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Elodie Andrieu (STI), Stéphanie Jamet (EDU), Luca Marcolin (STI) and Mariagrazia 

Squicciarini (STI)  

 

ABSTRACT 

This study proposes an experimental methodology to estimate the monetary cost of the 

training needed to move workers across occupations. Occupations of destinations are 

considered “acceptable” if they are relatively close, in terms of skills requirements, to 

those characterising the occupation of origin; and entail small wage cuts for workers (of 

up to 10%) and small skills excesses relative to the occupation of origin, if any.  

The estimated training cost encompasses the direct cost of undertaking the training spell 

in the education and training system itself, and the worker’s opportunity cost in terms of 

foregone wages for the duration of the training.  

The country-level minimum cost of moving workers in occupations at high risk of 

automation (on average, 14% of the labour force) to occupations where they are not at 

such risk (so called “safe haven”) is estimated to range between 1-5% of one year GDP, 

on average across the countries considered.  

At the individual worker level, costs of transitions are found to increase with: 1) the 

cognitive skills of workers in the occupation of origin; 2) the proportion of workers at high 

risk of automation in the manufacturing sector, and 3) the average age of workers in the 

occupation.  
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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 proposes an experimental methodology and first time estimates of the monetary cost of 

training needed for occupational transitions to occur. It builds on Bechichi et al.’s 

(2018a,b) analyses of the quantity and type of training needed to facilitate occupational 

transitions, and of the education and training policies enabling such transitions. 

The training effort required to move individuals to a different occupation is considered to 

be a function of the difference in cognitive skills (namely, literacy and numeracy and task-

based skills requirements characterising the occupations of origin and of destination (e.g. 

management and communication and Information and Communication Technology skills). 

Occupational transitions are considered “acceptable” if they are welfare and well-being 

enhancing. Such conditions are met when the occupations that can be reached after a 

predetermined training effort (of up to 6 months, 1 year or 3 years, respectively) do not 

entail an excessive wage cut for the worker, nor too large skills excess relative to the 

occupation of origin, if any at all. 

The cost of training is assumed to encompass both a direct and an indirect component. The 

direct cost of training is the monetary cost of an education and training programme of a 

given length. It therefore reflects the differences that may exist, along a number of 

dimensions, in education and training programmes both within and across countries. The 

indirect cost, or opportunity cost, is calculated in terms of foregone workers’ wages, for 

the duration of the training, as it is assumed that workers do not work while on (re)training. 

The study also implicitly assumes that training is effective and that workers can (at least in 

theory) successfully complete the training spell considered and acquire the skills they need 

to transit to the identified occupations.  

The analysis first proposes estimates of the cost of moving any worker in the workforce to 

another occupation, i.e. focuses on the whole population of workers. It then narrows the 

focus and estimates the cost of moving only those workers in occupations at high risk of 

automation to another job. The concept of “safe haven” is proposed in the case of workers 

in occupations at high risk of automation (henceforth high ROA, estimated to be 14% at 

the lower bound). “Safe haven” occupations are here defined as acceptable occupations of 

destination that are not at high risk of automation. While characterised by a relatively lower 

risk of automation, “safe haven” occupations do not shield workers from unemployment 

altogether, nor necessarily imply a high(er) job quality, and may be exposed to changes if 

their tasks change in the future.  

As not all workers in high ROA occupations may be able to reach “safe haven” occupations 

upon small training spells of at most 6 months (either contiguously or periodic), the study 

further proposes estimates of “minimum training costs”. These correspond to the cost of 

moving workers in occupations at high risk of automation to the “safe haven” occupations 

that can be reached within the narrower training effort possible, whether small (of at most 

6 months), moderate (of at most 1 year) or important (of at most 3 years).  
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This work relies on a number of assumptions and operational choices mostly dictated by 

data availability and existing evidence, which may have first order effects over the 

estimates proposed (Section 8 of the paper and Annex B discuss and synthesise the key 

assumption made). Among them: the estimated cost relates to upgrading cognitive skills, 

and only partly task-based skills; the direct cost of training is derived using information 

related to the education system; individuals are assumed not to work while training; 

training is presumed to be effective in allowing occupational transitions to occur; on 

average all individuals are assumed to be able to bridge the same cognitive skill gaps within 

a certain training spell; on average, countries’ education systems have the same 

effectiveness; and wage decrease of more than 10% are considered unacceptable.  

Some of these assumptions stem from the impossibility to account for a number of 

individual and education-related characteristics known to shape learning, including 

workers’ attitude towards learning, stock of human capital, and quality of education and 

the efficiency of the education sector. Also, little is known about how adults learn, how 

effective lifelong training can be or about the effect that technology may have on both the 

efficiency and the effectiveness of training or education – all aspects left to future research. 

The use of education expenditure to proxy the direct cost of retraining workers implicitly 

assumes that individuals retrain through formal or non-formal education and training 

programmes, but not (at least, not solely) by learning at work or at home. It further assumes 

that the cost of different types of training is similar to the cost of formal training in an 

education institution. 

This work further offers a static picture of occupational transitions, as it assumes that 

workers can seamlessly transit from work to training and back to working again, and leaves 

aside considerations related to labour market frictions and unemployment dynamics, as 

well as labour demand conditions. 

The main results are: 

Training Costs Associated with All Workers: 

 On average across all countries considered, when both direct and indirect costs are 

factored in, depending on the occupation of origin, lower bound estimates show the average 

total per worker costs of training, by scenario, to be:  

o in the training effort scenario entailing at most six months of training (“small”): 

between USD 1 000 and 15 000 (average: USD 7 000) 

o in the scenario entailing a training effort of at most one year (“moderate”): 

between USD 2 000 and 35 000 (average: USD 13 000) 

o in the scenario entailing training of up to three years (“important”): between USD 

24 000 and 98 000 (average: USD 50 000).   

These figures are subject to approximation in light of the methodology chosen and its 

caveats, as detailed in the body of the study and in Annex B. Therefore, they should be 

considered as first estimates, which may change in case more and better data become 

available and some of the assumptions can be relaxed.  

 The per-worker average total cost increases with the amount of the training needed 

to move from one occupation to another, but this progression is non-linear, meaning that 

twice as long training periods will generate more than twice as high costs. 
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 Total estimated costs vary depending on the type of costs considered, i.e. direct 

cost, indirect cost or both. The average direct (re)training costs per worker is USD 1 600 

in the case of small training needs, doubles in the moderate training scenario, and rises 

sharply in the important training scenario, to USD 12 600. The average per-person 

opportunity cost (i.e. the indirect cost) is about USD 4 300 in the first scenario, USD 9 900 

in the moderate one, and rises sharply to USD 37 000 in the case of the important training 

scenario. Generally, the opportunity cost of training represents approximately 75% of the 

per-person total cost. This is true on average across occupations and training scenarios. 

 The total cost is generally larger for highly skilled than for low-skilled occupations, 

as highly skilled workers face larger opportunity costs (given that their salaries are 

generally higher than those of low-skilled workers). This result underlines the importance 

of allowing individuals to both work and learn, to mitigate the overall cost of education 

and training policies aimed at facilitating occupational mobility. 

The Cost of Moving Workers in Occupations at High Risk of Automation:  

 When a small training scenario is considered, 57 out of 123, or equivalently 46% 

of occupations, have no acceptable transitions. This is especially the case for professionals 

and technicians among high skilled occupations, and plant and machine operators and 

assemblers among low-skilled ones. When moderate training efforts are undertaken, the 

outcome is much more positive: 87% of the occupations find an acceptable transition. 

 Workers in some high-ROA occupations of origin would need to undergo at least 

a moderate (re)training (up to 1 year) to find an acceptable occupation of destination at low 

or medium risk of automation. Reassuringly, though, no one needs being left behind, as 

“safe haven” occupations can be identified for all high-ROA occupations in the important 

training scenario.  

 Nevertheless, bringing workers in high ROA occupations to safe havens will be a 

non-trivial undertaking. It will cost between USD 3 400 to 7 400 in direct training costs 

per worker, depending on the country, and USD 9 200 to 21 100 in indirect (foregone 

wages) costs. In total, the lowest estimated cost is USD 12 600 per worker to move from 

an occupation at a high-risk of automation to one that at medium or low risk.  

 In the countries considered, per-worker average figures vary substantially, as do the 

cost of education and the salary and income distributions. The country-specific minimum 

total cost of moving workers to a safe haven is found to be positively related to the share 

of high-ROA employment in manufacturing, and negatively related to the share employed 

in market services. Also, the relatively higher density of high-ROA workers in 

manufacturing is likely to make the sector more exposed to future investment in automation 

and employment-reducing technologies, and may require larger expenditure in workers’ 

training in the foreseeable future. 

 Constraining transitions so that workers can move to occupations of destination that 

are not at high ROA increases the average cost of such occupational transitions. Transitions 

towards acceptable occupations at lower risk of automation for workers in high ROA jobs 

are generally characterised by relatively higher cognitive skill requirements. The per-

person cost of training an average high-ROA worker to move to the nearest safe-haven set 

of acceptable occupations thus appears to be costlier than moving the worker to an average 

acceptable occupation of destination. 

 The range of rough or “ballpark” estimates of the country-level minimum cost 

(direct + indirect) of helping workers at high ROA move to “safe haven” occupations 
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reaches between 1-5% of a single year’s GDP on average across the countries considered, 

or 6-26% of  a single year's welfare expenditure. On the lower bound, such estimated costs 

are lowest for Norway (0.32% of GDP) and highest for Chile (2.26% of GDP); on the upper 

bound, they range between 1.35% of GDP in the case of Singapore and 9.9% of GDP for 

Chile. Estimates reflect a number of structural features, including the occupational and 

skills distribution of the population and the industrial structure of countries.  

 These resources may not be sufficient to move all high-ROA workers to “safe 

haven” if training programmes are not effective in providing all trained workers with the 

necessary skills. A first attempt to address this issue relies on completion rates of 

educational programmes and suggests that up to 25% of workers may fail to transit to a 

“safe haven” occupation.  

 With the caveat of needing to rely on a number of important assumption, the study 

also proposes first experimental figures of the country-wide training cost that may be 

needed to bridge differences in task-based skills between occupations. This cost 

component is added on the top of the country-level cost needed to train workers and move 

them away from high-ROA occupations. Estimates based on 2015 Eurostat’s Continuing 

Vocational Training Survey (CVTS) data suggest such a cost to range between 0.06% - 

0.3% of GDP.  

 The total cost of up-skilling or re-skilling workers is lower for occupations seeing 

a relatively higher presence of young people, even when focusing on occupations at high 

risk of automation only. 

 Occupational transitions need not entail salary losses. In the case of skilled workers, 

while they may find it more costly to move away from occupations at high risk of 

automation, they may also enjoy hourly wage gains from the transition which are 

increasing in their cognitive skills, that is, the more they are skilled, the more they can gain.  

The analysis shows the urgency of a renewed approach to workforce training and lifelong 

learning in the digital era. This could result from concerted efforts between businesses, 

governments and other stakeholders - including workers. Such actions should encompass 

the design of effective training programmes enabling workers to acquire the skills needed 

to change jobs; facilitate learning on the job, for all workers. This along with better 

preparing future generations of workers for occupational mobility, for instance through 

fostering multidisciplinary knowledge and by means of enhancing readiness to learn. Also, 

it will be important to agree on how to best share these costs and to identify or design 

incentive mechanisms able to make occupational transitions-related policies both efficient 

and effective.    
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1.  Introduction 

Global trends such as the structural transformation of countries into service-oriented 

economies, their participation and positioning in global value chains, and the pervasiveness 

of digital technologies have been, and will continue to cause substantial labour market 

restructuring. Some occupations are and will likely continue to be in greater demand, 

including e.g. those concerned with the development, adoption and management of digital 

technologies. Others will decline or even disappear, as it may be the case of routine jobs 

that are intensive in automatable tasks that can be offset by the diffusion of robots, machine 

learning or artificial intelligence. New jobs will also be created, including jobs entailing 

the performance of a mix of tasks previously characterising different occupations.  

These dynamics will likely lead to further occupational mobility and to the need to move 

across jobs, perhaps several times over a person’s working life. Such occupational mobility 

will nevertheless depend on a number of factors, including the different degrees of 

complementarity or substitutability between workers’ skills and technology, and the ability 

of workers to upskill and retrain, i.e. to maintain or increase their human capital. 

Contributing to this discussion, Bechichi et al. (2018a) shed light on the quantity and type 

of training needed to facilitate job-to-job transitions. Bechichi et al. (2018b) further 

investigated how education and training policies can facilitate transitions across 

occupations, while maintaining workers in quality jobs that make maximal use of their skill 

sets. The present paper complements these two pieces of work by proposing an 

experimental methodology and the resulting estimates related to the monetary cost needed 

to (re)train workers and make them transit from one occupation to another.  

