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Abstract

Recent advances in artificial intelligence and machine-learning technologies have fuelled fears of
potential job losses among some workers. While the net impact of new technology on total jobs
can be negative, positive or neutral, some workers may be more affected than others depending
on how easily robots and algorithms can replace them, or how easily their skills complement the
new technology. In the case of women and men, it is not clear who is likely to be most affected.
While women are more likely to hold a university degree (typically associated with non-routine
work that is more difficult to automate), they are also less likely to specialize in technology (which
may limit their work opportunities in an increasingly digital world), but more likely to work in certain
occupations that may be susceptible to automation (e.g., retail sales or clerical work). The
objective of this study is to estimate the automation risks faced by women and men based on an
existing methodology applied to Canadian data (the Longitudinal and International Study of
Adults, Wave 3). The approach also uses expert consultations in the automatability of
occupations, taking into account a wide range of tasks typically associated with those occupations
(thus allowing automation risks to vary within occupations). The study finds that 44.4% of women
in the paid workforce faced a moderate to high risk of job transformation as a result of automation
(50% probability or above), compared with only 34.8% of men. Overall, the gap remains about
the same when comparing women and men with similar characteristics, such as age, education,
industry and occupation. However, several characteristics are associated with greater automation
risks faced by women relative to men, including being aged 55 or older, having no postsecondary
qualifications or postsecondary qualifications other than a degree, having low levels of literacy or
numeracy proficiency, being born in Canada, having a disability, being a part-time worker, not
being in a union or covered by a collective bargaining agreement, and being employed in a small
to mid-sized firm.
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Executive summary

Recent advances in artificial intelligence and machine-learning technologies have fuelled fears of
potential job losses among some workers. Variations in the extent to which different types of
workers may be at risk of job transformation as a result of automation technology may depend on
how easily robots and algorithms can replace the tasks these workers perform in their jobs, or
how easily their skills complement the new technology. While previous research tends to estimate
the overall risk of automation for workers and occupational differences, less attention has been
given to the degree to which automation technology will affect different groups of workers based
on sociodemographic characteristics.

In the case of women and men, it is not clear who is likely to be most affected. While women are
more likely to hold a university degree, which is typically associated with non-routine work that is
more difficult to automate, they are also less likely to specialize in technology, which may limit
their work opportunities in an increasingly digital world. However, women are also more likely to
work in certain occupations that may be more susceptible to automation, such as retail sales or
office support occupations.

This study estimates the risk of job transformation as a result of automation technology faced by
women and men. An existing methodology is applied to Canadian data from the Longitudinal and
International Study of Adults (LISA), Wave 3. This methodology uses expert consultations in the
automatability of occupations and accounts for a range of tasks typically associated with those
occupations. The automation risks were further adjusted by accounting for differences in 25 tasks
that workers performed in their jobs (e.g., sharing information, selling product and services,
advising people, performing physical work for a long period of time, using skill or accuracy with
hands or fingers, reading directions and instructions, and using a programming language).

The study finds that 44.4% of women in the paid workforce faced a moderate to high risk of
automation-related job transformation (50% probability or above), compared with only 34.8% of
men. Overall, the gap remains about the same when comparing women and men with similar
characteristics, such as age, education, industry and occupation.

Several characteristics are associated with greater automation risks faced by women relative to
men, including being aged 55 or older, having no postsecondary qualifications or postsecondary
qualifications other than a degree, having low levels of literacy or numeracy proficiency, having a
disability, being a part-time worker, not being in a union or covered by a collective bargaining
agreement, and being employed in a small to mid-sized firm. Differences in immigration status
and the presence of preschool-aged or school-aged children were generally small between
women and men.

Gender differences in the risk of job transformation as a result of automation technology may be
attributable to different tasks performed within occupations that were not accounted for by the
LISA task variables, such as repetitiveness of job tasks, or differences in the extent to which
women and men engage in upskilling (i.e., learning new skills) while at work. Therefore, future
research that examines more within-occupation differences between women’s and men’s job
tasks and gender differences in upskilling behaviour would provide greater clarity on the
differences in the risk of job transformation faced by women and men.
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1 Introduction

In industrialized countries, the production of goods and services is highly dependent on
technology and the degree to which activities or tasks are automated. Technological
improvements have been a long-standing feature of advanced economies. Traditionally, such
improvements have been gradual and have not been associated with major job disruptions. While
some human jobs (e.g., bookkeeper) have been phased out to some extent as a result of
technological improvements, others (e.g., Internet technology specialist) have been created to
complement the new technology (e.g., Autor, Levy and Murnane 2003; Graetz and
Michaels 2018).

More recently, advances in artificial intelligence and machine learning have led to technological
developments in the production of goods and services traditionally in the domain of humans. For
example, driverless vehicles have been employed in certain settings, as have robot writers. Robot
diagnosticians have also been tested on humans. Although the commercial adoption of the new
technologies takes time, their development has already led to concerns about the possibility of
job disruption as the list of tasks that can be done only by humans grows smaller. Recent studies
examining the risk of automation have concluded that only about 1 in 10 workers faces a high risk
of automation-related job transformation in the coming years, while slightly more than one-quarter
face a moderate risk (e.g., Frenette and Frank 2020). However, the adoption of new automation
technology could accelerate as a result of the COVID-19 pandemic, as firms try to find ways to
reduce the number of humans in the workplace.

