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About Future Ready 
The Future Ready program is a $19 million program funded in part by Employment and Social 
Development Canada’s Sectoral Workforce Solutions Program to support companies in onboarding 
new and diverse workers to Canadian manufacturing. The initiative will also aid Canadian 
manufacturers in identifying their critical skills gaps to support the future profitability and growth of 
their organization through NGen’s highly regarded Transformation Leadership Program. Through 
these approaches, the program aims to provide demand-driven solutions for the manufacturing 
sector, one of the sectors hardest hit by the pandemic, and a key to the recovery of the Canadian 
economy. 

 

 

 

 

This project is funded in part by the Government  
of Canada’s Sectoral Workforce Solutions Program 

  



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  3 

Table of Contents 
Introduction ........................................................................................................................ 4 

Technologies of Industry 4.0 ................................................................................................ 6 

Industry 4.0: Areas of Impact on Manufacturing .................................................................... 8 

Decarbonization ..................................................................................................................... 8 

Automation ............................................................................................................................ 8 

Supply Chain .......................................................................................................................... 8 

Customer Experience ............................................................................................................. 9 

Product Development and Customization ................................................................................ 9 

Labour ................................................................................................................................... 9 

Industry 4.0:  Areas of Impact on Manufacturing .................................................................. 10 

Methodology ........................................................................................................................ 11 

Results ................................................................................................................................. 12 

Discussion:  Automation and Job Skills ............................................................................... 18 

Barriers in Adopting Industry 4.0 in Canada’s Manufacturing Industries ................................ 21 

Appendix A. ........................................................................................................................ 23 

Appendix B. ........................................................................................................................ 27 

Appendix C. ....................................................................................................................... 35 

Appendix D. ....................................................................................................................... 36 

References ........................................................................................................................ 46 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  4 

Beginning in the 1970s, developments in 
computer technology, programmable logic 
controllers, and early automation paved the 
way to what is known as the Third Industrial 
Revolution in manufacturing. These 
technologies also laid the foundations for the 
Fourth Industrial Revolution (4IR), commonly 
referred to as Industry 4.0 (I4.0). I4.0 is in the 
process of transforming the manufacturing 
industry through digitization and 
interconnectivity between multiple parts of 
the supply chain, from production floors to 
administrative o[ices. Key technologies 
driving this transformation include 
autonomous robotics, advanced data 
analytics, Artificial Intelligence (AI), and the 
use of smart sensors. These innovations are 
not just changing how products are designed, 
produced, and consumed, but also how they 
are maintained and accessed by consumers. 
I4.0 is also enhancing transparency across 
the supply chain by integrating and 
connecting suppliers, manufacturers, 
customers and the product itself within its 
ecosystem1.  

I4.0 combines both mechanical and digital 
technologies to improve the flow of 
operations in manufacturing. It uses 
advanced technologies and AI for real-time 
data driven decision-making to optimize 
production and improve customer 
satisfaction. As with previous major industrial 
technological shifts, the digitization and 
automation accompanying I4.0 has the 

potential to increase productivity, alter skills 
and labour demands, improve the quality of 
goods, and reduce costs. In a time where 
manufacturers need to be able to adapt 
quickly to market changes and disruptions, 
and compete both regionally and globally, 
these emerging technologies can enable 
increased operational e[iciency and greater 
product customization. 

Canada’s manufacturing sector has 
historically been a strong source of national 
economic growth and employment. In 2021, 
the sector accounted for more than 10% of 
Canada’s gross domestic product (GDP)2. 
Over the past two decades, the sector has 
faced significant challenges due to events 
such as the Global Financial Crisis (2008 - 
2009) and Covid-19, among other 
economically impactful events. Throughout 
these challenges, manufacturers worked to 
adapt to changes in economic and labour 
market conditions. More recently, the COVID-
19 pandemic led to supply chain disruptions, 
pressuring manufacturers to innovate in order 
to operate within challenging conditions, and 
global competition. Amidst all these 
challenges, the sector is also dealing with an 
acute labour shortage driven by an aging 
workforce and retiring skilled workers. This 
has been impacting the sector’s ability to 
operate and remain competitive. As a result, 
Canadian manufacturers will need to be 
forward-looking and anticipate their future 
employment needs as their operations adapt 

Introduction 
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to new technologies and the shift in skills 
they require3.  

The adoption of emerging technologies 
amongst Canadian manufacturers has been 
slower than many other global manufacturing 
sectors4. A 2017 industry survey found that 
only 3% of Canadian businesses have fully 
implemented I4.0 projects, with another 36% 
partway through the process1, 5. Other 
countries whose position at the forefront of 
digital technology in production is enabling 
them to far outpace other less advanced 
manufacturers worldwide. According to the 
Organization for Economic Co-operation and 
Development (OECD), Canada’s gross fixed 
capital formation (GFCF)6 only rose 6% 
between 2017 – 2022 which is significantly 
below the OECD average of 24.6%. GFCF in 
the United States grew at 26%, and 30% in 
the EU in the same time period5. Companies 
which have invested in implementing I4.0 
technologies are seeing operational and 
productivity improvements throughout their 
organization. According to a survey 
conducted by McKinsey & Co., companies 
reported that undertaking their digital 
transformation was essential to improving 
e[iciency and responding to disruptions. One 
example includes Infineon, a semiconductor 
products manufacturer in Singapore, which 
increased personnel e[iciency by 50% using 
advanced analytics7. 

As I4.0 technologies reshape manufacturing 
operations, they bring forth significant 
changes to the nature of manufacturing jobs, 
the flow and type of tasks, and skills required, 
as the shift to digitization and automation 
machines introduces changes to the way 
work is performed. The implications of this 

shift are manifold. On one hand, there is a 
growing demand for advanced technical skills 
— such as programming, systems analysis, 
and technological troubleshooting — to 
manage and maintain sophisticated 
machinery and data systems. The integration 
of these technologies demands higher-level 
cognitive skills, including critical thinking, 
creativity, and problem-solving, to leverage 
the potential of I4.0 fully. On the other hand, 
these technologies may significantly a[ect 
labour-intensive occupations, altering the 
nature of their tasks or, in some instances, 
leading to the partial or full elimination of 
certain tasks. 

This report delves into the core I4.0 
technologies transforming manufacturing 
operations. It highlights the areas within the 
manufacturing sector that are being most 
impacted by these technological 
advancements, such as production lines, 
supply chain management, and product 
development. Subsequently, the report 
explores the evolving tasks and skill 
requirements of some manufacturing 
occupations with this adoption. By analyzing 
current trends and projecting future 
developments, the report aims to provide 
insights into how to prepare the workforce for 
the changing demands of an advanced 
manufacturing environment. Through this 
exploration, the report not only presents the 
challenges posed by these new technologies, 
but also the opportunities they present for 
innovation, job creation, and the upskilling of 
the workforce. 
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I4.0 is the digitization and automation of 
production systems. Under I4.0, production 
systems are designed to sense, predict and 
interact with the physical environment in order 
to make decisions about production, 
maintenance, and process optimization8. The 
shift towards automation and data exchange 
involves collecting and processing data in real-
time. This data then informs autonomous 
decisions aimed at optimizing the production 
process and enhancing customer satisfaction. 
The technologies associated with I4.0 consist 
of both physical and digital technologies. 
Physical technologies may include 
autonomous robots, smart sensors and 
microprocessors. Digital technologies include 
data analytics, the use of artificial intelligence 
(AI), and cloud computing. By integrating 
physical and digital technologies, companies 
can collect and use real-time data from a 
variety of sources to manage and enhance 
manufacturing operations and processes9. 

