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Occupational mobility, skills and training needs

Nagui Bechichi (EDU), Stéphanie Jamet (EDU), Gustave Kenedi (EDU), Robert Grundke
(STI) and Mariagrazia Squicciarini (STI)

ABSTRACT

This work investigates how education and training policies may facilitate occupational
transitions. It proposes a methodology to estimate cognitive and task-based skill distances
across occupation. It identifies the occupational transitions that can occur upon small (of
up to 6 months), moderate (up to 1 year) or important (up to 3 years) (re)training spells.
“Possible” transitions, i.e. transitions implying reasonable upskilling needs and similar
knowledge areas, are distinguished from “acceptable” occupations, i.e. possible
transitions entailing limited loss of human capital and income, if any. Possible and
acceptable transitions exist for the quasi-totality of occupations, when up to one year of
training is considered. Low-skilled occupations display fewer acceptable transitions and
generally require higher cognitive or task-based skills. Transitions for many high-skilled
occupations entail important wage decreases or skills excesses. Acceptable transitions for
occupations at high-risk of automation are harder to find, and tend to require cognitive
and task-based skills-related training.

Acknowledgements: The contribution of Luca Marcolin (STI) and Elodie Andrieu (STI),
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Executive Summary

This work contributes to the “Jobs and Skills” module of the Going Digital horizontal project and
to the Skills Outlook 2019 on Skills and Digitalisation. It results from the cooperation between the
Directorate for Education and Skills (EDU) and the Directorate for Science, Technology and
Innovation (STI).

It investigates how education and training policies can facilitate transitions across occupations,
while maintaining workers in quality jobs that make maximal use of their skill sets. To this end, it
relies on data from the Survey of Adult Skills (PIAAC) for 123 occupations of the 2008
International Standard Classification of Occupations (ISCO).

The analysis considers three scenarios that can be associated to three training needs and durations:
“small”, “moderate” and “important” training needs. These correspond to, approximately, up to 6
months, up to 1 year or up to 3 years of education and/or training, respectively.

For each scenario or set of training needs, the analysis identifies both possible and acceptable
transitions towards other occupations, defined as follows:

e Possible transitions involve: 1) reasonable cognitive (i.e. literacy and numeracy) upskilling
needs; 2) moderate differences in the frequency of some of the tasks performed on the job
(so-called task-based skills, e.g. tasks involving ICT skills, tasks involving management
skills); and 3) proximity in terms of knowledge areas, assessed based on workers’ field of
study.

e Acceptable transitions represent a subset of possible transitions entailing: 1) at most
moderate (i.e. 10%) wage reductions, and 2) limited excesses in cognitive skills.

Finally, the analysis sheds light on the magnitude and type of training needed to help workers move
away from occupations at high risk of automation (as estimated by Frey and Osborne (20171)).

Key findings are:

e Possible transitions entailing small retraining needs can be identified for almost all
occupations, In other words, most occupations have occupations that are relatively close
to them in terms of cognitive skills requirements, tasks-based skills, and knowledge area.

e However, as workers may be unwilling to move to other occupations if transitions entail
large drops in wages and significant underuse or loss of human capital, acceptable
transitions are identified. These appear to exist for just over half of occupations in the small
training needs scenario. Occupations for which acceptable transitions cannot be identified
in this scenario mainly belong to occupations such as professionals and technicians. When
moderate upskilling or (re) training efforts are considered, i.e. those involving to up to 1
year of training, almost nine out of ten occupations do have transitions that could be
acceptable for individuals and economies.

e The relationship between the number of acceptable transitions enabled by upskilling or
(re)training efforts and the skill level of occupations is bell-shaped. Low-skilled
occupations tend to have relatively fewer acceptable transitions as most other occupations
involve higher cognitive or task-based skills requirements. Similarly, for high-skilled
occupations a lower number of acceptable transitions emerges because many possible
transitions are not acceptable as they would entail important wage decreases or skills
eXcesses.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS
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e The analysis supports the idea that countries would need to invest in education and training
to ensure that those at risk of losing their jobs because of automation are not left behind
and can find a new job. Indeed, when requiring that transitions be towards occupations at
low or medium risk of automation, it becomes much more difficult to find acceptable
transitions that do not require important upskilling or (re)training efforts.

e Ten occupations are identified as being in a particularly critical situation, as they are at
high risk of automation and appear to require a substantive training effort (i.e. more than
one year of training) to be able to transit to occupations at low or medium risk of
automation. These occupations on average account for between 1 and 6 percent of
employment depending on the country considered. These figures drop to around 1 percent
when country specific automation probabilities are taken into account.

e The specific type of (re)training or upskilling required to move to other occupations differs
depending on occupations’ risk of automation. For occupations at high risk of automation,
upskilling in cognitive skills needs to be combined with training in non-cognitive skills
such as management and communications as well as self-organisation. Upskilling in ICT
and advanced numeracy skills emerges as being important too.

e Overall, the findings of the analysis suggest the need to rethink education and training
programmes aimed at cost-effectively helping workers move away from occupations at
risk of automation. Indeed, evidence suggests that those in greater need of support are also
those that receive less of it, with workers in occupations at high risk of automation
appearing less likely to participate in on-the-job training. In addition, evidence suggests
that employers mainly provide training on job-specific skills and that a very small share of
workers go back to formal education in most countries.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS
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1. Introduction

New technologies, new business models and the articulation of production in global value chains,
coupled with other megatrends including the aging of the population, have all been contributing to
important labour market restructurings. Some occupations become more in demand, new ones
appear (e.g. Artificial Intelligence specialists, bloggers, value chain managers) while for others
demand declines, also due to digital technologies, and to automation in particular. Such trends
entail that an ever-growing number of workers may need to move from declining occupations to
growing ones. In particular, advancements in and applications of machine learning and artificial
intelligence occurring in many sectors mean that workers may need to move away from
occupations that are highly intensive in routine tasks — which can be easily automated — and look
for ‘safe havens’, i.e. occupations which are relatively more intensive in non-routine tasks.

Contributing to this debate, this analysis investigates how education and training policies can
facilitate transitions across occupations?, while maintaining workers in quality jobs that make
maximal use of their skill sets. In addition, it sheds light on the magnitude and type of upskilling
or (re)training efforts needed to help workers move away from occupations at high risk of
automation. While doing so, the analysis does not take a stand about occupational mobility being
a good or bad thing per se. On the one hand, moving across jobs or occupations entails a number
of adjustment costs, especially for workers. On the other hand, too little mobility when labour
markets are restructuring may lead to situations where workers are trapped in declining
occupations, risk becoming unemployed and/or are unable to develop their skill sets to adjust to
the new skills required on the market.

The costs entailed by occupational mobility are important drivers of mobility or lack thereof. These
include: 1) the cost of education or (re)training needed to perform different tasks, to gain
knowledge in a different area and/or to develop new or different skills; 2) possible wage losses if
workers switch to occupations paying lower wages; and 3) costs linked to licensing requirements
if the occupation is subject to them (Nunn, 20162). Some occupations may also generate lock-in
effects due to stigma or sunk costs related to the accumulation of skills that are not valued in other
jobs (Miller, 2017[5). Other costs entailed by job mobility in general and not specific to
occupational mobility include: 1) adjustment costs related to workplace organisation; 2) loss of
fringe benefits attached to the job or to the employer, where they exist; and 3) costs related to
geographical mobility.

This analysis focuses on the first two aspects mentioned above, and in particular on the (re)training
needed to move to occupations that can be reached within defined upskilling or reskilling efforts.?
These arrival destinations need in addition to entail at most moderate, if any, wage decreases and
cognitive skills excesses. The monetary cost of such transitions is developed in a companion paper.
There, cost estimates are analysed by occupation, by (re)training spell length and by subdividing
the overall cost into the direct cost of training (i.e. how much providing or purchasing the training
required costs) and the opportunity cost of training. The latter is intended as the forgone salaries of
the workers that, instead of working, participate in training spells (see Andrieu et al., 2019, for
details).

The work aims to inform a wide array of policies concerned with identifying, designing and
implementing effective and cost-efficient occupational transitions, by means of pointing to
occupations workers could move to, which are close to the occupations of origin in terms of skills
requirements and have a number of other desirable properties. To this end, the study builds on
previous work introducing a novel measure of the distance between occupations which relies on
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measures of cognitive and task-based skills (as they emerge from tasks performed on the job) built
using data from the Survey of Adult Skills (PIAAC) (Bechichi et al., 20184). These data were
collected in 2012 for twenty three countries and in 2015 for eight countries. Hence they cannot
capture the most recent occupational changes caused by the latest technologies. However, no more
recent similar international database exists.

After the introduction, Section 2 explains the methodology developed to identify possible and
acceptable transitions towards other occupations. Section 3 discusses occupational mobility and
training needs for all occupations, independently of the issue of the risk of automation. Section 4
focusses on occupations at risk of automation and identifies acceptable transitions for workers in
these occupations to move away from the risk of automation. Section 5 concludes.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS



10 | OCCUPATIONAL MOBILITY, SKILLS AND TRAINING NEEDS

2. Defining neighbourhoods of possible and acceptable transitions

This study identifies, for each occupation, transitions towards other occupations involving
(re)training or upskilling needs that could be bridged within a pre-determined training effort. To
this end, three training efforts — referred to as “scenarios”— are considered:

e Scenario 1, entailing small training needs. This refers to (re)training or upskilling needs
that can bridged within approximately 6 months of training, at most.

e Scenario 2, entailing moderate training needs, which could be bridged in approximately at
most 1 year of training.

e Scenario 3, entailing important training needs, which could be bridged in approximately
at most 3 years of training.

In the context of any of the three scenarios above, two types of transitions are distinguished:
possible transitions and acceptable transitions (see Figure 1 for a summary infographic). Possible
transitions correspond to transitions which can potentially be made within the training effort of the
scenario considered. These include transitions from high-skilled occupations towards much less
skilled ones. Acceptable transitions represent the subset of possible transitions that individuals, and
society more broadly, may want to accept as they entail limited human capital and wage losses.®
Due to sample size restrictions, it is not possible to conduct this analysis at the country-level.
Although the analysis attempts to overcome this challenge by grouping countries in clusters to
obtain a more granular picture, it must be recognised that acceptable transitions may not necessarily
represent a viable option within a specific country or context.

The analysis is performed at the 3-digit occupation level of the 2008 International Standard
Classification of Occupations (ISCO-08) and relies on 123 occupations using data from the Survey
of Adult of Skills (PIAAC). A list of 3-digit occupations which had to be consolidated due to the
small sample size in the Survey of Adult Skills database is reported in Annex Table A.1.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS
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Figure 1. Summary infographic of possible and acceptable transitions
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Source: Authors’ own compilation.
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2.1. Possible transitions: which occupations can workers move to?

The possibility to transfer to other occupations depends on whether the occupations of origin and
of destination are relatively close to each other in terms of skills required to perform the job at
hand; and whether the distance between two occupations can be bridged within a given training
effort.

PIAAC data allow identifying transition-specific:
a) shortage in terms of cognitive skills (i.e. literacy and numeracy);

b) shortage in terms of the frequency of tasks performed on the job, the so-called task-based
skills;

c) proximity of background knowledge area of the occupations, as inferred from the field of
study of individuals.

The distance between two occupations in terms of cognitive skills and task-based skills, follows
the methodology detailed in Bechichi et al. (2018p) (Box 1). These three elements aim to
distinguish between general human capital (i.e. cognitive skills here) and specific human capital
(i.e. task-based skills and knowledge areas here), both of which are necessary in the workplace.

Identifying transitions that can be made possible by a given (re)training or upskilling effort is a
thorny issue that is central to the analysis. It consists in assessing how much cognitive skills
shortages, task-based skills shortages and difference in knowledge areas can be bridged with a
given training effort, or scenario. The values chosen for these three elements for each scenario are
summarised in Table 1 and detailed in the paragraphs that follow.

Table 1. Summary of conditions for possible transitions for each scenario

Scenario1  Scenario2  Scenario 3 Comments
Small Moderate Important
training training training
need need need
(upto 6 (upto1 (at most 3
months of year of years of
training) training) training)
At most 3.5 At most 7 Atmost21  These equivalences are obtained from
Cognitive upskiling points in points in points in regressing PIAAC cognitive skill scores on
literacy and literacy and literacy and  years of education controlling for a number of
numeracy numeracy numeracy factors (see Box 2 for details).
These values correspond respectively to the
Task up- or reskiling At most At most At most bottom quartile, median, and top quartile of the
9.57 points 27.1 points 58.7 points  distribution of task-based skills shortages
(excluding zeros).
If specialised destination An occupation’s set of most frequent fields of
occupation: overlap in origin study corresponds to the most common fields of

occupation’s set of most study which together account for at least 50% of

Knowlgdge area frequent fields of study and = cn.t €N the occupation’s workers. An occupation is
el that of destination applied defined as specialised if the workers composing
occupation this occupation are concentrated in only a few
Otherwise: no restriction fields of study (see Box 2).