Occupational mobility1 is here considered to be only directed towards occupations that 

represent “acceptable transitions”. The latter are occupations of destination that feature 

similar skill requirements to the occupation of origin, and where differences in skills can 

be bridged within a given training effort. In addition, such transitions are deemed 

acceptable as they do not entail an excessive wage cut for the worker, if any at all, nor lead 

to too large skills excess relative to the occupation of origin. Such constraints are applied 

with the aim of identifying transitions that are welfare and well-being enhancing. On the 

one hand, no worker would like to see her salary cut substantially when moving across 

occupations. If anything, she would use job-to-job transitions to try to improve her working 

and income conditions. On the other hand, skills are an important part of what constitutes 

human capital and are often in short supply. It would thus not be either individually or 

societally optimal to foster occupational transitions entailing a loss of already acquired 

skills.  

Following Bechichi et al. (2018a,b), the training effort required to move across occupations 

is considered to be a function of the difference in the cognitive skills and the task-based 

skills requirements between the occupation of origin and that of destination. These are 

calculated using data form the Survey of Adult Skills (PIAAC).  

When skill differences across occupations exist and entail a training spell, the cost of 

training is assumed to encompass both a direct and an indirect component. The direct cost 

of training corresponds to the monetary cost of an education and training programme of a 

given length2. The indirect cost, or opportunity cost, is calculated in terms of workers’ 

foregone wages for the duration of training, as it is assumed that individuals do not work 

when in training.  
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Cost figures are calculated at the 3-digit level of the 2008 International Standard 

Classification of Occupations (ISCO), by country, and considering three possible 

(re)training spell lengths, or so called “Scenarios” (see Bechichi et al., 2018b, for more 

details). Scenario 1, entails small training needs to be fulfilled within approximately 6 

months of training, at most; Scenario 2, entails moderate training needs, to be bridged at 

most within 1 year of training; finally Scenario 3, refers to important training needs 

entailing up to 3 years of training. 

1.1. Key Assumptions 

The methodology used necessitates a number of important methodological assumptions, 

which are fully detailed in the body of the paper, discussed in Section 8 and synthesised in 

Annex B. First, the study implicitly assumes that workers on average learn at a similar pace, 

and can (at least in theory) successfully complete the training spell (i.e. acquire the needed 

skills) and transit to the identified occupations. However, little is known about how adults 

learn, how effective lifelong training can be or about the effect that technology (e.g. 

Massive Open Online Courses, MOOCs) may have on both the efficiency and the 

effectiveness of training or education.  

While existing studies generally find training (together with private sector employment 

programmes) to be the active labour market policy with the largest average effects in the 

medium and longer run (e.g. Card et al., 20183), the effectiveness of different training 

programmes may differ significantly. Lacking data to account for such heterogeneity, this 

dimension is not addressed in the present study, which seeks to provide an initial estimate 

of the cost of bridging the cognitive skills needs of workers moving to a different 

occupation. Figures related to completion rates in education programmes are used to give 

a sense of the possible effectiveness of training and of the proportion of workers that may 

be able to acquire the skills needed to change occupation. 

Cognitive skills are further recognised as being important for acquiring additional non-

cognitive, task-based skills (e.g. ICT, advanced numeracy, and management and 

communication skills) which are also (partially) cognitive in nature. It is likely that 

improving workers’ cognitive skills also enhances some of their task-based skills – 

although the present methodology cannot say by how much this would be the case.  

Second, these cost estimates are based on a regression-based methodology applied on 

PIAAC data (see Bechichi et al., 2018b) which allows inferring the cognitive skill gap that 

can be bridged through a pre-determined training spell. The same cannot be done with 

respect to task-based skills. To the best of the authors’ knowledge, existing data do not 

allow the calculation of how much an hour of (e.g. vocational) training yields in terms of 

extra task-based skills. The last part of the study includes an initial attempt to explore this 

question by using data from Eurostat’s Continuing Vocational Training Survey (CVTS). 

At the cost of making a number of additional assumptions, the experimental CVTS-based 

estimates may nevertheless point to the extra resources needed to allow workers gaining 

the task-based skills needed to transit to different occupations.  

Third, this paper follows Nedelkoska and Quintini (2018) and assumes that 14% of the 

population is at high risk of being made redundant because of automation. Such a 

theoretical displacement figure is based only on an assessment of the technological 

potential of automation, as in Frey and Osborne (2017), and not on the real, observed 

adoption rate of automation. The latter is known to be shaped by a number of factors, 

including industry structure, the need and availability of complementary resources and 
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investment (including for e.g. organisational change), regulatory barriers and even cultural 

limitations.  

Collectively these limitations may entail that the estimates proposed here likely to 

underestimate the cost of the occupational transitions required in the digital era, as many 

workers will need some re-skilling or upskilling despite not being at high ROA. In addition, 

they represent the extra costs to be borne to meet this new challenge, and hence should be 

accounted for in addition to current education and training efforts. The intent is to provide 

a useful baseline indication of the minimal skill upgrading and associated costs that the 

digital transformation may impose on workers, policy makers and businesses. This 

conservative baseline estimate should be used as a floor for planning for upgrading 

workforce skills for the digital economy.   

1.2. Key Findings  

The proposed estimates show that the average cost of workers’ switching occupations is a 

factor of both the direct costs associated with the required training effort as well as the 

indirect costs of foregone wages. On average across all countries considered, a worker’s 

transition to another occupation is estimated to cost approximately USD 7 000 in case small 

training efforts are required (6 months or fewer); USD 13 000 in the case of moderate 

training needs (6 months to 1 year); and USD 50 000 for transitions requiring important 

training needs (1 to 3 years). Such total costs are generally larger for highly-skilled than 

for low-skilled occupations, as highly skilled workers face larger opportunity costs, given 

that their salaries are generally higher than those of low-skilled workers. Country-specific 

figures leading to the average figures proposed vary substantially, as do the cost of 

education and the salary and income distributions in the countries considered.4  

The present work provides estimates about the direct and indirect cost of moving any 

worker to one or more acceptable occupations, for each of the three scenarios considered. 

It does so as it remains agnostic about the reasons behind a worker’s choice or need to 

switch occupation. While some workers may be forced to move because the tasks they 

perform on the job are being automated, or because offshoring or outsourcing decisions 

have made them redundant, other workers may decide to switch occupation as they move 

to another geographic location, or due to family or career considerations, among others. 

Evidently, while involuntary occupational switches may lead to observing patterns that 

differ from those of voluntary job-to-job transitions, the present work does not aim to 

explain or compare such patterns. It rather generates “ballpark” estimates of the monetary 

resources needed for workers to move away from their current occupations, especially if at 

high risk of automation. All figures are approximate, in light of the methodological choices 

made in the estimation and of data limitations.  

In the case of workers at high risk of automation (ROA), this paper introduces the concept 

of “safe haven” occupations. “Safe haven” occupations are defined as acceptable 

occupations of destination that are not at high risk of automation. These nevertheless do 

not shield workers from unemployment altogether, nor necessarily imply a high(er) job 

quality. The minimum cost to a safe haven (set of) occupations is thus the total cost of the 

training associated with the transition towards the safe haven occupation(s) that can be 

reached within the shortest training scenario possible, so that training costs are minimised. 

The ballpark lower-bound estimates of the country-level minimum cost (i.e. direct + 

indirect) of moving high-ROA workers to safe haven occupations are approximately 1% of 

a single year’s GDP on average across the countries considered. Such estimated costs are 

lowest for Norway (0.32%) and highest for Chile (2.26%), and reflect a number of 
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structural features, including the occupational and skills’ distribution of the population and 

the industrial structure of countries. Equivalently, it amounts to about 6% of total yearly 

welfare expenditure and 47% of upper secondary and tertiary education yearly expenditure, 

on average across the countries considered.5 Including the additional CVTS-based 

component capturing the cost of training for job-specific task-based skills slightly increases 

the magnitude of the aggregate resources needed by 0.06% - 0.3% of GDP. A first attempt 

to account for the possibility that some workers are not successful in their training 

highlights that up to 25% of workers at high ROA may fail to acquire the skills needed to 

change occupation. Details are provided in Section 4.2. 

While the overall estimated costs of moving workers away from jobs at high risk of 

automation are non-negligible, it is worth remarking that these resources will likely not be 

needed all at once. Transitions away from occupations at high risk of automation 

(alternatively, changes in the nature of high-risk occupations) may take years to happen, 

given the way in which technology develops and is adopted in different firms, industries 

and countries, among others.  

Also, this work does not take a stance on who should pay for the cost of training, i.e. 

whether governments or companies or employees or others. It simply, aims to start the 

debate and invites a reflection on how to best share the cost between the stakeholders 

involved. For transitions to be as effective and smooth as possible, it will also be important 

to identify or design a number of incentive mechanisms and policy levers, for all 

stakeholders involved. 

Estimates show that constraining transitions so that workers can move to occupations of 

destination that are not at high risk of automation increases the average total cost of such 

occupational transitions, as compared to moving them to any acceptable occupation (i.e. 

independently of its risk of automation). In addition, the remaining acceptable occupations 

of destination appear on average characterised by higher cognitive skill requirements. 

Moreover, in general the total cost of re-skilling or up-skilling is lower for occupations 

employing relatively more young people, and higher in countries which employ a greater 

proportion of high-ROA workers in the manufacturing sector. Lastly, and independently of 

the training scenario considered, estimates of the per-worker total cost of (re)training 

generally increase with the average cognitive skill level of the workers in the occupation 

of origin.  

The estimates also suggest that occupational transitions need not lead to lower salaries. In 

the case of skilled workers, while they may find it more costly to move away from 

occupations at high risk of automation, they also may enjoy one-shot wage gains from the 

transition which are increasing with their cognitive skills: the more they are skilled, the 

more they can gain from the transition. This may provide a sufficient incentive for such 

workers to face the cost of (re)training and to move to a different, safe-haven occupation.  

These estimates are approximate and likely biased downwards and hence need to be 

considered as a conservative baseline of the monetary cost associated with the occupational 

transition due to automation, offshoring, or other economic shocks. Nevertheless, these 

estimates imply the need for prompt policy action. Evidently, workers at high risk of 

automation will not need to move to a safe haven all at once, but over a number of years, 

as evidence suggests that the digital transformation is uneven as it affects different sectors 

of the economy in different ways and at different speeds (see Calvino et al., 2018, for 

details). However, and despite the fact that the estimated costs will not need to be incurred 

in one year only, this analysis shows the need for a renewed approach to workforce training 

and life-wide learning in the digital era that involves the concerted efforts between 
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businesses, governments and other stakeholders - including workers. Such concerted 

actions will need to rethink lifelong training, discuss how to best share the cost of moving 

workers to safe havens, and identify possible incentive mechanisms able to make 

occupational transitions-related policies both efficient and effective. 

1.3. Outline of the paper  

In what follows, the paper begins by describing the details the methodology used to 

estimate the retraining needs associated to occupational transitions and their cost (section 

2). It then presents first estimates of the cost of moving the average worker, i.e. any worker, 

away from her occupation of origin and regardless of the risk of automation that 

characterises it (section 3).  The next section then focuses on a subset of all workers, those 

whose jobs are at a high-risk of automation and calculates estimates of the cost of moving 

these workers to “safe haven” occupations (section 4). Section 5, 6 and 7 describe three 

different relationships: the relationship between the cost of retraining and the average age 

of workers in the occupation (section 5); the relationship between the cost of retraining and 

the broad industry structure of OECD economies (section 6): and the relationship between 

the average wage gain (or loss) from the transition and the average skills of workers in the 

occupation. Section 8 discusses the key constraints and possible shortcomings of the study 

and some avenues for future work. Section 9 concludes by highlighting the policy 

implications of the analysis.  
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2.  Methodology and Data 

This study estimates the cost of moving from a given occupation of origin to any acceptable 

occupation of destination. It relies on Bechichi et al. (2018b) and uses individual-level 

information about employed workers in 31 OECD countries to estimate the set of 

occupations that workers can transit towards upon undergoing a predetermined training 

spell. To this end, three possible transition scenarios are considered, namely a “small” 

training effort of at most 6 months; a “moderate” training effort, of at most 1 year, or an 

“important” training effort of at most 3 years. This training does not need to be contiguous 

but can be episodic spells that accumulate to one of the three scenarios. Out of this set of 

possible occupational transitions, Bechichi et al. (2018b) identify acceptable occupations 

of destination. These are defined the reduced set of possible transitions entailing limited 

wage losses (if any at all) and minimising cognitive skills excesses, i.e. possible skills’ 

redundancy and human capital loss.  

