EU firms when compared to Canada and the US. 
This likely suggests that there is room for more 
effective use of the potential of digital workers, 
rendering similar work ever more important.
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Global context of 
digitalization of work, 
view from Canada & 
the US
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SINCE THE ONSET OF THE INDUSTRIAL REVOLUTION, 
technology has continuously impacted the 
economy in unpredictable ways. The most recent 
wave of technological innovation has been 
powered by digital technologies, affecting work in 
ways beyond what many thought possible.

Consequently, researchers have been interested 
in the distributional impact of the current wave of 
technological change, especially in how it affects 
different groups of workers unevenly. Vu and 
Denney (2021) synthesized the latest knowledge 
on such research, noting how current models 
of technological change decompose a job into 
a series of discrete tasks, each of which has a 
different potential to be performed by machine.

These models typically treat technology as 
something that inherently has the potential to 
replace human labour, and are useful especially in 
understanding the potential negative effects that 
technological adoption can have on employment. 
However, these models were not adequate in 
characterizing how technology complements and 
adds to a worker’s productivity.

This is the context with which we studied how 
digital technology has impacted the Canadian 
economy by augmenting labour in Further 
and Further Away: Canada’s Unrealized Digital 
Potential.

One observed trend of occupational digitalization 
in Canada is the temporal difference in the type of 
technology that impacts digital occupations. When 
we examined how the relative digital intensity of 
all Canadian occupations have shifted between 
2006 and 2021, we noted that the occupations that 
saw the highest shift in digital intensity between 
2006 and 2016 looked markedly different from the 
occupations that saw the highest shift in digital 
intensity between 2016 and 2021. In particular, 
between 2006 and 2016, occupations that saw 
the highest use of digital technology in their work 
were focused on work that involved coordination, 
scheduling, and planning (such as property 
managers, railway conductors) or cognitive work 
contexts (such as medical general practitioners) 

that were noted by previous research, like Autor 
(2015), as being more susceptible to automation. 
Such changes likely demonstrate an increased 
usage of database and logistics software. 

In contrast, the occupations that saw the most 
change in digital intensity between 2016 and 
2021 were those in the medical profession or 
engineering that involve complex job contexts 
not previously seen as susceptible to automation 
(see Table 1 for explanation of work contexts). 
These professions demonstrate the advancement 
in technological domains not just in machine 
learning and Artificial Intelligence (AI) but medical 
technology that aids and extends medical workers 
abilities. We explore these changes in detail in our 
report Race Alongside the Machines: Occupational 
digitalization trends in Canada, 2006-2021 
(Abuallail and Vu 2022). 
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While understanding how the digital intensity of 
occupations has shifted over time allows us to 
better understand how different workers might 
be impacted differently by technology, it is not 
enough to fully capture the influence of digital 
adoption on the wider economy. For economies to 
fully benefit from the increasingly digitized nature 
of talent, we also need companies to understand 
and fully use their skills and where we are not 
creating unnecessary barriers for workers with 
these skills to contribute to the economy. For that 
to happen, existing talent with technological skills 
has to be used to their best extent, and barriers 
that prevent diverse workers from engaging in tech 
work have to be removed. 

To gain insights into how technical talent is 
used in Canada, we relied on four waves of 
the Canadian long-form census (2001, 2006, 
2011, 2016) and analyzed the make-up, worker 
characteristics, and productivity of Canadian 
technology workers. While more technologically 
intensive work has always commanded a higher 

rate of pay throughout this period, few advances 
were made in breaking down barriers to working 
in technology occupations. Many gaps that we 
saw in 2001, including barriers faced by women, 
people of colour, and those without a bachelor’s 
degree, have stubbornly persisted in 2016. Such 
an education-wage premium was also seen in 
the United States, and has widened in the past 
decades (Gallipoli and Makridis 2018).

In contrast to the experience of digitalization in 
the US, the story in Canada is one of stagnation, 
especially in recent years due to lacklustre 
business technology adoption. While citizens have 
continued to adopt new consumer technologies, 
and while many occupations have evolved to 
become more digitally intense, digital talent in 
Canada has been under-utilized as well. Just as 
differing contexts across the US and Canada create 
different analytical focus, we now explore how the 
European economic context gives rise to unique 
considerations when understanding the digital 
transformation of its workforce.