Note: See following paragraphs for further explanations.
Source: Authors’ own compilation based on PIAAC data.
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a) Cognitive skills shortage condition

The approach adopted in this analysis rests on estimates of how much cognitive skill shortages can
be bridged within one year of education. Due to data limitation, it is not possible to causally
estimate skills returns to education using PIAAC data but only to rely on correlations between
cognitive skills and educational level, which account for a number of factors (Box 2). Following
this approach, it is found that one year of education makes up for approximately 7 PIAAC literacy
and numeracy points.

Box 1. Measuring the distance between occupations

This Box summarises the measure of the distances between occupations in terms of
cognitive skills and of task-based skills, as identified in Bechichi et al. (2018}4). These
distances are computed at the 3-digit ISCO-08 occupation level using data for 31
countries from the Survey of Adult Skills (PIAAC). Cognitive skills measures rely on
the results of two skills assessed through externally administered tests in PIAAC —
namely literacy and numeracy —, while task-based skills are computed based on the
frequency with which certain tasks are performed by workers following Grundke et al.
(20175)).

Cognitive skills shortage and excess

Cognitive skills shortage and excess from occupation A to B are defined as the weighted
sums of the difference in occupation A and B’s average literacy and numeracy skills
across countries.

In particular, the shortage is equal to:

CogShortage,_p =
Wiiteracy X (literacyg — literacy,)I(literacyg > literacy,) +
Wnymeracy X (numeracyg — numeracy,)I(numeracyg > numeracy,),

Where wgiteracy,numeracyy 1 €qual to the relative importance of the cognitive skill in
occupation B (e.g. literacy/max(literacy, numeracy)), literacyg g and
numeracyy, gy are occupation A and B’s average literacy and numeracy skills, and I()
is an indicator function returning 1 if the condition in parenthesis is true and 0 otherwise.
As such, cognitive skills shortages arise in the case where the origin occupation is
insufficiently skilled relative to the destination occupation, in one or both cognitive
skills.

Similarly, cognitive skills excess is defined as:

CogExcess, g =
Wiiteracy X (literacy, — literacyg)I(literacy, > literacyg) +
Wnymeracy X (Mumeracy, — numeracyg)l(numeracy, > numeracyg).

Cogpnitive skills excesses arise when the origin occupation is more skilled in one or both
cognitive skills relative to the destination occupation. Overall, around 47% of possible
transitions involve no cognitive skills shortages.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS
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Task-based skills shortage and excess

The task-based skills shortage and excess from occupation A to B are defined as the
weighted sums of the difference in occupation A and B’s average intensity for five task-
based skills across countries. The five task-based skills considered are: ICT skills,
management and communication skills, accountancy and selling skills, advanced
numeracy skills, and self-organisation skills. They are computed following Grundke et
al. (2017s)). In particular, the task-based skills shortage is equal to:

TaskShortage, .5 =
¥>_, w; X (Intensityl — Intensity})I(Intensitys > Intensity}),

where t is one of the five task-based skills, w; is equal to the relative importance of task-
based skill t in occupation B’s task portfolio, and Intensity{tA, py Is equal to the average
intensity of the task-based skill t in occupation A or B.

Similarly, task-based skills excess is defined as:
TaskExcess, g =
Y2_, we X (Intensity} — Intensity)I(Intensitys > Intensity}),

As with cognitive skills, transitions between occupations are (very) likely to involve both
shortages and excesses of different skills, unless one of the two occupations requires
strictly more of each task-based skill than the other occupation. Overall, around 23% of
transitions involve no task-based skills shortages.

These estimates are used to translate the cognitive skills shortages into years of education, for every
occupational transition. The analysis makes the assumption that individuals can acquire 7 PIAAC
points in both literacy and numeracy — for a maximum of 14 PIAAC points in total — in one year
of education. The justification is that literacy and numeracy skills are very highly correlated (0.87
on average) and it seems reasonable to assume that individuals can improve their literacy and
numeracy skills simultaneously.

The estimated training time needed to address any cognitive skills shortage is computed as the
maximum of the weighted literacy or numeracy skill shortage divided by 7. It is also assumed that
a linear relationship exists between years of education and skills, whereby two years of education
grant twice the amount of skills that one year of education provides, i.e. 14 PIAAC literacy and
numeracy points. For example, if the transition between occupation A and B involves a (weighted)
shortage in numeracy skills of 8 and a (weighted) shortage in literacy skills of 6, then the
equivalence in terms of years of education would be roughly 1.14 (8 divided by 7, as the 6 literacy
points are supposed to be developed with numeracy skills), that is approximately 1 year and 2
months.

Several caveats surround the choice of the equivalence between years of education and cognitive
skills, which is a crucial parameter for the analysis:

e The skills returns to education vary between countries, as some have better education
systems than others or because framework conditions differ. As the estimated equivalence
is taken over all countries it represents an average across all the countries included in the
analysis and is therefore sensitive to e.g. the inclusion or exclusion of some countries and
on distributional characteristics. The main implication of this choice is that, for a given
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training effort, the transition options may be underestimated for countries featuring high
performing education and training systems, and perhaps overestimated for those with low
performing systems or with large heterogeneity of educational institutions.

e Expressing a training effort in terms of duration is questionable in itself as several factors
beyond duration affect what participants will actually learn through an education and
training programme, including resource endowment, curricula and pedagogical
approaches. However, the use of an equivalence between cognitive skills shortages and
years of education allow translating training efforts into a measurable metrics, and to
estimate the cost of training for governments and countries.

o As estimates mainly reflect the skills return to formal education, the analysis assumes that
the training provided to workers, often non-formal training, would lead to the same
cognitive upskilling as formal education. If adult training programs are more effective than
formal education, this analysis provides an upper bound on training duration needs. If the
reverse is true, then it may represent lower bound estimates.

Annex C reports the full list of assumptions required by the analysis, and discusses the direction of
the possible bias they impose on the estimation of cognitive distance and the implied time of
(re)training.

For all these reasons, references to scenarios in terms of duration of training should be considered
as tentative and indicative of how small, moderate or important training needs can be. Given the
importance of the parameter linking an increase in cognitive skills to years of education, Annex B
provides results using other possible values, to give some ideas of the sensitivity of the analysis to
the choice made. Changing the equivalence to 5 PIAAC points leads to a bigger number of
occupations without an acceptable transition and a smaller number of acceptable transitions.
Conversely, changing the equivalence to 9 PIAAC points (assuming that training provides higher
skill improvements) leads to a smaller number of occupations without an acceptable transition and
a bigger number of acceptable transitions. The sensitivity of the results to this parameter is
significant.

Finally, the analysis identifies neighbourhoods of occupations that can be reached for a given
occupation of origin by a given increase in skills. While education and training policies can lead to
such skills development, workers can also learn by themselves and through learning by co-workers,
learning by doing, and so on. Policies that facilitate informal learning, such as learning-oriented
organisational practices, have an important role to play in closing the skills distance between
occupations. However, they are more likely to do so for skills that are common to several
occupations than for those that are very specific to a given occupation.

b) Task-based skills shortage condition

It is not possible to estimate a similar equivalence between a year of education or training on the
job and the gain in task-based skills. This is partly because there is no information about the training
time and the most effective way (e.g. training on the job or formal education) to improve the task-
based skills identified in the analysis. In the absence of robust evidence on the increase in task-
based skills that can be acquired with education or training, the condition pertaining to each
scenario is based on the value of the quartiles of the distribution of task-based skills shortages
(excluding zeros, that is excluding transitions involving only excesses) over all transitions. The
corresponding values are 9.57 points (bottom quartile) for Scenario 1, 27.1 points (median) for
Scenario 2, and 58.7 points (top quartile) for Scenario 3.
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Box 2. Estimating the cognitive skills’ returns to education

Two approaches are followed to estimate the cognitive skills returns to education. The
first, the results of which are used for the rest of the analysis, relies on regressions with
a number of control variables. The second, more tentative, aims at identifying
education’s effect on skills by comparing individuals’ skills for different educational
attainment levels. Data from the Survey of Adult Skills (PIAAC) are used in both
instances.

Regression analysis

The main idea of these regression analyses is to estimate the effect of one additional year
of education on literacy and numeracy scores. Relatively more skilled individuals are
also more likely to be more educated and thus their cognitive skill scores may reflect the
combination of education and of factors that are independent of education (e.g.
unobserved ability, skills acquired through parents and friends, neighbourhood effects).
The choice of control variables is thus crucial: they should be correlated with
individuals’ skills but independent of their education levels. The following model is
estimated by Ordinary Least Squares (OLS):

CogScore; = a + BYrsEduc; + X;y + u;,i = 1, ..., n,

where CogScore; is worker i’s cognitive skills score (literacy or numeracy), YrsEduc;
is worker i’s number of years of education, and X; is a set of control variables. The
continuous variable yrsqual, which measures the “highest level of education obtained
imputed into years of education (derived)”, is used for YrsEduc;. The set of controls
includes: 1) those used in Skills Matter (OECD, 2016, p. 71): age, gender, immigrant
and language background and parents’ educational attainment; 2) a dummy variable for
living with spouse/partner, and the number of children; 3) industry fixed effects; and 4)
country fixed effects. There are 125 234 observations when all workers are analysed,
and 27 651 when restricting the sample to workers aged 25-34. This restriction aims at
capturing the most recent quality of education.

These regressions yield estimates that range between 6 and 8 literacy or numeracy points
per additional year of education, depending on the set of controls included and if the
analysis is restricted to younger workers or not (see Table B.1 and Table B2 for details).

Comparing skills of individuals of different educational attainments

Another estimation strategy compares the skills of individuals who have just completed
secondary education and are enrolled in tertiary (or professional education, ISCED 5B)
with those of individuals who have just completed tertiary (or professional education,
ISCED 5B). Comparing individuals who have just completed secondary education, but
not necessarily enrolled in tertiary education, with individuals who have just completed
tertiary education, should lead to estimated difference that (at least) partially reflect the
fact that these individuals differ along many dimensions which affect their skill levels,
besides education. Thus, the results would likely inflate the skills returns to education.
Tertiary — professional degrees are chosen as they are those, among formal education,
that are most likely to resemble training programs for adults.

By restricting the analysis to individuals who have just completed secondary education
and who are enrolled in tertiary — professional education, the comparison should be more
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appropriate. That being said, a bias remains because the group of individuals who
complete tertiary — professional education does not include, by definition, those who
were enrolled in tertiary — professional education but dropped out. One may therefore
argue that the results obtained using this estimation strategy overestimate the skills
returns to education, if the two groups differ only with respect to their educational
attainment and probability of dropping out.

The following model is estimated by Ordinary Least Squares (OLS):
CogScore; = a + BJustCompletedEduc; + X;y +u;,i =1, ...,n,

where CogScore; is individual i’s cognitive skills score (literacy or numeracy),
JustCompletedEduc;is a dummy variable indicating whether individual i has
completed tertiary education, and X; is a set of control variables. The regressions are run
on the sample of individuals who have just completed secondary education and are
enrolled in tertiary — professional education or have just completed tertiary —
professional education. As such, 8 measures the difference in skill scores due to the
difference in educational attainment. The set of controls includes: 1) those used in Skills
Matter (OECD, 2016, p. 71): age, gender, immigrant and language background and
parents’ educational attainment; and 2) country fixed effects. In order to report the
estimates of the skill return per year of education, g is divided by two, which corresponds
to the difference in each group’s median “highest level of education obtained imputed
into years of education (derived)” (variable yrsqual).

The coefficients from these regressions are larger than those from the controlled
regressions, though they are also less precisely estimated due to smaller sample sizes
(see Table B.3 and Table B.4 for details). When no controls are included the estimates
are very similar to those obtained on the whole sample, and range between 6 and 7 points
for literacy and 7 and 9 points for numeracy, depending on the age restriction. With all
controls, estimates range between 8.5 and 11 points for literacy and 10 and 15 points for
numeracy.

Discussion based on existing literature

Very few studies have attempted to causally estimate the skill gains from education. The
only such study found uses Canadian data from the International Adult Literacy and
Skills Survey (IALSS), employing compulsory schooling laws as instruments for
education (Green and Riddell, 2015[7). Their instrumental variable (IV) estimates
suggest that one year of education increases literacy skills by around 7-9% (the OLS
estimate is smaller at 3%). Taking these estimates at face value and applying mean
PIAAC literacy score for Canada — which is equal to 273 (OECD, 2016, p. 22j) — Yields
approximately a 20 PIAAC literacy and numeracy points gain per additional year of
schooling (8 points for the OLS estimate).