When estimating the monetary cost of moving any worker away from an occupation of 

origin to an acceptable occupation of destination, two types of cost are considered. The 

direct cost, or the actual cost of providing the worker with training and education for the 

length of the training spell considered; and the indirect or opportunity cost of training. This 

amounts to the foregone wages to be incurred during the training spell, given that workers 

on training are assumed not to work at the same time.6 The estimates of both types of cost 

are provided at the 3-digit ISCO-08 occupation level, for 31 PIAAC countries, namely: 

Australia, Austria, Belgium (Flanders), Canada, Chile, the Czech Republic, Denmark, 

Estonia, Finland, France, Germany, Greece, Ireland, Israel, Italy, Japan, Korean, Lithuania, 

the Netherlands, New Zealand, Norway, Poland, the Russian Federation, Singapore, 

Slovakia, Slovenia, Spain, Sweden, Turkey, United Kingdom (England and Northern 

Ireland), and the United States. 

In this work, skill distances are estimated for all occupational transitions displaying certain 

characteristics (see below), no matter the risk of automation of the occupation of origin or 

destination. A later section restricts the focus to occupations of origin at high risk of 

automation.  

2.1. Cognitive skills’ distance and the duration of training for any worker to 

move to another occupation 

Bechichi et al. (2018a) propose a methodology to estimate the distance between two 

occupations in terms of cognitive skills and of the frequency of tasks performed on the job, 

the so-called “task-based skills” (first identified in Grundke et al., 2017). The need to assess 

such distances is motivated by evidence showing that wider skill distance across 

occupations reduces mobility and occupational switches (see e.g. Gathmann and 

Schoenberg, 2010; Cortes and Gallipoli, 2018; and Robinson, 2018).  

To this end, Bechichi et al. (2018a) estimate skills’ distances as a function of the difference 

between the average skill level in the occupation of origin and in the occupation of 

destination, estimating both skill shortage and skill excess measures. Skill shortages denote 

the extra skills that workers need to acquire to be able to move to another occupation. Skill 

excess represents the skills that workers in a certain occupation of origin are endowed with 

but that are not needed in the occupation of destination.  
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Bechichi et al. (2018b) further translate skill distances into the training efforts needed for 

workers to be able to bridge the cognitive skill distances that exist between the occupation 

of origin and the destination occupation. Estimates show that one year of education and 

training raises an average individual’s cognitive skills by 7 points, in terms of both literacy 

and numeracy. While, these estimates overlook differences in the effectiveness of training 

and education systems across countries and across programs within the same country, 

estimates of the “returns to education” by country would be less precise, as they would 

need rely on a limited number of observations.7  

Based on cross-country estimates, Bechichi et al. (2018b) further identify, for each 3-digit 

ISCO-08 occupation, the possible occupations that an average worker in the occupation of 

origin can reach through a small (of at most 6 months), moderate (of at most 1 year) and 

important (of at most 3 years) training effort.8  

The resulting set of possible occupations of destination is a function of:  

 The cognitive skills gap that can be bridged within each training spell (i.e., 

respectively, of up to 3.5, 7 and 21 points in both literacy and numeracy).  

 A distribution-based maximum value of task-based skills that the average worker 

in the occupation of destination displays in excess compared to the occupation of 

origin, i.e. the maximum amount of skills that may be redundant in the occupation 

of destination. 

 The similarity of the background knowledge needed for the job in the occupations 

of origin and of destination, in terms of knowledge area’s specialisation. As PIAAC 

does not provide information on the knowledge areas characterising an occupation, 

occupation’s specialisation is proxied using data on the field(s) of study of the 

majority of workers in an occupation. The sensitivity of this choice, as opposed to 

using information on knowledge areas as reported in the O*Net database, is 

discussed in Annex A. If occupations of origin and of destination feature matching 

fields of study specialisation, that is they are similar in terms of background 

knowledge needed for the job, the occupation of destination is included among the 

possible transitions.  

For each training scenario, Bechichi et al. (2018b) obtain a set of possible occupations of 

destination workers can move to, given their occupation of origin. For instance, 20% of all 

occupations represent possible destinations for “Waiters and bartenders” who after at most 

6 months of training can move to a new occupation such as “Cooks”. Increasing the 

foreseen training to up to 1 year would allow an average waiter to reach 25% of all possible 

occupations of destinations (e.g. “Hairdressers, beauticians and related workers” is an 

occupation which is not accessible with shorter retraining). An important retraining 

scenario makes it possible to reach 52% of all occupations of destination (including e.g. 

“Wood treaters, cabinet-makers and related trades workers”). 

As mentioned, however, only some among the possible occupations of destination are 

deemed acceptable for the average worker, as they entail relatively a small, if any, wage 

and human capital losses. In particular, an occupation of destination represents an 

acceptable transition if: 

 its median hourly salary is at most 10% lower than the median gross salary of the 

occupation of origin (inclusive of bonuses),9,10 and 
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 it displays limited cognitive skills excesses, i.e. at most 3.5 literacy or numeracy 

points for a small training needs’ scenario, and 7 points for a moderate or important 

training needs’ scenarios. 

In the example of “Waiters and bartenders”, only 2% of initial occupations represent 

acceptable transitions from a small training spell (scenario 1). An average waiter engaging 

in a moderate retraining (up to 1 year) spell could conversely reach 6% of all occupations, 

and thus become a “Child care worker”, for instance. When an important training spell (up 

to 3 years) is undertaken, 28% of all occupations represent acceptable transitions (e.g. 

“Artistic, cultural and culinary associate professionals”) for the average waiter.  

For each 3-digit ISCO2-08 occupation, estimates are provided for cognitive shortages and 

excesses, training times to move to any other occupation, the sets of possible and acceptable 

transitions, and the median wages in the occupations of origin and destination. This is done 

twice: for the overall sample, i.e. for all individuals in all the countries considered; and by 

country cluster11, i.e. for all individuals in four clusters of countries, with countries having 

been grouped based on their relative similarity in the type of tasks performed on the job.12  

2.2. The direct cost of moving to another occupation 

Transitions requiring workers to bridge a certain cognitive skills gap entail the need for 

individuals to participate in education and training for some time. This (re)training may 

take place within or outside the education and training systems, the only assumption made 

here is that, regardless of where such training happens, it is able to shape workers’ cognitive 

skills.  

In light of data availability in relation to the cost, effectiveness and type of training offered, 

this work measures the direct cost of a transition, for each worker, on the basis of the 

country-specific yearly expenditure in education. More precisely, the direct cost is 

calculated as a function of a country’s yearly expenditure in education per pupil and the 

average retraining time between the occupation of origin and all the acceptable occupations 

of destination reachable within each scenario.  

The country-specific direct cost per occupation can be written as: 

𝒅𝒊𝒓𝒆𝒄𝒕 𝒄𝒐𝒔𝒕𝒊,𝒐,𝒅 = (𝒑𝒆𝒓 − 𝒑𝒖𝒑𝒊𝒍 𝒆𝒅𝒖𝒄𝒂𝒕𝒊𝒐𝒏 𝒄𝒐𝒔𝒕𝒊,𝒐,𝒅) ∗ (𝒕𝒓𝒂𝒊𝒏𝒊𝒏𝒈 𝒕𝒊𝒎𝒆𝒄,𝒐,𝒅) 

where, c stands for “cluster” (with 𝑐 = 1, . . . , .4), o for “occupation of origin” (with 𝑜 =
1, … ,123), d for an “acceptable occupation of destination” 𝑑 ≠ 𝑜 (with 𝑑 = 1, … ,122), 

and i for “country” (𝑖 = 1, … , 31). The “training time” is expressed in years or parts thereof 

and “education cost” is the yearly upper secondary or tertiary cost per student in USD 

purchasing power parities (PPP), as reported in the Education at a Glance (2018) dataset.13  

The maximum number of acceptable occupation(s) of destination is equal to 122 given that 

the present study does not consider the possibility that a worker may move to do the very 

same type of job elsewhere. This is done in light of the special interest this study takes into 

occupations currently at high risk of automation. As the digital transformation 

progressively permeates all parts of the economy, the likelihood that a certain occupation 

at risk of automation in one firm/sector may become so in another firm/sector is high. Given 

this, moving to do the same job elsewhere is not considered an option in this analysis.  

As said, the expression above represents the direct cost that the average worker in an 

occupation of origin o faces to move to any of the acceptable occupations of destination d 
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she can reach out to, given a certain training effort. This cost is ultimately the average cost 

across all acceptable occupations of destination d, given a certain training effort.   

The yearly per-student education cost figures are sourced from the OECD Education at a 

Glance (2018) dataset, refer to the year 2014 and are reported in USD PPP. Education 

expenditure covers the “total expenditures excluding R&D”, i.e. total education spending 

net of R&D, for both private and public education institutions.14 Ancillary service 

expenditure is not removed from the education expenditure due to data availability 

constraints for many countries covered by the study. Ancillary service expenditure, on 

average over all countries for which information is available, accounts for 5% of the total 

expenditure. Upper secondary and tertiary education expenditure cover International 

Standard Classification of Education (ISCED) 2011 levels 3 to 4 and 5 to 8 (UNESCO, 

2012), respectively. 

In this study, a distinction is made between secondary and tertiary education expenditure. 

Each 3-digit occupation is denoted as being intensive in secondary or tertiary education 

depending on the proportion of workers who attained these different levels of education. 

An occupation is considered to require a tertiary degree of education if at least 50% of its 

workers have done so. The direct cost of moving from a given occupation of origin to a 

given occupation of destination is held to be a function of tertiary education expenditure if 

either of the two occupations (i.e. of origin and of destination) is intensive in tertiary 

educated workers. Conversely, if both occupations of origin and of destination are intensive 

in secondary-educated workers, the cost estimates are based on secondary education 

expenditure data. This corresponds to assuming that a worker having attained a tertiary 

degree does not retrain at the secondary-degree level, while the reverse is possible. 

The use of these education expenditure data to proxy the direct cost of retraining workers 

implicitly assumes that individuals retrain through formal or non-formal education and 

training programmes, but not (at least, not solely) by learning at work or at home through 

open education or through informal learning (e.g. learning from co-workers). It further 

assumes that the cost of non-formal training (e.g. on the job training) is similar to the cost 

of formal training in an education institution (e.g. a vocational education and training 

programme leading to a degree).15  

To give a very broad idea of the extra resources that may be needed to gain the task-based 

skills required on the job, section 4.1 shows the results of an experimental attempt made 

using data from Eurostat’s CVTS. 

2.3. The indirect cost of moving to another occupation  

The indirect costs of training are defined here as the wages and bonuses a worker foregoes 

while in training, which corresponds to the opportunity cost of retraining from a worker’s 

point of view. Alternatively, studies such as Ziderman (1975) consider the indirect cost as 

the potential output that is lost during the training period, at the level of the economy. 

Assuming that income approximates the productivity of the worker, the aggregate indirect 

cost can be broadly interpreted as a proxy for the foregone productive output at the 

economy level. However, loss of productivity can be mitigated if working and learning are 

combined in an efficient way.  

The occupation-specific indirect cost is here estimated as a function of the yearly median 

wages in the occupation of origin, and the average retraining time duration needed to transit 

to the “acceptable” occupations of destination reachable by scenario:  
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𝒊𝒏𝒅𝒊𝒓𝒆𝒄𝒕 𝒄𝒐𝒔𝒕𝒄,𝒐,𝒅 = (𝒘𝒂𝒈𝒆𝒔𝒄,𝒐) ∗ (𝒕𝒓𝒂𝒊𝒏𝒊𝒏𝒈 𝒕𝒊𝒎𝒆𝒄,𝒐,𝒅) 

where, c stands for “cluster” (with 𝑐 = 1, . . . , .4), o for “occupation of origin” (with 𝑜 =
1, … , 123), d for an “acceptable occupation of destination” 𝑑 ≠ 𝑜 (with 𝑑 = 1, … , 122), 

and i for “country” (𝑖 = 1, … ,31). The “training time” is expressed in years or parts thereof, 

and “wages” are annual and cluster/occupation specific, and expressed in USD PPP.  

In light of the well-established skewedness of wage distributions, median values are 

preferred over average values when estimating the indirect cost of training. The occupation-

level indirect cost is thus proxied by the median annual wage (inclusive of bonuses) in the 

occupation, as reported in the Survey of Adult Skills (PIAAC). Because of limited sample 

sizes at the country-occupation level, wages are averages of individual data at the cluster-

occupation level. The distribution of workers’ wages is trimmed of its top and bottom 

percentile by country (i.e., the top and bottom 1% values are removed), to avoid that 

estimates suffer from the presence of outliers. Self-employed workers for which wage 

information is missing are attributed the average wage of other workers in the same 

occupation and country.16 

2.4. The total cost of moving to another occupation 

The sum of direct and indirect cost, henceforth called total cost, refers to the total cost per 

each 3-digit ISCO-08 occupation that needs to be incurred, on average, to move to any 

acceptable occupation that can be reached by means of a small (up to 6 months), moderate 

(up to 1 year) or important (up to 3 years) training effort, respectively. Total costs figures 

are expressed in USD PPP.  