Regardless of how quickly technological adoption unfolds, some workers may be more affected
than others based on the degree of complementarity between their skills and the work that robots
and computer algorithms can do. For example, women have become more likely to obtain a
university degree than men in recent decades. This could favour women in the context of
widespread automation, as highly educated workers may be better positioned to work alongside
automated technology by focusing on more advanced processes not yet within the toolbox of
robots, rather than performing physical or routine tasks. On the other hand, women with any
postsecondary qualifications are less likely to select technology-related disciplines such as
engineering, computer science or physics. This may limit their employment opportunities in an
increasingly digital workforce. Women are also more likely to work in certain occupations
associated with routine work, such as retail sales or office clerk positions.

For these reasons and many more, it is not clear a priori whether women face higher or lower
automation-related risks than men, and the significance of any such difference. The purpose of
this study is to provide insight on this issue by estimating the risks of automation-related job
transformation faced by women and men. Furthermore, this study will attempt to explain the
differences in the risks faced by women and men based on their observed individual and job
characteristics. To do this, the study adopts an existing occupation and task-based approach to
estimating automation-related risks and applies it to Canadian data (the Longitudinal and
International Study of Adults [LISA], Wave 3).

While several studies have examined the extent to which workers are at risk for job loss overall
(e.g., Frey and Osborne 2013; Arntz, Gregory and Zierahn 2016), less attention has been given
to potential gender differences (Hegewisch, Childers and Hartmann 2019; Peetz and
Murray 2019).

It is important to examine the possibility of job transformation from a gender! perspective for
several reasons. First, the fact that men and women work largely in different occupations may
result not only in different job loss risks, but also in different risks of job transformation for those

1. This study uses the terms “gender” and “sex” to discuss differences between men and women. Please refer to
footnote 9 for further details about how the LISA collected this information from respondents.
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who keep their jobs. For example, a female-dominated occupation in the health care field may be
at a low risk for being eliminated because of automation, but might face substantial changes in
the job tasks required if automation technology is introduced to assume some tasks (Hegewisch,
Childers and Hartmann 2019). Therefore, knowledge of the implications of automation technology
for both women and men can inform discussions on individual, institutional and public planning.

Moreover, job transformation resulting from technological advancements may increase workers’
need to upskill and retrain for changes in skill demand. This increased need for training may result
in greater demand for certain types of postsecondary training and educational programs, as well
as on-the-job training (Hegewisch, Childers and Hartmann 2019). Increased training needs will
likely have particular implications for parents with respect to child care needs. This may affect
women more if they are more highly impacted by automation technology than men, as women
tend to take on a greater share of child care responsibilities within the household (Craig 2006;
Guppy, Sakumoto and Wilkes 2019). Therefore, technology may create more demand for child
care among affected women who seek retraining opportunities than among their male
counterparts.

The next section reviews the related literature, followed by a description of the methods used and
the main findings. This paper concludes by summarizing the key results and discussing useful
next steps in research.

2 Literature review

Advances in automation technology have been at the forefront of recent discussions about the
future of work. Generally, the literature focuses on the implications of this technology on workers’
jobs. Although much of the attention has focused on the extent to which jobs will be eliminated by
automation technology (e.g., Frey and Osborne 2013), many researchers note that these
technological developments will also create new job tasks and occupations (e.g., Acemoglu and
Restrepo 2019; Hegewish, Childers and Hartmann 2019; Muro, Maxim and Whiton 2019). Some
studies have employed a more nuanced task-based approach to argue that automation
technology is more likely to change the tasks performed within most workers’ jobs, rather than
replacing their jobs entirely (e.g., Acemoglu and Restrepo 2019; Acemoglu and Autor 2010;
Autor, Levy and Murnane 2003).

Studies that apply the task-based approach have found that routine tasks are most likely to be
replaced by automation technology, resulting in an increased demand for workers who can
perform non-routine tasks that complement automated tasks (Acemoglu and Autor 2010).
Furthermore, jobs that require more abstract and non-routine tasks, such as problem solving,
persuasion or caring for others, may be less susceptible to automation than those that consist
primarily of routine manual tasks that can be automated easily, such as bookkeeping, clerical
work and repetitive tasks in production occupations (Acemoglu and Autor 2010; Muro, Maxim and
Whiton 2019).

Studies that have examined how the potential for automation of tasks may affect men and women
differently have produced varied results. Some research has found that women are at a higher
risk of being affected than men (e.g., Roberts et al. 2019; World Economic Forum 2018). This
disadvantage has been attributed to a variety of factors, such as women’s higher employment in
part-time jobs, particularly in the service industry, and their underrepresentation in higher-paying
jobs that are expected to expand in the future, such as occupations in programming and software
development (Dellot 2018; Roberts et al. 2019; World Economic Forum 2018).