To assess the impact of I4.0 technologies on 
manufacturing operations, it's essential to 
first comprehend the emerging technologies 
of digitization and automation. 
Understanding these technologies is crucial 
for identifying the changes they will bring to 
the tasks and skills required in manufacturing 
occupations and how they integrate into the 
production process. I4.0 encompasses a 
range of technologies and systems that 
enable interconnection between the physical 
and digital manufacturing landscape. The 

following technologies are most commonly 
associated with I4.0 systems and are 
considered to have had significant impact 
within the manufacturing sector: 

1. Artificial Intelligence: Artificial Intelligence 
(AI) empowers machines to learn from data 
and improve over time, enabling them to 
execute tasks and make decisions akin to 
human intelligence and reasoning. It's 
particularly advantageous in manufacturing 
for its rapid, precise decision-making, 
which is crucial for forecasting, outlier 
analysis, and efficiency improvements 
such as predictive maintenance and 
inventory management10, 11.  

2. Smart Sensors: Smart sensors are 
advanced electronic components that 
transform physical data into digital signals, 
enabling on-site processing and analysis for 
immediate decision-making. Unlike basic 
sensors, they integrate digital sensors, 
processors, and communication tech to 
relay actionable insights, enhancing supply 
chain visibility and optimizing production 
and distribution12. 

3. Internet of Things (IoT): The Internet of 
Things (IoT) connects diverse devices over 
the internet, facilitating interaction and 
decentralized, real-time decision-making 
through built-in computing. In 
manufacturing, IoT boosts productivity by 
harnessing data from production, aiding 
in predictive maintenance, and 
integrating customer feedback into 

Technologies of Industry 4.0 
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design, enhancing the customer 
experience1,13.   

4. Big Data and Analytics: Industry 4.0 
digitization enables the accumulation and 
management of large datasets throughout 
the supply chain. Big Data and Analytics 
involve analyzing these vast datasets to 
uncover patterns and insights, thus 
enhancing error detection, production 
quality, and supply chain efficiency. Sharing 
data across firms further refines AI 
algorithms and ensures the peak 
performance of data-driven 
applications1,14,15. 

5. Cyber Security: Digital transformation in 
manufacturing brings the risk of cyber-
threats, which can damage systems, 
products and jeopardize important data. 
Cybersecurity safeguards systems 
against these threats. In manufacturing, 
cybersecurity extends to Operational 
Technology (OT), which is critical to plant 
and product security. Increasing threats 
necessitate real-time intrusion detection 
and often require external support for 
incident response16, 17. 

6. Autonomous Robotics: Robots in 
manufacturing are becoming increasingly 
adept and collaborative. Equipped with 
smart sensors and with access to AI 
capabilities, these robots are able to make 
autonomous decisions and learn from their 
surroundings, thus enhancing efficiency, 
precision, and safety. By assisting humans, 
they reduce the need for manual labour and 
minimize the risk of injuries. In certain 
scenarios, tasks can be fully automated, 
leading to increased productivity17, 18, 19.  

7. Cloud Computing: The cloud centralizes 
data management and services for 
manufacturing, streamlining processes 
and supply chain integration. Its full 
business potential, beyond just tech and 
security, remains largely untapped. Cloud 
adoption facilitates scaling, IoT, and AI-
enhanced operations through varied 
service models20, 21,  22. 

8. Simulation: Simulation modeling 
streamlines design and testing, o[ering 
cost savings and process optimization in 
manufacturing. It helps reveal pinpoint 
bottlenecks and optimize labour input. 
Despite the challenges of time and 
expertise needed to develop valid 
models, simulations significantly boost 
performance and accelerate new product 
introduction23, 24. 

9. Virtual Reality (VR)/Augmented Reality 
(AR): 2D and 3D graphics via AR on devices 
like tablets and glasses enhance 
production by providing real-time data and 
instructions to workers. This technology is 
key for error-sensitive industries like 
automotive and aeronautics, boosting 
productivity, accuracy, and decision-
making quality25, 26. 

10. Additive Manufacturing: Computer-
aided manufacturing (CAM) processes 
create parts or components by adding 
layers of materials. A common method is 
3-D printing, which has advantages in 
small batch production, as well as 
prototyping and customized products. As 
an e[icient and cost-e[ective method, 
additive manufacturing is being utilized in 
many industrial contexts1. 
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The list of technologies most commonly 
associated with I4.0 provide an overview of 
the main types of technologies that are 
currently employed by manufacturers and 
those predicted to become widespread in the 
sector. These technologies help 
manufacturers stay on the cutting edge of 
production processes while improving the 
product, customer experience, and economic 
gain. Below are some of the main areas of the 
production that I4.0 can impact: 

Decarbonization 
Advanced technologies can help Canadian 
manufacturers work towards national 
decarbonization goals. Combined, all I4.0 
technologies contribute to higher accuracy 
and improved process e[iciency. For 
example, additive manufacturing can improve 
sustainability by enhancing quality, 
conserving resources, and increasing 
e[iciency as it reduces waste and enables 
customization. Simulations, big data 
analytics and AI optimize production 
e[iciency and reduce energy use by 
predicting production outcomes and 
detecting defects. IoT bridges OT-IT 
(operational technology and information 
technology), enhancing quality and inventory 
management, while cloud computing powers 
machine learning and AI, enabling dynamic, 
market-responsive manufacturing. Finally, 
VR/AR in training cuts errors and assembly 
time, improving energy e[iciency. Altogether, 
these advanced I4.0 technologies enhance 

e[iciency, quality, and sustainability, playing 
a crucial role in steering manufacturers 
towards achieving decarbonization goals 
while maintaining competitive and 
responsive production systems20, 27. 

Automation 
I4.0 technologies in automation, including 
autonomous robotics, smart sensors, and AI, 
are transforming production by enhancing 
customization, increasing speed and 
accuracy, and reducing labour costs and 
errors. Flexible automation employs 
intelligent robots to handle increasingly 
complex tasks, thereby reducing the physical 
labour required while boosting both speed 
and accuracy. The ability to make real-time 
adjustments in production is crucial for 
modern manufacturing, as it minimizes 
downtime and speeds up the output of 
customized products. Central to this are AI 
and machine learning, which analyze data to 
make strategic decisions and optimize 
performance. In an era where markets 
demand rapid scalability, I4.0-driven 
automation not only supports growth, but 
also maintains quality and eases workforce 
strain, signaling a shift from traditional 
automation to a more adaptive, economically 
beneficial model20, 28, 29. 

Supply Chain 
In a global market, flexible supply chains with 
I4.0 technologies enhance connectivity, 
responsiveness, and coordination from raw 

Industry 4.0: Areas of Impact on 
Manufacturing 
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materials to delivery, ensuring quality and 
demand fulfillment. By aligning front, middle, 
and back-office operations, manufacturers are 
able to meet market demands with efficiency 
and accuracy. Packaging, customization, and 
overall experience now drive customer loyalty, 
necessitating that companies monitor 
customer perceptions via direct customer-
production interaction and social media to 
maintain authenticity. Aligning all company 
aspects with customer promises balances 
expectations and profitability. I4.0 digitizes 
supply chain management through real-time 
data and data analytics for advanced planning 
and predictive analytics for accurate 
forecasting and responsive production. 
Industry 4.0 creates a supply chain 
management system that is transparent, 
responsive, dynamic, and able to meet the 
demands of the current and future markets30.  