As mentioned, the total cost per occupation varies with: (i) the length of the training spell 

considered; (ii) the occupational composition of the cluster; (iii) the direct cost of training, 

which is country-specific; and (iv) the wages underlying the indirect cost, which are cluster-

specific. For simplicity, the possibility of moving across country borders for education or 

work purposes is ruled out here. All individuals are attributed a cost of education and salary 

which is specific to the country or the cluster a country belongs to.  

All figures rely on a set of assumptions which are discussed in section 8. One such 

assumption is notable in this respect. This work assumes that workers can seamlessly transit 

from work to training and back to working again. Doing so entails not considering a number 

of factors related to labour market frictions and unemployment dynamics, and basically 

obtain a static picture of occupational transitions. Analysing occupational transitions’ 

dynamics and accounting for the way in which changes in labour demand and supply shape 

e.g. salaries, job quality and bargaining power, is left to future research.   

2.5. The cost of moving workers at a high-risk of automation to a “safe 

haven” 

Recent evidence suggests that some occupations are more exposed than others to the risk 

of automation (henceforth also “ROA”), i.e. to the risk that (most of) the tasks performed 

on the job may be carried out by machines or computer programmes rather than humans. 

Frey and Osborne (2017), in particular, identify the tasks that are at high probability of 

computerisation based on the assessment of machine learning experts, and classify 

occupations at high, medium or low risk of automation based on data from the United 
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States’ Occupational Information Network (O*NET). Arntz et al. (2016) and Nedelkoska 

and Quintini (2018) build on Frey and Osborne (2017) to obtain estimates of the risk of 

automation at the individual level using data from the Survey of Adult skills (PIAAC). 

 The general concern is that workers at high ROA are relatively more likely than other 

workers to lose their job in the medium to long-term and may need to find alternative 

occupations, possibly made of tasks that are less easy to be automated. Aiming to contribute 

to this discussion, the present study defines as “safe havens” the acceptable occupations of 

destination that ROA workers may be able to transit to, and that are at low or medium risk 

of automation. It further estimates the cost of moving such workers in occupations at high 

ROA to safe haven occupations.17 Occupations are considered at high risk of automation if 

they exhibit a ROA of 0.7 or above according to Frey and Osborne (2017). The share of 

workers at high risk of automation within occupations is conversely taken from Nedelkoska 

and Quintini (2018), who estimate this risk at the individual level. This is done as workers 

in the very same occupations may be employed in completely different firms or industries 

and evidence (see Calvino et al., 2018) shows that different industries have been affected 

to a different extent by the digital transformation.  

Hence, using data from Nedelkoska and Quintini (2018) corresponds to recognising that, 

given the current countries’ characteristics, only a portion of workers in occupations at high 

ROA are actually at risk of losing their jobs because of automation. In addition, the cost 

figure for all workers in a ROA occupation, à la Frey and Osborne (2017), is also provided, 

to give an idea of the overall cost of relocating all workers in occupations that are very 

likely to disappear as the digital transformation unfolds and permeates all parts of the 

economy.  

It is important to note that this study does not make any assumption about the possible 

overall duration of the transition process from occupations at high risk of automation to 

other occupations. Diffusion and adoption of labour-saving technologies across countries, 

industries and companies happen in a heterogeneous fashion and make it very hard to 

establish a timeline or to map these transitions. All timing here conversely refers to the 

length required to train workers away from high-ROA occupations of origin. Also, and 

implicitly, workers are here assumed to be free to decide when to engage in training, and 

whether to do so in separate instalments. This may not be the case, in the real world.  

This work further introduces the concept of “minimum cost”. The minimum cost of moving 

to a safe haven for occupations at high ROA corresponds to the occupation-specific cost of 

transitions towards the set of acceptable occupation(s) of destination which can be reached 

with the smallest training effort possible and which display at least one low- or medium-

ROA acceptable occupation of destination. From an operational point of view, this 

corresponds to the following. When small training efforts do not allow to identify any 

acceptable occupation of destination, moderate training spells-related costs are considered. 

Similarly, if no acceptable occupation of destination at low or medium risk of automation 

can be found when small or moderate training efforts are considered, the costs associated 

to important training efforts are considered. These costs are estimated for each country and 

3-digit occupation of origin at high risk of automation. Country-level aggregates are then 

obtained by multiplying such costs by the share of workers at high risk of automation as 

detailed in Nedelkoska and Quintini (2018), and summing up over all high-ROA 

occupations.18  
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3.  What are the costs of moving the “average worker” to a different 

occupation? 

As indicated, this analysis offers two sets of estimates of the costs of moving people from 

one occupation to another. First, it estimates the cost of moving any individual, not only 

those in occupations at high ROA, from an occupation of origin to the acceptable set of 

occupations of destination. Estimates are proposed about all occupations that can be 

reached after a small (scenario 1), moderate (scenario 2) or important (scenario 3) training 

effort. It then follows with a more narrow focus and estimates the training costs only for 

those individuals in occupations at high risk of automation (e.g. 14% of the overall labour 

force). It considers the cost of moving them to a safe haven, i.e. the scenario displaying the 

nearest acceptable occupation(s) not at high risk of automation.  

The first sets of estimates aim to give an idea of the per-worker average cost of the three 

training efforts considered. It details the cost of acceptable transitions for the average 

person employed in any 3-digit ISCO-08 occupation of origin to any of the acceptable 

occupations of destinations that can be reached after a certain amount of time spent in 

training (or scenario). Estimates are irrespective of the motivating factor leading to the 

occupational switch.19  

Table 1 presents a summary overview of the cost for an average worker to move from her 

occupation of origin to any of acceptable occupations of destination when at least one 

acceptable occupation exists. This is the total average of the cost for the representative 

worker in a given occupation of origin, over all considered countries, occupations of origin 

and occupations of destination. Estimates are based on the pooled dataset of employed 

individuals kept in the sample after the cleaning detailed in Section 2. The three scenarios 

differ in the composition of occupations for which acceptable transitions can be identified.  

Box 1 provides more details on the number of occupations remaining without acceptable 

transitions. While panel (a) considers all acceptable transitions, panel (b) focuses on those 

occupations of origin displaying at least one transition for which training is needed. Indeed 

in some cases transiting to any another occupation may not require any training at all, as 

e.g. for “Managing Directors and Chief Executives” in the short retraining scenario. This 

happens when the skills of the average worker in the occupation of origin suffice to perform 

the occupation of destination. While differences between panel (a) and (b) may be small 

(especially for an important training spell) figures in panel (b) may be relevant as they 

avoid taking averages over costless transitions.  

The average estimated cost of a transition increases with the training effort for direct, 

indirect and total costs. In particular, for each occupation the average worker’s transition 

to another occupation would cost in total between USD 1 000 and 15 000 (average: 7 000) 

for a small training effort; between USD 2 000 and 35 000 (average: 13 000) for a moderate 

training spell; and between USD 24 000 and 98 000 (average: 50 000) for an important 

training effort.20  

The cost increase observed across scenarios, however, is not directly proportional to the 

increase in the maximum training length in the neighbourhood. This means that, for 

instance, the cost of an important training need is not merely three times that of a moderate 

training need. The distance between an occupation of origin and the average occupation of 

destination is a function of the array of acceptable occupations of destinations for the same 
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occupation of origin. And this changes depending on the training scenario considered. In 

particular, the number of occupations for which at least one acceptable transition exists is 

higher for important retraining needs than for moderate ones, and higher for moderate than 

for small training needs. This is reflected in the changing number of observations 

considered across scenarios. 

 

Box 1. Occupational composition by scenario  

The present analysis considers three scenarios, each entailing a different (re)training or 

upskilling effort. The size of the training effort has a first order effect over the number of 

occupations for which no acceptable transitions can be identified (see table). The cost 

associated with each scenario therefore reflects the average direct and indirect training 

costs of the acceptable transitions enabled by the corresponding training effort (i.e., small, 

moderate or important) for all occupations with at least one acceptable transition in the 

scenario. 

     Number of occupations without any acceptable transitions  

 Small training 

needs  

Moderate 

training needs  

Important 

training needs  

Managers 5 1 1 

Professionals 19 5 0 

Technicians and associate 

professionals 
9 3 1 

Clerical support workers 3 1 0 

Services and sales workers 3 0 0 

Skilled agricultural, forestry and 

fishery workers 
2 1 0 

Craft and related trades workers 2 0 0 

Plant and machine operators and 

assemblers 
8 2 0 

Elementary occupations 6 3 0 

Total 57 16 2 

Source: Bechichi et al. (2018b) based on PIAAC data.  

As shown in Bechichi et al. (2018b), when a small training scenario is considered, 57 out 

of 123, or equivalently 46% of occupations, have no acceptable transitions, especially 

professionals and technicians among high skilled occupations, and plant and machine 

operators and assemblers among low-skilled ones. This is not the case anymore when 

moderate training efforts are taken into account, whereby 87% of the occupations of origin 

find an acceptable transition.  
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Table 1. Per-person cost of retraining (‘000 USD PPP) 

(a) Average across occupations with at least one acceptable transition 

  Indirect costs  Direct costs Total costs 

Scenario Small Moderate Important Small Moderate Important Small Moderate Important 

Mean 4.3 9.9 37.0 1.6 3.1 12.6 5.9 13.0 49.6 

Median 3.5 7.0 32.5 1.4 2.7 11.8 5.1 10.0 44.8 

Std. Dev 3.7 9.7 21.9 1.3 2.4 6.2 4.7 11.5 25.3 

5th percentile 0.0 0.8 14.5 0.0 0.2 4.4 0.0 1.0 21.6 

95th percentile 12.5 27.2 74.1 3.9 7.5 23.3 14.9 33.8 97.6 

Obs 2046 3317 3751 2046 3317 3751 2046 3317 3751 

(b) Average across occupations with at least one acceptable transition and positive cost* 

  Indirect costs Direct costs Total costs 

Scenario Small Moderate Important Small Moderate Important Small Moderate Important 

Mean 5.0 10.1 37.3 1.8 3.2 12.7 6.8 13.4 50.0 

Median 4.1 7.3 32.6 1.6 2.8 11.8 5.8 10.2 45.0 

Std. Dev. 3.5 9.7 21.8 1.2 2.3 6.1 4.4 11.4 25.0 

5th percentile 0.6 1.6 15.0 0.3 0.4 4.8 1.3 2.1 23.5 

95th percentile 12.5 27.2 79.5 4.1 7.5 23.4 15.2 35.0 97.9 

Obs 1767 3224 3720 1767 3224 3720 1767 3224 3720 

Note: “Mean” are the averages over the pooled data and cover: Australia, Austria, Belgium (Flanders only), 

Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, Israel, Italy, 

Japan, Korean, Lithuania, Netherlands, New Zealand, Norway, Poland, Russia, Singapore, Slovakia, Slovenia, 

Spain, Sweden, Turkey, United Kingdom (England and Northern Ireland only), and United States. “Small”, 

“Moderate” and “Important” are the three scenarios implying at most 6 months, 1 year or 3 years of training, 

respectively. “Direct” is the education cost of retraining the workers; “Indirect” corresponds to the foregone 

wages during the training period, and “Total” the sum of the two. Panel (a) includes all occupations displaying 

at least one acceptable transition; panel (b) excludes those occupations for which all occupations of destinations 

imply no need for training (i.e. those entailing zero (re)training cost).  

* For some of the occupational transitions, there is no cognitive skills-related training cost to be incurred, as 

occupation of origin and of destination have the same cognitive skills requirement, hence zero difference. 

Source: Authors’ computations based on PIAAC and Education at a Glance (2018) data. 

The average direct (re)training costs per worker is limited to USD 1 600 for small training 

needs, doubles in the moderate training scenario, and rises sharply in the important training 

scenario, to USD 12 600. The average per-person opportunity cost (i.e. the indirect cost) is 

about USD 4 300 in the first scenario, USD 9 900 in the moderate one, and rises sharply to 

USD 37 000 in the case of the important training scenario. Generally, the opportunity cost 

of training represents approximately 75% of the per-person total cost. This is true on 

average across occupations and training scenarios.   
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Figure 1. Total per-person cost of transition of 3-digit ISCO-08 occupations with acceptable 

transitions, by training needs 

(a) Small training needs (b) Moderate training needs 

  

(c) Important training needs 

        

 

Note: Each dot represents an ISCO-08 3-digit occupation of origin having at least one acceptable transition. 

Figures are based on the pooled dataset across country. If more than one occupation of destination is available, 

the dot displays the average cost of the transition over the different occupations of destination. “Small”, 

“Moderate” and “Important” are the three scenarios implying  at most 6 months, 1 year or 3 years of training 

respectively,. “Total” cost is the sum of the direct and the indirect cost of retraining. All costs figures are in 

thousand USD PPP. Blue triangles represent occupations in which at least 50% of workers have attained a 

tertiary degree (corresponding to ISCED2011 levels 5 to 8, according to UNESCO, 2011); grey dots 

occupations in which at least 50% of workers have attained an upper secondary degree (corresponding to 

ISCED2011 levels 3 to 4).   