On the other hand, some research has found that differences in the skills that men and women
use in their jobs may give women an advantage. For example, while a large proportion of men
are employed in jobs that require specialized technical skills—often involving physical or manual
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tasks—women'’s jobs tend to require more general and social skills (Madgavkar et al. 2019; RBC
2019). Therefore, while the jobs in which women are currently concentrated might be at a higher
risk for automation (e.g., clerical and administrative occupations), women'’s skills may be more
transferable to emerging jobs in the digital economy (RBC 2019).

Research examining the relationship between automation and gender often points to occupational
segregation between men and women as a driving factor in the differences in their risks of job
transformation (e.g., Madgavkar et al. 2019). Occupational segregation by sex has resulted in
many occupations being either male dominated (e.g., maintenance and equipment operation
trades; industrial, electrical and construction trades) or female dominated (e.g., sales support
occupations, professional occupations in health). This could result in differences in the extent to
which men and women are susceptible to job loss as a result of automation technology. For
example, researchers who employed the task-based approach found that, on average, women
worked in jobs with a higher intensity of routine cognitive tasks than men, while men’s jobs were
more likely to require routine manual tasks than women’s jobs.?

Decreases were observed in the share of workers employed in both of these occupational task
groups over time (i.e., occupations with a high intensity of routine cognitive tasks and routine
manual tasks). This indicates that both men and women have been moving out of occupations
with a high intensity of routine tasks and into both high-skilled and low-skilled occupations with a
higher intensity of non-routine tasks (Acemoglu and Autor 2010; Autor, Levy and Murnane 2003;
Levy and Murnane 2013; Spitz-Oener 2006).2

However, despite similar trends observed across occupational task groups, some literature points
to potential differences in how automation technology will affect women and men. Much of this
literature points to the fact that automation primarily replaces tasks associated with physical and
manual jobs, which tend to be in male-dominated occupations in fields such as production,
transportation and construction (Muro, Maxim and Whiton 2019). Conversely, automation
technology is less likely to be applied to interpersonal tasks (e.g., caregiving), which are largely
associated with female-dominated occupations in fields such as health care, personal services
and education (Muro, Maxim and Whiton 2019; Piasha and Drahokoupil 2017). In addition,
because women are more highly educated than men on average, they may be at a lower risk of
automation-related job transformation (Frenette and Frank 2020; Peetz and Murray 2019).

Others have found that women are more likely than men to work in both high-risk* and low-risk®
occupations (Hegewisch, Childers and Hartmann 2019; Peetz and Murray 2019). This has led
some to conclude that sex is not a major determinant of individuals’ susceptibility to job loss as a
result of automation technology. Instead, a worker’s risk of job transformation can be determined
primarily by the specific occupation in which they are employed (Peetz and Murray 2019).

Nevertheless, there is also evidence of gender differences within occupations. Piasna and
Drahokoupil (2017) found that the tasks men and women performed within the same occupation
differed. Across most occupational groups, women in the European Union were more likely than
their male counterparts to report performing repetitive and routine tasks in their job, and were less
likely to report performing complex tasks. These gender gaps were particularly pronounced for
craft and trades workers, as well as for machine operators and assemblers. However, there were

2. Jobs involving routine cognitive tasks are primarily in administrative and clerical occupations (e.g., office support
occupations), while those involving routine manual tasks are primarily in production and operative occupations (e.g.,
harvesting, landscaping and natural resources labourers, and assemblers in manufacturing).

3. For example, among women, increases were observed both in high-skilled professional, managerial and technical
occupations and in low-skilled education services occupations (Acemoglu and Autor 2010).

4. For example, data entry clerks, paralegals and receptionists (Peetz and Murray 2019).

5. For example, registered nurses, preschool and kindergarten teachers, and hairstylists (Peetz and Murray 2019).
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also notable gaps among managers, technicians and associate professionals. These results
indicate that women may be more at risk for automation-related job transformation than men.

Technological advancements could positively affect women’s employment if they result in
increased employment in female-dominated occupations (Goldin 1987). However, greater
demand for workers could increase the status and wages and—subsequently—the desirability of
these occupations. As a result, men who have lost their jobs because of automation technology
may move into these occupations, displacing female workers (Peetz and Murray 2019).

Historically, the occupation of computer operator illustrates how a change in the perceived status
of an occupation can result in it shifting from being a female-dominated occupation to being a
male-dominated one. Because this occupation did not have a “gender precedent” when it was
first introduced, it was associated with female-dominated clerical work because it involved the
transfer of information (Light 1999). However, as the power of computers became more apparent
over time, women were largely phased out of these jobs around the 1970s (Hicks 2017).

Previous research indicates that the changes in an occupation’s sex composition affect the wages
and value associated with that occupation (Levanon, England and Allison 2009). This is illustrated
by the change in computer-related occupations from female-dominated to male-dominated, which
resulted in an increase in pay and status for workers in these occupations (Hicks 2017; Peetz and
Murray 2019). Generally, the higher the proportion of women in an occupation, the more the
occupation is devalued (Levanon, England and Allison 2009). Therefore, if female-dominated
occupations are less likely to be automated, increases in the number of men entering these
occupations could raise their status, resulting in higher wages. However, if female-dominated
occupations are at a higher risk of job transformation and there is growth in male-dominated
occupations in the future, women may enter these occupations in higher numbers.

