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Abstract 

Rapid developments in artificial intelligence and machine learning have raised questions about the future 
of work in recent years. Debates have focused primarily on the possibility of job loss resulting from 
automation technology, with less attention given to how automation may change the nature of workers’ 
jobs. This study investigates the changing nature of work in Canada by employing a task-based 
approach. First, changes in the importance of 16 work tasks between 2011 and 2018 were examined, 
providing an indication of which tasks may be more susceptible to change because of the increased 
integration of automation technology into the workplace. Statistics Canada’s Labour Force Survey (LFS) 
and Occupational Information Network (O*NET) data from the U.S. Department of Labor were used for 
this part of the analysis.  

The results indicate that work tasks that are complementary to automation, such as non-routine cognitive 
analytical and interpersonal tasks, were increasingly important in Canadians’ jobs between 2011 and 
2018. However, the evidence is less clear on routine and non-routine manual tasks, which automation 
technology may be able to replace in certain cases depending on technological feasibility and other 
factors. The increased importance of routine cognitive tasks, such as task repetition, precision and 
accuracy, was also observed. However, these increases were smaller than those for non-routine 
cognitive tasks. There were also small decreases in the importance of some non-routine manual and 
physical tasks, such as manual dexterity and spending time using hands to handle, control or feed 
objects. Changes in the share of workers employed in four different occupational task groups were also 
examined between 1987 and 2018 with the LFS data, with a focus on the degree of routine or non-routine 
and cognitive or manual tasks required of workers’ occupations. These results reveal clearer—but more 
gradual—shifts over the longer term, including those well before the recent advances in artificial 
intelligence and its practical applications. In particular, there was a gradual shift from occupations 
involving routine tasks to occupations involving non-routine tasks over the past three decades. The share 
of Canadians working in managerial, professional and technical occupations (non-routine, cognitive 
tasks) and service occupations (non-routine, manual tasks) increased, while the share of workers 
employed in production, craft, repair and operative occupations (routine, manual tasks) and sales, clerical 
and administrative support occupations (routine, cognitive tasks) decreased over this period. Although 
some service jobs may be replaceable by automation technology, increased relative employment in this 
occupation was explained in large part by changes in the industrial structure between 1987 and 2018. 

 

https://doi.org/10.25318/36280001202100100004-eng
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Introduction 

In recent years, rapid technological advancements have raised questions about the future of work. 
Debates have focused primarily on the risk of job loss attributable to automation, fuelled in part by recent 
work that estimated the percentage of jobs facing a high risk of automation (e.g., Frey and Osborne 2013; 
Arntz, Gregory and Zierahn 2016; Frenette and Frank 2020). However, jobs may not necessarily be at 
risk of being cut simply because it is technologically feasible to automate the tasks associated with those 
jobs. First—and perhaps foremost—firms require the funds to invest in the technology. In addition, labour 
laws and union rules may prevent or delay job losses in many cases. Moreover, society may not be ready 
to consume the goods and services made available by robots (e.g., medical patients may always prefer 
a human doctor). However, events such as the COVID-19 pandemic may prompt employers to adopt 
automation technology more quickly in an effort to limit the risks associated with workers’ vulnerability to 
the virus (Leduc and Liu 2020). While it is too early to determine how the pandemic may affect the work 
activities of Canadians, it may play a role in the workplace moving forward. 

Some researchers have also argued that new technologies will not necessarily result in significant job 
losses for economic reasons (e.g., Autor 2015; Lee, Shao and Vinze 2018). Because automation has 
historically substituted tasks performed by humans with the objective of increasing worker productivity 
and improving the quality and quantity of products (Muro, Maxim and Whiton 2019), technological 
advances may be more likely to change the types of tasks that workers do in their jobs rather than replace 
the occupation completely (Autor and Handel 2013). 

It is for these reasons that Frenette and Frank (2020) preferred to interpret the automation risk measures 
developed by Frey and Osborne (2013) and Arntz, Gregory and Zierahn (2016) as a risk of automation-
related job transformation. The purpose of the current study is to shed light on the changing nature of 
work amid recent advances in artificial intelligence and machine learning. 

Shifting the focus of the implications of automation from job replacement to changes in the nature of work 
requires occupations to be treated as a set of tasks. This approach allows researchers to consider how 
automation affects the nature of workers’ jobs by examining changes in their work activities (Acemoglu 
and Autor 2010; Autor 2013; Muro, Maxim and Whiton 2019) and also recognizes the complementarity 
between new technology and workers’ job tasks (Autor 2015; Autor, Levy and Murnane 2003; Acemoglu 
and Restrepo 2018). 

Generally, routine tasks are considered the most vulnerable to automation, as the repetition of a precise 
task is easier to automate than non-routine tasks that require flexibility or complex problem solving (Autor 
2015; Brandes and Wattenhofer 2016; Muro, Maxim and Whiton 2019; OECD 2016; Spitz-Oener 2006). 
Because many occupations involve routine tasks, automation may change the nature of work for a broad 
range of workers. Technological advancements may also increase the demand for workers who are adept 
at completing non-routine tasks, resulting in workers shifting away from occupations that primarily involve 
routine tasks toward those that primarily involve non-routine tasks (Acemoglu and Autor 2010).  

Studies from Europe and the United States that employed the task-based approach have confirmed 
increases in the share of workers employed in occupations with a high intensity of non-routine cognitive 
and non-routine manual and physical tasks, as well as decreases in the share of workers employed in 
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occupations that involve primarily routine cognitive or routine manual and physical tasks (Autor, Levy and 
Murnane 2003; Hardy, Keister and Lewandowski 2015; Levy and Murnane 2013; Spitz-Oener 2006).1 

Researchers examining changes in occupational task groups have noted the important role of the 
educational structure of the workforce. Hardy, Keister and Lewandowski (2018) concluded that increases 
in Europeans’ educational attainment played a central role in shifts from occupations involving routine 
manual tasks toward occupations involving more non-routine cognitive tasks. Furthermore, Spitz-Oener 
(2006) argued that increases in the need for workers proficient in non-routine analytical and interactive 
tasks resulted in greater demand for highly educated workers, thereby increasing the proportion of 
workers with a postsecondary education. 