Source: Authors’ computations based on PIAAC and Education at a Glance (2018) data.   

 

The minimum average cost of a transition is zero for all training needs. This means that, in 

all scenarios considered, there exists at least one occupation of origin for which all 

acceptable transitions require no training at all. This happens because the average cognitive 

skills characterising the occupation of origin exceed those of the acceptable occupations of 

destinations.  

This is evident in Figure 1, plotting the total cost of retraining for each 3-digit occupations 

of origin with an acceptable transition.  Figure 1, also shows that the number of occupations 
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of origin with zero training cost across all occupations of destination declines when longer 

training spells are considered. Longer training spells indeed allow to identify a larger set of 

occupations of destination that workers can transit to, and in this larger set at least one 

occupation of destination requires some cognitive training efforts.  

For the same reasons, it is possible for an occupation (e.g. “Managing Directors”) to be at 

the bottom of the cost distribution for small and moderate training efforts, as no training is 

needed to move to an acceptable occupation, but to move towards the top of the cost 

distribution when important training efforts are considered. This is generally due to the 

greater number of acceptable occupations of destination that emerge, and the consequent 

need to bridge larger cognitive gaps associated with these target occupations.   

Lastly, Figure 1 distinguishes between occupations of origin where workers display more 

frequently an upper secondary education degree (grey dots) and those where tertiary 

degrees are more prominent (blue triangles). Acceptable transitions for tertiary-degree-

intensive occupations seem to entail on average higher per-person costs than secondary-

degree-intensive occupations, with the exception of those occupations for which transitions 

entail zero training cost.  

Table 2 proposes a different assessment of the relationship between workers’ skill levels in 

the occupation of origin and the per-person cost of training. It shows the average cost at the 

1-digit ISCO-08 level, with occupations 1 to 3 that can be considered highly skilled, 

occupations 4 to 8 medium skilled, or 9 low skilled, as defined by the International Labour 

Organization (Bourmpoula et al., 2015). A graphic representation of this is further provided 

in Annex D, Figure D.1. Annex E presents the list of 3-digit ISCO-08 occupations included 

in the analysis, and their corresponding 1-digit occupation.  

The average per-person total cost of the transition for highly skilled occupations is larger 

than the one of medium- and low-skilled occupations, with differences that are usually 

statistically significant.21 Furthermore, among highly skilled occupations, the total cost for 

“managers” is higher than that of “professionals”, and the cost for “professionals” higher 

than that of “technicians”. This is not the case, though, when small training needs are 

considered, as high- and low-skilled occupations do not rank clearly. Cost differences 

between medium-skilled and low-skilled occupations exist, but are less statistically 

significant. Nevertheless, the total cost of retraining for “services and sales workers”, “plant 

operators”, and “elementary occupations” is clearly lower than that entailed by the other 

occupations, no matter the scenario.   

Differences in the per-person cost across 1-digit occupations appear to be mostly driven by 

the indirect cost component, with differences between highly skilled and low-skilled 

occupations that mimic what observed in the case of total costs.   
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Table 2. Per-person cost of retraining by 1-digit occupations. 
For occupations with at least one acceptable transition, in ‘000 USD PPP 

  Small Moderate Important 

Occupations (1Digit)  Indirect Direct Total Indirect Direct Total Indirect Direct Total 

1. Managers 5.46 1.25 6.72 20.16 3.85 24.02 74.79 15.44 90.23 

(0.33) (0.08) (0.40) (1.10) (0.20) (1.26) (1.81) (0.42) (2.02) 

2. Professionals 6.11 1.53 7.65 12.58 3.36 15.94 36.88 10.21 47.09 

(0.31) (0.10) (0.40) (0.43) (0.12) (0.52) (0.78) (0.25) (0.95) 

3. Technicians and associate 
professionals 

6.40 2.11 8.52 9.97 3.14 13.10 46.60 14.25 60.85 

(0.24) (0.10) (0.32) (0.26) (0.09) (0.33) (0.76) (0.28) (0.92) 

4. Clerical support workers 4.60 1.63 6.23 8.33 3.02 11.35 30.61 11.98 42.60 

(0.27) (0.10) (0.35) (0.33) (0.14) (0.45) (0.42) (0.30) (0.60) 

5. Services and sales workers 3.02 1.56 4.58 5.49 2.81 8.29 24.13 12.54 36.67 

(0.06) (0.04) (0.09) (0.11) (0.07) (0.16) (0.24) (0.20) (0.34) 

6. Skilled agriculture workers 3.73 1.90 5.62 7.28 3.57 10.85 23.09 12.07 35.16 

(0.13) (0.07) (0.18) (0.27) (0.12) (0.36) (0.95) (0.33) (1.17) 

7. Craft and related trades 
workers 

3.69 1.23 4.92 7.76 2.83 10.59 34.94 12.70 47.63 

(0.20) (0.06) (0.26) (0.25) (0.10) (0.34) (0.42) (0.21) (0.52) 

8. Plant and machine operators 
and assemblers 

2.28 0.88 3.16 8.34 2.83 11.17 32.88 11.41 44.29 

(0.19) (0.08) (0.26) (0.41) (0.13) (0.53) (0.81) (0.29) (1.03) 

9. Elementary Occupations 3.18 2.03 5.21 6.02 3.07 9.09 23.80 14.94 38.74 

(0.15) (0.12) (0.26) (0.21) (0.11) (0.29) (0.41) (0.29) (0.50) 

Note: Simple averages of costs of 3-digit occupations in each 1-digit occupation, for the occupations of origin 

with acceptable transitions. Parentheses include standard errors. These allow constructing confidence intervals 

for the mean values and to statistically compare the means of different scenarios or occupations. Costs are in 

thousands USD PPP per worker. “Small”, “Moderate” and “Important” are the three scenarios possible, 

entailing training of at most 6 months, 1 year and 3 years of training, respectively. “Direct” is the education 

cost of retraining workers, “Indirect” the foregone wages during the training period, and “Total” the sum of the 

two. Data are pooled across countries and include:  Australia, Austria, Belgium (Flanders only), Canada, Chile, 

Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, Israel, Italy, Japan, Korean, 

Lithuania, Netherlands, New Zealand, Norway, Poland, Russia, Singapore, Slovakia, Slovenia, Spain, Sweden, 

Turkey, United Kingdom (England and Northern Ireland only), and United States.  

Source: Authors’ computation based on PIAAC and Education at a Glance (2018) data.  
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4.  Moving workers in occupations at high risk of automation to “safe 

haven” occupations 

The diffusion and adoption of digital technologies is enabling the automation of a range of 

tasks currently performed by workers. While only few occupations are likely to get fully 

automated, many will see their job content substantially change over time, and possibly 

require fewer units of labour to produce the same output.  

 This section focuses on the cost of retraining workers away from occupations which are 

currently considered at high risk of automation. In the pooled cross-country dataset used 

here 39% of occupations (i.e. 48 occupations out of 123) emerge as being at high risk of 

automation. If one considers only occupations of origin with at least one acceptable 

occupation of destination, high-ROA occupations represent a larger share of total 

occupations in the small training effort scenario (48%) than they do in the moderate and 

important training spell scenarios (about 40%, in both cases).22 

Occupations at high risk of automation display, on average, similar shares of possible and 

acceptable transitions as occupations at low risk of automation, i.e. the two groups of 

occupations of origin are characterised by similar potential for mobility. This is not the 

case, however, when the set of acceptable occupations of destination is constrained to 

occupations displaying low risk of automation, i.e. to the set of “safe haven” occupations 

(Bechichi et al., 2018b).  

Figure 2 shows that workers in some high-ROA occupations of origin would need to 

undergo at least a moderate (re)training to find an acceptable occupation of destination 

which displays a low or medium risk of automation. This is especially true for workers in 

country cluster 2 (the one featuring Anglo-Saxon countries)23, where more than half of the 

high-ROA occupations cannot find any acceptable non-high ROA transition. Reassuringly, 

however, a “safe haven” can be identified for all high-ROA occupations in the important 

training scenario.  

The cost of training needed to help an average high-ROA worker move away from her 

occupation of origin varies importantly depending on how many acceptable occupations of 

destinations are available and which one they are. Table 3 shows that moving an average 

high-ROA worker to the nearest safe-haven set of acceptable occupations is costlier than 

moving her towards the average occupation of destination in the larger set of all acceptable 

occupations of destination. Once standard errors are taken into account and differences 

tested statistically, this is true for the average worker in all clusters but for cluster 1. The 

higher per-person cost of training suggests that transitions towards acceptable occupations 

at low-risk of automation are on average characterised by relatively higher cognitive skill 

requirements.  

The methodology proposed in this study allows estimating the country-wide cost of helping 

workers at high-ROA move towards the closest “safe haven” (set of) occupation(s). This is 

obtained by multiplying the number of workers at high risk of automation (from 

Nedelkoska and Quintini, 2018) who are currently employed in high-ROA occupations by 

the per-worker, occupation-specific cost of transition to safe haven, and by summing over 

all occupations at high-ROA.24 
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Figure 2. High-ROA occupations of origin with acceptable transitions towards low and 

medium ROA occupations 
As a percentage of total high-ROA occupations with at least one acceptable transition in the scenario  

 

Note: 100% represents the total number of occupations in the cluster that are at high ROA and have at least one 

acceptable transition. “No Acceptable Destinations at Low ROA” stands for the proportion of occupations of 

origin that are at high ROA and have no acceptable occupation of destination displaying low or medium ROA. 

Conversely, “Acceptable Destinations at Low ROA” displays the proportion of high-ROA occupations of origin 

which find at least one acceptable transition to occupations at low or medium ROA. “Small”, “Moderate” and 

“Important” are the three scenarios implying at most 6 months, 1 year or 3 years of training, respectively.  

Cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey.  

Cluster 2: Australia, Canada, Ireland, New Zealand, United Kingdom (England and Northern Ireland), United 

States. 

Cluster 3: Austria, Belgium (Flanders only), Czech Republic, Denmark, Finland, Germany, Japan, Netherlands, 

Norway, Sweden. 

Cluster 4: Estonia, France, Israel, Korea, Poland, Singapore, Slovenia, Spain. 

Source: Authors’ computation based on PIAAC data. 

Figure 3 provides some benchmark comparisons by looking at the training cost estimates 

of high ROA workers as percentages of a country’s GDP in a single year (panel a), of the 

total one year welfare expenditure (panel b), and of the total one year upper secondary and 

tertiary (ISCED2011 levels 3 to 8) education expenditure, net of R&D expenditure (panel 

c).25 On average across all countries considered, the lower-bound aggregate cost of moving 

a worker in an occupation at high ROA to a safe haven reaches approximately 1% of a 

single year’s GDP, of which 0.3% direct costs and 0.7% indirect costs. Total costs reach 

on average 6% and 47% of welfare and education expenditure, respectively. These amounts 

would need to be added on the top of the training and education costs already being incurred 

at present and represent only the costs associated with those 14% of workers in occupations 

at high-risk of automation. 
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Table 3. Minimum training costs for a worker in high-ROA occupations of origin 

In ’000 USD PPP, by type of occupations of destination  

  
 

All destinations Only low or medium ROA destinations 

Indirect Direct Total Indirect Direct Total 

Cluster 1   8.0 2.8 10.8 12.5 4.5 17.0 

 (0.7) (0.2) (0.9) (0.9) (0.3) (1.1) 

Cluster 2 15.8 5.4 21.2 21.1 7.4 28.6 

  (1.8) (0.5) (2.3) (2.0) (0.6) (2.5) 

Cluster 3  5.9 2.4 8.3 10.2 3.8 14.0 

.  (0.3) (0.1) (0.4) (0.7) (0.2) (0.9) 

Cluster 4  3.4 1.4 4.8 9.2 3.4 12.6 

 (0.2) (0.1) (0.3) (0.8) (0.3) (1.1) 

Note: “All destinations” statistics are computed for high-ROA occupations of origin, no matter the risk of 

automation of the acceptable occupation of destination. “Only low or medium ROA destinations” statistics 

relate to the transitions of high-ROA occupations of origin to acceptable occupations of destination at low- or 

medium-risk of automation. “Direct” is the education cost of retraining workers; “Indirect” refers to the 

foregone wages during the training period; “Total” denotes the sum of the direct and indirect costs. Costs are 

per worker and are reported in thousands of USD PPP. Standard errors in parentheses. Cluster 1 includes Chile, 

Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey; cluster 2 Australia, Canada, Ireland, 

New Zealand, United Kingdom (England and Northern Ireland only), United States; cluster 3 Austria, Belgium 

(Flanders only), Czech Republic, Denmark, Finland, Germany, Japan, Netherlands, Norway, Sweden; cluster 

4 Estonia, France, Israel, Korea, Poland, Singapore, Slovenia, Spain. 

Source: Authors’ computation based on PIAAC and Education at a Glance (2018) data. 