The shift in the sex composition of computer operators also has implications for women in the
current context, as computer- and technology-related occupations are now identified as one of
the occupations that are least at risk for automation-related job transformation. Furthermore, the
skills associated with these jobs are in greater demand than social and interpersonal skills (Peetz
and Murray 2019; Roberts et al. 2019).

Studies that estimate automation risks for women and men use different measures that produce
varying results. For example, Madgavkar et al. (2019) examined the risk of job displacement as
a result of automation technology across 10 countries, including Canada. Their methodology
accounted for job loss by breaking occupations down into different activities (or job tasks), which
were then categorized into broader groups of capabilities. They then ran a model that accounted
for factors that affect the pace and extent of automation.® Each occupation was given a
percentage for automation adoption, with the assumption that an occupation is only automatable
when all of its activities are automatable. Madgavkar et al. (2019) found that, overall, women were
generally at a lower risk of job displacement than men, although the difference was small.
However, there were variations across different countries, as each had a different rate of
automation technology adoption. The Canadian estimates indicated that 24% of women’s jobs
and 28% of men’s jobs were at risk for job displacement by automation technology.

Roberts et al. (2019) used an approach similar to the one used in this study to estimate the
proportion of women and men in the United Kingdom who were employed in jobs with a high
potential for automation. Specifically, they integrated the Frey and Osborne (2013) approach with
the Arntz, Gregory and Zierahn (2016) approach through the use of data from the Programme for
the International Assessment of Adult Competencies (PIAAC) and the United Kingdom’s Labour
Force Survey. Roberts et al. (2019) found that women in the United Kingdom were twice as likely
as men to be in the group identified as being at a high risk for potential automation

6. These factors included technical feasibility, cost of developing and deploying solutions, labour market dynamics,
relative economic benefit of adoption, and the likelihood of regulatory and social acceptance.
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(9% of women vs. 4% of men). Part of this difference was attributed to a higher likelihood of
women to be employed in part-time jobs, which tend to have a higher potential for automation.

3 Methods

The methods used in this study are described thoroughly by Frenette and Frank (2020). Only a
brief overview is provided below.

Frey and Osborne (2013) pioneered the literature on automation risks, and their work served as
a starting point for the current study. They assigned a probability of facing automation over the
next 10 or 20 years to the United States’ 2010 Standard Occupational Classification (SOC) codes.
The assignment of risk was based on input from artificial intelligence experts who were presented
with a list of job descriptions from 70 occupations in the Occupational Information Network
(O*NET) and were asked “Can the tasks of this job be sufficiently specified, conditional on the
availability of big data, to be performed by state of the art computer-controlled equipment?” This
information was then used to model the probability of automation for all occupations in the 2010
SOC. The model also accounted for nine task variables that capture three “engineering
bottlenecks to computerisation”: perception and manipulation, creativity, and social intelligence.
This approach was critiqued by Arntz, Gregory and Zierahn (2016) on the grounds that it did not
sufficiently distinguish occupations by job tasks, which is important because some occupations
may comprise certain tasks that are fully automatable, while other components of the job may not
be automatable at all. To account for this, Arntz, Gregory and Zierahn (2016) further adjusted
Frey and Osborne’s (2013) probabilities based on 25 tasks, as well as various individual and
workplace characteristics available in the 2012 PIAAC (e.g. age, education, industry, and
occupation). Therefore, these probabilities may vary not only by occupation, but also within
occupations, to the extent that workers employed in the same occupation perform different
observed tasks and possess different individual and workplace characteristics (which could lead
to workers performing different unobserved tasks).

The current study more closely follows Arntz, Gregory and Zierahn (2016) by also adjusting for
an extensive list of tasks.

First, the Frey and Osborne automation risk probabilities were assigned to workers in the 2016
LISA based on their occupation. Because the Frey and Osborne data are based on the 2010 SOC
and LISA is based on the 2011 National Occupational Classification (NOC), a concordance file
combining the two classification systems was used.’

The automation risks assigned to each NOC code were then transferred to the 2016 LISA data
file. These automation risks were further adjusted with the 25 task variables in LISA, which were
virtually identical to the ones used by Arntz, Gregory and Zierahn (2016). Specifically, they include
measures of cooperating or collaborating, sharing information, instructing, making speeches,
selling products or services, advising people, planning and organizing own activities, planning
and organizing activities of others, planning and organizing own time, persuading or influencing
people, negotiating with people, solving problems of less than 5 minutes, solving problems of less
than 30 minutes, performing physical work for a long period of time, using skill or accuracy with
hands or fingers, reading directions or instructions, reading journals or scholarly publications,
reading books, reading manuals or reference materials, writing articles for newspapers or