Customer Experience 
Customers are no longer simply expecting a 
product; they are interested in and drawn 
towards companies that provide an 
experience. I4.0 technologies enable e[icient 
response to queries, customization, and 
trend prediction. Using big data analytics, 
customer preferences are gathered from 
online purchases to inform AI, IoT, and 
machine learning-driven production scaling, 
ensuring that in-demand products remain 
readily available. Digital automation and AI 
handle customer interactions, turning 
feedback into actionable insights. VR/AR can 
also create virtual product trials and o[er 
immersive and interactive experiences that 
allow customers to engage with products in a 
simulated environment to foster customer 
trust and product transparency. IoT advances 

also enable the detection of potential product 
defects early in the production cycle31.  

Product Development and 
Customization 
The evolving landscape of I4.0 significantly 
enhances product development and 
customization. As consumer demand shifts 
towards personalized products and expedited 
delivery, the role of flexible supply chains and 
cutting-edge manufacturing techniques 
becomes crucial. A key technology driving 
this change is additive manufacturing, which 
facilitates the creation of products such as 
custom-made medical implants. This 
integration of operational and information 
technology allows for more complex and 
customer-specific solutions9. 

Labour 
As parts of the manufacturing process become 
increasingly digitized and automated, many 
existing jobs will change as the associated 
tasks are altered, or in some cases eliminated. 
Demand for highly-skilled occupations will 
arise out of the need to support and maintain 
the new technologies incorporated through the 
manufacturing processes. New job skills may 
be required to perform certain tasks and will 
result in the need for re-skilling and up-skilling 
of the existing labour force. The emphasis 
placed on highly-skilled workers can potentially 
lead to higher wages for those with the requisite 
skills. The shift away from physical demanding 
jobs may also open up the manufacturing to 
appeal to a more diverse workforce which will 
require companies to ensure environments are 
equity and inclusion focused. The introduction 
of advanced robotics, AI and data analytics will 
also lead to increased safety and reduced 
workplace hazards3, 4.
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All the advantages and benefits o[ered by 
I4.0 technologies suggest an exciting future 
for the Canadian manufacturing landscape. 
However, these changes to manufacturing 
production processes will also impact its 
labour force. Many current occupations will 
adapt to include the use of new technologies. 
Production will also require highly-skilled 
workers with training to operate and maintain 
I4.0’s advanced technologies. In order to 
make a smooth transition to utilizing new 
technologies, understanding the potential 
impact on the labour force and preparing for 
evolving worker demands is crucial. On one 
hand, despite the current labour shortage in 
manufacturing, a common concern is that 
increased automation and digitization may 
result in significant job losses, as some 
occupations may become entirely automated 
and cause manufacturing jobs to be 
eliminated32. On the other hand, a more 
optimistic perspective is that few jobs will be 
lost but work activities will change with 
varying impact across occupations. These 
variations in outlook are made clear by two 
commonly cited studies on the future of 
occupational automation (Figure 1. & Figure 
2., Appendix A). Frey & Osbourne analyzed 
the probability of di[erent occupations being 
automated in the future, suggesting that as 
machine learning and automation become 
more feasible, jobs will become increasingly 
automated, with some jobs being phased out. 
McKinsey & Co conducted a similar analysis 
which showed that almost all occupations 

will be impacted by the introduction of I4.0 
technologies but the degree of impact will 
vary among occupations (Appendix A)30, 33.  
McKinsey predicts that occupations which 
will be potentially significantly impacted are 
those that involve routine and repetitive 
physical tasks, simple calculations and data 
processing, as these tasks are easily 
automatable with existing technologies. Jobs 
in unpredictable environments or highly 
variable tasks such as social interactions, 
managing people, and applying expertise 
such as engineering, will be less impacted as 
the constituent tasks are more di[icult to 
automate. The impact on employment will 
vary by occupation, with certain roles seeing 
significant transformation and others less so 
due to factors such as technical feasibility 
and cost.  

As some manufacturing tasks are potentially 
altered to operate and maintain some more 
advanced technologies, the skills required by 
manufacturing jobs under I4.0 will also be 
impacted and will potentially change. This 
implies that manufacturers will need to 
identify the upskilling and reskilling needs to 
equip their workforce with the necessary 
skills and knowledge to operate I4.0 
technologies. New entrants into the 
manufacturing sector may also see the 
required skills for positions change to include 
new skills, and training and education 
programs will need to adapt to prepare 
students and workforce entrants for new skill 

Industry 4.0:  
Areas of Impact on Manufacturing 
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demands. Understanding the required skills 
and identifying who needs them will enable 
companies to develop strategies for 
facilitating in-house learning and 
development. 

Methodology  
To assess the impact of I4.0 technologies and 
their potential to automate tasks in Canada's 
manufacturing sector, data was drawn from two 
studies on job automation. Frey & Osbourne 
analyzed the susceptibility of entire 
occupations to automation. They used a 
machine learning model, combined with data 
from the O*NET database, to evaluate jobs 
based on factors like routine, creative and 
social intelligence requirements, and 
perception-manipulation tasks. Their study 
highlighted that occupations with routine tasks 
were highly automatable, while those needing 
creative and social skills were less so33. Another 
McKinsey & Co. study on job automation 
adopted a task-based approach, analyzing the 
proportion of work activities across various 
occupations that could be automated with 
existing technology. It highlighted the evolving 
nature of work and skill requirements, 
emphasizing that while some jobs may be fully 
automated, many will change as certain tasks 
within them become automated, thereby 
reshaping the work landscape29. 

While both the Frey & Osborne and the 
McKinsey studies used the United States 
Standard Occupational Classification System 
(SOC) in their analyses, a detailed study or 
analysis on the automation susceptibility of 
jobs using Canada’s National Occupational 
Classification (NOC) has not been 
performed. Frenette & Frank (2020) examined 
the potential impact of automation on 

Canadian workers by applying a task-based 
methodology similar to the one used by Arntz, 
et. al.  and Frey & Osbourne34, 33. Their 
analysis provided an overview of the potential 
impact on jobs looking at variables such as 
education, age, and general occupation types 
but did not provide the granular examination 
of specific occupations within the 
manufacturing sector.  The findings of Frey & 
Osbourne and McKinsey & Co, were 
employed in this report utilizing a crosswalk 
methodology to map occupations from the 
SOC system onto Canadian NOC system, 
allowing for the application of analyses 
findings to the Canadian occupational 
framework35. This approach can provide a 
general understanding of the potential impact 
of automation on various Canadian 
manufacturing occupations. 