There are two take-aways from this study. First, these estimates pertain only to Canada
and cannot be directly applied to the other countries in PIAAC. However, they suggest
that in countries with overall high-quality education systems (such as Canada), the skills
returns to education are important. Second, from a methodological point of view, the IV
estimates are larger than the OLS and thus may suggest that the controlled regression
estimates could be underestimating the skills returns to education.
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c) Knowledge area condition

Proximity in the knowledge area(s) of workers is another important criterion for determining
possible occupational transitions. Since the Survey of Adult Skills (PIAAC) does not include
specific information on the knowledge area of an occupation, it is proxied here using “the area of
study, emphasis or major for the highest level of qualification” of its workers. Not all occupations
require technical knowledge (e.g. electrotechnology engineers versus client information workers).
Hence, it is necessary to first determine which occupations are specialised (Box 3). Only
specialised occupations would require technical training in a specific knowledge area and thus the
condition should apply only for these occupations. An occupation’s knowledge area is here
determined as the set of fields of study that feature with higher frequency in the sample. If one of
the most frequent fields of study of the occupation of origin is among the most frequent fields of
study of the specialised occupation of destination, then the transition fulfils the knowledge area
criteria.

Since Scenario 3 allows for up to 3 years of training, which is the typical length of an undergraduate
degree, the knowledge area condition is fully relaxed in this case and assumed not to apply*.

Box 3. Characterising occupations’ knowledge area

In order to proxy the specific knowledge required in an occupation, this analysis uses the
field of study of the highest qualification reported by workers in the background
guestionnaire of the Survey of Adult Skills (PIAAC). The possible fields of study are:
General Programmes; Teacher training and education science; Humanities, languages
and arts; Social sciences, business and law; Science, mathematics and computing;
Engineering, manufacturing and construction; Agriculture and veterinary; Health and
welfare; and Services.

The knowledge area condition applies as a two-step process:
1. Determine whether the destination occupation is specialised.

2. If the destination occupation is not specialised: then the transition does not
require having specific expertise and the knowledge area condition is satisfied.

If the destination occupation is specialised: then the origin and destination
occupations’ most frequent fields of study need to partially overlap.

Since the field of study “General Programmes” does not impart any specific expertise, it
is discarded and the share of workers in each field of study in a given occupation
recalculated without it.

Determining whether an occupation is specialised

Based on these new shares, an entropy index of concentration is calculated as follows:

SpeCialisationo = Z?=1I(Sha’ €f.o0 > 0) X Shay €f,0 X log (Sharl”e )'
f.0
1,..,124,

where Shares , denotes the share of workers in occupation o having graduated in field

of study f, and I() is an indicator function returning 1 if the condition in parenthesis is
true and 0 otherwise. A perfectly diversified occupation, that is one for which the share
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of workers from each field of study is equivalent, would obtain an index of
approximately 2.08. Conversely, a perfectly specialised occupation would obtain a score
of 0.

Occupations are characterised as specialised if their concentration index is below 1.5,
which corresponds roughly to the average concentration index. 42% of occupations are
specialised based on this choice.

Determining whether the most frequent fields of study of occupations of origin and
destination overlap

In this analysis, the most frequent fields of study of an occupation are determined as the
set of most frequent fields of study (based on the shares excluding “General
Programmes”) which together account for at least 50% of workers. The knowledge area
condition is considered to be satisfied if there is at least one field of study in common
between the most frequent fields of study of the occupation of origin and of destination.

For example, librarians, archivists and curators’ field of study distribution is as follows

Table 2. Distribution of fields of study of librarians, archivists and curators

Teacher " Social . Engineering, .
) L Humanities, . Science, ; Agriculture Health
Field of training and lanquages and sciences, mathematics manufacturing and and Services
study education ? a?ts business and and computin and veterina welfare
science law puting construction ry
Share of 17.28% 42.92% 24.52% 6.80% 1.36% 0.13% 121%  5.78%
workers

Note: Librarians, archivists and curators correspond to ISCO-08 code 262. The shares displayed above are
calculated excluding librarians from the field of study ‘General Programmes’ (1.44%).
Source: OECD calculations based on the Survey of Adult Skills (PIAAC) (2012, 2015).

For librarians, archivists and curators, the set of most frequent fields of study which
together account for at least 50% of workers is “Humanities, languages and arts” and
“Social sciences, business and law”. Thus, for librarians to transition towards a
specialised occupation, the knowledge area condition would be satisfied if the
specialised destination occupation’s most frequent fields of study include either
Humanities or Social sciences.

2.2. Acceptable transitions

Possible transitions are those for which a given upskilling or (re)training effort would close the
skills distance existing between two occupations. However, many of these transitions would
actually not be acceptable for individuals or from a societal point of view, as for instance, possible
transitions may require workers to move to substantially less skilled occupations. When changing
jobs, workers generally take many parameters into account: geographic location, type of
occupation and industry, quality of match with their skills, wage change, type of contract, career
prospects, good working environment, agreeable colleagues, etc..
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As it is not possible to analyse all these various dimensions with the Survey of Adult Skills
(PIAAC), this study retains two criteria to determine acceptable transitions:

i.  at most moderate wage reduction and
ii.  limited excess cognitive skills.

Acceptable transitions are thus defined as possible transitions leading at most to a relatively small
median wage loss and to limited human capital loss. Individuals tend to dislike being overqualified
for their jobs and at the aggregate level this can also lead to lower aggregate productivity. The
values for the two conditions for each scenario are summarised in Table 3 and detailed in the
following paragraphs.

Task-based skills excesses are not considered among the criteria that need to be met for transitions
to be acceptable. This is because digitalisation changes and will continue to change the nature and
task portfolio of many jobs, requiring workers to perform sets of tasks that are difficult to
comprehend at present but may be different from tasks performed now in occupations of origin.
Hence, transitions entailing excesses in some tasks-based skills may be acceptable from both
individuals and economies’ point of view as they reflect changes in the set of tasks performed on
the job and generally entail shortages in other task-based skills.

Moreover, it is not possible to distinguish between transitions stemming from voluntary vs
involuntary separations, nor those that imply an unemployment spell. These different conditions
will necessarily have an impact on the magnitude of retraining costs and their allocation between
employers and public programs.

i) Wage reduction condition

For all three scenarios, the choice is made to allow at most a 10% median wage reduction. This
figure corresponds to approximately the average annual earnings loss of workers one year after
displacement in 5 OECD countries, as estimated by OECD (2013, p. 206(g)).

ii) Cognitive skills excess condition

The cognitive skills excess condition aims at ensuring that acceptable transitions are not towards
occupations where workers will not be utilising most of their cognitive skills. Acceptable
transitions involve at most 3.5 points excesses in literacy and numeracy in Scenario 1, and 7 points
excesses in literacy and numeracy for Scenarios 2 and 3. The reason why skills excesses are
allowed to be greater in Scenarios 2 and 3 is that the longer training duration they involve means
workers may be able to acquire a broader set of task-based skills, while entering occupations that
are slightly less demanding in terms of cognitive skills.
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Table 3. Summary of conditions for acceptable transitions, by scenario

Scenario1  Scenario2  Scenario 3 Comments
Small Moderate Large
training training upskilling
need need need
(upto 6 (upto1 (upto 3
months of year of years of
training) training) training)
This figure corresponds to approximately
the average annual earnings loss one year
Moderate wage reductions At most 10% 225;2'; ﬂ?gihmeegté%g OEE%E);;Z:T%’ as
Outlook, 2013, Figure 4.6A (OECD, 2013,
p. 206y)).
For Scenario 1 and Scenario 2, this
condition mirrors the maximum allowed
IS_Lr;rli;ed untapped cognitive 3.5 points 7 points 7 points cognitive skills upskilling needs. For

Scenario 3, the same condition as Scenario
2 is chosen to avoid a large human capital
loss.

Note: See previous paragraphs for further explanations.

Source: Authors.
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3. Which transitions for which workers?

Most occupations have occupations that are relatively close to them in terms of cognitive skills
requirement, tasks-based skills, and knowledge area. This is reflected in the fact that for almost all
occupations, it is possible to identify possible transitions in Scenario 1 involving small retraining
needs. On average, more skilled occupations face a number of possible transitions in all scenarios,
as there are many options to move, even towards relatively less skilled occupations (Figure 2). This
is true for all three scenarios. For example, within up to 6 months of (re)training, managers could
transit towards 60% of occupations, whereas workers in elementary occupations could switch to
only 5% of all possible occupations, given their skills’ endowment and needs. Clerks also have
many possible transitions offered to then, thanks to their relatively high cognitive skills and the
variety and frequency of tasks performed on the job (or task-based skills).

Figure 2. Average share of possible transitions by group of occupations and scenario
As a share of the total number of occupations

& Small training needs (up to 6 months)  ==O== Moderate training needs (up to 1 year) === Important training needs (up to 3 years)

100

80

60

20

0 1 1 1 1 1 1 1 1

Managers Professionals Technicians and Clerical support ~ Service and Skilled Craftand related ~ Plant and Elementary
associate workers sales workers  agricultural,  trades workers machine occupations
professionals forestry and operators and
fishery workers assemblers

Note: Each dot shows, for each group of occupations, the average share of possible transitions out of the total
number of occupations in the sample, by scenario. For example, in the small training needs scenario, managers,
on average, have 55% of possible transitions. In other words, for the average manager occupation, 55% of
transitions to all other occupations could technically be bridged within approximately 6 months. Table 1
summarises the conditions used to identify possible transitions. Calculations are based on results pooling data
from all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Less skilled occupations generally tend to have lower possibilities to transit to other occupations,
and relatively more options to move to other occupations within their occupation group, in both
Scenario 1 and 2 (Figure 3). For less skilled workers, a big career change would require large
investments in training, generally above one year. Conversely, skilled workers have more
occupational moves available to them, especially outside of their occupation group, though these
largely reflect moves towards significantly less skilled occupations.
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Figure 3. Average share of possible transitions from the same and other occupation groups
Scenario 1 — Small training need (At most 6 months)

[ Within occupation group [ In other occupation groups
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Clerical support workers

Service and sales workers

Skilled agricultural, forestry and fishery workers
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100 80 60 40 20 0 20 40 60 80 100
Scenario 2 — Moderate training need (At most 1 year)

[ Within occupation group [ In other occupation groups

Managers ]
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Clerical support workers

Service and sales workers

Skilled agricultural, forestry and fishery workers
Craft and related trades workers

Plant and machine operators and assemblers

Elementary occupations

100 80 60 40 20 0 20 40 60 80 100

Notes: The blue bar shows the average share of occupations within the same occupation group that are possible
transitions. The grey bar shows the average share of occupations from other occupation groups that are possible
transitions. For example, in the small training needs scenario, managers, on average, have 33% of transitions
towards other manager occupations that are possible, and 57% towards occupations in other occupation groups.
In other words, for the average manager occupation, non-manager occupations are more often possible
transitions than other manager occupations. Calculations are based on results pooling all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

However, workers are unlikely to move to other occupations if transitions entail large drops in
wages. Moreover, transitions towards occupations that are significantly less skilled are not
desirable for both individuals and economies, as they would entail large human capital loss and
might increase over-skilling and mismatch at the work place, thus ultimately reducing overall
productivity.
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When requiring that transitions involve limited cognitive skills excesses and wage reduction, many
possible transitions cannot be considered as acceptable anymore, especially for high-skilled
occupations. This leads to shares of occupations that can be considered acceptable transitions that
are unrelated to the initial share of possible transitions (Figure 4). Occupations with a very high
share of possible transitions (upper right corner), mainly high-skilled occupations, have
approximately the same share of acceptable transitions as occupations with very low shares of
possible transitions (lower left corner), mainly low-skilled occupations.

As the upskilling or (re)training effort increases, it is possible to identify a larger number of
acceptable transitions: the share of acceptable transitions increases from Scenario 1 to 3 (Figure 4).
This is because allowing more (re)training time increases the share of possible transitions. In
addition, as it is assumed that workers undertaking longer training spells may transit towards
occupations that are slightly less cognitively demanding but perhaps involve different task-based
skills, the pool of acceptable transitions increases with the retraining effort. With large training,
corresponding to three years, some occupations can move to any other occupations, and therefore
have 100% of acceptable transitions. This is because the pool of possible transitions is further
increased and the condition on the knowledge area is relaxed in Scenario 3.
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Figure 4. Share of possible and acceptable transitions for every 3-digit ISCO occupation

Scenario 1 - Small training need (up to 6 months)
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Note: Each graph shows for every occupation in the analysis the share of possible occupations (blue dots) and
the share of acceptable occupations (green dots). Table 1 and Table 3 summarise the conditions used to
identify possible and acceptable transitions. Calculations are based on results pooling data for all countries.
Source: Authors’ own compilation based on PIAAC (2012, 2015).
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The likelihood of occupational mobility enabled by upskilling or (re)training efforts is bell-shaped,
in all scenarios (Figure 5): there are not many acceptable transitions from low-skilled occupations
to other occupations because other occupations involve more demanding skills requirements; there
are not many acceptable transitions from high-skilled occupations to other occupations because
several transitions would entail relatively big wage decrease or skills excesses.

