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1. Examining the skills economy

2. Forecasting job openings in Canada

RBC’s research objective was to develop a robust, data-

First, in order to anchor our research in a clear

The Canadian Occupational Projection System (COPS)

occupational groupings (hereafter simply referred

supported means of examining and understanding the

definition and taxonomy of skills, we determined that

— a 10-year labour market forecast that ESDC produces

to as “occupations”), drawn from the 2011 National

Canadian “skills economy.” We examined the workforce

in the absence of Canada-specific definitions, the

biennially — was used to identify trends in the level,

Occupational Classifications (NOC). These occupations

skills that will likely be in greatest demand in the

U.S. Department of Labor’s Occupational Information

composition and sources of labour demand and

are further classified into managerial positions and

Canadian labour market over the next several years,

Network (O*NET) program provides a clear delineation

supply. These projections take into account expected

nine skill-type groupings.

relative to the supply of those skills.

of the key concepts, as indicated below.

employment growth and the replacement of workers

Our research findings relate to working Canadians

Second, we identified occupations across functional

generally, though we target our insights to young

areas and industries that relate to each other based

We chose to concentrate our analysis on the shorter-

adults who seek guidance as they move into and

on their skills content. The next step was to assess

term (2018-2021) projections, in which we have a higher

between occupations in the early stages of their

whether possessing or improving certain skills could

degree of confidence, and also align more directly with

careers. The findings are also aimed at their mentors,

enable more “horizontal” career paths, including

the scope of our research focused on youth entering

educators and policymakers responsible for

mobility between occupations that appear unrelated

or transitioning within the job market in the next

education, social development and employment.

at first glance.

several years. The COPS projects job openings for 292

We undertook our examination of skills on the basis

To that end, our methodology leverages the

of two initial premises:

occupational data that is made publicly available by

due to retirement, deaths and emigration.

Employment and Social Development Canada (ESDC)
and the O*NET program.
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3. Assessing the skills needed for occupations
O*NET classifies 35 cross-occupational skills, arranged into Basic Skills and Cross-Functional Skills categories, with
seven distinct sub-categories as follows:
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Each occupation has two ratings, which identify how

(NOC-11) to their corresponding code under the

important each skill is for an occupation and the

International Standard Classification of Occupations

required proficiency level for each skill. The O*NET

2008 (ISCO-08) using a Statistics Canada concordance

program rates skills by importance on a scale from 1

table. Likewise, we then matched each of the ISCO

to 5 to determine how much a given skill descriptor

occupations to the corresponding occupation found in

matters to an occupation. The level rating, on a scale

the O*NET database using similar tables and applying

from 0 to 7, determines how proficient one must be

professional judgment as needed,vv to determine

with respect to a given skill descriptor in order to

the most suitable match for Canadian occupations in

perform an occupation.

instances where several COPS / NOC to ISCO to SOC

With the skills rating profiles by occupation for the
United States and by job opening projections for

A key assumption underpinning the analysis is that

Canada, we sought to build a crosswalk between the

the skills assessments under O*NET are valid for

two to establish a projected outlook of skills for the

Canadian occupations. Given the reality of intra-

Canadian labour market between 2018 and 2021.

occupational and geographic disparities within the

To accomplish this, we matched each of the 292
Canadian occupations as classified by the COPS
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mappings were possible.

United States, we judged that applying the U.S. skills
rating profiles to occupations in Canada would be a
reasonable extrapolation.

Published by RBC | 9

4. Determining the average importance and proficiency level
Based on our mapping technique, we then examined

We replicated this process to obtain a similar matrix for

how the skills importance and level (proficiency)

skills levels (proficiency).

ratings relate to Canadian occupations and their
skills groupings. We calculated an average skills
importance rating for each Canadian grouping, by
weighing the ratings of each occupation within
a grouping with the number of projected job
openings between 2016 and 2024. The skills ratings
for occupations that are predicted to experience
a relatively higher number of job openings carry
greater weight than those set to experience fewer
openings. Moreover, we utilize the full nine-year
range of available projections in our weighting to
lessen the impact of any given year on the average.

This methodology yielded a skills importance ratings
spectrum. As indicated below, the most basic and
social skills are shown to be generally important across
the different groupings. There are exceptions: science
(most valued by the natural and applied sciences,
and health groupings), technical skills generally (most
valued by the trades and transportation, natural
resources / agriculture and manufacturing / utilities
industries groupings), and resource management skills
(most valued by managerial occupations).

5. The future demand for skills in the Canadian labour market
In order to test our hypothesis that basic, social

categorized as “high proficiency” (values greater than

and complex problem solving skills will matter to

4.67), “medium proficiency” (values between 2.33 and

a majority of job openings across groupings, while

4.67), “basic proficiency” (values between 0 and 2.33) or

more specialized science and technical skills will be

“no proficiency” (values equal to 0).

targeted to specific sectors, we examined the number
of projected job openings in 2018-21 for each of the
35 skills in terms of their relative importance and
proficiency levels.

From this rule, we obtained the distribution of
projected job openings by skill importance and
proficiency-level rating. This showed that basic
skills, including verbal and written communication,

To do so, we assigned each “importance” rating into

active listening and learning, critical thinking and

one of four categories: “very important” (values greater

mathematics will matter greatly for the majority

than 3.67), “important” (values between 2.33 and 3.67),

of projected job openings across industries.