To select which manufacturing occupations 
from the NOC system to include in this study, 
the proportion of occupations in each 
manufacturing industry within the 
manufacturing sector was calculated. This 
analysis utilized the North American Industry 
Classification System (NAICS) at the 4-digit 
level. The proportion of people employed in 
each of the 516 NOC occupations within each 
manufacturing 4-digit NAICS was calculated to 
determine which NOC occupations accounted 
for the largest number of people employed in 
each industry. The cut off for inclusion was at 
least 1 % of total number of employed in each 
NAICS category, this resulted in a list 184 
occupations found in Appendix B. Automation 
scores from Frey & Osbourne and McKinsey 
were applied to the list of 184 using the 
crosswalk methodology described above. To 
examine the relationship between automation 
and different types of work, occupations were 
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sorted based on NOC occupational categories, 
designated by the first digit of the NOC code36. 
In this analysis, the second and third NOC digit 
level codes were used for some categories to 
better capture the variation of manufacturing 
occupations (Appendix C). These broad 
occupational categories reflect the type of work 
performed or the sector of activity. In addition, 
they reflect the training, experience or 
education required for entering the occupation. 
This includes the educational background, and 
in some cases, the specific industry experience 
required, especially where progression through 
an internal job hierarchy is involved. These 
categories provide a way to distinguish between 
different segments of the type of work 
performed throughout the advanced 
manufacturing sector. By grouping occupations 
this way, the relationships among different 
types of occupations with similar skills levels 
and training requirements can be examined. 
Data on employment and wages was applied to 
examine the relationship between the 
automation potential of various occupations 
and their respective employment numbers and 
wage levels in the Canadian manufacturing 
sector. The median hourly wage was obtained 
from 2022 Statistics Canada Labour Force 
Survey data from37. Median was used as 
opposed to average as it is less sensitive to 
outliers and provides a more unbiased 
representation of wages. Employment data was 
retrieved from Canadian CENSUS data. Overall, 
this information can also assist in planning for 
future workforce challenges with the 
introduction of new technologies, and the 
changes to the tasks and skills of the workforce 
under advanced manufacturing systems.  

To better understand the necessary skills for 
these evolving occupations under advanced 

manufacturing and I4.0, this study employed 
job data scraping as a tool to identify these 
key technical skills and competencies. Job 
data scraping is the automated process of 
collecting jobs posting data from websites 
such as career sites or company job postings. 
The data is then cleaned and categorized to 
provide better insight into current job 
requirements and trends in manufacturing. 
For this study, the analysis was applied to job 
postings for 10 key jobs for advanced 
manufacturing and I4.0 within Canada’s 
manufacturing sector.  The jobs selected for 
this analysis included jobs which fall under 
production, skilled trades, engineering and 
supervisory occupations. These jobs were 
chosen based on current job postings for 
positions that indicate the requirement of 
new skills related to Industry 4.0 technologies 
and to represent the range of skill level and 
type as well as training and education 
required by occupations within the sector. 
The selection was aimed to capture jobs that 
are directly tied to industry 4.0 technologies 
(Data Scientist, Cyber Security Specialist and 
Cloud Engineer), as well as jobs that currently 
exist and will be impacted by industry 4.0 
technologies. The skills for each job were 
then sorted into skills categories as outlined 
by the O*Net database and system. The 
result of the job data scraping analysis is an 
up-to-date and comprehensive list of the 
skills that are key for advanced 
manufacturing and I4.0 technologies.  

Results 
The assessment of the impact of I4.0 
technologies and their potential of 
automating tasks in Canada's manufacturing 
sector, drawing from both the Frey & Osborne 
and McKinsey studies, provide significant 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  13 

insights into understanding automation's 
potential impact on various manufacturing 
occupations. The results of this study are 
summarized in Figures 1 and 2. The detailed 
findings of this report can be found in Table 1 
in Appendices A and B. 

Frey & Osborne's research provides an 
important perspective on the susceptibility of 
certain occupations to automation, 
particularly highlighting the vulnerability of 
jobs involving routine tasks. Their analysis 
indicates that roles characterized by 
repetitive and predictable processes, such as 
those in production, transportation, logistics, 
and o[ice support, face a high risk of 
automation. This trend suggests a decreasing 
demand for routine skill sets and an 
increasing need for skills centered around 
creativity, problem-solving, and social 
intelligence. Jobs that require these more 
complex and nuanced abilities appear less 
prone to automation, indicating a shift in the 
manufacturing workforce towards more 
innovative and interpersonal skill sets33. 

McKinsey’s task-based approach o[ers 
additional granularity, revealing that a 
substantial proportion of tasks within various 
manufacturing occupations could be 
automated with currently available 
technology. This finding does not necessarily 
signal the complete elimination of these jobs 
but points to a significant transformation in 
their nature. Particularly, tasks that are 
manual, repetitive, and predictable are 
identified as more susceptible to automation. 
This shift is likely to result in a change in job 
roles and responsibilities, emphasizing tasks 
that require human judgment, creativity, and 
social interaction18. 

In their analysis, Frey & Osborne concluded 
that 47% of occupations were at risk of being 
automated in the future. They identified that 
occupations involving a large number of routine 
tasks were at higher risk, while those requiring 
creative intelligence, social intelligence, and 
perception and manipulation skills were at 
lower risk. This assessment aligns with the 
findings of McKinsey & Co., which estimated 
that 45% of work activities could potentially be 
automated using current technology. It is 
important to note that some of the 
discrepancies in the automation and 
computerization impact scores of individual 
occupations between these two studies can be 
understood by the divergence in method of 
analysis of each study. Frey and & Osbourne 
analyzed the likelihood of entire occupations 
being automated whereas McKinsey & Co. 
looked at the proportion of tasks within an 
occupation that could be automated. It is also 
important to note that both of these studies 
were conducted prior to the most recent 
advances in artificial intelligence language 
models which are capable of performing tasks 
beyond what had previously been anticipated, 
yet they remain the best source of data on 
occupational automation to date.  

In the context of manufacturing, both studies 
predict that, Technical Trades (73% impacted 
tasks according to McKinsey & Co. and 82% 
according to Frey & Osbourne), 
Manufacturing Assemblers and Operators 
(82% according to McKinsey & Co. and 85% 
according to Frey & Osbourne) and 
Manufacturing Labourers (98% according to 
McKinsey & Co. and 75% according to Frey & 
Osbourne) will be among the top three most 
potentially impacted occupational 
categories. Both occupational groups of 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  14 

Manufacturing Assemblers and Operators, 
and Manufacturing Labourers encompass a 
significant portion of the manufacturing 
workforce, and are characterized by tasks 
that are highly susceptible to automation. 
Manufacturing Assemblers and Operators 
include occupations such as Foundry 
workers and Machining tool operators, both 
with over an 85% potential impact according 
to both studies. Similarly, Manufacturing 
Labourers include occupations such as 
Labourers in metal fabrication and Labourers 
in rubber and plastic products manufacturing 
which will also be significantly impacted by 
digitization and automation technologies.  

According to both studies, management 
occupations, which includes Senior 
Managers, Managers in Engineering, and 
Manufacturing managers and supervisors 
are among the least impacted by 
digitization and automation technologies. 
The overall impact for these occupations is 
below 35% according to both studies. 
However, the results show that even the 
highest earning occupations such as Chief 
executive oEicers can have estimated 20% 
of work activities that can be automated. 

For the occupational group of Sciences and 
Engineering occupations, automation 
probability ranges between 8% and 30%, 
while automation probability for Sciences 
and Engineering Technical occupations 
ranges between 35% and 45%. These two 
groups include occupations such as 
Electrical engineers, Industrial engineers, 
Mechanical engineering technologists and 
technicians, and information systems 
testing technicians which face a more 

moderate impact compared to production 
and trades occupations. 