Figure 5. Average share of acceptable transitions by groups of occupations and scenarios
As a share of the total number of occupations

~—&— Small training needs (up to 6 months) === Moderate training needs (up to 1 year) == Important training needs (up to 3 years)
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associate workers sales workers  agricultural,  trades workers machine occupations

professionals forestry and operators and

fishery workers assemblers

Note: Each dot shows, for each group of occupations, the average share of acceptable transitions out of the total
number of occupations in the sample, by scenario. For example, in the small training needs scenario, managers,
on average, have less than 1% of acceptable transitions. In other words, for the average manager occupation,
less than 1% of transitions to all other occupations could technically be bridged within approximately 6 months

while entailing skills excesses and wage decrease below the limit set for this scenario. Table 3 summarises
the conditions used to identify acceptable transitions Calculations are based on results pooling all countries.
Source: Authors’ own compilation based on PIAAC (2012, 2015).

In the small training needs scenario, many occupations (43%) have no acceptable transitions
(Figure 6). Occupations for which such types of transitions cannot be identified mainly belong to
professionals and technicians among high skilled occupations and to plant and machine operators
and assemblers for low skilled ones. With a moderate upskilling or (re)training effort (equivalent
to up to 1 year of training), most occupations (90%) have transitions that could be acceptable at the
individual and societal level. The same pattern is observed with respect to the share of acceptable
transitions: occupations in the middle have a bigger share of acceptable transitions and it is more
rarely the case that it is not possible to find any transition option.
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Figure 6. Share of occupations with no acceptable transition, by groups of occupations and
scenarios

As a share of the number of occupations in the occupation group
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Note: Each dot shows, for each group of occupations, the share of occupations with no acceptable transitions
out of the number of occupations in the same occupation group, by scenario. For example, in the small training
needs scenario, 90% of the occupations belonging to the managers group of occupations do not have any
acceptable transitions. Table 3 summarises the conditions used to identify acceptable transitions. Calculations
are based on results pooling data for all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Many acceptable transitions are within the same group of occupations or to the closest group
(Figure 7). Acceptable transitions for managers, professionals and technicians tend to be located
on the left hand side of Figure 7, i.e. towards high-skilled occupations, while acceptable transitions
for skilled agricultural workers, craft workers, plant and machine operators and elementary
occupations tend to be towards the right hand side, i.e. towards relatively low-skilled occupations.
However, some acceptable transitions are towards occupations that may have appeared a priori
quite different. This finding points to one of the important implications and the potential of this
work: identifying transitions that may be possible and acceptable towards occupations that are
generally thought to be quite different from the occupations of origin.
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Figure 7. Acceptable transitions for all occupations, by occupation aroup for Scenario 2
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Note: Each row corresponds to an origin occupation and each column to a destination occupation. Transitions
are from row to column. Each blue dot represents a desirable transition. The light orange rectangles in the
diagonal encapsulate transitions within the same group of occupations. Calculations are based on the pooled
dataset.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

There are several policy implications to this first set of findings:

e The analysis argues that investing in (re)training can facilitate transitions across
occupations. For several occupations, a small upskilling or (re)training effort may not be
enough to help workers move to other occupations. However, moving from a small to a
moderate training effort largely reduces the number of occupations with no acceptable
transitions.
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e There are different types of barriers to occupation mobility across occupations. For low-
skilled occupations, the main barrier comes from their shortages of cognitive skills
whereas, for high-skilled occupations, the main barrier is represented by the lack of
attractiveness of several possible transitions, because they would entail too big wage
reduction or skills excesses.

Middle-skilled occupations have more options to transit to other occupations, as there are a wide
range of occupations at a relatively small distance in cognitive skills, which can be bridged through
small (re)training or upskilling and these transitions do not involve large wage or skill losses.

3.1. Country specificities of possible and acceptable transitions

The opportunities for workers to change occupation depend on a number of country specificities,
including location of geographical activities, industry structure and dynamics, institutional barriers
(such as occupational licensing) and the extent of flexibility of labour market arrangements, and of
course, skills’ distribution. For instance, in countries where the distribution of workers’ skills is
highly uneven, occupations are likely to be farther away from one another than in countries with
narrow skill distributions. Mobility from one occupation to another one is likely to be more difficult
in the first type of countries.

Due to sample size issues, distances cannot be computed by country at the detailed occupation level
chosen for the analysis. However, it is possible to group countries in clusters according to
similarities in terms of the distribution of the tasks-performed by workers in each occupation group
(Bechichi et al., 2018y4;), and perform this analysis by cluster. If, for all occupations, workers in
the same occupation in a considered cluster perform similar sets of tasks with the similar
frequencies, it could be expected that distances between occupations in these countries might be
similar. The cluster analysis leads to the grouping of countries presented in Table 4.

Table 4. Grouping of countries according to the cluster analysis

Countries
Cluster 1 Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey
Cluster 2 Australia, Canada, Ireland, New Zealand, United Kingdom, United States
Cluster 3 Austria, Belgium, Czech Republic, Denmark, Finland, Germany, Japan, Netherlands, Norway, Sweden
Cluster 4 Estonia, France, Israel, Korea, Poland, Singapore, Slovenia, Spain

Source: Bechichi et al. (20184)).

Cluster 2 made up of Anglo-Saxon countries stands out as having larger distances between
occupations than other groups of countries, for almost all groups of occupations, reflecting
relatively more dispersed skills distributions (Figure 8). Cluster 1 featuring countries characterised
by relatively low proficiency, as measured by the Survey of Adult Skills (PIAAC), exhibits
relatively small distances between occupations for low-skilled occupations, which partly results
from a skewed skills distribution towards low levels of skills. Cluster 3 is characterised by a
relatively narrow distribution of skills across occupations, as reflected in the relatively small
distances for most group of occupations. Cluster 4 finally appears relatively similar to what is
observed on average across all countries considered.
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Figure 8. Average shortage in cognitive skills towards all other occupations, by country
clusters and groups of occupations
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Note: Each bar shows, for each country cluster, the average shortage for occupations belonging to the indicated
group of occupation (e.g. managers) to move to any other occupation. For example, occupations in the group
of managers have on average much smaller shortages than occupations in the group elementary occupations to
move to any other occupation. Cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic,
Turkey — 106 occupations; Cluster 2: Australia, Canada, Ireland, New Zealand, United Kingdom, United States
— 114 occupations; Cluster 3: Austria, Belgium, Czech Republic, Denmark, Finland, Germany, Japan,
Netherlands, Norway, Sweden — 111 occupations; Cluster 4: Estonia, France, Israel, Korea, Poland, Singapore,
Slovenia, Spain.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Differences between countries in the distributions of cognitive skills and tasks-based skills matter
for possible and acceptable transitions (Figure 9). In countries with larger distances between
occupations (Clusters 1 and 2), fewer possible transitions can be identified and, consequently, there
are also less acceptable transitions. This is due to the fact that some possible transitions would
entail large skills excesses and because wages are also more unevenly distributed in these countries
(due to a number of factors), a bigger share of possible transitions involves wage decreases. For
Clusters 3 and 4, a bigger share of possible and acceptable transitions can conversely be identified.

Some workers lack geographical mobility also due to their skills and the occupation they work in.
However, some workers are internationally mobile, they display transversal skills and are
employed in occupations that are more internationally-oriented. For these workers, the country
cluster analysis may be too restrictive, as what may appear like a difficult transition within one
cluster may be simpler across clusters. Unfortunately, the analysis so far has a within-cluster
perspective only.
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Figure 9. Average share of possible and acceptable transitions, by country cluster
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Notes: Panel (a) shows the average share of possible transitions by country cluster and training duration. For
example, in the small training needs (up to 6 months) scenario, for Cluster 1, occupations have an average of
21% of possible transitions (out of all transitions), and 30% in the moderate training needs case. Panel (b) shows
the average share of acceptable transitions by country cluster and training duration. For example, in the
important training needs (up to 3 years) scenario, for Cluster 2, occupations have an average of 15% of
acceptable transitions. Panel (c) shows the share of occupations that have no acceptable transition by country
cluster and training duration.
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For example, taking all countries together, there are about 45% of occupations that do not have an acceptable
transition in the small training needs case, while this share decreases to 13% in the moderate case.

Possible and acceptable transitions are defined in Table 1 and Table 3. Clusters are defined in Table 4.
Cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey — 106 occupations;
Cluster 2: Australia, Canada, Ireland, New Zealand, United Kingdom, United States — 114 occupations; Cluster
3: Austria, Belgium, Czech Republic, Denmark, Finland, Germany, Japan, Netherlands, Norway, Sweden —
111 occupations; Cluster 4: Estonia, France, Israel, Korea, Poland, Singapore, Slovenia, Spain.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

3.2. Upskilling and retraining needs

The fact that the number of opportunities for transitions increases substantially with the upskilling
effort in cognitive skills reflects the importance of cognitive (literacy and numeracy) skills, and
therefore of education and training programmes with a strong foundational cognitive skills
component, for occupational mobility. In addition, comparing the type and intensity of tasks
performed in the occupations of origin and destinations for acceptable transitions gives information
on the type of training in other skills, and therefore on the overall skills mix, that may facilitate
mobility.

For each skills area, Figure 10 shows the relative average task-based skills needs for acceptable
transitions by occupation group and scenario. For several occupation groups, the most needed
retraining in Scenario 1 is in communication and management and advanced numeracy skills, with
ICT skills also being important. In Scenario 2, corresponding to a bigger training effort, upskilling
or (re)training workers in self-organising skills becomes also important. These results highlight the
importance of comprehensive education and training programmes that combine both cognitive and
non-cognitive skills to facilitate mobility across occupations.
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Figure 10. Relative training needs involved in acceptable transitions by type of skills area,
groups of occupations and scenarios
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Scenario 2 — Moderate training needs (up to 1 year)
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Note: Each transition can involve shortages in the five skills areas. For each skills area, the Figure shows, for
each group of occupations, the average relative shortage implied by acceptable transitions. For example, in the
moderate training needs scenario, 28% of managers’ training needs in task-based skills for acceptable
transitions are in ICT skills. Calculations are based on results pooling all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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4. Occupational transitions to move away from the risk of automation

The development, adoption and widespread use of digital technologies, especially in machine
learning and artificial intelligence may enable the automation of a range of tasks currently
performed by workers and to a change in the task content of occupations. While the number of
occupations that can be fully automated may not be large, at least in the short-run, education and
training policies might aim to facilitate transitions from occupations at high risk of automation to
those at a lower risk.

The risk of automation can be added in the analysis as a supplementary criterion guiding the
identification of acceptable transitions. The risk of automation by occupation is taken from Frey
and Osborne (2017y) leading to 48 occupations at high risk of automation (Box 5). These risks
were calculated based on machine learning experts’ assessment of which tasks could technically
be automated and applied to O*NET occupational data from the United States. These estimates
assess the intrinsic risk of an occupation to be automatable and therefore, are used in this analysis
to identify occupations at risk of automation.

Based on these first estimates, other estimates have proposed to take into account some individual
and country characteristics and assess the risk of automation at individual, job, and country levels
(Arntz, Gregory and Zierahn, 20169; Nedelkoska and Quintini, 2018107). Indeed, workers in the
same occupation may perform somewhat different tasks, depending on, e.g. the organisation of the
firm and the industry in which work, and may therefore have different risks to see their job
automated in the future. When estimating the monetary cost of education and training policies to
facilitate mobility away from occupations at risk of automation (in a companion paper, Andrieu et
al., 2019), the analysis relies on the share of jobs at risk of automation detailed in Nedelkoska and
Quintini (2018g)). This aims to account for the fact that factors other than the hypothetical risk of
automation ultimately shape the actual risk of being made redundant.

When occupations are classified according to their risk of automation, occupations at high risk of
automation feature very similar shares of possible and acceptable transitions as occupations at low
risk of automation (Figure 11). This suggests that highly automatable occupations could potentially
transition towards other occupations within a reasonable training period. Yet what matters for this
group of occupations is whether these acceptable transitions are towards occupations which entail
a lower automation risk.
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Figure 11. Average share of possible and acceptable transitions by risk of automation of
origin occupations

Average share of possible transitions
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Note: The Figure displays the average share of possible and acceptable transitions by origin occupations’ risk
of automation and by scenario. For example, occupations that are at low risk of automation, on average, have
20% of possible transitions in the small training needs (up to 6 months) scenario but have 1% of acceptable
transitions. The risk of automation of origin occupations is computed based on estimates by Frey and Osborne
(2017p1;) and described in Box 5. Low automation risk occupations correspond to occupations with an
automation probability below 30%, medium automation risk: between 30% and 70%, high automation risk:
over 70%. Possible and acceptable transitions are defined in Table 1 and Table 3. Calculations are based on
results pooling all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Though the majority of occupations at high risk of automation do not have an acceptable transition
with a low or medium risk of automation in Scenario 1, they all have one when training duration
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is extended to over a year (Figure 12). When only a small upskilling or (re)training effort (up to 6
months) is involved, only about half of these occupations have at least one acceptable occupation
for which the risk of automation is below 70%. With bigger upskilling or (re)training efforts, the
proportion of acceptable transitions towards occupations at low or medium risk of automation
increases dramatically. This is driven by two factors: 1) as the training effort increases, more and
more occupations at high risk of automation actually have at least one acceptable transition, and 2)
as the training effort increases, there are more acceptable transitions and thus the likelihood that at
least one of them has a risk of less than 70% also increases.