7. The efforts of Joe He in producing this concordance are greatly appreciated.

Analytical Studies — Research Paper Series -11- Statistics Canada—Catalogue no. 11F0019M, no. 452



newsletters, filling in forms, using advanced mathematics, using the Internet for work-related
issues, using a programming language, and participating in real-time discussions on the Internet.®

As noted by Frenette and Frank (2020), the automation risk probabilities were adjusted only for
the 25 tasks and not by individual and workplace characteristics. Adjusting for tasks provides a
conceptually clear measure of automation risk that is based solely on technological feasibility.
Following these adjustments, the automation risks were estimated for women and men
separately.® The sample was limited to paid workers aged 18 and older with valid responses for
all of the variables used in the analysis (described in the results section). This resulted in a sample
of 2,267 workers.1©

4 Results

The automation risk index is determined entirely by the specific job held by the worker, which is
defined as the occupation type and job tasks involved. As a result, gender differences in the risk
of automation may reflect, in part, gender differences in occupations, which are shown in Chart 1.

Chart 1
Distribution of workers in one-digit 2011 National Occupational Classification categories, by sex
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Source: Statistice Canada, Longitudinal and International Study of Adults, Wave 3 (2016).

In general, the occupational distributions of women and men were very different. In fact, it is easier
to identify the one major occupational group with similar shares of both sexes—sales and service
occupations. Men were more likely to hold jobs classified as trades, transport and equipment
operators and related occupations (13.8% vs. 1.5%), as well as natural and applied sciences and
related occupations (19.0% vs. 5.0%). In contrast, almost one-third (32.0%) of women worked in

8. The response categories for cooperating or collaborating include “none of the time” (omitted), “up to a quarter of
the time,” “up to half of the time,” “more than half of the time” and “all of the time.” The response categories for the
remaining 24 task variables include “never” (omitted), “less than once a month,” “less than once a week but at least
once a month,” “at least once a week but not every day” and “every day.”

9. Survey interviewers were instructed to enter the sex of the respondent. If necessary, they were further instructed to
ask the respondent whether they are male or female. Therefore, it is not always clear whether the data for this
variable refer to the sex or the gender identity of the respondent, and this study takes no position on the matter
other than to refer to women and men.

10. Self-employed individuals generally face a very low risk of automation (less than 2%). This is largely because they
are more likely to be involved in consulting services, which are still, for the most part, the domain of humans. More
generally, self-employed workers may have more flexibility to leave (or avoid) occupations facing a high risk of
automation.

» o«
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business, finance and administration occupations, compared with only 13.9% of men. Similarly,
19.0% of women were employed in occupations in education, law and social, community and
government services, compared with only 7.9% of men.

Chart 2 shows the distribution of the probability of facing automation-related job transformation
by sex. While women and men were equally likely to face a high risk of automation-related job
transformation (typically denoted as 70% or above in the literature), women were far more likely
to face a moderate risk (50% to 70%). More specifically, 33.9% of women faced a moderate risk,
compared with only 24.0% of men. The chart also shows that women were considerably less likely
than men to face a low risk of automation (below 50%)—only 55.6% of women occupied jobs at
low risk of automation-related transformation, compared with 65.2% of men.

Chart 2

Distribution of the predicted risk of automation-related job transformation, by sex
percent
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Source: Statistics Canada, Longitudinal and Intemational Study of Adults, Wave 3 (2016).

Since the dividing line between women and men lies around the 50% risk cut-off, the remainder
of this study will focus on the probability of facing a 50% or greater probability of automation-
related job transformation. Overall, 44.4% of women were in this category, compared with only
34.8% of men (a difference of 9.7 percentage points).

Why were women more likely to face at least a moderate risk of automation than men? The
answer is not clear a priori, as women and men had very different individual and workplace
characteristics, as shown in Table 1. These characteristics could be related to the risk of
automation. Consequently, a multivariate analysis will be done in an attempt to isolate the role of
gender in the risk of automation. To provide some context, these differences in characteristics are
described below.
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Women were somewhat more likely to hold a degree than men. In particular, 25.5% of women
and 21.1% of men held a bachelor's degree. Women were also slightly more likely to hold a
master’s degree than men (9.4% vs. 8.8%), but there were virtually no differences in the share of
women and men holding a doctoral or first professional degree. Despite lower rates of degree
holding among men, their mean literacy and numeracy scores were slightly higher than those of
women. !

It is important to note that the education and literacy and numeracy results are for the population
of women and men aged 18 and older and employed in the paid workforce. In recent years,
approximately three in five university students have been female. As more and more of these
young women enter the workforce, the gap in educational attainment between women and men
will likely increase further. Moreover, the gender gap in literacy and numeracy test scores may
decline over time, as these measures are positively correlated with educational attainment.

Gender differences in immigration status and the presence of preschool-aged or school-aged
children were generally quite small. However, women in the sample were less likely to report
being married (62.0%) than men (66.0%).

More significant differences were observed for several other variables, including disability status.
Women were almost twice as likely as men to report having a disability (18.4% vs. 9.9%).12
Women were also more than three times as likely as men to work part time (18.0% vs. 5.0%).
However, about one-third (33.1%) of women in the paid workforce were in a union or covered by
a collective bargaining agreement, compared with only about one-quarter (25.3%) of their male
counterparts.