While discussions on the effects of automation technology have focused primarily on routine work, recent 
progress in artificial intelligence has facilitated the automation of more complex tasks. In particular, 
advances in deep machine learning2 indicate that technology may become proficient in more complex 
cognitive tasks. The effects of this technology have become apparent over the past decade with the 
introduction of products that use deep learning methods.3 Some have suggested that these 
advancements may affect high-skilled, knowledge-based jobs (Brandes and Wattenhofer 2016; OECD 
2016; Susskind and Susskind 2015). However, the automation of many of the cognitive tasks that 
machine learning could theoretically accomplish is still not yet possible because the learning methods 
are based largely on incomplete and inconsistent information (Shestakofsky 2017). Further, non-routine 
manual and physical tasks are generally not regarded as automatable at this time, as they require a high 
degree of adaptability in different situations (Autor 2013; Autor, Levy and Murnane 2003). 

This study examines two aspects of the changing nature of work in Canada.  

First, changes in the specific work tasks of Canadians are investigated. Overall, 16 work tasks are 
examined, representing non-routine cognitive analytical tasks, non-routine cognitive interpersonal tasks, 
routine cognitive tasks, routine manual tasks, and non-routine manual and physical tasks. The data 
required for this part of the analysis are available only for the 2011-to-2018 period. However, this period 
coincides with major developments in artificial intelligence. Although technological advancements in 
artificial intelligence are still largely in the development stage, the results presented in this study will 
provide insight into which work tasks are more likely to change as these technologies become more 
integrated into the workplace. 

The second part of the analysis examines changes in the share of workers employed in different 
occupational task groups over a 31-year period, with a focus on the degree of routine or non-routine and 
cognitive or manual tasks required in workers’ occupations. The introduction of automation technology 
and labour-saving software in past decades has contributed to several changes in the workplace. For 
example, the development of automated teller machines (ATMs) in the 1970s and rapid growth in the use 
of these machines in subsequent decades resulted in a decreased number of tellers within bank 
branches4 (Autor 2015). The introduction of ATMs also changed the work tasks of tellers, as their jobs 

                                                
1. While the years of study differed (e.g., Autor, Levy and Murnane examined trends between 1960 and 1998, and Hardy, 

Keister and Lewandowski examined trends between 1996 and 2014), the general trends were similar. One exception was 
that Hardy, Keister and Lewandowski (2015) found a slight increase in occupations involving routine cognitive tasks in 
Poland. 

2. Deep learning is a statistical technique that can be used to classify patterns using neural networks, which are computer 
systems designed to “learn” to perform tasks based on examples from sample data (Marcus 2018). For example, a neural 
network can learn to recognize objects by mapping between a set of images and labels. 

3. For example, in 2011, Apple introduced Siri, a commercial speech recognition system based on deep learning methods. 
4. However, despite this decrease in the number of bank tellers per branch, the increased use of ATMs also allowed banks to 

increase the number of branches, thereby increasing the total number of bank tellers in the labour force. 
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became more focused on financial advising and sales tasks, such as introducing customers to new 
banking services (e.g., credit cards and investment products). 

Advancements in computerization and robotics also changed workers’ tasks across other industries. The 
use of electronic spreadsheet software became increasingly common in the early 1980s (Power 2000), 
facilitating data entry activities for office workers. Many job tasks of workers in the manufacturing industry, 
such as welding, painting and assembling, have also been automated since the 1980s (Acemoglu and 
Restrepo 2019). 

This study will address the following research questions: 

 
1. In light of recent advances in automation technology, how has the importance of specific job 

tasks of Canadian workers changed between 2011 and 2018? 

2. How has the share of Canadian workers employed in four occupational task groups—non-
routine cognitive, non-routine manual, routine cognitive, routine manual—evolved over the past 
31 years? 

3. Do the trends in the share of Canadian workers employed in the four occupational task groups 
differ by sex, age and education level? 

The remainder of this article discusses the data and methods in the next section, presents the results 
next, and then concludes in the final section. 

 

Data and methods 

Data 

Two data sources were used in this study: Statistics Canada’s Labour Force Survey (LFS) and 
Occupational Information Network (O*NET) data from the U.S. Department of Labor. 

The LFS is a monthly household survey that covers individuals aged 15 and older. Excluded from the 
LFS are those living on reserves and other Indigenous settlements in the provinces, full-time members 
of the Canadian Armed Forces, the institutionalized population, and households in remote areas with low 
population density. These exclusions account for about 2% of the target population (Statistics Canada 
2017a). 

The LFS has a rotating panel sample design, which retains households in the sample for six consecutive 
months. For the purposes of this study, individuals were included in the sample only during their first 
month of participation in the survey. Furthermore, only individuals who reported having an occupation 
and who worked as an employee in the private or public sector were included in the sample. Self-
employed individuals were excluded from this analysis.5 

                                                
5. Self-employed workers were excluded as they are less susceptible to automation than paid employees (Frenette and Frank 

2020). Sorgner (2017) noted that self-employed individuals create their business primarily with the objective of creating 
employment for themselves and are likely not as focused on growth as large companies with many employees. 
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The first set of results examines changes in the work tasks of Canadians between 2011 and 2018. Work 
task data were obtained from O*NET6 and combined with the LFS data. O*NET is a database that 
provides information on the requirements of occupations, such as abilities and work activities, as well as 
information on the work context of occupations (e.g., structured versus unstructured work, importance of 
task repetition). For the purposes of this study, the occupational measures examined are generally 
referred to as work tasks throughout the paper. Sample sizes ranged from 126,696 (in 2018) to 135,384 
(in 2011). 