 

Estimates appear heterogeneous across countries, no matter the denominator chosen to 

rescale them. Cross-country variation mainly originates from differences in (i) median 

wages across clusters, which underpin indirect costs; (ii) country-specific education 

expenditures per student; (iii) average cognitive distances for high-ROA occupations and 

the set of acceptable occupations of destinations they support; and (iv) the proportion of 

total workers in the country who are employed in high-ROA occupations.  

It should be noted, however, that ratios compare costs which are likely to occur over 

multiple years (at the numerator), to a single year aggregate (at the denominator), with 

reference year set to the 2014, to align with PIAAC data. “Minimum costs” may indeed 

imply longer training spells than a year, if no acceptable transitions to low- or medium-

ROA occupations can be reached after a small or moderate training effort. Furthermore, 

workers may decide to parcel the time of training over multiple calendar years, so as to 

reconcile (part-time) work and training. Lastly, not all workers currently employed in a 

high-ROA occupation are expected to switch occupation at the same time and within one 

year, as technology diffuses and gets adopted at a different pace in different countries, 

industries and companies. However, as all jobs in high-ROA occupations – including those 

currently not estimated to be such at the individual level – may be progressively automated, 

the numbers in Figure 3 are to be considered as lower bound estimates of the cost of training 

implied by automation today.  

 



30 │ OCCUPATIONAL TRANSITIONS: THE COST OF MOVING TO A “SAFE HAVEN” 
 

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS 
  

Figure 3. The aggregate cost of moving to a safe haven, by country 

Note: The graphs shows the aggregate cost of switching workers at high risk of automation to the nearest 

scenario displaying an acceptable occupation(s) of destination which is not at high risk of automation. The 

proportion of workers at high-ROA in an occupation is sourced from Nedelkoska and Quintini (2018). Costs 

are represented as a percentage of 2014 yearly GDP (panel a), the country’s 2014 total welfare expenditure 

(panel b), and 2014 total expenditure for upper secondary and tertiary education (ISCED levels 3 to 8) net of 

R&D expenditure (panel c) The sample includes 31 PIAAC countries, unless the denominator is missing; 

welfare expenditure data are missing for Singapore, Lithuania and the Russian Federation; education 

expenditure are missing for Singapore.  

Source: Authors’ computation based on PIAAC, Structural Analysis (STAN), Education at a Glance (2018) 

and OECD Social Expenditure (SOCX) data.  

Figure 4, shows the estimates of the aggregate cost of retraining all individuals currently 

working in high-ROA occupations simultaneously to a safe occupation, as if all these 

workers were to be displaced at the same time by automation26. In such a case, the training 

costs entailed by moving to a safe haven would be fivefold (on average, across all countries 

considered), with the average overall cost attaining 4.6% of GDP or 26% of total welfare 

expenditure. These figures can serve as broad upper bounds of the country-wide costs of 

training all workers in occupations at high risk of automation and move them to safe haven 

ones.27 Similarly Figure 5 portrays the upper and lower bound of direct training costs, as a 

percentage of secondary and tertiary education yearly expenditure. The estimates range 

from approximately 4% to 110% of the said expenditure, reaching 13% (lower bound) to 

59% (upper bound) on average across countries.28  
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On the one hand, the figures above can be considered as the upper bound estimates of the 

overall cost that countries may need to incur if all workers in occupations at high risk of 

automation simultaneously lose their jobs. On the other hand, though, these figures are very 

conservative if one considers that countries should not only be concerned with helping 

ROA workers, but also with (re)training and upskilling the entire workforce in light of the 

digital transformation. As digital technologies get developed and adopted throughout the 

economy, the task content of jobs and the skills needed to perform them change. This entails 

that all workers will see, at least to some extent, their jobs change, and will thus need to be 

endowed with the skills needed to accomplish them. 

Figure 4. Upper- and lower-bound estimates, cost of moving workers in occupations at high-

risk of automation to a safe haven, as % of a single years’ GDP 

 

Note: The graph shows the aggregate cost of switching workers at high risk of automation to the nearest scenario 

displaying one or more acceptable occupation(s) of destination which is not at high risk of automation. Figures 

are displayed as a % of GDP and refer to two different sets of workers. For the lower bound estimates, the cost 

only includes workers currently at high risk of automation according to Nedelkoska and Quintini (2018), while 

for the upper bound it includes all workers currently employed in occupations at high risk of automation. The 

grey bar represents the range of possible costs. “AVG” stands for average. 

Source: Authors’ computation based on PIAAC, Structural Analysis (STAN), and Education at a Glance (2018) 

data.  
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Figure 5. Upper- and lower-bound estimates of the direct cost of moving to a safe haven, as 

% of education expenditure 

 
Note: The graph shows the aggregate cost of switching workers at high risk of automation to the nearest scenario 

displaying one or more acceptable occupation(s) of destination which is not at high risk of automation. Figures 

are displayed as a % of GDP and refer to two different sets of workers. For the lower bound estimates, the cost 

only includes workers currently at high risk of automation according to Nedelkoska and Quintini (2018), while 

for the upper bound it includes all workers currently employed in occupations at high risk of automation. The 

grey bar represents the range of possible costs. The education expenditure refers to total expenditure less R&D 

expenditure by private and public institutions in the year 2014 and is sourced from the Education at a Glance 

(2018) database. 

Source: Authors’ computation based on PIAAC and Education at a Glance (2018) data.  
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4.1. The cost of endowing workers with the task-based skills needed to 

change occupation  

The estimates proposed thus far relate to the cost of training individuals to endow them 

with the cognitive skills needed in the occupation of destination. Different occupations, 

however, require workers to be endowed with a number of task-based skills, e.g. 

management and communication skills or ICT skills as well. While estimates of 

occupational distances in such task-based skills, which are often job-specific, are available 

from Bechichi et al. (2018b), assessing the training time needed to bridge the task-based 

skill gaps that may exist between occupations remains a complex endeavour, complicated 

by the lack of adequate data. To the authors’ knowledge, no existing study or approach 

offers estimates of the time workers need to acquire these job-specific skills.  

This section attempts to provide very first and experimental figures of the training cost to 

be incurred to bridge the task-based skills’ differences that may exists between different 

occupations. To this end, a uniform “top-up” type of task-based skills training-related cost 

is added on the top of the occupation-specific estimates based on cognitive skills provided 

in the previous sections. This is done for all high-ROA workers in a country.  

Information about the cost of training needed to endow workers with job-specific skills is 

sourced from the European Continuing Vocational Training Survey. This survey collects 

data on the employer-based training of workers.29 As the average participant across all 

countries in the CVTS that are also included in this study30 received training of a very short 

duration (about 26 hours of training, on average) in 2015, it is reasonable to assume that 

workers can both study and work, i.e. they can do these 2 things in parallel.31 As a 

consequence, only the direct cost is estimated for this component of the total cost.  

The employer-based nature of the training recorded in the CVTS makes it likely that the 

training considered in the survey is job-specific, although only 65% of companies 

providing training reported to focus courses on job-specific skills in 2015.32  

Two main limitations of CVTS data impinge upon the precision of the present exercise and 

contributed to devise a top-up type of approach. The first is that no breakdown of cost data 

by type of skills is provided by Eurostat. Consequently, estimates accounting for the 

different task-based skills-related training needed cannot be proposed. The second 

limitation is the lack of data by occupation of the worker in need of training. As a result, 

the same cost needs are imposed to all individuals, regardless of the type of skill gap to be 

filled and of the occupations of origin and destination.  

Finally, the estimated cost of training added does not account for the type (i.e. the size) of 

distances in task-based skills that need to be bridged. These could be larger or smaller than 

those implied by the courses surveyed in the CVTS. Also, as done in the case of the 

cognitive skills’ training considered in the previous sections, this work assumes that 

individuals are successful in reaping the benefits of training, i.e. that what they learn allows 

them to move to another occupation.  

The extra cost component calculated on the basis of CVTS data is added to the country-

level cost of training workers to move from high-ROA occupations of origin to medium- 

or low-ROA occupations of destination. The top-up cost is calculated as the country-

specific cost of training per participant as reported in the CVTS, multiplied by the number 

of individuals at high-ROA who are working in the country.33  

This study uses 2015 information on cost per participant in all industries and company size 

classes, net of labour costs. For the countries which are present both in PIAAC and in the 



34 │ OCCUPATIONAL TRANSITIONS: THE COST OF MOVING TO A “SAFE HAVEN” 
 

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS 
  

CVTS, the country-specific figures are used. For the non-European countries which are 

available in PIAAC but not in the CVTS, estimates rely on the average cost reported by the 

European countries in the same cluster as the non-European countries for which cost 

estimates are missing. 

Figure 6 updates Figure 4 adding this new cost component. The new figure looks 

remarkably similar to the previous one, given that the extra cost component estimated on 

the basis of the CVTS amounts to 0.06% - 0.3% of GDP, on average across the considered 

countries. The average overall cost of training high-ROA workers to safe haven reaches 

now 1% of GDP (lower bound) to 5% of GDP (upper bound) on average across countries.  

Figure 6. Total cost of moving ROA workers to a safe haven, cognitive and task-based skills 
% of GDP, upper-bound and lower-bound estimates. 

 
Note: The graph shows the aggregate cost of switching workers at high risk of automation to the nearest scenario 

displaying an acceptable occupation of destination which is not at high risk of automation. Figures are proposed 

as a % of GDP in 2014. Figures encompass both the cost of bridging cognitive skill distances, and the top-up 

country-wide cost of training workers in job-specific skills. For the lower bound estimates, the cost only 

includes workers currently at high risk of automation, while for the upper bound it includes all workers currently 

employed in occupations at high risk of automation. The grey bar represents the range of possible costs that 

may need to be incurred. The proportion of workers at high-ROA in an occupation is sourced from Nedelkoska 

and Quintini (2018).  

Source: Authors’ computation based on PIAAC, Structural Analysis (STAN), Education at a Glance (2018) 

and Continuing Vocational Training Survey (CVTS) data.  

 

While it may be interesting and informative to try and estimate the cost of endowing 

workers with the task-based skills needed to successfully transit to a safe haven occupation 

and to move away from an occupation at high risk of automation, such an exercise has 

many important limitations. In addition to the caveats mentioned above, it is important to 

note that this cost component may in fact be an overestimation of the “real” cost of training 
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workers to endow them with task-based skills. No distinction is available in the CVTS 

between training aimed at facilitating horizontal cross-occupational mobility (i.e. the focus 

of the present study) and that for occupational upskilling and career progression.  

Evidence (e,g. OECD, 2017c) shows that training on the job disproportionally targets high-

skill employees, and a long standing literature finds training to represent a rewarding 

mechanism, often used to incentivise and retain key workers. Hence, if the training 

expenditure captured in the CVTS reflect the efforts made by companies to reward and 

retain workers, such expenditures are likely to have targeted workers in medium- or low-

ROA occupations, i.e. workers that are not at risk of being made redundant. In addition, 

the (likely) high-skill workers receiving the training are also likely to seek and receive high-

profile, more expensive training, than the one needed to endow the typical ROA worker 

with the skills needed to move to safe harbour occupations. This being the case, the data 

sourced from the CVTS represent an upper bound in the cost of training job-specific skills 

of high-ROA workers. Conversely, if high-skill workers require fewer hours of training to 

bridge the same skill distance because they are faster learners, the reported cost figures 

would well underestimate the resources effectively required by countries to allow high-

ROA workers move across occupations.  

4.2. Accounting for the (un)successfulness of training 

One of the assumptions made in the paper and that has some bearing on the magnitude of 

the cost estimates is the effectiveness of training. It is assumed here that training works and 

that the knowledge acquired suffices for workers to successfully transit to a different 

occupation. This in reality may not necessarily be the case. Previous studies have attested 

different degrees of effectiveness of training programs, depending on: the type of training 

(on-the-job vs VET vs general education); its provider (public vs company-sponsored 

programs); the targeted sub-population of workers (e.g. youth, displaced workers); or the 

time window over which effectiveness is assessed (short-term vs long-term effects).  See 

Jacobson et al. (2005) and Card et al. (2016) for useful surveys of existing literature.   

While important, the effectiveness of training cannot be dealt with properly in the present 

study. To the best of the authors’ knowledge, no available indicator could help model the 

heterogeneity of adult learning systems and their effectiveness, nor help to account for 

occupation or skill type-related differences.  

One possible – albeit imperfect – way to provide a very general idea of what the 

effectiveness of training systems may look like, is to rely on data related to the completion 

rates of students in upper-secondary and/or tertiary education programmes. Country level 

figures to some extent proxy the effectiveness of education and training systems, as they 

mirror the share of students that successfully complete their education or training paths.  