While women were slightly more likely to be employed in a small to medium-sized firm
(50 employees or less), they were typically in very different industries than men. For example,
men were about three times as likely as women to work in manufacturing (14.3% vs. 5.4%) orin
mining, quarrying, and oil and gas extraction; utilities; and construction (9.9% vs. 3.1%). However,
32.2% of women were employed in educational services, and health care and social assistance,
compared with only 9.0% of men. Women were also more likely than men to be employed in arts,
entertainment and recreation, and accommodation and food services (6.9% vs. 2.8%).

These differences may have different impacts on the gender gap in automation risk. For example,
Frenette and Frank (2020) found that workers with a postsecondary education typically faced a
lower risk of automation. This fact should favour women, as they were more likely to hold a degree
than men. However, women were also more likely to be employed part time, and Frenette and
Frank (2020) found that part-time workers faced higher risks of automation.

11. A subsample of the 2012 PIAAC was selected to be part of the LISA sample. As a result, literacy and numeracy
skills in LISA were actually assessed by PIAAC. For both measures, the maximum score was 500. From these
scores, individuals were given a proficiency level from 5 to less than 1. In the analysis to follow, individuals were
grouped into two categories: those in Level 3 or above (corresponding to a score of 276 or higher), and those below
Level 3.

12. The Canadian Survey on Disability (CSD) found smaller gender differences, which could be explained again by the
specific sample used in this study or by the fact that the CSD uses a longer disability screening questionnaire.
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To estimate the joint role of the gender differences reported in Table 1 on the gender differences
in the probability of facing at least a moderate risk of automation, a multivariate framework was
required. Table 2 presents the results of regressing a binary variable indicating a moderate to high
risk of automation on a female indicator variable, as well as all of the variables from the analysis
in Table 1. The key coefficient of interest is the one associated with the female variable, which
indicates the gender difference in the probability of facing a moderate to high risk of automation
after accounting for gender differences in all other independent variables, such as age and
education.®

The results indicate that, after accounting for the gender differences reported in the individual and
workplace characteristics in Table 1, women still faced a considerably higher probability of a
moderate to high automation risk. In fact, the difference was 11.4 percentage points (statistically
significant at 0.1%), which was slightly larger than the unadjusted difference (9.7 percentage
points). This means that the overall gender difference in automation risk cannot be explained by
the observed gender differences in individual and workplace characteristics. Other factors may
explain this gap, but these cannot be identified in the data.'*

However, certain groups of women faced a risk that was significantly higher than that of their male
counterparts. Table 3 shows the percentage of women and men who faced a high risk of
automation, by different socioeconomic group, both in the raw (unadjusted) data as well as after
adjusting for the full set of covariates used in the model associated with Table 2 (through
interaction terms). Although the unadjusted results could be of interest to many, they may be
explained—to some extent—by differences in other socioeconomic characteristics. Therefore, the
discussion will focus exclusively on the adjusted differences.

The gender differences in the probability of facing a moderate to high risk of automation were
broad based. Statistically significant differences were registered for some categories of all
characteristics examined.

For example, women aged 55 and older were 20.5 percentage points more likely to face a high
risk of job transformation as a result of automation than their male counterparts. In contrast,
women and men aged 18 to 24 faced about the same risk.

Other groups of women who faced a particularly high risk compared with their male counterparts
include those who have no postsecondary qualifications (12.3 percentage points more likely than
comparable men) or have a postsecondary education with no degree (13.1 percentage point
difference), have a literacy or numeracy proficiency below Level 3 (11.6 and 16.8 percentage
points, respectively), were born in Canada (12.9 percentage points), have a disability (18.2
percentage points), work part time (17.2 percentage points), are not in a union or covered by a
collective bargaining agreement (13.7 percentage points), and are employed in small to mid-sized
firms (with no more than 10 employees: 19.2 percentage points; or between 51 and
250 employees: 20.6 percentage points).t®

13. The outcome (i.e., the probability of holding a job associated with a moderate to high risk of transformation as a
result of automation) is a function of the occupation and specific job held (e.g., an accountant working in the non-
profit sector may, to some extent, perform different tasks than an accountant employed in the financial services
sector). To varying degrees, the variables used in the model may influence this outcome probability. For example,
more educated or higher-skilled workers generally work in jobs that are more cognitive and less routine in nature,
which are generally less susceptible to being transformed by technology. Older workers may be more likely to hold
jobs that are susceptible to automation if they have not trained for more modern jobs. Unionized workers may also
be more likely to hold such jobs if they have a no-layoff clause in their contract.

14. An Oaxaca-Blinder decomposition of the gap in the automation risk between women and men was also estimated,
and no single factor could explain a substantial portion of the gap.