Appendices A and B provide further details on 
the impact of automation and digitization on 
individual occupations. In Appendix A, 24 
charts summarize the results of the impact of 
new technologies on individual occupations 
per Frey & Osborne, and McKinsey & Co. 
Impact by occupation data are also presented 
along with the median hourly wage of each 
occupation. This data presentation allows for 
an exploration of the correlation between the 
potential impact of automation and digitization 
on specific occupations and their respective 
wage levels. In examining the general trend, it 
becomes clear that jobs with a higher potential 
for automation are typically associated with 
lower median hourly pay rates. 

The task-based approach of McKinsey’s 
analysis rea[irms the importance of 
upskilling and reskilling, and preparing the 
workforce with the adequate technical skills 
to perform the new tasks required. For this 
reason, the second part of this study employs 
job data scraping and analysis to present a 
snapshot of the key skills and competencies 
crucial for roles in Canada's advanced 
manufacturing sector within the context of 
Industry 4.0, providing an up-to-date and 
comprehensive overview of the technological 
and system competencies required 
(Appendix D). The findings, categorized per 
O*Net job skills classifications, indicate a 
wide spectrum of proficiencies spanning 
basic, social, system, resource management, 
and technical skills. 

For roles such as Data Scientists and Cloud 
Engineers, there is emphasis on data 
management, programming, cloud services, 
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and infrastructure development. Skills like 
SQL, NoSQL, Python, machine learning, 
cloud services, and cloud security are highly 
emphasized in job postings, underlining the 
digital and analytical orientation of these 
positions. Similarly, Cybersecurity Specialists 
are expected to possess a deep 
understanding of information security 
practices, network and IT infrastructure, and 
proficiency in operating systems and 
platforms, highlighting the importance of 
safeguarding digital assets in an increasingly 
interconnected manufacturing landscape. 

 Industrial and Mechatronic Technicians, on 
the other hand, exhibit a need for robust 
systems knowledge, hands-on experience 
with automation, robotics, and 
comprehensive understanding of control 
systems and operational technology, 

including PLC programming and CNC 
machinery. For jobs falling under trades and 
production occupations, Motor Vehicle 
Assemblers and Robotic Welders are 
characterized by a mix of manual dexterity, 
quality control, and familiarity with 
automation programming and robotic 
processes, indicating the integration of 
traditional manufacturing skills with new 
technologies. It is important to note that 
Motor Vehicle Assemblers is the one 
occupation that is traditionally not associated 
with high levels of digital literacy however, as 
the results of job data scraping and analysis 
shows, over half of the sought-after skills 
involve computer literacy. This indicates that 
throughout the manufacturing process there 
is already a demand for workers to have 
digital skills that go beyond basic o[ice 
productivity software.
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Figure 1. Probability of Automation by Occupational Categories (McKinsey & Co. 2016 
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Figure 2. Probability of Automation by NOC (Frey & Osbourne, 2013) 
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The assessment of the impact of automation 
and digitization, drawing insights from both 
studies by Frey & Osborne and McKinsey & 
Co., provides a comprehensive overview of 
how I4.0 technologies might a[ect various 
occupations and their individual tasks within 
Canada's manufacturing sector. The 
integration of new digital technologies and 
increased automation associated with I4.0 
will a[ect a wide range of roles in the 
manufacturing sector with the degree of 
impact di[ering across occupations. While 
these studies laid the groundwork in 
assessing the impact of automation on 
occupations, they fell short in detailing how 
specific I4.0 technologies can potentially 
reshape the tasks of individual occupations. 
The data drawn from the job data scraping 
analysis performed in this study assists in 
detailing some of the changes introduced by 
I4.0 to manufacturing jobs. 

Industrial, mechanical, and electrical 
engineering roles, for instance, are 
increasingly pivotal in the advanced 
manufacturing sector, especially with the 
integration of I4.0 technologies. Their role 
now extends beyond traditional engineering 
tasks, as they are central to embedding smart 
sensors and predictive analytics into 
manufacturing processes. This integration is 
key to enhancing production e[iciency and 
anticipating maintenance needs. Engineering 
roles are now required to have a dual 
expertise: a deep understanding of 

fundamental engineering principles, along 
with proficiency in data analytics and their 
software. Engineers now are tasked to 
analyze data from sensors to optimize 
machine performance and anticipate 
potential breakdowns, thereby reducing 
downtime and increasing productivity. Their 
skills in data interpretation and application 
are crucial in making real-time adjustments 
to manufacturing processes, leading to 
smarter, more e[icient production lines. This 
shift in their role signifies a move from purely 
mechanical or electrical work to a more data-
driven approach in engineering, reflecting the 
increasingly interconnected nature of modern 
manufacturing systems. 

Welders, traditionally known for their manual 
dexterity and precision, are also adapting to 
the new manufacturing environment. The 
introduction of robotic welding arms has 
transformed their job role from one that is 
purely manual to one that blends manual 
skills with technical know-how. This change 
means that welders now need to be skilled in 
programming and operating these robotic 
arms, which involves a deep understanding of 
the machine's interface, its capabilities, and 
the software that controls it. Their ability to 
adapt to this technology is critical in ensuring 
high-quality welding in automated production 
lines. 

Similarly, tool and die makers are undergoing 
a transition in their skillset due to the 
integration of additive manufacturing 

Discussion:  
Automation and Job Skills 
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technologies. With the increasing use of 
CAD/CAM (Computer-Aided Design and 
Computer-Aided Manufacturing) software, 
these professionals are now required to 
design and manufacture tools and parts using 
these digital platforms. This shift demands 
not only proficiency in the software but also 
an understanding of the principles of additive 
manufacturing. This includes knowledge of 
materials, design for additive manufacturing, 
and the operation of 3D printing machinery. 
The ability to quickly produce prototypes and 
tools using these methods is revolutionizing 
the way tool and die makers contribute to the 
manufacturing process, allowing for greater 
flexibility and e[iciency in production. 

Mechanical assemblers in the advanced 
manufacturing sector are also experiencing a 
significant shift in their roles due to the 
introduction of I4.0 technologies. Historically 
focused on manual assembly tasks, they are 
now finding themselves in charge of 
overseeing and maintaining automated and 
digitized assembly lines. This new role 
requires them to be proficient in operating 
and troubleshooting robotic systems, and to 
have a strong understanding of quality control 
systems to ensure the products meet the 
required standards. As automation becomes 
more prevalent, their expertise in these areas 
is becoming essential for the smooth 
operation of manufacturing processes. 
Quality control inspectors will also be 
adapting to new technologies. Automated 
systems powered by AI are expected to take 
over routine checks for defects, requiring 
inspectors to manage and interpret the 
results of these systems. 

Even senior management roles are also being 
reshaped by I4.0 technologies. Beyond 
strategic oversight, there is an increasing 
emphasis on data-driven decision-making 
and the ability to understand and leverage 
insights from big data analytics, transforming 
senior managers into leaders who can 
navigate both the physical and digital fields of 
manufacturing. 

While some existing jobs will change 
dramatically, new job titles created by 
emerging technologies will require new 
skillsets and training. For this reason, the role 
of human resources and training specialists 
will be crucial in identifying the new skills 
needed within their organizations. They must 
develop training programs that equip the 
current workforce with the necessary skills to 
thrive in advanced manufacturing. 