The analysis enables the identification of occupations at risk that education and training policies
may need to be especially concerned about: those at high risk of automation and for which a
substantive training effort of more than one year is required to transit to occupations at low or
medium risk of automation (Table 5). Occupations at high risk of automation for which it is
possible to identify acceptable transitions towards occupations at lower risk of automation with a
smaller training effort (6 months to 1 year) can be considered as being less at risk.

The share of employment in those occupations at high risk of automation and for which a
substantive training effort is required to transit to occupations at low or medium risk of automation
varies across countries. This share also depends on whether it is assumed that all workers in those
occupations are at high risk (upper bound) or that only some of them, because of the task they
perform, are at high risk (lower bound). Overall, the share of employment that may be of specific
concern for policies ranges between 0.3% and 1.5% for the lower bound and between 1.2% and
5.8% for the upper bound (Figure 13).
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Figure 12. Number of acceptable transitions towards occupations at low or medium risk of

automation for origin occupations at high risk of automation

Occupations are ranked according to the number of acceptable transitions towards occupations at low or
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Notes: For each scenario, only high risk of automation occupations are considered (48 occupations).
Occupations are ranked according to their number of acceptable transitions with a low or medium risk of
automation, from 0O to the highest number.

The risk of automation of origin occupations is computed based on estimates by Frey and Osborne (2017[1))
and described in Box 5. Low automation risk occupations correspond to occupations with an automation
probability below 30%, medium automation risk: between 30% and 70%, high automation risk: over 70%.
Acceptable transitions are defined in Table 3. Calculations are based on results pooling all countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Table 5. Occupations that may need to be targeted by training programs

Occupations at high risk of automation not having any acceptable transition towards occupations at low or
medium risk of automation with training of up to 1 year

Occupations Risk of automation
Blacksmiths, toolmakers and related trades workers 84.8
Chemical and photographic products plant and machine operators 85.0
Keyboard operators 96.6
Metal processing and finishing plant operators 88.0
Mining and construction labourers 80.0
Mining and mineral processing plant operators 80.4
Rubber, plastic and paper products machine operators 86.7
Street vendors (excluding food) 94.0
Subsistence livestock farmers 87.0
Wood processing and papermaking plant operators 82.1

Note: These occupations are occupations at high risk of automation and without any acceptable transition
towards occupations at low or medium risk of automation, when training spells of up to 1 year are considered
(Scenario 2). The risk of automation of the occupation of origin is computed based on estimates by Frey and
Oshorne (2017p1) and described in Box 5. Low automation risk occupations correspond to occupations with an
automation probability below 30%; medium automation risk: between 30% and 70%; high automation risk:
over 70%. Acceptable transitions are defined in Table 3. Calculations are based on results pooling all countries.
Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Figure 13. Share of employment in occupations at high risk of automation for which an
important training effort is needed to transition towards occupations at low or medium risk
of automation
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Note: For the lower bound estimate, only workers currently at high risk of automation are considered while for
the upper bound estimate, all workers currently employed in occupations at high risk of automation are
considered. The proportion of workers at high risk of automation in an occupation is taken from Nedelkoska
and Quintini (20189)).

Source: Authors’ own compilation based on PIAAC (2012, 2015).

The (re)training or upskilling efforts necessary to identify acceptable transitions for occupations at
high risk of automation to low- or medium-automation-risk occupations varies by country cluster
(Figure 14). When all countries are considered together, within up to 6 months of (re)training (i.e.
Scenario 1), about half of the occupations at high risk of automation do not have any acceptable
transition towards an occupations at relatively lower risk of automation. This share climbs to close
to 80% for clusters 1 and 2, and just over 65% for cluster 3. Results for cluster 4 are similar to
those obtained on all countries. These shares are halved or more when extending the duration of
(re)training to up to one year (Scenario 2). With a large training effort (Scenario 3), acceptable
transitions towards occupations at smaller risk of automation can be found for all occupations in
clusters 2 and 4, and for most of them in clusters 1 and 3.
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Figure 14. Share of occupations at high risk of automation without any acceptable
transitions towards occupations with a low or medium risk of automation
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Notes: This Figure shows the share of occupations at high risk of automation which do not have any acceptable
transitions in each training needs scenario. For example, in the small training needs scenario, 78% of high risk
of automation occupations in Cluster 1 do not have an acceptable transition, while in the moderate training
needs cases, this figure goes down to 32%.

Occupations at high risk of automation have an automation probability greater than 70%. The risk of automation
of origin occupations is computed based on estimates by Frey and Osborne (2017[1;) and described in Box 5.
Low automation risk occupations correspond to occupations with an automation probability below 30%;
medium automation risk is between 30% and 70. Acceptable transitions are defined in Table 3. Pooled: all
countries — 48 occupations at high risk; Cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak
Republic, Turkey — 41 occupations at high risk; Cluster 2: Australia, Canada, Ireland, New Zealand, United
Kingdom, United States — 44 occupations at high risk; Cluster 3: Austria, Belgium, Czech Republic, Denmark,
Finland, Germany, Japan, Netherlands, Norway, Sweden — 42 occupations at high risk; Cluster 4: Estonia,
France, Israel, Korea, Poland, Singapore, Slovenia, Spain — 43 occupations at high risk.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Differences across clusters partly reflect those observed for acceptable transitions in general
(Figure 9). For countries with a dispersed cognitive skills distribution (clusters 1 and 2), it is
difficult to find transitions when small (re)training efforts are considered, and even more so when
restricting transitions to those occupations at low or medium risk of automation.

The training requirements in terms of areas of skills differ depending on occupations’ risk of
automation and scenario (Figure 15). In Scenario 1, occupations at high risk of automation are
predominantly in need of training in non-cognitive skills, such as management and
communications as well as self-organisation, though they also require some training in ICT and
advanced numeracy skills. This is mainly because occupations at risk of automation perform mostly
routine tasks and management, communications and self-organisation are relatively more difficult
to automate. Conversely, acceptable transitions for occupations at medium and low automation risk
would require raising cognitive skills such as ICT and advanced numeracy skills.
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Figure 15. Relative task-based skills training needs involved for acceptable transitions by

origin occupations’ automation risk level
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Note: These tables display the relative training need in terms of task-based skill entailed by acceptable
transitions, by automation risk of the origin occupation. For example, in Scenario 1, for low automation risk
occupations, on average, 43% of the overall task-based (re)training needs are in advanced numeracy skills.
Task-based skills are explained in Box 1. The risk of automation of the occupation of origin is computed based
on estimates by Frey and Osborne (201711;) and described in Box 5. Low automation risk occupations
correspond to occupations with an automation probability below 30%, medium automation risk: between 30%
and 70%, high automation risk: over 70%. Acceptable transitions are defined in Table 3. Calculations are based
on pooled data overall countries.

Source: Authors’ own compilation based on PIAAC (2012, 2015).

When more important (re)training or upskilling efforts are considered and it is possible to reach
occupations characterised by higher cognitive skills (Scenario 2), developing non-cognitive skills
rather than ICT skills seem particularly important for both occupations at high and medium risk of
automation. These changes reflect the composition of tasks performed in acceptable occupations,
as well as the number of acceptable occupations. When restricting to the analysis to destination
occupations at low or medium automation risk, the results are almost identical.

Overall, the findings of the analysis show the importance of ensuring that workers in occupations
at risk of automation, especially those in low-skilled occupation, participate in education and
training to be able to change occupations and find a “safe haven”. However, evidence shows that
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those workers are less likely to participate in training than those in occupations with a lower risk
of automation (Nedelkoska and Quintini, 2018[11). The findings of the analysis also show the need
for training that facilitate the development of a mix of skills including cognitive, ICT and social
and emotional skills to facilitate mobility across occupations. Evidences suggest that employers
mainly provide training on job-specific skills (Figure 16) and that a very small share of workers go

back to formal education in most countries.

Figure 16. Main skills targeted by vocational training in enterprises, 2015

European Union OECD countries, share of employers providing training related to each type of skills

02010 ©2015
80
60
40 I~ i
A SR U O G ‘3
0 1 1 1 1 Q 1 1 1 1 ?
o % S @ & & & & & & @ 3
K ° S Q $ Q g N S & S S
N & & > P > O & N %) & O
¢ S & & N § S @ s & S &
2 & S 3 & PY S @ & S $
S S S & S N4 S A & & N
S S S S & N N & & S &
< > N ') Q S & A\ &
Q @ QO > N & S N S
> N k) ) Q S G
s & & S N S
& A N @ O &
03 Q o Q Q
§ & S S
) N N
> < S
& Q&
& S

Y
cognitive skills

Source: Eurostat Continuing VVocational Training Survey.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS

/
non-cognitive skills




OCCUPATIONAL MOBILITY, SKILLS AND TRAINING NEEDS | 43

Box 4. Estimating occupations’ risk of automation

Frey and Osborne’s (201717) methodology

Frey and Osborne estimated how potential technological improvements might impact
future employment, in the United States, with the aim to quantify the “susceptibility of
jobs to computerisation”. They focused on the theoretical possibility of automating a
task or job rather than on the actual automation of tasks/jobs, and proceeded as follows:

1. During a workshop at Oxford University with a group of machine learning
researchers, they asked them to assess the automatability of 70 occupations based on
their O*NET task description. The exact question was “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?”” Occupations for which all tasks
were confidently considered to be automatable were assigned a 1, while occupations
for which none of the tasks were confidently considered to be automatable were
assigned a 0.

2. Based on the answers for the 70 occupations of the workshop, they used a machine
learning algorithm to better understand the link between their automatability and
three “bottlenecks to computerisation” (perception and manipulation; creative
intelligence; and social intelligence). The results from the algorithm enabled them
to estimate the probability of computerisation for 702 detailed occupations for which
employment and wage data are reported by the Bureau of Labor Statistics (BLS).

Automation risk categories

Frey and Osborne (2017y) classify occupations into three broad categories, which are
also followed in the present work :

o low risk of automation: 30% or less probability of computerisation;

e medium risk of automation: between 30% and 70% probability of
computerisation;

¢ high risk of automation: over 70% probability of computerisation.

Matching Frey and Osborne’s (2017[17) occupation classification

Frey and Osborne’s automation estimates are published at the 6-digit 2010 Standard
Occupation Classification (SOC 2010) while the analysis undertaken is at the 3-digit
2008 International Standard Classification of Occupations (ISCO-08). In order to obtain
automation probabilities at the 3-digit ISCO-08 level, an official crosswalk from 6-digit
SOC 2010 to 4-digit ISCO-08 provided by the BLS® is employed. 18 SOC 2010 codes
are manually recoded based on the occupation title in order to correspond to the
crosswalk. Then, the automation probabilities are computed at the 3-digit ISCO-08 level
as the average automation probability of the underlying 4-digit occupations weighted by
their employment share in the Survey of Adult Skills (PIAAC).

1 The crosswalk can be found at: https://www.bls.gov/soc/ISCO SOC Crosswalk.xls
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5. Conclusions

This work investigates how education and training policies can facilitate transitions across
occupations, while maintaining workers in quality jobs that make maximal use of their skill sets.
In addition, it sheds light on the magnitude and type of training needed to move workers away from
occupations at high risk of automation.

The analysis considers three scenarios that correspond to three training needs and durations:
“small”, “moderate” and “important”. These are equivalent to, approximately, up to 6 months, up
to 1 year or up to 3 years of education and/or training, respectively. For each scenario, the analysis
identifies for each occupation both possible and acceptable transitions towards other occupations.
Possible transitions are transitions which involve similar skills and knowledge. Acceptable
transitions are a subset of possible transitions which entail at worse moderate wage reductions and
limited unexploited human capital.

Almost all occupations have at least one possible transition in the small training needs scenario.
However, many of these possible transitions imply movements towards less skilled or less
remunerated occupations, which is unacceptable from an individual and societal point of view.
Acceptable transitions are much harder to find for many occupations, particularly in the small
training needs scenario. When pooling data from all countries, 46% of occupations do not have any
acceptable transitions within approximately 6 months of training. When one year of training is
allowed, only 13% of occupations do not have any acceptable transitions.

The number of acceptable transitions is closely linked to occupations’ skills level. Indeed, the
relationship between occupations’ number of acceptable transitions and their skill level is bell-
shaped. Low-skilled occupations tend to have fewer acceptable transitions as they are significantly
less skilled than other occupations, while high-skilled occupations also tend to have less because
transitions will often imply large wage decreases or important unexploited human capital. This
suggests equipping low-skilled workers with stronger foundational cognitive skills may help
improve their opportunities for occupational mobility. The results also underscore the importance
of comprehensive education and training programmes that combine both cognitive and non-
cognitive skills to facilitate mobility across occupations.