15. Results by marital status and industry, as well as for those with preschool-aged children were not available because
of small cell sizes (fewer than 50 in many cases).
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5 Conclusion

Fears of widespread job losses have arisen in response to recent, rapid advances in artificial
intelligence. The COVID-19 pandemic could accelerate technological adoption, as firms try to find
ways to reduce the number of humans in the workplace. While technological improvements may
create considerable job opportunities for workers with complementary skills, some workers may
be left behind. The objective of this study was to document and attempt to explain gender
differences in the risk of job transformation as a result of automation.

This study found that 44.4% of women in the paid workforce faced a moderate to high risk of
automation-related job transformation (560% probability or above), compared with only 34.8% of
men. Overall, the gap remained about the same when comparing women and men with similar
characteristics, such as age, education, industry and occupation. However, several
characteristics were associated with greater automation risks faced by women relative to men,
including being aged 55 or older, having no postsecondary qualifications or postsecondary
qualifications other than a degree, having low levels of literacy or numeracy proficiency, being
born in Canada, having a disability, being a part-time worker, not being in a union or covered by
a collective bargaining agreement, and being employed in a small to mid-sized firm.

Some of the gender differences in automation risk may be attributable to different tasks performed
within occupations, which were not accounted for by the LISA task variables. In particular, none
of the task variables explicitly measured the extent to which individuals performed repetitive tasks
in their jobs. Previous literature has shown that women were more likely to report performing
repetitive tasks than men in the same occupation, which could put them at greater risk of
automation-related job transformation (Piasna and Drahokoupil 2017).

Furthermore, gender differences in the extent to which workers engage in upskilling while at work
have been found. Piasna and Drahokoupil (2017) found that women were less likely than men in
the same occupation to upgrade their skills through on-the-job training, which could also
contribute to women’s higher risk of job transformation. However, these differences were lower
than within-occupation gender differences in the intensity of performing routine tasks, leading
Piasna and Drahokoupil (2017) to conclude that women'’s higher vulnerability to job transformation
was largely driven by gender differences in the distribution of job tasks.

Therefore, the estimation of men’s and women’s risk of job transformation likely requires the
consideration of additional factors. Future research might benefit from examining more
within-occupation differences in men’s and women’s job tasks, such as repetitive tasks, as well
as differences in their training or upskilling behaviour. This may require new data, particularly
more detailed task information.

Recent research has also examined gender differences in the perceptions of automation risk
(Baird et al. 2018; Dodel and Mesch 2020). In Australia, similar proportions of men and women
believed their job would not exist in 20 years because of automation (about one in five). However,
men were more likely than women to be concerned about potentially losing their jobs to
automation technology (Baird et al. 2018). Research from the United States suggests that there
are no gender differences in how workers perceive the impact automation will have on their jobs
(Dodel and Mesch 2020). In Canada, Loewen and Stevens (2019) also examined expectations
and concerns regarding automation. However, results were not available by subgroup.
Understanding whether expectations about automation align with one’s risk is important for
personal and public planning purposes.
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6 Tables

Table 1
Characteristics by sex
Men Women
percent
Age (years)
1810 24 5.9 6.5
2510 34 27 19.9
35to 54 53.0 533
55 and older 18.9 203
Highest level of education completed
Le=s than high =chool diploma 27 3.0
High school diploma 18.5 14.8
Trades certificate or apprenticeship 12.8 5.9
College certificate or diploma 257 275
University transfer program 01 0.3
University certificate below a bachelor's degree 45 4.1
Bachelor's degree 211 255
University certificate above a bachelor's degree 2.6 6.3
Firzt professional degree 21 22
Master's degree 8.8 9.4
Doctoral degree 12 1.0
mean
Literacy 2069 2858
Numeracy 2062 2756
percent
Immigration status
Born in Canada 788 799
Long-term immigrant (10 vears or more) 14.8 126
Recent immigrant (less than 10 vears) 5.4 7.4
Married 66.0 62.0
mean
Number of preschool-aged children 0.2 0.2
Number of school-aged children 0.5 0.5
percent
Have a dizability 9.9 18.4
Work part time 5.0 18.0
In a union or covered by a collective bargaining agreement 253 33.1
Firm size (number of employees)
1te 10 19.3 21.0
11 to 50 296 323
21 to 250 25.5 253
251 to 1,000 15.1 123
More than 1,000 105 9.1
Industry (one-digit NAICS 2012 code)
Agriculture, forestry, fishing and hunting (1) 1.3 0.3
Mining, guarrying, and oil and gas extraction; utilitiez; and construction (2} 5.9 31
Manufacturing (3} 14.3 5.4
Wholesale trade, retail trade, and transportation and warehousing (4} 225 16.0
Information and cultural industries; finance and insurance; real estate and rental and leazing;
professional, scientific and technical services, management of companies and enterprises,
and administrative and support, waste management and remediation services (5) 287 2T
Educational zervices, and health care and social assistance (§) 5.0 322
Arts, entertainment and recreation, and accommodation and food services (7) 28 69
Other services (except public administration) (3) 4.0 42
Public administration (9} 10.3 103
numter
Sample zize 1,017 1,250

Note: NAICS stands for Morth American Industry Classification System.
Source: Statistics Canada, Lengitudinal and International Study of Adults, Wave 3 (2016).
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Table 2