The analysis of work tasks examines changes between 2011 and 2018. This time range was chosen 
primarily because of the need for an occupational concordance to link O*NET and LFS occupational data. 
Because the LFS uses 2011 National Occupational Classification (NOC) codes and O*NET uses 2010 
Standard Occupational Classification (SOC) codes from 2011 onward, a SOC 2010–NOC 2011 
concordance based on the similarity of occupational titles was employed.7 Of the 500 NOC 2011 codes, 
five occupations (representing 0.2% of the Canadian workforce) had to be dropped because they did not 
have a U.S. equivalent. Of the remaining 495 codes, 235 were matched with only one SOC 2010 code 
(i.e., only one six-digit SOC 2010 code was matched with one or more four-digit NOC 2011 codes). In 
these cases, the work tasks associated with the SOC 2010 code were assigned to the corresponding 
NOC 2011 code. The remaining 260 NOC 2011 codes were matched with more than one SOC 2010 
code, so an unweighted average of the work task values across the associated SOC 2010 codes was 
taken.8 

The second set of results focuses on changes in the share of workers in different occupational task 
groups. This part of the analysis used LFS data from 1987 to 2018 only. The broad analytical sample 
sizes vary by year, from a low of 125,231 (in 1999) to a high of 164,315 (in 1991).9 More detailed analyses 
were also conducted to examine changes in the share of workers across three sociodemographic factors: 
sex, age and education level. Results for educational differences are reported from 1990 to 2018 only 
because the educational categories in the LFS before and after 1990 are not comparable. In particular, 
the data for 1990 and beyond refer to the highest level of education completed, while the data prior to 
1990 are based on the number of years of schooling. 

Methods 

This study examines two aspects of changes in the nature of work among Canadian workers.  

The first part of the analysis focuses on specific work tasks. While previous research grouped several 
O*NET work tasks together to create composite measures of task-based groups (Acemoglu and Autor 
2010; Górka et al. 2017; Hardy, Keister and Lewandowski 2018), some concerns have been raised 
regarding the risk of misclassifying tasks as routine or non-routine (Green 2012).10 To address this issue, 

                                                
6. The selected O*NET files were versions 16.0 (2011) to 23.0 (2018). The July or August versions for each year were used. 
7. The efforts of Joe He in producing this concordance are greatly appreciated.  
8. This approach necessarily creates measurement error, although an employment-weighted average of SOC codes would too 

because no Canadian data source uses this classification standard. Results were also generated with employment weights 
(based on the American Community Survey) and were substantively similar to those presented in this study. To the extent 
that both sources of measurement error are random, there should be no bias in the work task estimates. Unfortunately, no 
data exist to verify this assumption. Nevertheless, on conceptual grounds, it could be argued that the multiple SOC codes 
that map into a single NOC code are quite similar, as the NOC standard treats them as such.  

9. All NOC occupations are included in these files. Therefore, sample sizes are slightly larger than the linked LFS–O*NET 
samples discussed above. 

10. For example, Green (2012) noted that some tasks identified as routine, such as those involving calculations, may actually 
be non-routine tasks. Similarly, some work tasks associated with selling products were identified as non-routine but could be 
automated. 
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this study used the same set of O*NET work tasks as previous studies that used composite measures, 
but instead examined each item independently. This approach provides a more detailed account of how 
specific work tasks have changed in Canada.  

Although O*NET provides data on many work activities, this study used a subset of 16 work tasks 
considered to be representative of five distinct task groups, as established by previous studies (e.g., 
Autor and Handel 2013; Hardy, Keister and Lewandowski 2018): non-routine cognitive analytical, non-
routine cognitive interpersonal, routine cognitive, routine manual, and non-routine manual and physical.  

The work tasks selected are identified below: 

1. non-routine cognitive analytical tasks: analyzing data or information, thinking creatively, and 
interpreting the meaning of information for others 

2. non-routine cognitive interpersonal tasks: establishing and maintaining interpersonal 
relationships; guiding, directing and motivating subordinates; and coaching and developing others 

3. routine cognitive tasks: repeating the same tasks, being exact or accurate, and structured versus 
unstructured work11 

4. routine manual tasks: pace determined by speed of equipment, controlling machines and 
processes, and time spent making repetitive motions 

5. non-routine manual and physical tasks: operating vehicles, mechanized devices or equipment; 
time spent using hands to handle, control or feed objects, tools or controls; spatial orientation; 
and manual dexterity. 

Most of the work tasks are measured on an importance scale ranging from 1 (not important) to 5 
(extremely important).12 However, three items—structured versus unstructured work; time spent making 
repetitive motions; and time spent using hands to handle, control or feed objects, tools or controls—are 
based on different scales. Structured versus unstructured work represents the extent to which a job is 
structured for the worker versus allowing the worker to determine their tasks, priorities and goals. This 
measure is based on a scale of 1 (no freedom) to 5 (a lot of freedom) that represents a worker’s degree 
of autonomy in their job. The latter two tasks are based on a frequency scale ranging from 1 (never) to 5 
(continually or almost continually).13 

Second, changes in the relative share of workers employed in four broad occupational task groups were 
examined over a 31-year period. These groups are based on a conceptual framework introduced by 
Autor, Levy and Murnane (2003) and employed in subsequent studies (e.g., Acemoglu and Autor 2010; 
Autor and Handel 2013; Hardy, Keister and Lewandowski 2018; Spitz-Oener 2006). This task-based 
framework distinguishes between occupations along two dimensions: the extent to which tasks are 

                                                
11. All three tasks in this task group are from the work context set of descriptors in O*NET under the category of routine versus 

challenging work. Occupational descriptors in this category measure the relative amounts of routine work versus challenging 
work that a worker performs in their job (National Center for O*NET Development, n.d., p. 32). Peterson et al. (2001, p. 468) 
explained that this set of descriptors measures both the “social-psychological and physical conditions under which work is 
performed.” For example, the “repeating the same tasks” descriptor refers to the repetition of both physical and cognitive 
tasks. 