Manual Cognitive

Routine Pace determined by speed of equipment

Spend time making repetitive motions

Controlling machines and processes

Importance of being exact or accurate

Importance of repeating same tasks

Structured versus unstructured work

Non-routine Spatial orientation

Manual dexterity

Operating vehicles, mechanized devices 
or equipment

Spend time using your hands to handle, 
control, or feel objects, tools or controls

Analyzing data or information

Thinking creatively

Interpreting the meaning of information 
for others

Coaching and developing others

Guiding, directing, and motivating 
subordinates

Establishing and maintaining 
interpersonal relationships

Table 1
Almeida et. al. (2017) Classification of Work Context taken from Race Alongside the Machines: 
Occupational digitalization trends in Canada, 2006-2021 (Abuallail and Vu 2022).
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Potential implications 
for the impact of 
digital technology on 
work in the EU
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ONE POTENTIAL DRIVER of different trends in digital 
labour between Canada and the US is the unique 
industrial makeup of the two economies. Such 
differences are likely to be even more important 
to understanding the European case, given 
the economic diversity of EU member states. 
For example, compared to Germany, Canada’s 
economy has a lower manufacturing share, with 
a higher share in both agriculture and services. 
Gallipoli and Makridis (2018) show that the rise 
of IT-intensive jobs was more accelerated in the 
manufacturing sector, relative to the services 
sector. The structural transformation driven by 
technological adoption has important implications 
for economies with different sectoral divisions.

As we argued in Lamb, Munro & Vu (2018), 
technological adoption by firms is not purely 
driven by technological availability - it is also 
driven by whether there are demonstrated 
benefits for the business at that point to introduce 
new technology. This implies the effect of 
institutional and geographic factors as one of the 
key drivers in differences in technological adoption 
seen across different jurisdictions.

Figure 1
Model of firm technology adoption, from Lamb, Munro & Vu (2018)

TECHNOLOGICAL POSSIBILITIES EXTERNAL CONTEXT

WORKERS COMPETITIVENESS

• Behaviour of competitors 
• Relative cost of technology 
   and labour 
• Regulatory environment 
• Social and consumer a�itudes 

What job tasks is technology 
capable of automating?

FIRM BEHAVIOUR
• Decision to automate job tasks 
• Decision to retrain/re-deploy 
   or release workes

• Increased productivity
• Improved product quality 
• New business models

• Task elimination
• Job destruction and creation
• Changes in job quality
• Changes in skills and 
   educational requirements
• Distributional implications: 
   prolonged adjustment and 
   inequality

FIRM CHARACTERISTICS

• Firm size 
• Skills and
   expertise 
• Financial  
   resources
• Presence of 
   labour union

• Management 
   capacity
• Business strategy 
• Sector
• Employee
   perspectives
• Data 
   capabilities

IMPACTS

CONVENTIONAL 
MODEL 
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This point is best illustrated by examining 
different trends of digital adoption between 
Canada, the United States and Europe writ large. 
In 2018, a global survey on business technological 
adoption was conducted by dozens of central 
banks globally. It showed that while Canada had 
a slightly lower rate of technological adoption 

Table 2
Regression table that compares business adoption of technology by firm characteristics (from Fudurich, 
Suchanek & Pichette 2021)

Characteristic (number of observations) Estimates t-statistic

Base case: Large firms (1367)

Small (2037) -35.5%*** -19.62

Medium-sized (2017) 24.0%*** -14.00

Base case: United States (686)

Canada (603) -7.0%** -2.16

Europe (4263) -26.1%*** -9.68

Rest of the World (498) -62.7%*** -14.39

Base case: Primary sector (266)

Construction, information and cultural industries, 
transportation and utilities (1011) 1.7% 0.22

Commercial, personal, and business services (1519) 8.9% 1.17

Finance, insurance, real estate, and leasing (673) 11.3% 1.37

Manufacturing (1670) 11.8% 1.57

Trade (746) 12.3% 1.62

Public (165) 6.9% 0.65

Base case: in-person/phone survey (1065)

Online survey (4985) -19.4% -6.11

than US firms, the gap between the US and 
Europe (and thus, the gap between Canada and 
Europe) was significantly larger. In 2021, European 
companies were 26 percent less likely than US 
companies to have adopted technology, while the 
gap between the US and Canadian firms was only 
7 percent. 