The study then zooms in to the 48 occupations that are at high risk of automation following Frey
and Osborne (2017}1), with the aim to explore their opportunities to move to occupations at lower
risk of automation. The set of acceptable transitions is therefore restricted only to those destination
occupations which have a low or medium risk of automation. With this restriction in place, it is
significantly harder to move from a highly automatable occupation to an acceptable one with a low
or medium risk of automation. In a moderate training needs scenario, one in five occupations with
a risk of automation does not have any acceptable transition towards a low or medium risk of
automation. In some country clusters, close to one in three in cluster 1 and one in four in cluster 2.

These findings highlight the importance of ensuring that workers in occupations at risk of
automation, especially those in low-skilled occupation, participate in education and training in
order to ease occupational changes towards occupations less at risk of automation. In particular,
this stresses the need to guarantee that all workers acquire an appropriate level of foundation
cognitive skills, and that training opportunities account for the skill requirements of similar
occupations with lower risks of automation.

This study is complemented by work (Andrieu et al., 2019) estimating the monetary cost of such
transitions with cost estimates declined by occupation, by (re)training spell length and by
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subdividing the overall cost into the direct cost of training (i.e. how much providing or purchasing
the training required costs) and the opportunity cost of training. The latter is intended as the forgone
salaries of the workers that, instead of working, participate in training spells.

The analysis here and the cost analysis in Andrieu et al. (2019) are both performed on the pooled
sample of data from all countries in PIAAC and on country clusters’ data, with the aim to uncover
general patterns and to maximise the precision of the estimates and of the policy implications
emerging from the analysis.
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Annex A. Additional Descriptive Statistics

Occupations

1. This analysis includes 3-digit level occupations from the 2008 International
Standard Classification of Occupations (ISCO) present in the Survey of Adult Skills
(PIAAC) for which there are at least 50 workers when pooling all countries together.
For the country clusters analyses, the threshold is lowered to 30 workers. The
number of occupations included and excluded can be found in Error! Reference s
ource not found.. The choice was made to bundle some occupations together in
order to include them in the analysis and include as many occupations as possible.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS



OCCUPATIONAL MOBILITY, SKILLS AND TRAINING NEEDS | 49

Table A.1. Number of occupations included and excluded from the analysis

Pooled
(All countries)

Cluster 1
(Chile, Greece, Italy, Lithuania,
Russian Federation, Slovak

Cluster 2
(Australia, Canada, Ireland,
New Zealand, United Kingdom,

Cluster 3
(Austria, Belgium, Czech
Republic, Denmark, Finland,
Germany, Japan, Netherlands,

Cluster 4
(Estonia, France, Israel, Korea,
Poland, Singapore, Slovenia,

Republic, Turkey United States) Norway, Sweden) Spain)
Number of occupations 123 106 114 111 112
included in the analysis
Number of occupations 1 18 10 13 12

excluded from the analysis

Occupations  that have
been bundled together
(ISCO-08)

Traditional and Complementary
Medicine Professionals (223) -
Paramedical Practitioners (225)
Traditional and Complementary
Medicine Associate
Professionals (323) - Other
Health Associate Professionals
(325)

Subsistence crop farmers (631) -
Subsistence Mixed Crop and
Livestock Farmers (633)

Traditional and Complementary
Medicine Associate
Professionals (323) - Other
Health Associate Professionals
(325)

Traditional and Complementary
Medicine Associate
Professionals (323) - Other
Health Associate Professionals
(325)

Subsistence crop farmers (631) -
Subsistence Mixed Crop and
Livestock Farmers (633)

Traditional and Complementary
Medicine Associate
Professionals (323) - Other
Health Associate Professionals
(325)

Traditional and Complementary
Medicine Associate
Professionals (323) - Other
Health Associate Professionals
(325)
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List of excluded
occupations (ISCO-08)

Subsistence Fishers, Hunters,
Trappers and Gatherers (634)

Information and
Communications ~ Technology
Services  Managers  (133);

Physical and Earth Science
Professionals (211);
Mathematicians, Actuaries and
Statisticians (212); Veterinarians

(225); Traditional and
Complementary Medicine
Professionals - Paramedical

Practitioners (229 - bundle);
Ship and Aircraft Controllers and
Technicians (315); Veterinary
Technicians and  Assistants
(324); Other Personal Services
Workers (516); Mixed Crop and
Animal Producers (613); Fishery
Workers, Hunters and Trappers
(622); Subsistence Livestock
Farmers (632); Subsistence
Fishers, Hunters, Trappers and
Gatherers  (634); Subsistence
crop farmers - Subsistence
Mixed Crop and Livestock
Farmers (639 - bundle);
Chemical and Photographic
Products Plant and Machine
Operators (813); Ships’ Deck
Crews and Related Workers
(835); Vehicle, Window, Laundry
and Other Hand Cleaning
Workers  (912); Street and
Related Services Workers (951);
Street Vendors (excluding Food)
(952)

Mathematicians, Actuaries and
Statisticians (212); Veterinarians

(225); Traditional and
Complementary Medicine
Professionals - Paramedical

Practitioners (229 - bundle);
Street and Market Salespersons
(521);  Subsistence  Fishers,
Hunters, Trappers and
Gatherers (634); Metal
Processing and Finishing Plant
Operators  (812); Locomotive
Engine Drivers and Related
Workers (831); Ships’ Deck
Crews and Related Workers
(835); Street and Related
Services Workers (951); Street
Vendors (excluding Food) (952)

Production ~ Managers  in
Agriculture, ~ Forestry  and
Fisheries (131); Mathematicians,
Actuaries and  Statisticians
(212);  Veterinarians  (225);
Traditional and Complementary
Medicine  Professionals -
Paramedical Practitioners (229 -
bundle); Veterinary Technicians
and Assistants (324); Street and
Market ~Salespersons  (521);
Fishery Workers, Hunters and
Trappers (622); Subsistence
Livestock ~ Farmers  (632);
Subsistence Fishers, Hunters,
Trappers and Gatherers (634);
Subsistence crop farmers -
Subsistence Mixed Crop and
Livestock Farmers (639 -
bundle); Ships’ Deck Crews and
Related Workers (835); Street
and Related Services Workers
(951); Street Vendors (excluding
Food) (952)

Production ~ Managers  in
Agriculture,  Forestry  and
Fisheries (131);

Mathematicians, Actuaries and
Statisticians (212); Veterinarians

(225); Traditional and
Complementary Medicine
Professionals - Paramedical

Practitioners (229 - bundle);
Veterinary ~ Technicians and
Assistants  (324);  Fishery
Workers, Hunters and Trappers
(622); Subsistence Livestock
Farmers (632); Subsistence
Fishers, Hunters, Trappers and
Gatherers (634); Subsistence
crop farmers - Subsistence
Mixed Crop and Livestock
Farmers (639 - bundle); Ships’
Deck Crews and Related
Workers (835); Street and
Related Services Workers (951);
Street Vendors (excluding Food)
(952)
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Table A.2. Summary statistics for all transitions by 1-digit ISCO occupations

Cognitive skills Task-based skills Cognitive skills Task-based skills
Average Average
shortage eXCess Average Average Share of Share of Share of Share of Share of
(excluding 0 (excluding 0 shortage excess transitions transitions transitions transitions specialised
shortage; in shortage; in (excluding 0 (excluding 0 involving involving involving involving occS ations (%)
years of years of shortage) shortage) shortages (%) excesses (%) shortages (%) excesses (%) P °
education) education)
Managers 1.66 3.66 8.44 69.75 31.19 75.02 36.30 98.09 18.18
Professionals 1.33 4.59 14.85 46.22 19.83 86.75 63.51 93.45 76.92
Technicians and associate 192 347 16.98 38.48 38.43 68.81 66.28 90.71 57.89
professionals
Clerical support workers 2.30 2.73 19.10 33.89 47.16 58.56 76.11 87.41 12.50
Services and sales workers 3.48 1.85 34.30 19.16 71.62 34.89 86.79 75.86 7.69
Skilled agricultural, foresry 402 1.99 44.40 15.14 79.20 27.19 94.44 73.66 57.14
and fishery workers
ACEIIE IS 3.39 188 3794 13.28 7124 35.08 86.46 64.11 57.14
workers
Plant and machine 364 176 54.66 6.96 74.74 29,62 96.81 4361 42.86
operators and assemblers
Elementary occupations 6.08 1.20 59.83 7.23 92.01 9.24 98.46 37.84 21.27

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table A.3. Small training needs (up to 6 months) — Summary statistics

Average number of Share of transitions Share of possible Average number of
transitions below below cognitive skill Average number of Averade Number of  transitions satisfyin acceptable Average
cognitive skill shortage threshold possible transitions o niti%/ o occupation (%) ying trans'?tions cognitive Number of
shortage threshold satisfying (%) ol ortage s without ° skill shortage  occupations
Task- of possiblg any of without any
witho  reldof o ced Wth0 — yanifons it possible  Wage  CoOntve With0  acceptable  acceptable
Al study : All shortage it i = skill All shortage ~ transitions i transitions
shortage condition skills (%) positive transitions  condition %) ositive
shortage 0 excess b
Managers 89.7 83.6 7.7 95.9 66.5 93.9 1.6 0 71 6.5 1.0 54.2 2.3 5
Professionals 102.6 97.6 68.0 67.2 46.3 98.9 1.9 0 9.8 1.8 0.3 35.7 20 19
Technicians and 81.2 747 773 728 453 95.2 2.1 0 144 55 14 18.4 21 9
associate professionals
Clerical support workers 704 64.0 74.6 72.8 38.5 95.0 12 0 279 54 1.1 234 14 3
Services and sales 38.7 339 85.3 772 254 90.0 18 0 62.8 135 22 316 22 3
workers
Skilled agricultural,
forestry and fishery 29.6 24.6 85.4 68.3 14.3 88.7 1.9 0 71.0 11.6 1.7 16.6 2.0 2
workers
Craft and related trades 394 344 93.9 746 276 88.6 23 0 384 135 22 49.1 23 2
workers
Plant and machine
operators and 35.2 301 90.6 446 12.6 88.4 1.6 0 26.9 11.6 0.9 20.0 1.1 8
assemblers
Elementary occupations 10.6 8.8 97.7 446 53 78.9 2.3 4 55.4 23.6 1.0 20.0 24 6
Average 55.3 50.2 74.8 68.7 31.3 90.8 1.9 4 34.9 10.3 1.3 29.9 2.0 57

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table A.4. Moderate training needs (up to 1 year) — Summary statistics

Average number of Share of transitions .
o " ) Share of possible Average number of
transitions below below cognitive skill Average number of Average Number of  transitions satisfyin acceptable Average
cognitive skill shortage threshold possible transitions ag u . o ying P cognitive Number of
OPIA cognitive occupation (%) transitions ) .
shortage threshold satisfying (%) . . skill shortage  occupations
skill shortage s without f ithout
] Task- ) of possible any . . Ot b wi °Ut \';\)YI\Y
With 0 Field of based With 0 transitions if possible Wage Cogn.|t|ve With 0 acceptable accep ? e
Al study : Al shortage it it = skill Al shortage ~ transitionsif  transitions
shortage = skills o positive transitions  condition 0 "
condition (%) excess (%) positive
shortage

Managers 94.7 83.6 76.9 98.9 71.9 89.8 45 0 9.2 16.4 36 45.7 6.8 1
Professionals 106.7 97.6 67.4 88.2 62.5 95.4 45 0 14.9 79 27 34.2 4.0 5
Technicians and 86.1 747 771 90.8 56.6 89.9 40 0 19.1 17.7 42 212 37 3
associate professionals
Clerical support workers 74.9 64.0 74.9 90.4 495 89.2 37 0 33.9 18.1 59 38.1 4.6 1
Senvices and sales 436 339 845 931 86 799 40 0 645 341 85 374 40 0
workers
Skilled agricultural,
forestry and fishery 35.1 246 82.6 90.1 221 714 47 0 73.7 42.9 6.9 28.7 47 1
workers
Craftand related rades 5 4 U4 918 910 %6 776 37 0 209 366 75 404 42 0
workers
Plant and machine
operators and 40.6 30.1 89.9 73.8 26.3 78.9 37 0 31.6 374 39 37.8 5.0 2
assemblers
Elementary occupations 13.2 8.8 89.1 76.5 104 64.4 5.7 2 55.9 58.7 41 438 6.6 3
Average 60.0 50.2 81.6 88.1 41.3 81.8 43 2 38.2 30.0 5.3 36.4 438 16

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table A.5. Important training needs (up to 3 years) — Summary statistics

Average number of Share of transitions .
o " ) Share of possible Average number of
transitions below below cognitive skill Average number of Average ransitions satisfyin accentable Average
cognitive skill shortage threshold possible transitions Y Number of . ying P L9 Number of
S cognitive skill . (%) transitions cognitive skill .
shortage threshold satisfying (%) occupations occupations
shortage of without any shortage of without any
_ Fieldof sk With 0 possible possible Cognitive With 0 acceptable acceptable
With 0 based transitions if o Wage . transitions if "
Al study X All shortage it transitions ¢/ skill All shortage ” transitions
shortage condition skills (%) posiuve condition (%) positive
shortage ? excess b