These trends indicate a clear shift in job 
descriptions and the potential emergence of 
new job titles that reflect the blend of 
technical, digital, and problem-solving skills 
necessary for advanced manufacturing. As 
manufacturing processes become more 
intertwined with digital technologies, the 
workforce is expected to adapt, highlighting a 
need for upskilling and reskilling initiatives 
tailored for emerging and existing roles. The 
job data scaping analysis reveals a demand 
for workers who are not only proficient in the 
use of o[ice productivity software but also 
capable of engaging with specialized 
applications and tools, underscoring the 
shifting baseline of skills required across the 
manufacturing sector.  

The benefits of integrating emerging 
technologies are not limited to improving 
cost and production eEiciency but can also 
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help manufacturers work towards 
decarbonization goals. The transition to 
more sustainable practices with the help of 
I4.0 technologies will likely lead to the 
emergence of new skills and specialized 
roles. To meet Canada’s net-zero targets, 
there will be a demand for skilled 
tradespeople such as electricians, 
mechanics and plant operators who will 
employ the skills of testing, installing, 
maintaining, repairing and 
decommissioning various areas of 
industrial facilities. Project managers who 
specialize in decarbonization will be 
needed to coordinate and supervise the 

transformation of the production process. 
As the focus shifts to alternative energy 
sources, there will be a growing demand for 
experts in fields like bioenergy, 
biomanufacturing, carbon management, 
energy eEiciency and hydrogen. These 
clean energy specialists will be involved in 
research and development, as well as 
implementation of clean energy 
technologies 27. Decarbonization in 
manufacturing represents a significant shift 
in industrial practices and will also oEer 
new job opportunities and the development 
of new skills.
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As Canadian manufacturing industries strive to 
integrate I4.0 technologies, they face multiple 
barriers that can impede their progress. 
Adopting I4.0 is financially demanding for 
Canadian manufacturers, particularly small 
and medium-sized enterprises (SMEs). The 
costs associated with modernizing machinery, 
integrating advanced IT systems, and 
establishing robust cybersecurity are 
significant. This not only involves procuring new 
equipment but also updating existing systems 
to become 'smart' and interconnected, as well 
as investing in cybersecurity to safeguard 
against increasing digital threats. Such 
investments can be a substantial financial 
burden for SMEs with limited capital, posing a 
significant barrier to embracing Industry 4.0 and 
its associated benefits. 

Another key obstacle is the skills gap. The rapid 
advancement of technology in some cases 
might also have outpaced the development of a 
skilled workforce capable of managing and 
maintaining I4.0 systems. Educational 
institutions are challenged to update curricula 
and training programs quickly enough to meet 
the demand for skills such as data analytics, 
machine learning, and advanced robotics. 
Finding candidates with the appropriate skills 
and retraining current workers might be a 
challenge. Canada’s sectors and industries are 
already challenged by labour shortages and are 
already grappling with a limited pool of skilled 
candidates who possess the advanced 
technical competencies necessary for I4.0 

roles. This shortage is exacerbated by an aging 
workforce and the difficulty in attracting 
younger generations to manufacturing careers. 

Technological and technical barriers, such as 
connectivity and integration issues, can also 
pose significant barriers when adopting I4.0 
technologies. The transition to a smart 
factory requires seamless communication 
between devices and systems, which can be 
di[icult to achieve, particularly in older 
facilities with equipment that may not be 
compatible with new, smart technologies. 

Overcoming these barriers will require 
coordinated e[orts across the industry, 
including investment in technology and 
training, updates to educational curricula, 
and a focus on attracting skilled workers. To 
bridge the gap, public-private partnerships 
will be key, leveraging government support 
and a strategic approach to technology 
adoption, focusing on critical improvements 
and shared experiences. As I4.0 becomes 
increasingly essential for competitiveness on 
the global stage, the ability of Canada's 
manufacturing industries to navigate these 
challenges will be critical to their success. To 
stay competitive, Canadian manufacturers 
must embrace advanced technologies, 
necessitating government-facilitated support 
and information exchange for technology 
adoption and workforce training. Without this, 
Canadian manufacturing risks falling behind 
in the global market

Barriers in Adopting Industry 4.0 in 
Canada’s Manufacturing Industries 
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The introduction of I4.0 and its associated 
technologies in Canada’s manufacturing 
sector is set to introduce significant changes 
to a multitude of areas including operational 
e[iciencies, product innovation, supply chain 
management, and environmental 
sustainability. This shift also involves 
changes, which in some cases are significant, 
in the nature of occupations within 
manufacturing. This may involve altering job 
tasks and skill requirements, and introducing 
new opportunities for innovation, job 
creation, and workforce upskilling. 
Furthermore, as some operations become 
increasingly automated and digitized, there is 
a growing demand for skills in areas such as 
autonomous robotics, data analysis, and 
digital fluency. 

The adoption of I4.0 technologies, while 
slower in Canada compared to other global 
counterparts, is progressively enhancing 
operational e[iciency, product 
customization, and supply chain 
transparency. This shift is not without its 
challenges, such as the acute labour and 
skills shortage and the need for significant 
investments in training and technology. 
However, the potential benefits, including 
increased productivity, quality improvement, 
cost reduction and meeting decarbonization 
goals, are substantial. 

As the sector adapts to new technologies, the 
workforce must also evolve. There is a 
growing demand for advanced technical skills 
alongside higher-level cognitive abilities like 
critical thinking and problem-solving. The 
shift away from labour-intensive occupations 
is opening the manufacturing sector to a 
more diverse workforce. 

One of the fundamental di[erences between 
the so-called fourth industrial revolution 
versus prior industry shifts is the need for 
organizations to take a wholistic approach to 
transformation. Only in this way can an 
organization realize the true potential 
benefits of digitalization, as Industry 4.0 will 
not only change the way of work, but it may 
also change the content of the work 
performed, eliminating some functions, and 
adding all new roles and responsibilities. The 
fundamental thesis of NGen’s highly regarded 
Transformation Leadership Program is that 
companies need to take this integrated 
approach to transforming operations, 
including rationalizing workflows for Industry 
4.0, achieving internal and customer 
alignment, and preparing the organization 
and the individual workers with the processes 
and skills required for successful 
implementation. The Transformation 
Leadership Program provides tools to support 
organizations in accomplishing this. 