12. Although O*NET assigns both an importance and level score to most work tasks, these two measures are highly correlated 
(Hardy, Keister and Lewandowski 2015). Additionally, Handel (2016) noted that the use of the level data can be problematic, 
as they are based on scales with behavioural anchors, which may not be representative of equal intervals. Therefore, this 
study follows previous research (e.g., Acemoglu and Autor 2011; Hardy, Keister and Lewandowski 2015) that focused on 
importance scores. 

13. Refer to the National Center for O*NET Development (n.d.) for more information on these measures. 
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routine or non-routine, and the extent to which tasks are cognitive or manual. The four groups are 
categorized as follows: 

1. managerial, professional and technical occupations—specialized in non-routine cognitive tasks 
2. service occupations—specialized in non-routine manual tasks 
3. sales, clerical and administrative support occupations—specialized in routine cognitive tasks 
4. production, craft, repair and operative occupations—specialized in routine manual tasks. 

The occupations of Canadian workers were assigned to one of these four groups for each year of the 
LFS through a multi-stage process. First, the 10 broad occupational groups used by Acemoglu and Autor 
(2010) were aligned with similar occupational groups in the NOC 2011.14 Second, the appropriateness of 
each NOC major group to the assigned occupational task group was assessed. This step resulted in the 
movement of two major groups.15 Appendix Charts 1-1 and 1-2 illustrate how NOC 2011 major groups 
were assigned to the four task-based categories.16 

The first set of results indicate the percentage change in the average importance17 score of each work 
activity between 2011 and 2018.18 Next, the relative shares of workers employed in each occupational 
task group from 1987 to 2018 are shown, as well as the percentage change in the share of workers in 
each task group relative to 1987. This is followed by the percentage-point change between 1987 and 
2018 in the share of workers employed in the four occupational task groups by sex, age group and 
education level.  

Lastly, regression analyses examining the extent to which changes observed in the employment shares 
of Canadians in each occupational task group can be explained by industrial shifts over time are 
presented. Regression models for the occupational task groups were based on pooled data from the 
1987 and 2018 LFS. Four regressions were run for each occupational task group. The dependent 
variables were binary variables indicating whether individuals were employed in (a) management, 
professional and technical occupations; (b) service occupations; (c) sales, clerical and administrative 
support occupations; or (d) production, craft, repair and operative occupations. Two independent 

                                                
14. Statistics Canada (2017b) developed a classification for highly aggregated occupational data consisting of 10 occupational 

groups that are very similar to those used by Acemoglu and Autor (2010). These broad categories were intended to be used 
as a convenient way to summarize more detailed classes and are comprised of entire NOC major groups.  

15. Paraprofessional occupations in legal, social, community and education services and occupations in front-line public 
protection services were moved from their initial group (managerial, professional and technical occupations) to the service 
occupations group. Additional analyses that retained these two groups in the managerial, professional and technical 
occupations task group were conducted. Similar conclusions were reached using this classification. The most notable 
difference was that the removal of these occupational groups from the service occupations task group resulted in a smaller 
increase in the share of Canadians working in service occupations (8.1% versus 13.2%).  

16. Oschinski and Wyonch (2017) also used the LFS to show employment trends by the occupational task groups developed by 
Autor, Levy and Murnane (2003). This study builds on their work in three important ways. First, the analysis was extended 
to 2018 (at the time, Oschinski and Wyonch had data up to 2015 only). Second, trends for the four occupational task groups 
were documented separately (Oschinski and Wyonch combined the routine task occupations). Third, results are presented 
by sex, age and education level (Oschinski and Wyonch did not break down their results). The broad results from both 
studies align with each other quite well. 

17. As discussed above, most of the work tasks are measured on an importance scale of 1 to 5, with the exception of structured 
versus unstructured work; time spent making repetitive motions; and time spent using hands to handle, control or feed 
objects, tools or controls.  

18. Previous research standardized the work task scores to facilitate the creation of composite measures. However, because 
this study examines each work task independently, the percentage-change results were obtained by first pooling the 2011 
and 2018 LFS data and creating a dummy variable for year (2011=reference group). The percentage change was estimated 
by regressing the natural logarithm of the importance of each work activity (separately) on a dummy variable for the year 
2018, where data from 2011 and 2018 were pooled. Specifically, the percentage change was estimated as eb -1, where 
natural e equals approximately 2.71828, and b is the regression coefficient associated with the year dummy variable. 
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variables were included in each regression model: year (reference group=1987) and industry fixed effects 
(five-digit industries based on the 2012 North American Industry Classification System [NAICS]).19 

Results 

Changes in Canadians’ work tasks, 2011 to 2018 

This section presents the percentage change in the average importance score of work tasks between 
2011 and 2018. Although this is a relatively short time period in which to measure changes in occupational 
tasks, it coincides with advancements in artificial intelligence, particularly in machine learning. While 
these new technologies are still largely in development, some have been introduced in Canadian 
workplaces. For example, the density of industrial robots in Canada increased by almost 50% between 
2010 and 2015, and this may affect the tasks of workers employed in the manufacturing industry.20 