Managers 110.7 83.6 - 100.0 110.7 74.7 14.0 0 20.2 3141 17.0 11.8 20.0 1
Professionals 116.9 97.6 - 98.5 115.4 83.9 10.0 0 27.0 20.1 16.0 19.0 11.7 0
Technicians and 104.4 747 - 98.0 1022 712 144 0 324 35.2 206 104 16.5 1
associate professionals
Clerical support workers 96.9 64.0 - 97.6 94.5 67.1 151 0 52.0 40.5 31.0 17.5 16.2 0
Services and sales 68.2 33.9 - 9.9 65.5 485 165 0 74.4 60.3 327 135 170 0
workers
Skilled agricultural,
forestry and fishery 58.4 246 - 92.7 52.6 40.9 15.9 0 79.3 67.7 21.7 13.7 16.8 0
workers
Craft and related trades 69.2 344 . 936 643 495 156 0 505 504 243 138 176 0
workers
e el 62.7 30.1 - 85.1 516 529 145 0 414 58.4 15.6 176 17.0 0
operators and assemblers
Elementary occupations 29.1 8.8 - 96.5 274 24.0 20.6 0 75.0 85.1 16.9 10.0 20.8 0
Average 79.6 50.2 - 95.4 76.0 57.0 15.2 0 50.2 50.9 224 141 171 2

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Annex B. Sensitivity Analysis

Skills returns to education

Table B.1. All workers

(1)

2 @) () ()

(6)

()

8)

Literacy ~ Numeracy Literacy Numeracy Literacy ~Numeracy Literacy = Numeracy
Highest level of education obtained 6.699***  7.666*  6.535***  7.699**  5.958***  7.151**  6.026**  7.297***
imputed into years of education (derived)  (0.118)  (0.144)  (0.124)  (0.155)  (0.130)  (0.153)  (0.153)  (0.180)
Controls Skills Matter (2013, p.71, Figure Y Y Y Y Y Y Y Y
3.2):
age, gender, immigrant and language
background and parents’ educational
attainment
Other controls: N N N N N N Y Y
Living with spouse/partner, number of
children
Country fixed effects N N Y Y Y Y Y Y
Industry fixed effects N N N N Y Y Y Y
Number of observations 125234 125234 125234 125234 125234 125234 125234 125234
Source: Authors’ own compilation based on PIAAC (2012, 2015).
Table B.2. Workers aged 24-35
(1) ) @) (4) () (6) (7) (8)
Literacy ~ Numeracy Literacy Numeracy Literacy —Numeracy Literacy =~ Numeracy

Highest level of education obtained 6.821**  7.772**  6.850**  7.931**  6.218***  7.263** 5787  6.969***
imputed into years of education (derived)  (0.285)  (0.278)  (0.297)  (0.285)  (0.322)  (0.295)  (0.387)  (0.383)
Controls Skills Matter (2013, p.71, Figure Y Y Y Y Y Y Y Y
3.2):
age, gender, immigrant and language
background and parents’ educational
attainment
Other controls: N N N N N N Y Y
Living with spouse/partner, number of
children
Country fixed effects N N Y Y Y Y Y Y
Industry fixed effects N N N N Y Y Y Y
Number of observations 27 651 27 651 27 651 27 651 27 651 27 651 27 651 27 651

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.3. Graduated upper secondary education within 1 year of interview

(1) ) 3) ) (5) (6)

Literacy ~Numeracy Literacy ~Numeracy Literacy =~ Numeracy

Estimated increase in skills for one year

of enrolment in a tertiary professional 5.84 7.30 7.76 8.61 8.48 10.45
degree

Regression coefficient indicating differencein ~ 11.67**  14.59*** 15.51%*  17.22** 16.96*  20.89***
skill scores between the 2 groups (4.602)  (5.535) (4.897)  (5.962) (5.029)  (6.606)
Controls Skills Matter (2013, p.71, Figure N N N N Y Y
3.2):

age, gender, immigrant and language
background and parents’ educational

attainment
Country fixed effects N N Y Y Y Y
Number of observations 2150 2150 2150 2150 1990 1990

Source: Authors’ own compilation based on PIAAC (2012, 2015).

Table B.4. Graduated upper secondary education within 1 year of interview, maximum age
to graduate from upper secondary education is 21 years old, maximum age to complete
tertiary — professional degree is 30 years old

(1) () 3) () () (6)

Literacy ~Numeracy Literacy Numeracy Literacy =~ Numeracy

Estimated increase in skills for one year

of enrolment in a tertiary professional 7.07 8.96 9.21 11.03 10.90 15.37
degree

Regression coefficient indicating difference in -~ 14.13***  17.92***  18.42"*  22.05**  21.80**  30.73***
skill scores between the 2 groups (5.163)  (5.983)  (5428)  (6.395)  (7.288)  (8.482)
Controls Skills Matter (2013, p.71, Figure

3.2):

agez, gender, immigrant and language N N N N Y Y
background and parents’ educational

attainment

Country fixed effects N N Y Y Y Y
Number of observations 1714 1714 1714 1714 1585 1585

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.5. Assuming the skills return per year of education is 5 (instead of 7) PIAAC points in literacy and numeracy

Small training needs (up to 6 months) — Summary statistics

Average number of

Share of transitions

2 " ) Share of possible Average number of Average
transﬁpps be[ow below cognitive skill Aver_age numt_>e:r of Avergge Number. of transitions satisfying acceptable cognitive Number of
cognitive skill shortage threshold possible transitions cognitive occupation (%) transitions kill sh .
shortage threshold satisfying (%) skill shortage s without ’ skill shortage  occupations
' Task- i of possible any - . of without any
With 0 Field of based With0 o nsitions if possible Wage Cognitive With 0 acceptable acceptable
Al shortage  Study skills All shortage positive transitions  condition skill All shortage ~ transitionsif  transitions
98 condition (%) excess (%) positive
shortage
Managers 88.1 83.6 0.8 95.9 65.4 95.5 1.1 0 6.8 41 0.6 66.6 1.0 6
Professionals 101.3 97.6 68.2 67.7 46.2 99.0 1.8 0 9.8 15 0.3 35.7 2.0 19
Technicians and 797 747 773 731 4456 9.6 13 0 14.2 28 06 134 19 12
associate professionals
Clerical support workers 69.0 64.0 74.8 73.6 38.2 95.6 1.0 0 27.6 4.1 1.0 234 1.2 3
Services and sales 376 33.9 85.5 771 4.7 925 0.9 0 62.9 52 0.8 28.6 15 6
workers
Skilled agricultural,
forestry and fishery 28.1 24.6 85.0 69.0 13.7 91.4 1.3 0 704 6.6 0.9 5383 1.2 4
workers
Craft and related trades 376 34.4 93.6 75.6 26.6 92.4 16 0 372 75 13 49.9 15 5
workers
Plant and machine
operators and 341 30.1 90.4 448 124 91.9 1.1 0 27.9 7.3 0.9 20.0 1.0 8
assemblers
Elementary occupations 10.5 8.8 97.7 436 51 85.0 1.8 4 52.6 16.6 0.7 25.0 1.6 7
Average 54.0 50.2 74.8 68.9 30.8 93.3 1.3 4 34.4 6.2 0.8 32.8 1.4 70

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.6. Assuming the skills return per year of education is 5 (instead of 7) PIAAC points in literacy and numeracy

Moderate training needs (up to 1 year) — Summary statistics

Average number of Share of transitions

2. " ) Share of possible Average number of Average
transﬂpps be[ow below cognitive skill Aver_age numl?e_r of Aver.a.ge Number. of transitions satisfying acceptable cognitive Number of
cognitive skill shortage threshold possible transitions cognitive occupation (%) transitions Kill sh .
shortage threshold satisfying (%) skill shortage s without ’ skill shortage  occupations
' Task- ) of possible any - : of without any
With 0 Field of based With 0 transitions if possible Wage Cogn_mve With 0 accep_tablg accept_able
All shortage  Study skills All shortage positive transitions  condition skill All shortage ~ transitionsif  transitions
9 condition (%) excess (%) positive
shortage

Managers 91.8 83.6 772 99.0 70.0 92.2 24 0 7.8 10.7 19 52.7 24 2
Professionals 104.3 97.6 67.7 88.7 61.8 96.6 32 0 144 5.6 1.8 24.1 2.8 7
Technicians and 83.1 747 773 912 57.1 924 26 0 18.3 1.3 28 195 2.7 4
associate professionals
Clerical support workers 72.6 64.0 75.1 91.1 48.8 90.6 2.8 0 332 13.0 41 34.1 31 1
Services and sales 410 339 84.3 94.1 319 84.5 26 0 633 239 5.7 34.6 27 0
workers
Skilled agricultural,
forestry and fishery 31.7 24.6 84.0 90.3 19.9 80.3 2.8 0 727 24.4 3.9 26.5 2.7 1
workers
Craft and related trades 44 g 3.4 923 9238 347 82.8 27 0 394 253 47 378 31 0
workers
Plant and machine
operators and 374 30.1 90.6 76.4 254 83.4 24 0 29.1 28.0 29 42.0 2.1 3
assemblers
Elementary occupations 11.6 8.8 97.9 74.9 9.5 714 35 2 52.6 479 25 52.6 4.0 3
Average 57.3 50.2 82.9 88.7 39.9 86.0 2.8 2 36.8 211 34 36.0 2.8 21

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.7. Assuming the skills return per year of education is 5 (instead of 7) PIAAC points in literacy and numeracy

Important training needs (up to 3 years) — Summary statistics

Average number of Share of transitions Average number
transﬂpns be[ow below cognitive skill Aver_age numl?e_r of Av.e.rage . Number of S_hgre of ppssyble \ of acceptable A\{grage . Number of
cognitive skill shortage threshold possible transitions  cognitive skill . transitions satisfying (%) transitions cognitive skill .
shortage threshold satisfying (%) shortage of  Occupations shortage of  0Scupations
Task- possible W|thou_tbe|my acceptable wnthoutt ;Ty
) Field of With 0 e possible . . With 0 P acceptable
a0 oy P A ghorage  OnSTyrangitions  Wage - Cognitveskil - gopage  TENSHONST i ngitions
shortage . skills 5 positive condition excess o positive
condition (%) (%)
shortage
Managers 105.0 83.6 - 100.0 79.7 81.0 10.4 0 15.1 21.6 8.0 11.7 15.0 1
Professionals 113.7 97.6 - 98.8 745 89.4 8.1 0 22.7 12.9 6.5 16.1 8.1 2
Technicians and 97.2 747 - 9.5 722 78.1 98 0 2.8 25.1 96 83 96 1
associate professionals
Clerical support workers 88.9 64.0 - 98.4 63.8 741 10.6 0 455 30.0 15.4 13.1 11.7 0
Services and sales 58.5 33.9 - 98.2 463 58.6 116 0 75 475 182 124 118 0
workers
Skilled agricultural,
forestry and fishery 491 24.6 - 95.9 34.6 51.6 114 0 78.1 52.0 13.3 79 12.3 0
workers
Craft and related trades 594 344 - 9.6 50.2 58.5 113 0 473 466 144 125 125 0
workers
Plant and machine
operators and 53.5 30.1 - 90.4 413 58.5 10.4 0 38.6 48.0 9.9 16.4 12.8 0
assemblers
Elementary occupations 214 8.8 - 97.6 19.3 37.2 141 1 716 737 104 12.6 14.7 1
Average 71.9 50.2 - 97.2 53.5 65.2 10.9 1 46.4 39.7 1.7 123 121 5

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.8. Assuming the skills return per year of education is 9 (instead of 7) PIAAC points in literacy and numeracy

Small training needs (up to 6 months) — Summary statistics

Average number of Share of transitions Share of possible Average number of
transitions below below cognitive skill Average number of Average f fransitions Zati Sfyin a(?ce table Average f
cognitive skill shortage threshold  possible transitions  cognitive skl _umoer o S salistying Pt cognitive skill ~_Number o
shortage threshold satisfying (%) shortage of  Occupations () transitions shortage of _Occupations
Task possible without any acceptable without any
Witho  rieldof b:s?ec-i WithO  yansitions if possible Wage  Cognitive With0  yronitions if ~ acceptable
All shortage study skills All shortage positive transitions con dgion skill All shortage positive transitions
9 condition shortage (%) excess (%)
Managers 91.5 83.6 0.8 95.8 67.2 93.0 1.9 0 71 9.2 1.3 51.0 2.6 4
Professionals 103.8 97.6 67.7 66.4 464 98.8 2.3 0 9.8 25 04 354 24 18
Technicians and 824 747 774 724 456 945 23 0 146 74 13 12.2 26 8
associate professionals
Clerical support workers 71.6 64.0 75.0 722 38.8 94.4 15 0 27.9 6.5 14 234 1.7 3
Services and sales 400 339 85 752 255 895 19 0 63.0 17.2 30 445 22 2
Skilled agricultural,
forestry and fishery 30.6 24.6 84.6 67.6 14.6 85.1 2.2 0 73.3 17.7 2.3 12.2 2.2 1
workers
\(,:vﬁfktea;zd related trades 410 344 928 73.1 28.1 86.1 27 0 395 18.3 3.1 4638 3.1 1
Plant and machine
operators and 36.5 30.1 90.5 439 12.9 86.6 21 0 21.7 19.3 1.3 36.9 1.6 6
assemblers
Elementary occupations 11.3 8.8 97.9 443 55 754 3.7 4 56.0 31.7 1.3 26.0 3.8 6
Average 56.5 50.2 74.6 67.9 31.6 89.3 2.3 4 35.4 14.4 1.7 32.0 2.5 49