Digitization and automation represent a 
significant shift in industrial practices, 
o[ering new opportunities for Canada’s 
economy, and more specifically, its 
manufacturing sector. This shift o[ers a 
compelling opportunity for growth, 
innovation, and leadership in the global 
manufacturing landscape. It paves the way 
for enhanced competitiveness through 
advanced technologies and data-driven 
decision-making, positioning Canada to be a 
leader in advanced manufacturing. These 
changes also demand a proactive approach 
in workforce development and education, 
ensuring that Canadian workers are equipped 
with the skills necessary to thrive and 
progress.
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Appendix A.  
Probability of Automation of NOC by Skill Level 

 

Tables 1 – 3  

 

Tables 4 – 6  
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Tables 7 – 9  

 

Tables 10 – 12 
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Tables 13 – 15  
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Tables 19 – 21 

 

Tables 22 – 24 
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Appendix B.  
List of NOC manufacturing Occupations with automation scores from Frey & Osbourne (2013) and 
McKinsey & Co. (2016). * Gaps in data are the result of in-equivalencies between the SOC and NOC codes. 
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Appendix C.  
Occupational Categories 
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Appendix D.  
Job Skills Tables 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  37 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  38 

 

 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  39 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  40 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  41 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  42 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  43 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  44 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  45 

 



 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  46 

References 
 

1  Boston Consulting Group (2015). Industry 4.0: The Future of Productivity and Growth in 
Manufacturing Industries. Retrieved from https://www.bcg.com/en-
ca/publications/2015/engineered_products_project_business_industry_4_future_productivity_gr
owth_manufacturing_industries 

2  Government of Canada. (2018). Canadian manufacturing sector gateway. Retrieved from 
https://ised-isde.canada.ca/site/canadian-manufacturing-sector-gateway/en 

3   FOCAL (2020). AUTOMOTIVE INDUSTRY LABOUR MARKET ANALYSIS: AUTOMOTIVE 
TECHNOLOGY LABOUR MARKET OUTLOOK. Retrieved from 
https://www.futureautolabourforce.ca/wp-content/uploads/2021/03/Automotive-Technology-
Forecast.pdf 

4  NGen. (2023). Future Ready: Technological Innovation and Workforce Diversity in the advanced 
manufacturing sector.  

5  Canadian Manufacturers & Exporters. (2017). Embracing Change: Industry 4.0 and Canada’s 
Digital Future in Manufacturing. Retrieved from https://cme-mec.ca/wp-
content/uploads/2019/12/CME-MEC-2019-Tech-Adoption-v8.pdf 

6  Gross fixed capital formation (GFCF) is a measure of the total value of investments in physical 
assets, which can be used to gauge investment in infrastructure, machinery, tools and equipment 
such as those related to Industry 4.0 technologies. 

7  McKinsey & Co. (2021). Industry 4.0 adoption with the right focus. Retrieved from 
https://www.mckinsey.com/capabilities/operations/our-insights/operations-blog/industry-40-
adoption-with-the-right-focus 

8  Sirimanne, S, N. (2022). What is ‘Industry 4.0’ and what will it mean for developing countries? 
Retrieved from https://unctad.org/news/blog-what-industry-40-and-what-will-it-mean-
developing-countries - :~:text=Industry 4.0 refers to the,, energy e[iciency, and sustainability. 

9  Deloitte. (2018) Deloitte skills gap and future work in manufacturing study. Retrieved from 
https://www.deloitte.com/content/dam/assets-shared/legacy/docs/insights/2022/DI_2018-
Deloitte-skills-gap-FoW-manufacturing-study.pdf 

 

https://www.bcg.com/en-ca/publications/2015/engineered_products_project_business_industry_4_future_productivity_growth_manufacturing_industries
https://www.bcg.com/en-ca/publications/2015/engineered_products_project_business_industry_4_future_productivity_growth_manufacturing_industries
https://www.bcg.com/en-ca/publications/2015/engineered_products_project_business_industry_4_future_productivity_growth_manufacturing_industries
https://ised-isde.canada.ca/site/canadian-manufacturing-sector-gateway/en
https://www.futureautolabourforce.ca/wp-content/uploads/2021/03/Automotive-Technology-Forecast.pdf
https://www.futureautolabourforce.ca/wp-content/uploads/2021/03/Automotive-Technology-Forecast.pdf
https://cme-mec.ca/wp-content/uploads/2019/12/CME-MEC-2019-Tech-Adoption-v8.pdf
https://cme-mec.ca/wp-content/uploads/2019/12/CME-MEC-2019-Tech-Adoption-v8.pdf
https://www.mckinsey.com/capabilities/operations/our-insights/operations-blog/industry-40-adoption-with-the-right-focus
https://www.mckinsey.com/capabilities/operations/our-insights/operations-blog/industry-40-adoption-with-the-right-focus
https://unctad.org/news/blog-what-industry-40-and-what-will-it-mean-developing-countries#:~:text=Industry%204.0%20refers%20to%20the,%2C%20energy%20efficiency%2C%20and%20sustainability.
https://unctad.org/news/blog-what-industry-40-and-what-will-it-mean-developing-countries#:~:text=Industry%204.0%20refers%20to%20the,%2C%20energy%20efficiency%2C%20and%20sustainability.
https://www.deloitte.com/content/dam/assets-shared/legacy/docs/insights/2022/DI_2018-Deloitte-skills-gap-FoW-manufacturing-study.pdf
https://www.deloitte.com/content/dam/assets-shared/legacy/docs/insights/2022/DI_2018-Deloitte-skills-gap-FoW-manufacturing-study.pdf


 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  47 

 

10 SAS. (2022). Artificial Intelligence – What is it and why it matters. Retrieved from 
https://www.sas.com/en_ca/insights/analytics/what-is-artificial-intelligence.html 

11 Ernst & Young. (2019). Sensors as drivers of Industry 4.0: A study on Germany, Switzerland and 
Austria. Retrieved from Sensors as drivers of Industry 4.0 Ernst & Young https://assets.ey.com › 
topics › industrial-products 

12 Deloitte, (2023). Using ecosystems to accelerate smart manufacturing: A regional Analysis. 
Retrieved from https://www2.deloitte.com/ca/en/pages/energy-and-
resources/articles/accelerating-smart-manufacturing.html 

13 University of Cambridge: Institute for Manufacturing (2023). Industrial IoT: benefits and 
applications for manufacturing. Retrieved from 
https://engage.ifm.eng.cam.ac.uk/project/industrial-iot-manufacturing-benefits/ 

14 Fendri, M., Bezamat, F., Behaeghe, R. (2023). The Future of Manufacturing is powered by data and 
analytics. Retrieved from https://www.weforum.org/agenda/2022/09/manufacturing-data-
advanced-analytics/ 

15 Walker, J, S. (2014). Big data: A revolution that will transform how we live, work and think.  

16 APMA & CloudGRC. (2020). Cybersecurity Innovation Conference (CSIC). Retrieved from 

17 Huelsman, T., Trina, Peasley, S. (2017). Cyber risk in advanced manufacturing: Deloitte US. 
Retrieved from https://www2.deloitte.com/us/en/pages/manufacturing/articles/cyber-risk-in-
advanced-manufacturing.html 

18 Dixon, J., Hong, B., Wu, L., (2019).  The Robot Revolution: Managerial and Employment 
Consequences for Firms: NYU Stern School of Business. Retrieved from 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3422581 

19 McKinsey Global Institute. (2017). A Future that Works: Automation, Employment, and 
Productivity. Retrieved from https://www.mckinsey.com/featured-insights/digital-
disruption/harnessing-automation-for-a-future-that-works/de-DE 

20 Jamwal, A., Agrawal, R., Sharma, M., & Giallanza, A. (2021). Industry 4.0 Technologies for 
Manufacturing Sustainability: A systematic Review and Future Research Directions. Retrieved 
from https://www.mdpi.com/2076-3417/11/12/5725 

21 Kässer, M., Richter, W., Scherf, G., & Schrey, C. (2021). Clearing the air on cloud: How industrial 
companies can capture cloud technology’s full business value: McKinsey & Co. Retrieved from 