Therefore, the results presented in this section indicate how workers’ tasks may have been affected in 
recent years by the introduction of new automation technologies, providing insight into which work tasks 
may increase in importance with greater integration of these technologies into the workplace. Changes 
in the importance of work tasks could be the result of changes over time in the importance of different 
work tasks within occupations21 or of compositional shifts across occupations, i.e., changes in the 
proportion of workers employed in different occupations.22 

Overall, the average importance scores of all non-routine cognitive analytical tasks and non-routine 
cognitive interpersonal tasks increased between 2011 and 2018 (Chart 1).23 The largest increases were 
observed for non-routine cognitive tasks: analyzing data or information (3.7%); coaching and developing 
others (3.6%); and guiding, directing and motivating subordinates (3.5%). Increases were also observed 
across other non-routine cognitive analytical tasks and non-routine cognitive interpersonal tasks. For 
example, the importance of interpreting the meaning of information for others increased by 3.2%, and the 
importance of thinking creatively increased by 2.8%. The importance of establishing and maintaining 
interpersonal relationships increased by a smaller magnitude (1.5%). 

Advances in automation-related technology do not appear to have affected the importance of routine 
cognitive tasks in Canadian workers’ jobs on a large scale. There were small increases in the importance 
of being exact or accurate (1.5%) and in the importance of repeating the same tasks (0.6%), which 
measures cognitive-based tasks such as data entry and checking entries in a ledger. The degree of 
autonomy that workers had in determining their tasks also increased by 1.6% (structured versus 
unstructured work). 

                                                
19. Regression analyses were also conducted for the work task variables based on pooled data from the 2011 and 2018 LFS–

O*NET linked files. Similar to the occupational task group regressions, year (reference group=2011) and NAICS industry 
fixed effects were included in the models. This set of regressions did not substantively change the results, and they are 
available upon request.  

20. Based on the authors’ calculations of data which defines robot density as the number of multipurpose industrial robots per 
10,000 people employed in manufacturing (International Federation of Robotics 2016). 

21. Between 2011 and 2018, within-occupation changes for the tasks examined ranged between an average of 0.09 (spatial 
orientation) and 0.29 points (repeating the same tasks). 

22. However, compositional shifts across the four occupational task groups studied were fairly small between 2011 and 2018 
(see Chart 2). The largest shift was in the employment share in management, professional and technical occupations (non-
routine, cognitive tasks), which increased from 29.4% in 2011 to 31.2% in 2018.  

23. Importance scores are measured on a scale of 1 to 5. All changes discussed in this section are statistically significant at p < 
0.05, unless otherwise noted. For the mean importance scores for each work activity in 2011 and 2018, refer to Appendix 
Table 1. 
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There were varying results with regard to the importance of routine manual tasks between 2011 and 
2018. For example, the pace at which workers’ tasks were determined by the speed of equipment 
decreased by 2.9% between 2011 and 2018, while the importance of controlling machines and processes 
(not including computers or vehicles) increased by 1.2%. The importance of Canadian workers spending 
time making repetitive motions in their jobs actually increased between 2011 and 2018, albeit very 
moderately (0.6%). 

Some small decreases were observed across non-routine manual and physical work tasks. Among these 
tasks, the greatest decrease was in the importance of manual dexterity (0.8%), followed by a reduction 
in the time workers spent using their hands to handle, control or feed objects, tools or controls (0.7%). 
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However, the importance of spatial orientation24 increased slightly between 2011 and 2018 (0.4%). There 
was no statistically significant change in the importance of operating vehicles, mechanized devices or 
equipment between 2011 and 2018. 

In summary, there is evidence that the importance of non-routine cognitive analytical and non-routine 
cognitive interpersonal tasks increased moderately between 2011 and 2018—a period marked by 
significant advances in the development of artificial intelligence and machine learning. Therefore, with 
increased integration of these technologies into the workplace, the importance of these types of tasks 
would be expected to increase. Conversely, the importance of some routine and non-routine manual 
tasks declined over the same time period. However, some small increases were also observed across 
routine manual work tasks. 

Employment shares of Canadian workers by occupational task group, 1987 
to 2018 

The share of Canadian workers employed in the four occupational task groups changed considerably 
over the 31-year period studied.25 The proportion of Canadian workers employed in jobs that involving 
primarily non-routine tasks increased between 1987 and 2018, while there was a decrease in the share 
of workers employed in jobs involving primarily routine tasks (charts 2 and 3). Interestingly, in all cases, 
the changes were gradual over the three decades. The changes registered over the last decade—a 
period of rapid advances in artificial intelligence and machine learning—were no greater than the changes 
observed in either of the two previous decades.26  

The shift from routine to non-routine jobs is particularly noticeable when comparing the share of workers 
employed in managerial, professional and technical occupations (non-routine, cognitive tasks) with 
production, craft, repair and operative occupations (routine, manual tasks). Between 1987 and 2018, 
there was an increase of 7.5 percentage points in the share of workers in management, professional and 
technical occupations and a decrease of 7.5 percentage points in the share of Canadians employed in 
production, craft, repair and operative occupations.27 The results show a steady divergence between 
these two occupational groups after the mid-1990s (Chart 2). 

                                                
24. O*NET defines spatial orientation as the ability to know your location in relation to the environment or to know where other 

objects are in relation to you (National Center for O*NET Development, n.d.). 
25. The change in the share of workers employed in each occupational group between 1987 and 2018 was statistically significant 

at p < 0.001. 
26. Additional analyses were conducted that examined whether changes in employment shares across occupational task groups 

remained across different firm sizes (only changes between 1998 and 2018 were examined, as firm size is not available in 
the LFS prior to 1998). The general patterns were the same across firm size groups. However, the magnitude of the change 
for service occupations (increase) and production, craft, repair and operational occupations (decrease) was substantially 
larger for firms with more than 500 workers than for firms with fewer than 20 employees. This could be attributable to larger 
firms having greater financial resources, which may result in them having a greater ability to invest in new technologies than 
smaller firms. 