Note: Result of a linear probability OLS regression, the dependent variable is whether a business has adopted at least one 
technology from the survey list, which includes: artificial intelligence, e-commerce, 3D printing, robotics, big data, cloud 
computing, Internet of Things, and others.
Significance level means ** p<0.05; *** p<0.01 
Industry aggregates are defined by the North American Industry Classification System as follows: Primary (100 to 219); 
Manufacturing (300 to 339); Trade (410 to 479); Construction, information and cultural industries, transportation and utilities (CITU 
220 to 239 and 480 to 519); (FIRE 520 to 539); Commercial, personal, and business services (CPBS >540).
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Figure 2
Gross domestic spending on R&D - Total % of GDP 2000 - 2021

Similar to the variation seen in business 
expenditure on research and development (R&D), 
there are wide variations across member countries 
in spending on R&D, and consequently their 
ability to create new technologies and prepare 
their economy to adopt frontier technologies. The 
resources spent on R&D, combined with efforts to 
develop worker skills, are often the main drivers 

of a robust ecosystem. Some nations have levels 
of spending in R&D that are higher or comparable 
to the United States, while others also see lower 
levels of spending in R&D compared to Canada, a 
country already identified due to their stagnation 
in R&D investment. 
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Figure 3
ICT-task intensity of jobs, by gender, 2012 or 2015 

There is also variation across the OECD in the ICT-
task intensity of jobs, with the European average 
slightly lagging behind Canada and the United 
States. This includes both the percentage of ICT 
usage, and the complexity of such uses, ranging 
from basic Internet access to the use of different 
types of software and/or programming languages 
in different tasks at work. However, despite the 
data indicating that women perform more ICT 
intensive tasks (compared to men) in Europe, 

Canada, and the United States, and despite the 
fact that jobs requiring the highest levels of 
digital intensity seemed to gain the most in wage 
increases in Canada (as we noted in our report 
Further and Further Away: Canada’s unrealized 
digital potential), the gender pay gap still seems 
persistent, high, and further compounded by 
intersectionality in Canada. One would also need 
to take this potential gap into account when 
conducting similar studies in the EU. 
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Figure 4
Value added of the ICT sector and sub-sectors, 2015 

IT Sector High-Tech Manufacturing Software Publishing Telecommunications

Another economic aspect with major differences 
across different economies, is the addition of 
value that is driven by the ICT sector, which 
measures the contribution of this sector to 
increasing the GDP. The ICT sector is often divided 
into four main sub-sectors (IT, ICT Manufacturing, 
Software Publishing, and Telecommunications). 
This division helps provide a sense of baseline 
efficiency on the usage of different resources. For 
instance, manufacturing in Germany contributes 

more to the value added (around 1.3 percent) than 
in Canada (around 0.3 percent). The total value 
added of the ICT sectors across all OECD countries, 
as a percentage of total value added in 2015, stood 
at 5.4 percent. It is important to note that the 
majority of value added is from ICT services (as 
opposed to manufacturing). This move towards 
the service sector can be attributed to the large 
growth in mobile cellular networks (ITU 2018). 
However, there is a large variation within the data, 



DIGITALIZATION OF WORK: THE CASE OF EUROPE    16

with the United States’ ICT sector adding a total 
value of 6.1 percent, while the European average 
stood below the entire OECD average, at just 4.5 
percent. Europe also had a very small percentage 
contribution from software publishing at just 
around 0.1 percent, compared to 0.7 percent in the 
United States. 

Figure 5
Employment in the ICT sector and sub-sectors, 2015 

IT Sector High-Tech Manufacturing Telecommunications
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Figure 6
Employment of ICT specialists across the economy, 2016 

Electrotechnology Engineers

Electronics Telecom Installers & Repairers

ICT Professionals

ICT Service Managers

Employment in some of the ICT sub-sectors as a 
percentage of total employment could highlight 
the reasons behind the small contributions of 
value added by some of these sub-sectors. For 
instance, Europe employs just around 0.1 percent 
of its total employment in software publishing, 
and just around 2.9 percent of its labour force 
is employed in the ICT sector, with a total of 3.6 
percent  ICT specialists employed. 