One important caveat (among many others) of this approach is that, in the absence of data 

for all the age cohorts considered in the study, one needs to assume that the completion 

rates of today’s students can be applied to today’s workers, irrespective of e.g. their age, 

experience and incentives. Appendix C discusses data availability and presents country-

specific estimates of completion rates for upper-secondary and tertiary education 

programmes.  

On average over all countries considered in the present study, completion rates are 

approximately equal to 75% for upper-secondary education, and 72% for tertiary education 

(ref. Table C.1). Figures, however, vary notably across the four country clusters considered. 

Average completion rates for upper-secondary education programmes are 73% for cluster 
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1, 78% for cluster 2, 69% for cluster 3 and 82% for cluster 4. For tertiary education, 

completion rates are 73% in cluster 1, 81% in cluster 2, 69% in cluster 3 and 64% in cluster 

4. Taken at face value, these figures suggest that out of 100 workers at high risk of 

automation who are trained, approximately 25 may fail to acquire the necessary knowledge 

to successfully complete the needed occupational transition.  

If we assume such estimates to be good proxies of what happens in reality and that 

education and training only succeed to successfully upskill three quarters of high-ROA 

workers, then the aggregate training costs reported in Figures 3 to 6 underestimate by a 

quarter the resources required to move workers to safe harbour occupations.  
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5.  The cost of occupational mobility in an ageing society 

This section goes back to focusing on cognitive skills differences only and explores 

whether the cost of training workers changes with age. As both the average age of the 

population in OECD countries and the employment rate of elderly workers (OECD, 2013a) 

keep increasing, occupational mobility is likely to represent a greater challenge for older 

workers and, consequently, a significant concern for policy makers, especially in the future. 

On the one hand, older workers may find it more difficult than young ones to transition 

across jobs, on average. Evidence suggests that they experience a higher incidence of long-

term unemployment (OECD, 1998), lower hiring rates (OECD, 2009), and it takes longer 

for them to get back to work after an unemployment spell and they suffer from relatively 

larger earning losses after being displaced (OECD, 2013a).    

Older adults have also been found to generally display lower cognitive skills than their 

younger counterparts, with proficiency in literacy, numeracy and problem-solving skills 

reaching a peak at around age 30 (OECD, 2013b).  

Figure 6 highlights that on average, across countries, mean literacy scores among the 

youngest adults surveyed in PIAAC (age 16-24) are 24 points higher – or equivalently 9% 

higher – than among adults aged 55-65. The gap persists when taking into account 

differences across age groups in terms of gender, education, immigration and language 

background, socio-economic background, and type of occupation. Such differences, 

however, vary across countries and may reflect within and across-country differences in 

the level and the changes over time of education systems and their quality, as well as the 

propensity to engage in activities contributing to maintain or develop cognitive skills.34  

Figure 7. Age differences in literacy proficiency, 2012 
Mean literacy score difference between the youngest (16-24 year-old) and oldest (55-65 year-old) adults 

 

Note: Score differences in literacy between the two categories considered. Unadjusted differences are computed 

between the two means for each category. Adjusted differences are adjusted for education and socio-economic 

differences and based on a regression taking into account differences associated to: age, gender, education, 

immigration and language background, socio-economic background, and occupation. Striped patterns denote 

statistically insignificant differences. Adjusted differences for the Russian Federation are missing due to the 

lack of the language variables. UK values (*) refer to England and Northern Ireland only; Belgium values (**) 

refer to Flanders only. 

Source: OECD Skills Outlook 2013 (OECD, 2013b) based on PIAAC (2012 countries only). 
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On the other hand, it may well be that experience matters and that older workers may 

capitalise on the knowledge acquired on the jobs throughout the years and may be able to 

more quickly and or easily bridge some skills needs. This may especially be the case with 

respect to some tasks-based skills such as, for instance, management and communication 

or self-organisation.  

Data suggest that occupations where workers’ average age is higher also display a higher 

total cost of retraining and acquiring the cognitive skills need to move across occupations. 

Table 4 reports the results of a preliminary econometric exploration of the association 

between the per-worker cost of (re)training in a given scenario, and various variables 

related to workers’ age, by occupation.   

Panel (a) explores the correlation when all occupations are considered, independently on 

them being or not at risk of automation. A higher workers’ average age is associated with 

a higher total cost of moving the average worker to a different occupation. Similarly, 

occupations with higher proportions of young (resp. older) workers display significantly 

lower (resp. higher) total retraining cost per worker.  

The coefficients in Table 4 are semi-elasticities. Panel (a), column 1 implies, for example, 

that an increase of one year in the average age of workers in the occupation and in the 

cluster of countries considered would be associated to an increase of approximately 11% 

in the per worker average cost of retraining in the scenario, all other co-determinant of costs 

held constant. Similarly, an increase in the proportion of young workers by one percentage 

point would be associated to a decrease in the per-worker average cost of retraining by 

approximately 3.7% in that scenario. 

These associations are not driven by the country where workers are located, nor by the 

relationship between the age and wage of the average worker in the occupation, as these 

are accounted for in the analysis. Furthermore, cost differences appear slightly higher in 

magnitude when small retraining spells rather than important ones are considered.  

Panel (b) in Table 4 proposes the same correlations, but with the sample restricted to 

occupations at high risk of automation for which at least one acceptable transition to 

occupations at low- or medium-risk of automation exists. In this sample, one can retrieve 

the same associations as in panel (a) but for the proportion of elderly workers. A notable 

exception is scenario 3, where the magnitude of coefficients decreases but the sign remains 

unaltered, except for the transitions enabled by important retraining efforts.  

Further explorations (not reported here) highlight that the significant association between 

age and per-worker cost of retraining is broadly driven by differences in the age 

composition of occupations, and not by a direct relationship between the average worker’s 

age and her cost of retraining in the occupation. If one accounts for the fact that occupations 

with low (resp. high) per-worker total cost are relatively more intensive in young (resp. 

older) workers, the remaining correlation between age and cost becomes often statistically 

insignificant, also for panel (a). 35  
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Table 4. Correlation between age and total per-worker cost of (re)training 
OLS regressions on country-occupation data, by retraining scenario and ROA profile 

(a) All occupations with acceptable transitions 

  1 2 3 4 5 6 7 8 9 10 11 12 

  Min Min Min Small Small Small Moderate Moderate Moderate Important Important Important 

  
            

Average 
Age  

0.113*** 
  

0.148*** 
  

0.039*** 
  

0.056*** 
  

(0.015) 
  

(0.024) 
  

(0.011) 
  

(0.007) 
  

% young 
(25-35) 

 
-3.657*** 

  
-5.495*** 

  
-1.460*** 

  
-1.453*** 

 

 
(0.515) 

  
(0.921) 

  
(0.439) 

  
(0.228) 

 

% elderly 
(55-65)  

  
2.582*** 

  
3.239*** 

  
0.757** 

  
1.838*** 

  
(0.458) 

  
(0.744) 

  
(0.368) 

  
(0.219) 

  
            

Obs. 3 361 3 361 3 361 1 650 1 650 1 650 3 003 3 003 3 003 3 361 3 361 3 361 

Rsquare 0.046 0.048 0.042 0.045 0.049 0.036 0.028 0.029 0.027 0.096 0.090 0.103 

Wage 
control 

YES YES YES YES YES YES YES YES YES YES YES YES 

Country 
FE 

YES YES YES YES YES YES YES YES YES YES YES YES 

                          

(b) Only high ROA occupations with acceptable  low-ROA transitions 

  Min Min Min Small Small Small Moderate Moderate Moderate Important Important Important 

  
            

Average 
Age  

0.097*** 
  

0.111** 
  

0.065** 
  

0.012*** 
  

(0.027) 
  

(0.047) 
  

(0.027) 
  

(0.003) 
  

% young 
(25-35)  

 
-3.377*** 

  
-6.101*** 

  
-0.823 

  
-0.469*** 

 

 
(0.769) 

  
(1.767) 

  
(0.762) 

  
(0.117) 

 

% elderly 
(55-65)  

  
1.060 

  
0.777 

  
-0.655 

  
0.381***   

(0.854) 
  

(1.588) 
  

(0.803) 
  

(0.081) 

  
            

Obs. 1 260 1 260 1 260 416 416 416 1 051 1 051 1 051 1 260 1 260 1 260 

Rsquare 0.045 0.047 0.039 0.101 0.112 0.091 0.025 0.021 0.021 0.510 0.515 0.511 

Wage 
control 

YES YES YES YES YES YES YES YES YES YES YES YES 

Country 
FE 

YES YES YES YES YES YES YES YES YES YES YES YES 

Note: OLS regressions estimated on the sample of country-occupation pairs which have non-missing values for 

cost and the average age in the cluster. Panel (a) covers all occupations in the sample, panel (b) only the high-

ROA occupations which find an acceptable occupation of destination at low or medium ROA. The dependent 

variable is the logarithm of the total per-worker cost of transition in each training spell scenario in the cluster-

occupation. “Small”, “Moderate” and “Important” are the scenarios implying at most 6 months, 1 year or 3 

years of training, respectively. “Min” is the “minimum cost” combined setting, i.e. the one implying the shortest 

retraining spell needed to move workers towards an acceptable occupation of destination. “Average age” stands 

for the average age of the worker in the 3-digit ISCO-08 occupation and cluster; “% young” and “% elderly” 

are the proportion of individuals working in the occupation and cluster who are 25 to 35 old and older than 55, 

respectively. All regressions include country dummies and a control for the average wage received by workers 

in the cluster-occupation. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Source: Authors’ estimation based on PIAAC and Education at a Glance (2018) data.  
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6.  Do skill distances differ by industry? 

The industry of a worker’s employment is another key dimension that may shape 

occupational transitions. Dix-Carneiro (2014), for instance, argues that workers incur a 

fixed cost when changing sector of employment, which is determined by industry 

differences in the specific knowledge embedded in production. As the share of the 

workforce employed in manufacturing (respectively, services) is steadily decreasing (resp. 

increasing), the ongoing structural transformation of OECD economies is likely to 

contribute to determine the aggregate cost of retraining workers who change the industry 

they work in.  

This section proposes a somewhat descriptive approach aimed at integrating the industrial 

dimension in the study, in the absence of skill distance measures at the occupational and 

sectoral level. Relatively few individuals are surveyed in PIAAC in each 3-digit occupation 

and sector pairs, making it impossible to estimate skill distances for these narrow cells 

without statistical error. Moreover, measures of the risk of automation have usually being 

reported by occupations, not sectors.  

Figure 8 presents the correlations between the country-wide minimum total cost of moving 

workers to a safe haven, and the share of high-ROA employment (according to Nedelkoska 

and Quintini, 2018) employed in manufacturing (panel a) and market services (panel b).36 

The correlations are statistically significant and of opposite signs: positive for 

manufacturing and negative for market services. The higher the share of employment in 

manufacturing (resp., services), the higher (resp., lower) the country’s aggregate cost of 

(re)training all workers currently employed in high-ROA jobs.37  

While the correlations may be driven by a number of economic phenomena, one of them is 

certainly the higher share of high-ROA workers in manufacturing industries. On average 

over the countries considered, the share of workers who are also at high-ROA according to 

Nedelkoska and Quintini (2018) is 10% higher in manufacturing and 1.3% lower in market 

services than in the overall economy. The relatively higher density of high-ROA workers 

in manufacturing makes the sectors more exposed to future investment in automation and 

employment-reducing technologies. The decreasing trend in manufacturing job 

employment, coupled with the high proportions of workers at high risk of automation in 

the sector is therefore likely to increase countries’ budgets needed for training in the 

foreseeable future.  

Differences in correlations between manufacturing and services could also be explained by 

the different skill composition of these two parts of the economy. Figure 9 (a to c) compares 

the average skills of high-ROA workers in manufacturing vs market services, for three 

types of skills which may be relevant in the digital transformation: literacy (panel a), ICT 

skills (panel b) and management and communication skills (panel c). For all skills, the 

average high-ROA worker in manufacturing displays lower skills than the average high-

ROA worker in market services. Differences between manufacturing and services are not 

statistically significant for some countries (i.e. the shaded bars). This is true more 

frequently for literacy than for the task-based skills proposed.  
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Figure 8 Correlations between the share of high-ROA employment by industry and the 

country-level minimum cost to safe haven as a percent of GDP 

               (a) Manufacturing                 (b) Market Services 

  

Note: “Total cost (as a % of GDP)” is the country-level aggregate cost of switching workers at high risk of 

automation to the nearest scenario displaying an acceptable occupation of destination which is not at high risk 

of automation, as a % of GDP. “Share of manufacturing” (respectively: “services”) are computed from the clean 

PIAAC dataset and consider only workers in high-ROA occupations (as estimated by Frey and Osborne 2017) 

who are in high-ROA jobs (as estimated by Nedelkoska and Quintini, 2018). Australia is removed from the 

graphs due to missing 3-digit ISCO-08 occupation information in PIAAC. “Manufacturing” includes ISIC Rev. 

4 industries 5 to 33, “Market Services” industries 35 to 82 and 90 to 96. 