“less important” (values between 1 and 2.33), and “not

Notwithstanding labour market competition, most job

required” (values equal to 1). The same procedure

openings will require medium, not “expert” proficiency

was carried out for proficiency ratings, which were

tied to long work experience.

CROSS-FUNCTIONAL SKILLS

Total job openings (2018-2021) for which each skill is deemed: very, relatively or less important
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CROSS-FUNCTIONAL SKILLS

Total job openings (2018-2021) for which each skill is required a level of: high, medium or basic proficiency

6. Establishing skills clusters
An extension to our analysis of ESDC’s groupings was

may be possible between occupations whose skills

to rearrange occupations into clusters based on their

profiles are relatively similar, subject to bridging

respective skills ratings profiles as mapped from

the necessary knowledge requirements between

O*NET. This allowed for a more robust skills analysis

occupations.

as the groupings tend to represent a wide distribution
of different skills levels. The clusters would also
provide a clearer indication of what career mobility

We grouped the 292 occupations into six clusters
according to the similarity / proximity of skills
between occupations using deep learning algorithms.

DEEP LEARNING ALGORITHM

First, a measure of skills proximity was calculated as follows:

BASIC SKILLS

BASIC SKILLS

Total job openings (2018-2021) for which each skill is

Total job openings (2018-2021) for which each skill is

deemed: very, relatively, or less important

required a level of: high, medium or basic proficiency

Prox (x,y) = (pxix – pyiy)²SKILL-1 + (pxix –pyiy)²SKILL-2
+ … + (pxix – pyiy)²SKILL-35

Where:

p = the level of proficiency for a skill for an occupation
i = the importance of the skill for an occupation
x = primary occupation (e.g. NOC 0011)
y = comparator comparison

We then obtain the distribution of projected job

The proficiency level required for cross-functional

Comparisons of occupations with high / low proximity

resulting in a final selection of an ANN algorithm with

openings by importance for cross-functional skills. The

skills varies as well, with medium proficiency (but not

scores had skills sets that were more / less similar to

six occupational clusters.

distribution graphs show that the relative importance

“expert” proficiency) required for social skills across

each other. A total of 42,486 comparisons were made.

of cross-functional skills varies more than that of

industries overall, and generally less proficiency

We applied K-means, expectation maximum, tree

basic skills overall, with social skills, complex problem

needed for technical skills. This result suggests that

and automated network networks (ANN) clustering

solving skills and time management deemed important

social skills, and systems skills to a lesser extent, will

algorithms to the skills proximity scores to cluster

for a majority of projected job openings across

matter to occupations across industries, including

occupations based on the proximity of their skills. The

industries, and technical skills deemed generally less

scientifically- and technically-oriented ones.

results of each algorithm were analyzed to determine

important for projected job openings overall.
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the homogeneity of the skills within each grouping,

We used automated network networks clustering
based on Kohonen training to determine the
underlying clusters, by applying competitive learning
to preserve the topological properties of the input
space and to transform high-dimensional data space
into low-dimensional space.
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Kohonen training is an algorithm that assigns cluster

distances) from a cluster centre were used. For

centres to a radial layer by iteratively submitting

additional clarity in defining clustering meanings

training patterns to the network, and adjusting the

as well as for validation purposes, clustering of

winning (nearest) radial unit center, and its neighbors,

occupations based on skills proficiency as well as

toward the training pattern.

skills proficiency and importance were performed

To further reduce noise in defining cluster meanings,
reduction of activation functions (Euclidean

independently. The results were used to tune up the
clustering definitions based on differences between

Although our focus was on the short-term future, an

which calculated automatability probabilities for

important consideration when considering longer

a wide range of U.S. occupations. Having already

term skills prospects is the impact that automation

mapped U.S. to Canadian occupations, we now

may have on future job tasks — including potentially

map automatability probabilities back to Canadian

disruptive ones. It is very difficult – if not impossible

occupations as well:

— to forecast with any accuracy the magnitude of
automation’s impacts on future job openings, for

CLUSTERS

multiple reasons.

This process yielded our six clusters:

Solvers

Technicians

Providers

Crafters

Facilitators

Doers

As with the previous ESDC groupings, we weighted

Also, we applied the previous rules to determine the

the ratings of each occupation within a cluster with

relative importance and level required of each skill, for

the number of projected job openings between 2016

the projected 2018-2021 job openings in each cluster.

and 2024, to obtain an average skills importance and

For example, the distribution graphs below show the

level rating for each cluster.

relative importance of basic skills for each cluster.
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7. Automation, job opening projections and future skills

We obtained a list of occupations by cluster and
their degree of automatability. More knowledgedriven clusters (those including a large number of

We therefore restricted our research to considering

occupations involving non-repetitive cognitive and

the automatability of existing occupations, based on

complex non-repetitive manual tasks) are generally

what is known about existing technology.

less susceptible to automation than less knowledge-

To do this, we leveraged a study by C. Frey and M.

driven ones.

Osborne, The Future of Employment: How Susceptible
Are Jobs to Computerisation? (Oxford, 2013),
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