Note: Specialists are defined as individuals employed in “tasks 
related to developing, maintaining, and operating ICT systems 
and where ICTs are the main part of their job” (OECD Digital 
Economy Outlook, 2017).
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Figure 7
ICT investment by capital asset, 2015 

Investments in the ICT sectors have long 
been crucial determinants of growth in 
major economies. Spiezia (2013) finds that 
ICT assets, such as software, IT equipment, 
and communications equipment, contribute 
significantly to value-added growth in the 
business sector. These investments have also 

been different across different OECD countries. In 
the United States, the total investments in ICT as 
a percentage of GDP stood at 3.1 percent in 2015, 
which was higher than the European average at 2.3 
percent. On the other hand, Canada’s investment 
level in the ICT sectors was relatively low at only 
2.1 percent of its GDP.
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Figure 8
Mobile broadband subscriptions - Total per 100 inhabitants, Q4 2009 - Q4 2021

One general area where Europe may have a 
clear advantage over Canada is in its adoption of 
mobile technologies. Due to a myriad of factors 
(especially the lack of a competitive environment 
between telecommunication companies), Canada 
has historically struggled to create an efficient and 
affordable telecommunications network, an area 
where Europe consistently performs better. 

A European Central Bank study by Anderton et. al 
(2020) largely confirms these results, showing a 
lacklustre level of business technological adoption 
in Europe compared to the United States, and 
a large heterogeneity in the level and impact 
of digitalization across member states in the 
eurozone. These differences in business digital 
adoption will likely have an impact on the digital 
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contexts with which workers find themselves in, 
and have implications regarding how well the full 
benefits of their talents are realized.

In areas of equality of tech workers, some 
evidence from Jerbashian (2019) suggests that the 
gender dynamic as observed in Canada may be 
opposite to that seen in Europe, where a fall in 
“IT prices” (or higher productivity for technology 
workers) benefits high-wage women workers 
more than men. This is another area in which the 
high heterogeneity of gender policy and dynamic 
across European nation states will result in 
considerable differences in the return to changes 
in technology efficiency and work conditions. 
Similarly, many equity contexts that are relevant 
and important in the North American context 
(such as those concerning race), may need to be 
adapted and understood in the European context.

Data considerations

An important consideration in any research project 
that seeks to advance our understanding of the 
impact of digital technology on the workforce is 
the availability of data that examines occupational 
attributes longitudinally. Due to economic, 
historical and cultural proximity between the US 
and Canada, occupational attributes data from the 
United States can be used to understand broad 
occupational trends in Canada.

However, such US data is likely inappropriate to 
adapt to understanding occupational contexts 
in Europe. And while Vu and Denney (2021) 
identified a number of national-level occupational 
surveys that exist, no EU-level occupational 
data exists. Recent work by Ranieri et. al (2021) 
provides a comprehensive overview of recent 
efforts in engaging a diverse set of data sources to 
understand occupational trends in Europe.

In addition, as no Europe-wide census data is 
available, researchers conducting this research 
will likely have to rely on combining nation-
level census data, or EU-level collected survey 
data, including the European Union Labour Force 
Survey, and Community Household Survey.
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Conclusion
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THERE HAS SCARCELY BEEN A TECHNOLOGY that has had the impact 
on the global economy as the computer. However, a technology’s 
influence also varies widely by the local context in which the 
technology appears.

In understanding the impact of digital technology in Europe, the 
following factors ought to be considered carefully, especially in 
adapting the methodology and framework that has been used to 
understand the trends of digital technology in Canada and the US:

1. An appreciation for, and therefore special consideration 
of, the wide heterogeneity that exists across member EU 
states: In discussing the impact of digital technology on the 
economy and workers, more so than other regions in the world, 
the open nature of trade in member states and the associated 
heterogeneity in technological adoption cannot be ignored and 
likely predicts a lower average impact of the digital economy 
when compared to Canada or the US, as non-digital labour 
can still be relied upon in many contexts. There are no simple 
solutions to this, given that tradeoff. 

2. Ensuring data sources across different member states are 
comparable, while also incorporating local details: An 
important consequence of the above point is the need to source 
country and region-specific labour market information, and 
occupational attribute information. In designing this study, a 
balance must be struck between occupational insights that are 
comparable across EU countries and preserving and reflecting 
unique local contexts. For example, the existence of unique 
occupations (that exist due to cultural and historical reasons) 
that ought to be respected and understood. 

3. Lower overall levels of digital adoption across EU firms: 
Despite the level of heterogeneity, evidence shows lower levels 
of business technological adoption overall when compared to 
Canada and the US. This likely suggests that digital workers are 
used less effectively in the EU compared to Canada or digital 
talent in the EU is not used to their fullest potential.

4. Different equity context in the EU: The context and 
conversation on labour market equity in the European Union 
differs greatly than similar discourses in Canada and the US, 
and while it is important to ensure an equity framework in 
analyzing digital labour trends in the EU, it must also take care 
to not ignore such considerations due to the Canadian and the 
American framework not being well-suited for the task.
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