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.9. Assuming the skills return per year of education is 9 (instead of 7) PIAAC points in literacy and numeracy

Moderate training needs (up to 1 year) — Summary statistics

Average number of Share of transitions
Average number

transitions below below cognitive skill Average number of Average Share of possible Average
cognitive skill shortage threshold possible transitions  cognitive skill Numbe!' of transitions satisfying (%) o:raa(r:‘cs?tpi)(t)anbsle cognitive skill Numbe!' of
shortage threshold satisfying (%) shortage of ~ Oceupations shortage of  OCCuPations
, Task- , possible without any , acceptable without any
Witho  reldof e With0  yansitions if possible Wage Cognitive With0  yronitions it~ 2cceptable
Al study : Al shortage it transitions 4 . Al shortage " transitions
shortage . skills 0 positive condition  skill excess d positive
condition (%) (%)
shortage

Managers 97.6 83.6 76.8 98.7 73.9 87.1 6.2 0 10.5 24.3 52 449 8.8 0
Professionals 109.1 97.6 67.0 87.7 63.1 94.4 5.6 0 15.6 114 39 43.8 55 2
Technicians and 887 747 769 90.1 599 88.0 49 0 19.9 232 57 239 50 2
associate professionals
Clerical support workers 78.8 64.0 745 901 51.5 85.9 6.0 0 36.1 27.2 9.0 479 7.0 0
Services and sales 478 339 829 917 35.8 743 6.1 0 66.1 455 124 406 6.1 0
workers
Skilled agricultural,
forestry and fishery 38.7 24.6 82.7 89.4 24.6 64.7 6.5 0 73.7 53.1 94 258 6.3 1
workers
Craft and related trades 496 3.4 90.4 88.4 38.9 724 57 0 M8 456 98 401 58 0
workers
Plant and machine
operators and 439 30.1 89.8 724 27.9 731 54 0 33.8 46.4 5.7 34.3 6.6 2
assemblers
Elementary occupations 15.5 8.8 88.2 s 12.2 531 7.8 2 62.3 741 6.0 312 8.5 2
Average 63.3 50.2 81.0 87.4 431 77.0 6.0 2 40.0 39.0 75 36.9 6.6 9

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Table B.10. Assuming the skills return per year of education is 9 (instead of 7) PIAAC points in literacy and numeracy

Important training needs (up to 3 years) — Summary statistics

Average number of Share of transitions

transitions below below cognitive skill Average number of Average ‘ tre?:sai[i?) r?; F;Zfizifk;lli(ra] Averaa(?cz n:Janl;Iller of Average f
cognitive skil shortage threshold ~ possible transitions  cognitive skil Number o %) 9 trans?tions cognitive skill Number o
shortage threshold satisfying (%) shortage of ~ Oceupations ° shortage of  OCcuPations
Task- possible without any acceptable without any
' Field of With 0 I possible Cognitive With 0 Lo . acceptable
With 0 based transitions if - Wage ) transitions if "
Al shortage study skills All shortage positive transitions condition skill All shortage osiive transitions
9 condition (%) excess (%)
shortage

Managers 115.7 83.6 - 100.0 115.7 71.6 17.2 0 22.5 38.4 21.9 19.5 24.0 0
Professionals 119.4 97.6 - 98.2 1174 82.5 11.5 0 279 24.6 19.7 274 13.2 0
Technicians and 106 747 - o74 1078 675 18.0 0 352 42.1 26.6 12.9 211 1
associate professionals
Clerical support workers 104.8 64.0 - 96.5 101.0 62.8 19.4 0 54.6 48.8 39.6 19.9 20.9 0
Services and sales 79.1 339 - 9.0 738 434 214 0 76.1 685 422 15.0 220 0
workers
Skilled agricultural,
forestry and fishery 67.1 24.6 - 89.9 58.4 37.6 19.7 0 81.0 73.7 344 15.3 21.0 0
workers
Craft and related trades 74 5 344 - 910 7 444 208 0 539 66.7 316 134 234 0
workers
Plant and machine
operators and 74.7 30.1 - 79.5 57.3 48.7 19.2 0 43.9 65.0 20.9 18.4 22.5 0
assemblers
Elementary occupations 38.4 8.8 - 94.0 34.9 19.3 26.9 0 7.7 89.9 239 8.3 214 0
Average 81.7 50.2 - 93.4 82.0 53.1 19.3 0 52.5 57.5 29.0 16.6 21.7 1

Source: Authors’ own compilation based on PIAAC (2012, 2015).
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Annex C. Methodological Assumptions

Hypothesis

Motivation

Implications for the estimates

Training is effective, in that all
individuals succeed to acquire the
necessary skills within the estimated
training duration.

The assumption that all individuals are able to
learn and acquire skills is a necessary condition
without which the training time needed to bridge
the skills shortages between any two occupations
cannot be estimated. Such an assumption is
needed by the lack of data on type, duration and
success rates of adult learning/training.

This hypothesis may lead to underestimate
training time if training is only partially effective,
i.e. if only a part of the adult population is able to
learn or if adults learn to different extents and at
different (and slower) speeds.

On average, all individuals manage
to bridge the same cognitive skills
shortage within a certain training
spell. In particular, they can acquire
7 PIAAC points in literacy and
numeracy (for a total of at most 14
PIAAC points) per year.

The regression based approach adopted (which
controls for a number of covariates known to
affect learning) is needed to translate skill
shortages into a training duration. Without such a
correspondence it would be impossible to estimate
the training duration.

The current estimates average on a number of
individual features influencing the learning
process, and some of these features are accounted
for in the regression yielding the 7-point
estimates. While accounting for all individuals’
learning specificities would be impossible,
availability of relevant data might help improve
the accuracy of the current estimates.

This hypothesis may overestimate time of training
related to cognitive distances:

e Adults learn at a faster pace than estimated,
i.e. they are able to increase their cognitive
skills by more than 7 PIAAC points in
literacy and numeracy, per year.

This hypothesis may underestimate time of
training related to cognitive distances if:

o  Adults learn at a slower pace than estimated,
e.g. because of lack of incentives, age-
related constraints, heterogeneity of the
education and training systems, etc.

All countries’ education systems
have the same effectiveness.

In the absence of data about education systems’
design and effectiveness, this assumption is

This hypothesis may overestimate time of training
related for countries that have relatively more
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needed to devise a methodological approach
allowing to translate skill shortages into an
education and training duration. This assumption
could be relaxed if information about the real
structure and effectiveness of education and
training systems were available.

effective education and training systems, as it may
take less time then estimated to bridge a given
skill shortage.

This hypothesis may underestimate training time
for countries featuring relatively ineffective
education and training systems.

4 | Workers transit directly to a different
occupation, without going through
an unemployment spell.

The paper’s objective is to find alternative
occupations especially for workers at “high” risk
of automation. The focus is not on workers who
are already unemployed, who may have already
faced that risk or suffered from other types of
shocks (e.g. productivity-related, global value
chains-related, etc.).

If data were available about previous occupations,
unemployment spell characteristics and skills
depreciation over time, among others, the
proposed analysis could be used to also inform the
discussion on how to help individuals move out of
unemployment.

This hypothesis may underestimate retraining
time for:

e Individuals in unemployment, if their skills
deteriorate with the length of the
unemployment spell, and therefore their
skills shortages to be bridged increases.

5 | Not all individuals at risk of
automation will be made redundant
all at once.

Based on the technology diffusion and adoption
literature, and in line with Frey and Osborne
(2013) and Nedelkoska and Quintini (2018), it is
expected that labour-replacing automation does
not happen all at once. Workers in occupations at
high risk of automation are likely to be impacted
over a number years, some say within 15-20 years.

As times passes by, more technology, also labour
replacing or task changing, will appear and this
may have a first order impact on the estimated
cognitive skill distances across occupations.
These longer-run, “general-equilibrium” changes
are not factored in the present methodology.

6 | The analysis refers to “acceptable”
transitions, which are identified on
the basis of skills shortages and

Estimates rely on available information.
Information on a number of aspects known to
impact occupational transitions (e.g. location,

This hypothesis may overestimate training time if:
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excesses as well as income (i.e.
salary) conditions. These are to be
considered as possible transitions
that would be acceptable from an
individual and societal point of view,
given a certain training spell.

industry structure, family setting, workers’
preferences, contract type, etc.) are not available
and thus cannot be taken into account.

The proposed transitions (may) differ from those
observed empirically in the past, as actual past
transitions have occurred on the basis of existing
demand and supply of jobs, and their associated
conditions. Also, transitions observed over time
may include a number of mismatched transitions,
which the current methodological approach tries
to avoid.

o Workers are willing to accept occupations
entailing a greater loss of human capital (i.e.
task-based skills) or wage losses.

This hypothesis may underestimate training time
if:

e Acceptable transitions are unavailable e.g.
in a certain region, given the industrial
structure of the region or country, etc. and
workers would need to train for a longer
spell than estimated.

Wage decreases of more than 10%
are considered unacceptable.

This figure corresponds approximately to the
average annual earnings loss of workers one year
after displacement in 5 OECD countries, as
estimated in the Employment Outlook (2013).
While it seems reasonable to expect that workers
facing high risks of displacement may accept
larger wage cuts, the analysis makes a normative
case and restricts transitions to those which would
not entail too large decreases in workers’ welfare.
More generally this assumption points at the two
main conditions for transitions to be considered
“acceptable”, as defined in this study.

Changing the wage parameter, or any other
model’s parameter, changes the set of acceptable
occupations of destination for each occupation of
origin, and may alter skill distances in either
directions.

The labour market will be able to
absorb workers in one or more of the
occupations of destination identified
as acceptable transitions.

Identifying a range of acceptable occupations of
destination is desirable as compared to identifying
one only alternative (for instance, the closest in
terms of training needs). This makes transitions
more likely to occur, given different supply and
demand conditions and depending on a number of
restrictions or preferences that may exist in the

This hypothesis may underestimate cognitive
distances if:

e Workers have limited information on the
skills requirements of the occupation of
destination, and they choose an occupation
which is further away from their occupation
of origin in terms of skills.
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real world. The model cannot predict the
occupation that will be effectively chosen by
individuals, as this would require knowing
workers’ preferences and accounting for e.g.
demand characteristics, industry  structure,
location, etc.

This hypothesis may overestimate cognitive
distances if:

e Workers are able to choose the
occupation(s) that is the closest to their
occupation of origin, in terms of skills
requirements.

9 | General equilibrium considerations
are not taken into account.

As workers progressively move out of certain
occupations towards others, labour demand and
returns in the occupations of destination (both
chosen and discarded) will adjust to the inflow
and outflow of workers. This will in turn change
the salaries and other occupation-related
characteristics.

These dynamic considerations, which are
certainly relevant and appropriate, could not be
modelled at this stage. Whether they will broaden
or reduce the cognitive skill distances, however,
will depend on the design of the general
equilibrium model that is required to try and
produce the revised estimates.
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Endnotes

1 When made or risking of being made redundant because of e.g. automation or offshoring shocks,
workers may try to move to jobs in the very same occupation but in different firms or industries.
This possibility is overlooked here, for two reasons. On the one hand, this is likely to entail very
little adjustment costs. On the other hand, if a certain occupation is at high risk of automation,
moving to another firm and/or industry to carry out the very same job may merely postpone the
redundancy problem rather than solving it, and this may entail having to move again towards yet
another job in the near future.

2 New technologies contribute to change the set of tasks performed in a given occupation. Education
and training policies are also important to help workers face changes in the set of tasks performed
at work and in the mix of skills needed on the job, even when staying in the same occupation. This
issue is not discussed in this work.

% Using a different methodology and data from the United States, a somewhat similar analysis is
proposed by the World Economic Forum (2018[147)

* Some specific occupations require more than 3 years of education and training, such as medical
doctors. In such a case an option would have been to keep the knowledge area condition for some
occupations that require more than three additional years of training to enter the occupation.
However, this would have required making subjective choices about which occupations require over
three years of education. In addition, since medical doctors and other occupations requiring more
than 3 years of education and training are also very highly skilled in terms of cognitive and task-
based skills, the cognitive skills and task-based skills criteria generally make these transitions
impossible.
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