27. In terms of percentage change, there was a 31.4% increase in the share of workers employed in management, professional 
and technical occupations and a 25.3% decrease in the share of workers employed in production, craft, repair and operative 
occupations (Chart 3). 
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Although production, craft, repair and operative occupations accounted for the highest share of Canadian 
workers in 1987 (29.7%, Chart 2), the proportion of Canadian workers employed in management, 
professional and technical occupations surpassed this occupational task group around 1994. By 2018, 
more than 3 in 10 (31.2%, Chart 2) Canadian workers were employed in management, professional and 
technical occupations—the highest proportion of workers across all occupational task groups. In contrast, 
22.2% of workers were employed in production, craft, repair and operative occupations by 2018 (Chart 2). 
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The share of workers employed in service occupations (non-routine, manual tasks) also increased, 
although to a lesser extent than that in managerial, professional and technical occupations. 
The proportion of Canadians working in service occupations increased by 2.5 percentage points between 
these years—an increase of 13.2% (Chart 3). Although service occupations accounted for the lowest 
share of Canadian workers throughout the entire 31-year period, the results indicate that there was a 
convergence between the shares of Canadian workers employed in service occupations and production, 
craft, repair and operative occupations in recent years. By 2018, 21.8% of Canadians were employed in 
service occupations (Chart 2). 

However, the share of workers in service occupations has more or less ceased to grow since 2010. 
Chart 1 shows that the importance of non-routine manual and physical tasks declined moderately 
between 2011 and 2018. Together these results may suggest that technology is now being used to do 
more complex physical tasks, and this is reducing the importance or frequency of such tasks for service 
workers. Whether service workers adjust by focusing on more productive tasks that are still out of scope 
for robots remains to be seen, but, for the moment, employment shares have remained steady in this 
broad occupational group. 

A decline in the proportion of Canadian workers employed in sales, clerical and administrative support 
occupations (routine, cognitive tasks) was also observed. The employment share in these occupations 
decreased by 2.5 percentage points between 1987 and 2018 (a 9.1% decrease, Chart 3). However, 
sales, clerical and administrative support occupations still accounted for the second-highest share of 
workers in 2018 (24.9%, Chart 2). 

Additional analysis was conducted at the NOC major group28 level to confirm the trends observed 
(Appendix Charts 1-1 and 1-2). Generally, the majority of occupations associated with non-routine tasks 
increased their share of workers between 1987 and 2018. In particular, the share of workers employed 
in assisting occupations in support of health services (service occupations) increased by 140.9% between 
1987 and 2018. However, the share of workers in some management occupations and service 
occupations declined during this same period.29 Decreases were observed across most occupations 
associated with routine tasks, with a few exceptions among sales, clerical and administrative support 
occupations.30 

In summary, there was a gradual shift from occupations involving routine tasks to occupations involving 
non-routine tasks over the past three decades. This trend was not more evident over the last decade, 
which has been marked by significant advances in automation technology. 

Relative employment shares of occupational task groups by sex, age group 
and education level 

The previous section provided a general picture of how the nature of work in Canada has changed over 
the last three decades. However, differences may exist between different sociodemographic groups. This 

                                                
28. Major occupation groups are at the two-digit level of the 2011 NOC.  
29. Specifically, decreases were observed for senior management occupations and for middle management occupations in retail 

and wholesale trade and customer services. Among service occupations, decreases were observed for care providers and 
educational, legal and public protection support occupations and for occupations in front-line public protection services. 

30. For example, there was a notable increase in the share of workers employed in the retail sales supervisors and specialized 
sales occupations group. There were also some small increases in workers employed in sales support occupations and in 
finance, insurance and related business administrative occupations. 
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section examines changes in the relative employment share of workers employed in the occupational 
task groups by sex, age group and education level over the same period.31 

Changes in the share of workers in the four occupational task groups among men and women are 
presented in Chart 4. Generally, increases in the proportion of workers in non-routine occupations were 
observed for both genders. However, women’s growth in management, professional and technical 
occupations (non-routine, cognitive tasks) was more pronounced than that of men (increases of 9.8 and 
5.2 percentage points, respectively). Smaller increases in the shares of service occupations (non-routine, 
manual tasks) were observed for both men and women. 

 

Among occupations that involve routine tasks, some statistically significant differences were observed by 
sex. The share of male workers in sales, clerical and administrative support occupations (routine, 
cognitive tasks) increased by 1.3 percentage points, while women’s share decreased by 8.4 percentage 
points. Employment shares in production, craft, repair and operative occupations (routine, manual tasks) 
decreased in general, but more so for men than for women (8.3 and 3.6 percentage points, respectively). 

Results by age group show similar trends for occupational task groups that involve non-routine tasks 
(Chart 5). The proportion of Canadian workers employed in managerial, professional and technical 
occupations (non-routine, cognitive tasks) increased across all age groups, while the employment shares 
for service occupations (non-routine, manual tasks) increased for all but the oldest age group (55 years 
and older).32 The largest increase in employment shares in service occupations was observed among 
workers aged 25 to 34 and those aged 15 to 24 (5.3 and 5.1 percentage points, respectively).  

The shares of workers employed in routine occupational task groups decreased across most age groups. 
Declines were particularly notable in production, craft, repair and operative occupations (routine, manual 
tasks). The proportion of workers in sales, clerical and administrative support occupations (routine, 
cognitive tasks) also decreased for the middle age groups (25 to 54 years old). 