Regression results of the relationship between the probability of facing a moderate to
high risk of automation-related job transformation and independent variables

Bootstrap standard

Coefficient &rror
Female 0.114 === 0.024
Age (years)
18 to 24 (omitted ) i i
2510 34 -0.085 0.0685
35to 54 -0.058 0.083
55 and older -0.035 0.066
Highest level of education completed
Less than high school diploma 0.023 0.075
High =chool diploma (omited) I I
Trades certificate or apprenticeship -0.014 0.054
College certificate or diploma -0.182 == 0.041
University transfer program -0.308 0.300
University certificate below a bachelor's degree =241 == 0.066
Bachelor's degree -0.313 == 0.040
University certificate above a bachelor's degree -0.307 == 0.066
First professional degree -0.369 == 0.067
Master's degree -0.380 == 0.051
Doctoral degree -0.307 == 0082
Literacy 0.0o0s 0.005
Literacy sguared 0.000 0.000
Numeracy -0.003 0.004
Numeracy squared 0.000 0.000
Immigration status
Born in Canada (omitted) I I
Long-term immigrant (10 vears or more} 0.029 = 0.040
Recent immigrant (less than 10 vears) 0112 = 0.055
Married -0.058 * 0.028
Number of preschool-aged children -0.003 0.021
Number of school-aged children 0022 0.014
Have a disability -0.030 0.032
Work part time 0.214 == 0.042
In a union or covered by a collective bargaining agreement 0.096 == 0.029
Firm size (number of employees)
1 to 10 (omitted) I 1
11 to 50 0.003 0.037
51 to 250 -0.040 0.037
251 to 1,000 -0.055 0.040
More than 1,000 -0.081 1 0.044
Intercept 0.604 0.503

* gignifizantly different from reference category (p < 0.05)

== gignificantly different from reference category (p < 0.001)

T =ignifizantly different from reference category (p < 0.10)
1 not applicable (variable omitted from the regression)

Notes: The regression is a linear probability model (ordinary least sguares) and alzo includes cne-digit NAICS 2012
fed effects (resultz were similar with two-digit codes). NAICS stands for North American Industry Clagsification

System; R® = 0.247. Sample size = 2 2587.

Source: Statistics Canada, Longitudinal and International Study of Adults, Wave 3 (2018).
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Table 3
Percentage facing a moderate to high risk of automation-related job transformation

Men Women Women — Men Women — Men
percentage  bootstrap percentage  bootstrap percentage- bootstrap adjusted bootstrap
standard standard point standard percentage- standard
error error  difference error point difference error
Overall M8 20 444 18 g7 == 27 11.4 == 24
Age (years)
1810 24 62.2 8.0 &67.0 6.1 47 10.0 1.3 10.0
2510 34 35.0 45 354 45 14 69 11.0 = 5.6
351054 321 23 38.5 23 54 71 36 9.4 = 33
55 and older 339 4.0 586 36 247 == t4 205 = 48
Highest level of education completed
No postzecondary qualifications 60.0 45 758 34 158 = 56 123 * 53
Postsecondary, no degree 370 3.0 50.4 28 13.4 == 4.0 13,1 == 39
Postsecondary degree 156 23 2238 23 721 3T 45 35
Literacy proficiency
Below Level 3 306 3.5 578 32 T2 4.7 11.6 = 4.4
Level 3 or above 288 24 378 21 9.0 = 32 10.3 = 29
Numeracy proficiency
Below Level 3 812 36 582 26 7.0 45 16.8 = 43
Level 3 or above 289 23 325 23 36 33 8.8 = 27
Immigration status
Born in Canada 33.0 21 441 19 11.2 = 28 129 == 27
Immigrant 414 53 457 43 43 6.8 57 57
Disability
No 351 2.1 43.5 19 .4 = 2.8 10.4 == 28
fes 32.0 53 456 45 166 * 7.2 182 = 6.0
Work hours
Full time 334 20 391 19 57 = 27 10.9 == 25
Part time 9.8 8.9 68.5 39 8.7 9.7 172t 2.9
In a union or covered by a collective
bargaining agreement
Mo 319 23 479 22 16.0 == 32 137 = 29
fes 433 37 374 27 -5.8 45 5.3 41
Firm size (number of employees)
1to 10 3BT 47 571 35 20.4 == 59 19.2 == 5.1
11 to 50 421 4.0 45.0 33 28 82 5.1 45
51 to 250 296 33 454 35 15.8 = 21 206 == 46
251 to 1,000 356 5.0 Mz 47 -4.3 69 07 5.3
Wore than 1,000 218 5.4 281 5.1 6.3 7.4 5.0 6.9

* significanthy different from reference category (p < 0.03)
** gignificantly different from reference category (p < 0.01)
== gignificantly different from reference category (p = 0.001)
T significanthy different from reference category (p< 0.10)

Notes: The adjusted predicted percentages are based on regressions similar to the one estimated for Table 2 (with the same variables), but with gender
interaction terms. Sample size = 2,267,
Source: Statistics Canada, Longitudinal and International Study of Adults, Wave 3 (2016).
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