 

https://www.sas.com/en_ca/insights/analytics/what-is-artificial-intelligence.html
https://www2.deloitte.com/ca/en/pages/energy-and-resources/articles/accelerating-smart-manufacturing.html
https://www2.deloitte.com/ca/en/pages/energy-and-resources/articles/accelerating-smart-manufacturing.html
https://engage.ifm.eng.cam.ac.uk/project/industrial-iot-manufacturing-benefits/
https://www.weforum.org/agenda/2022/09/manufacturing-data-advanced-analytics/
https://www.weforum.org/agenda/2022/09/manufacturing-data-advanced-analytics/
https://www2.deloitte.com/us/en/pages/manufacturing/articles/cyber-risk-in-advanced-manufacturing.html
https://www2.deloitte.com/us/en/pages/manufacturing/articles/cyber-risk-in-advanced-manufacturing.html
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3422581
https://www.mckinsey.com/featured-insights/digital-disruption/harnessing-automation-for-a-future-that-works/de-DE
https://www.mckinsey.com/featured-insights/digital-disruption/harnessing-automation-for-a-future-that-works/de-DE
https://www.mdpi.com/2076-3417/11/12/5725


 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  48 

 

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/clearing-the-air-
on-cloud-how-industrial-companies-can-capture-cloud-technologys-full-business-value 

22 Microsoft Corp. What is the Cloud – Definition: Microsoft Azure. Retrieved from 
https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-the-cloud/ 

23 Hill, T., (2022) Simulation is a Window Into the Future of Your Manufacturing Operation: NIST. 
Retrieved from https://www.nist.gov/blogs/manufacturing-innovation-blog/simulation-window-
future-your-manufacturing-operation 

24 Mourtzis, D., Doukas, M., Bernidaki, D. (2014). Simulation in manufacturing: Review and 
challenges. Procedia CIRP, 25, 213-229.  

25 Ho, P. T., Albajez, J.A., Yagüe, J.A., Santolaria, J. (2021). Preliminary study of Augmented Reality 
based manufacturing for further integration of Quality Control 4.0 supported by metrology. 
Retrieved from https://iopscience.iop.org/article/10.1088/1757-899X/1193/1/012105/meta 

26 PwC. (2016). For US Manufacturing, virtual reality is for real: How virtual and augmented reality 
technologies are reimagining America’s factory floors. Retrieved from https://przemysl-40.pl/wp-
content/uploads/2016-Virtual-reality.pdf 

27 NGen. (2023). Future Ready: Decarbonization and Its Impact on Canada’s Manufacturing Labour 
Force.  

28 IBM. (2022) What is intelligent automation? Retrieved from 
https://www.ibm.com/topics/intelligent-automation 

29 McKinsey & Co. (2022). What are Industry 4.0, the Fourth Industrial Revolution, and 4IR? 
Retrieved from https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-
industry-4-0-the-fourth-industrial-revolution-and-4ir 

30 KPMG International. (2021). Future of supply chain: Creating a customer-centric supply chain. 
Retrieved from https://kpmg.com/xx/en/home/insights/2021/11/customer-centric-supply-
chains-shaping-your-customer-experience.html - :~:text=A customer-centric supply chain,or 
over-investing in capabilities. 

31 California Manufacturing Technology Consulting (CMTC). (2019). Industry 4.0: Providing a Better 
Customer Experience. Retrieved from https://www.cmtc.com/blog/industry-4.0-providing-a-
better-customer-experience 

 

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/clearing-the-air-on-cloud-how-industrial-companies-can-capture-cloud-technologys-full-business-value
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/clearing-the-air-on-cloud-how-industrial-companies-can-capture-cloud-technologys-full-business-value
https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-the-cloud/
https://www.nist.gov/blogs/manufacturing-innovation-blog/simulation-window-future-your-manufacturing-operation
https://www.nist.gov/blogs/manufacturing-innovation-blog/simulation-window-future-your-manufacturing-operation
https://iopscience.iop.org/article/10.1088/1757-899X/1193/1/012105/meta
https://przemysl-40.pl/wp-content/uploads/2016-Virtual-reality.pdf
https://przemysl-40.pl/wp-content/uploads/2016-Virtual-reality.pdf
https://www.ibm.com/topics/intelligent-automation
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-industry-4-0-the-fourth-industrial-revolution-and-4ir
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-industry-4-0-the-fourth-industrial-revolution-and-4ir
https://kpmg.com/xx/en/home/insights/2021/11/customer-centric-supply-chains-shaping-your-customer-experience.html#:~:text=A%20customer%2Dcentric%20supply%20chain,or%20over%2Dinvesting%20in%20capabilities.
https://kpmg.com/xx/en/home/insights/2021/11/customer-centric-supply-chains-shaping-your-customer-experience.html#:~:text=A%20customer%2Dcentric%20supply%20chain,or%20over%2Dinvesting%20in%20capabilities.
https://kpmg.com/xx/en/home/insights/2021/11/customer-centric-supply-chains-shaping-your-customer-experience.html#:~:text=A%20customer%2Dcentric%20supply%20chain,or%20over%2Dinvesting%20in%20capabilities.
https://www.cmtc.com/blog/industry-4.0-providing-a-better-customer-experience
https://www.cmtc.com/blog/industry-4.0-providing-a-better-customer-experience


 

Digitizing Canada’s Advanced Manufacturing Sector: Reshaping Jobs & Skills  49 

 

32 Frenette, M., Frank, K. (2020). Automation and Job Transformation in Canada: Who’s at Risk? 
Retrieved from https://www150.statcan.gc.ca/n1/en/pub/11f0019m/11f0019m2020011-
eng.pdf?st=1OLTj9eQ 

33 Frey, C. B., & Osborne, M. A. (2013). The Future of Employment: How Susceptible Are Jobs To 
Computerisation? Retrieved from 
https://www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of_Employment.pdf 

34 Arntz, M., Gregory, T., & Zierahn, U. (2016). The Risk of Automation for Jobs in the OECD 
Countries: A Comparative Analysis. Retrieved from 
https://wecglobal.org/uploads/2019/07/2016_OECD_Risk-Automation-Jobs.pdf 

35 Statistics Canada. Correspondence: National Occupational Classification (NOC) 2016 Version 
1.3 to Standard Occupational Classification (SOC) 2018 (US). Retrieved from 
https://www.statcan.gc.ca/en/statistical-programs/document/noc2016v1_3-soc2018US 

36 Government of Canada. (2023). National Occupational Classification: Broad occupational 
category. Retrieved from https://noc.esdc.gc.ca/Training/Boc?GoCTemplateCulture=en-CA 

37 Statistics Canada. (2023). Labour Force Survey (LFS). Retrieved from 
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3701&lang=fr&db=imd
b&adm=8&dis=2 

https://www150.statcan.gc.ca/n1/en/pub/11f0019m/11f0019m2020011-eng.pdf?st=1OLTj9eQ
https://www150.statcan.gc.ca/n1/en/pub/11f0019m/11f0019m2020011-eng.pdf?st=1OLTj9eQ
https://www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of_Employment.pdf
https://wecglobal.org/uploads/2019/07/2016_OECD_Risk-Automation-Jobs.pdf
https://www.statcan.gc.ca/en/statistical-programs/document/noc2016v1_3-soc2018US
https://noc.esdc.gc.ca/Training/Boc?GoCTemplateCulture=en-CA
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3701&lang=fr&db=imdb&adm=8&dis=2
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3701&lang=fr&db=imdb&adm=8&dis=2