                                                
31. The differences in percentage-point changes discussed in this section are statistically significant at p < 0.05, unless otherwise 

noted. 
32. The share of workers aged 55 and older was not statistically different between 1987 and 2018. 
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Across all education groups, employment shares of workers in managerial, professional and technical 
occupations (non-routine, cognitive tasks) decreased between 1990 and 2018, with the exception of 
those with a high school diploma or less, who registered no significant change (Chart 6). The largest 
declines in managerial, professional and technical occupations were among workers with a 
postsecondary education credential, decreasing by 8.8 percentage points for workers with a college or 
trades certificate or diploma and by 7.9 percentage points for workers with a bachelor’s degree or higher. 
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The shares of workers employed in service occupations (non-routine, manual tasks) increased across all 
education groups. The largest percentage-point increases in the employment shares in service 
occupations were among workers with some postsecondary education (8.9 percentage points) and 
workers with a college or trades certificate or diploma (8.6 percentage points).33 

The trends for occupations involving routine tasks varied across education groups. While the proportion 
of sales, clerical and administrative support occupations (routine, cognitive tasks) among those with a 
bachelor’s degree or higher increased by 2.0 percentage points, the share of these occupations 
decreased slightly (by 1.1 percentage points) for those with some postsecondary education or a college 
or trades certificate or diploma. Similarly, the proportion of workers in production, craft, repair and 
operative occupations (routine, manual tasks) increased by 1.4 percentage points between 1990 and 
2018 for the university-educated group, while the share of workers in this occupational task group 
decreased among those with no completed postsecondary education.34 

Workers with a high school diploma or less generally had the smallest changes in the relative shares of 
most occupation groups. One notable exception was in the share of these workers in production, craft, 
repair and operative occupations (routine, manual tasks), which declined by 3.6 percentage points (more 
than any other education group). 

                                                
33. The difference between these two education groups was not statistically significant. 
34. The share of workers with a high school diploma or less employed in production, craft, repair and operative occupations 

decreased by 3.6 percentage points, while the share of workers with some postsecondary education decreased by 1.5 
percentage points. 
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An examination of changes in the share of workers in Canada by education level requires some 
consideration of the significant increase in the proportion of Canadians who completed a postsecondary 
education over the past few decades. According to the LFS, while just over 1 in 8 paid workers had a 
university degree in 1990 (13.1%), nearly 3 in 10 had this level of education in 2018 (29.1%).35 Therefore, 
while this increase in educational attainment may result in an increase in the absolute number of 
university-educated workers employed in an occupational task group, it may also contribute to an overall 
decrease in the share of workers in that group. Acemoglu and Autor (2010) acknowledged that a large 
increase in the number of workers with higher levels of education inevitably results in a portion of this 
group entering lower-skilled occupations. 

Therefore, while the share of workers holding a university degree increased rapidly over the last three 
decades, and university graduates were the most likely group to be employed in management, 
professional and technical operations (non-routine, cognitive tasks), the employment share of these 
occupations for university graduates, as well as individuals with some postsecondary education or a 
college or trades certificate or diploma, decreased over the study period. 

In summary, a gradual shift from routine to non-routine occupational task groups over the past three 
decades was generally observed across most sociodemographic groups, albeit with some exceptions. 
For example, while women were less likely to be employed in jobs associated with routine cognitive tasks, 
men became more likely to be employed in these jobs over the 31 years studied. Additionally, while 
increases in non-routine occupations were observed across most age groups, workers aged 55 and older 
remained equally likely to be employed in jobs associated with non-routine manual tasks and became 
more likely to be employed in jobs associated with routine cognitive tasks.36 

Lastly, despite an overall increase in the share of workers in jobs associated with non-routine cognitive 
tasks, decreased employment shares were observed among all groups of workers with at least some 
postsecondary education for this occupational task group. These trends occurred as the share of 
Canadian workers with a postsecondary qualification increased substantially over the past three decades. 
While there is evidence that a university education generally decreases a worker’s risk of automation-
related job transformation (Frenette and Frank 2020), the large increase in postsecondary-educated 
workers during the period of study resulted in some of these workers moving into jobs for which they may 
be overqualified. Consequently, these workers may be more affected by automation technology than their 
counterparts working in occupations requiring a university degree. Further investigation of the distribution 
of postsecondary-educated workers across different occupational groups could provide greater insight 
into the extent to which these workers will be affected by changes to the nature of work. 

  

                                                
35. All paid workers were included in this sample, regardless of age. Although it is likely that many younger workers were not 

done with their schooling, they were still included in the sample to match the analytical sample in the rest of the study. 
Additional analysis examining only those aged 25 and older indicated that 16% of workers had a university degree in 1990, 
compared with 33.3% in 2018. 

36. This increase was statistically significant at p < 0.10. 
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Accounting for shifts in Canada’s industrial structure  

The previous section provided an overview of changes in the share of Canadians employed in different 
occupational task groups across a 31-year period. However, these shifts may be the result of changes in 
the industrial structure rather than in technology-induced task demand. For example, an increase in the 
share of the population aged 65 and older may prompt industrial shifts, such as a higher demand for 
health care services (Maestas, Mullen and Powell 2016). This is evident in the increase observed in the 
share of Canadian workers employed in assisting occupations in support of health services between 1987 
and 2018 (see Appendix Charts 1-1 and 1-2)—a period during which the proportion of seniors increased 
from 10.7% to 17.2% of the population.37 

This section examines how the share of workers in each occupational task group has changed, and also 
accounts for shifts in the industrial structure. More specifically, separate regression models were run for 
each occupational task group, which produced estimates of changes in the share of workers in an 
occupational task group between 1987 and 2018, while also accounting for industrial changes.38 

Shifts in Canada’s industrial structure partially explained changes in the employment shares of workers 
across all four occupational task groups (Chart 7). Accounting for industrial shifts had a particular 
influence on the results for service occupations (non-routine, manual tasks). While the results without 
controls showed an increase in the share of Canadian workers employed in service occupations, 
accounting for industry resulted in no statistically significant change over the 31-year period studied for 
this occupational task group. As noted above, this result may be partly the result of industrial changes 
attributable to the aging population, contributing to an increase in the share of Canadians working in 
health services.39 

Changes in the industrial structure also accounted—in part—for the changes observed for the other three 
occupational task groups to varying extents. About two-thirds of the decrease in the share of workers 
employed in production, craft, repair and operative occupations (routine, manual tasks) between 1987 
and 2018 was attributable to a shift away from industrial sectors composed of occupations involving 
routine manual tasks. This was likely driven by the decline in routine-intensive manufacturing jobs.40,41 
However, the decrease in the share of workers employed in this occupational task group remained 
statistically significant even when changes in the industrial structure were taken into account. 

Industrial shifts also explained some of the changes in the share of workers employed in occupations 
with a high intensity of cognitive tasks. Two-fifths of the increase in management, professional and 
technical occupations (non-routine, cognitive tasks) and just over one-quarter of the decrease in sales, 

                                                
37. Based on authors’ calculations from Statistics Canada Table 17-10-005-01 (population estimates on July 1, by age and sex). 
38. Regression models for the occupational task groups were based on pooled data from the 1987 and 2018 LFS. Regressions 

were run for each occupational task group where the dependent variable is a dummy variable indicating that the worker is in 
the task group or not. This dummy variable was regressed on a dummy variable indicating the year 2018 (1987 is the 
reference category) and a series of industry fixed effects (four-digit 2012 NAICS code). Similar regression analyses were 
also conducted for the 16 work task variables based on pooled data from the 2011 and 2018 LFS–O*NET linked files. This 
latter set of regressions did not substantively change the results and—therefore—is not presented, but it is available upon 
request. 

39. A large increase in the share of workers employed in paraprofessional occupations in legal, social, community and education 
services was also observed between 1987 and 2018 (refer to Appendix Charts 1-1 and 1-2). 

40. Both automation and offshoring play important roles in the decline of manufacturing jobs, as these processes largely affect 
individuals who work in occupations with a high intensity of routine tasks (Muro, Maxim and Whiton 2019). The manufacturing 
sector is particularly affected by offshoring, which has contributed to the shift of workers away from manufacturing jobs into 
occupations in other sectors (Cheung, Rossiter and Zheng 2008). 

41. The share of paid employees in the study sample who worked in the manufacturing sector decreased from 17.8% in 1987 to 
10.2% in 2018. 
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clerical and administrative support occupations (routine, cognitive tasks) were explained by changes in 
Canada’s industrial structure between 1987 and 2018. 

Shifts in industrial composition between 2011 and 2018 did not explain the changes in work tasks during 
this time period42 (results available upon request). However, because of the short time period examined, 
the industrial structure would not have changed to the same extent as the 31-year period studied in the 
analysis of occupational task groups.43 

 

 

                                                
42. While the inclusion of industry fixed effects reduced the magnitude of changes across most work tasks, the statistically 

significant results did not change substantively and remained statistically significant at p < 0.05.  
43. Changes in both occupational task group and work task results were also examined by sector (private sector versus public 

sector). Both sets of results indicate that the sector did not have a substantial influence on the changes that were observed, 
with the exception of service occupations. While there was an increase in the share of workers in the private sector employed 
in service occupations between 1987 and 2018, there was no statistically significant change in the share of public sector 
workers employed in these occupations over the 31-year period studied. 
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Conclusion 
Discussions on the future of work have focused increasingly on the degree to which automation will affect 
workers’ jobs. Recent developments in artificial intelligence and machine learning, i.e., the prospect of 
automating more complex cognitive tasks, have added to these concerns. This study used a task-based 
approach to examine changes in specific work tasks between 2011 and 2018, providing further insight 
into how recent technological advancements may have affected the nature of Canadians’ work. In 
addition, the study established trends in the share of workers employed in various occupational task 
groups between 1987 and 2018. While less specific than examining changes in work tasks, this 
occupational approach provides historical context for more recent trends.  

The results indicate that work tasks that are complementary to automation, such as non-routine cognitive 
analytical and interpersonal tasks, were increasingly important in Canadians’ jobs between 2011 and 
2018. However, the evidence is less clear on routine and non-routine manual tasks, which automation 
technology may be able to replace in certain instances, depending on technological feasibility and other 
factors. Moreover, the magnitude of these changes was generally quite small.  

Trends over the 31-year period studied reveal that clearer—but more gradual—shifts have occurred over 
the longer term, including well before the recent, significant advances in artificial intelligence and its 
practical applications. In particular, there was a gradual shift from occupations involving routine tasks to 
occupations involving non-routine tasks over the past three decades. The share of Canadians working in 
managerial, professional and technical occupations (non-routine, cognitive tasks) and service 
occupations (non-routine, manual tasks) increased, while the share of workers employed in production, 
craft, repair and operative occupations (routine, manual tasks) and sales, clerical and administrative 
support (routine, cognitive tasks) decreased over this period. Although some service jobs may be 
replaceable by automation technology, the increased relative employment in this occupation was 
explained in large part by changes in the industrial structure between 1987 and 2018. 

Whether automation will result in job losses or changing work tasks in the near future remains to be seen. 
While gradual changes in the nature of work were observed over the 31-year period studied, events such 
as the COVID-19 pandemic may prompt employers to adopt automation technology more quickly. How 
Canadians’ work activities may be altered in response to the pandemic also remains to be seen. 
Regardless, it is clear that, as technological advances enable more tasks to be automated in the 
workplace, it will become increasingly important to monitor how Canadian jobs are changing. 
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