Source: Authors’ computations based on PIAAC and Education at a Glance (2018) data.   

How are these differences likely to affect the aggregate cost of retraining for countries? On 

the one hand, as manufacturing workers are more and more frequently required to transit 

towards a service job in light of the ongoing structural transformation of OECD economies, 

the need for training expenditure is likely to increase. On the other hand, jobs in the service 

economy are also heterogeneous in skill requirements, so that the skill distances between 

some service jobs and the average manufacturing job need not be very large. This is the 

case for literacy skills, although difference in ICT and management and communication 

skills are seemingly larger. 38  
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 Figure 9. Average skills of high-ROA workers in manufacturing vs market services 
(a) Literacy 

 

(b) ICT skills 

 

(c) Management and Communication skills 

 

Note: The definition of skills follows Grundke et al (2017). High-ROA workers are workers employed in high-

ROA occupations as estimated by Frey and Osborne (2017). Australia is removed from the graphs due to 

missing 3-digit ISCO-08 occupation information in PIAAC. “Manufacturing” includes ISIC Rev. 4 industries 

5 to 33, “Market Services” industries 35 to 82 and 90 to 96. 

Source: Authors’ computations based on PIAAC and Education at a Glance (2018) data.    
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7.  Moving to be better off: One-shot wage gains from transitions  

This section considers the subset of occupations at high risk of automation which have a 

safe haven transition, with the aim to assess the incentives that workers may face to 

undertake training in light of their possible occupational changes. In a first step, the section 

analyses the relationship between cost and the average skill level of workers in the 

occupation of origin. In a second step, it checks whether such transitions may make workers 

better off income-wise and, if so, to what extent.  

The correlation between the logarithm of the total per-worker cost of retraining with the 

average level of skills in the cluster-occupation is estimated via OLS regressions 

controlling for the average wage in the cluster-occupation, and for country and occupation 

fixed effects. The empirical model also accounts for the possibility that the relationship 

between skills and cost of retraining is non-linear in the skill level, i.e. that the relationship 

can change depending on the level of (average) skills in the occupation.39   

Figure 10 plots the results of these estimates in the form of predicted values. Each point in 

the plotted curves is the value that the per-worker total cost is predicted to reach at each 

given level of literacy skills, holding the other covariates of cost at their mean value in the 

sample.40 The predicted per-worker cost is increasing with the average level of literacy in 

the occupation, for all scenarios of training needs but for the important one (panel a-c vs 

panel d).  

Although predictions become less precise for very low and very high values of literacy, the 

average highly skilled worker still faces significantly higher transition costs than the 

average low-skilled worker in all retraining scenarios but the longest one. For important 

retraining needs, the inverse is true, although differences in predicted values for very 

proficient and not-so-proficient workers are smaller than in other scenarios.  

Figure D.2 in Annex D presents the same correlations, but for the per-worker average 

indirect (panels “a” to “d”) and direct (panels “e” to “g”) cost of training. While levels and 

slopes slightly differ between total, indirect and direct cost, predicted values remain higher 

for the average highly skilled worker than for the average low-skilled one.  

Figure 10 shows the correlation between skills and the cost of transition linked to the size 

of the training effort only (once wages and country specificities are accounted for). The 

total cost, as described, includes a direct component and an indirect one which originates 

from the worker’s inability to spend time at work while training. Training, however, can 

grant workers benefits that go beyond moving away from an occupation at high risk of 

automation. In particular, it can provide workers with the skills needed to access better 

paying occupations.  

Figure 11 plots the correlation between the median proficiency of workers in an occupation 

of origin, and the percentage difference between hourly per-worker median wages in the 

occupation of origin and in the occupations of destination that can be reached after at most 

one year of training.41 The correlation is small but positive and statistically significant. 

Occupations where workers display higher average proficiency in literacy also enjoy 

transitions towards occupations granting on average higher salary than those they had in 

the occupation of origin.  
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Figure 10. Correlation between total per-worker cost of training and literacy scores   
Predicted values after an OLS regression on country-occupation data, by retraining scenario  

            (a) Minimum training needs                (b) Small training needs 

  

             (c) Moderate training needs        (d) Important training needs 

  

Note: Each dot represents the average predicted value of the (log-) per-worker total cost of retraining given a 

certain level of literacy, holding the average wage of workers at its sample mean fixed. Predicted values are 

calculated on the basis of OLS regressions where the dependent variable is the logarithm of the total per-worker 

cost of transition in each training spell scenario, and independent variables are: the average skill level and 

average wage in the cluster and occupation of origin, and country and occupation dummies. The sample 

includes the country-occupation pairs which have non-missing values for the dependent and independent 

variables in the OLS model (respectively 1 260, 416, 1 051 and 1 260 observations for panel a, b, c, and d). 

Only high-ROA occupations with an acceptable, low- or medium-ROA transition are included. “Small”, 

“Moderate” and “Important” are the three scenarios implying at most 6 months, 1 year or 3 years of training, 

respectively. “Minimum” is the “minimum cost” combined setting, i.e. the one implying the shortest retraining 

spell needed to move workers towards an acceptable occupation of destination. “Total” cost is the sum of direct 

and indirect cost of retraining. All costs figures are in (log) thousand USD PPP.  

Source: Authors’ estimations based on PIAAC and Education at a Glance (2018) data.   
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Even though the cost of some transitions may be very high, transitions may be rewarded 

with a higher salary in the occupation of destination. The allocation of cost between 

workers, firms and governments need to take into account the whole range of costs and 

benefits of transitions enabled by the training effort.  

Figure 11. Median skills and gains in median hourly wage 
0 = occupation of origin and average destination have the same median wage  

            
Note: Each dot represents a cluster-occupation pair in the “moderate retraining needs” scenario (entailing at 

most one year of training). “Annual Wage Multiplier” stands for the percentage difference in median wage 

between the occupation of origin and the average among the median wages of the acceptable occupations of 

destinations. “Literacy” stands for the average level of literacy proficiency in the occupation of origin. “p” 

stands for the p-value of the correlation between literacy and wage represented in the graph. The sample 

includes transitions from high-ROA occupations of origins to low- or medium-ROA acceptable occupations of 

destination. Occupation ISCO-08 n. 613 (“Mixed crop and animal producers”) was removed as it represents an 

unrealistically high wage multiplier. 

Source: Authors’ estimations based on PIAAC and Education at a Glance (2018) data.  

While the positive relationship between skills and wage gains holds on average in the 

sample, it does not apply to all occupations.42 In addition, while being statistically 

significant, coefficients are small, and do not take into account the possible adaptation costs 

that workers may have to incur on the new job, especially for older workers. Lastly, the 

gains portrayed here are hourly, i.e. they are “one-shot” in nature. Yearly gains are also a 

function of the number of hours worked by the individual. Furthermore, as the worker’s 

tenure on the job increases beyond one year, so does the present value of her cumulated 

wage gains from the transition, and her incentive to get trained. Indeed, workers moving to 

a higher-wage occupation of destination usually enjoy positive wage growth over time - 

holding productivity constant (Groes et al., 2015).  

At the same time, mobility interrupts tenure and the accumulation of job-specific human 

capital, which typically results in a wage decrease immediately after transition (Kambourov 

and Manovskii, 2009). Furthermore, high-wage (resp. low-wage) workers usually move to 

high-wage (resp. low-wage) occupations (Groes et al., 2015). Lastly, Carrillo-Tudela et al. 

(2016) find that UK workers at the bottom of the wage distribution who changed 

occupations experienced a fall in real wages, while switches at the top of the wage 

distribution engendered large increases in wages after transition. These conclusions 

suggests that a proper accounting of the benefits of transition requires an assessment of the 

dynamics, which goes beyond the suggestive evidence presented in this section.   
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8.  Discussing hypotheses and methodological caveats  

This study offers first-time estimates of the cost of moving workers across occupations by 

means of a training effort. To generate the estimates for a large number of countries and 

given the data limitations encountered, the methodology makes a number of simplifying 

assumptions which may have a bearing on the magnitude of the final figures. These aspects 

are highlighted here as avenues of possible future work. Annex B further spells all relevant 

assumptions made in the present study, as well as their rationale and the direction that cost 

estimates would take, were these assumptions relaxed. 

The definition of acceptable transitions, for instance, relies on a limited number of 

parameters that individuals are likely to consider when changing jobs. Currently these 

include cognitive and task-based skill excesses or shortages, and differences in wages and 

field of education between occupations of origin and destination. Preferences about 

location, contract type, or workers’ match with the position (Groes et al., 2015), to name 

but a few important ones, are not considered. In this sense, this analysis identifies possible 

opportunities for job mobility, but cannot predict it.  

Secondly, the worker in transition across occupations is assumed to move from her original 

job, to training, to the new job without discontinuity or unemployment spells. This kind of 

frictionless transitions are not very likely for most workers, especially those who are made 

redundant and did not leave their job voluntarily. Idle times during transitions increase the 

opportunity cost of staying out of employment, while longer training times increase the 

direct cost of transitions.  

Periods of unemployment before and/or after training are also likely to occur, especially 

when job separations are not voluntary. The labour market may be unable to absorb all 

workers in transition, especially towards the best acceptable occupation of destination for 

each given worker. Countries’ institutional features and employment protection 

legislations, for instance, may hinder or facilitate the mobility of workers. This in turn may 

decrease the indirect cost of retraining, if the individual receives no unemployment benefit, 

or if the latter is lower than the average wage in the occupation of origin. On the contrary, 

periods of unemployment may depreciate workers’ competencies and thus widen the skill 

gap which needs to be bridged to re-enter employment. Due to the lack of appropriate data 

to follow individuals from work to unemployment and back to work again, the analysis of 

this issue and the development of appropriate data is left to possible future work.    

More broadly, voluntary and involuntary transitions may differ along a number of the 

parameters used in the methodology, such as preferences over the maximum acceptable 

wage cut or human capital loss that individuals are willing to accept to re-enter 

employment. OECD (2013a) reports evidence that displaced workers, in particular, are 

more likely to find new work in part-time or non-permanent jobs, work shorter hours and 

suffer large and persistent earnings losses. This would translate into differences between 

the set of acceptable occupations of destination for voluntary and involuntarily transitions, 

as well as different direct and indirect costs of transition. The same can be said for workers 

whose job security is (not) constrained by the diffusion of automation.   

The study further assumes that individuals learn at an equal pace once on training, and more 

precisely that workers can acquire at most 7 PIAAC points in both literacy and numeracy 

in a given year of training and education. Workers, however, are likely to have different 

learning abilities depending on a number of factors, including the type of education they 
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went through as students, their attitude towards learning, their stock of human capital, their 

age, and so on. Furthermore, the quality of education and the efficiency of the education 

sector can differ widely across locations and countries, yielding difference in training for 

individuals. Relaxing these assumptions, however, requires considering disaggregation 

levels and using data currently not available. Furthermore, “individual proficiency in 

learning” and the “efficiency” of an education or training system are hard to measure, 

especially in a uniform way across country.  

 Furthermore, this work assumes that all learning happens outside work as opposed to 

during working hours, and that workers cannot study and work at the same time. The 

possibility to learn and work at the same time would lower the indirect cost of training, 

which accounts for a large share of total costs. Also, as mentioned, the assumption is made 

here that workers can (at least in theory) successfully complete the training spell (i.e. 

acquire the needed skills), and can therefore transit to the identified occupations. However, 

little is known about how adults learn, how effective lifelong training can be or about the 

effect that technology may have on both the efficiency and the effectiveness of training or 

education. A first attempt to account for drop-out rates from training programmes is 

described in section 4.2.It suggests that cost figures may be underestimated by up to 25%. 

More work on such key aspects is left to future research.  

While the occupations of origin and of destination are allowed to differ in the tasks 

performed on the job, this study addresses the cost of training only partially. First, it 

discards transitions with too large a gap in task-based skills between occupation of origin 

and of destination. Second, it suggests that some distances in task-based skills can be 

bridged while acquiring general cognitive skills (literacy and numeracy), if a 

complementarity in learning exists between the two sets of skills. This is likely to be the 

case, for instance, for advanced numerical skills and ICT skills. To the authors’ knowledge, 

however, there exists no evidence on the elasticity of task-based skills to an hour of 

education or training, nor on the possible relation between this elasticity and that of general 

cognitive skills. Third, the study adds an extra, country-wide component to the aggregate 

cost of moving high-ROA workers to safe haven, aimed at capturing the cost of training in 

task-based skills which may also be job-specific. The latter approach, however, has a 

number of limitations, as discussed in section 6, and needs therefore to be considered 

suggestive, at best. 

Next, as mentioned, the study only considers the cost of moving from one occupation to a 

different one, with a special focus on moving away from occupations at high risk of 

automation. In reality, within-occupation transitions do exist and can entail a cognitive 

retraining effort, either because skill requirements across employers differ, or because a 

worker’s skill set has depreciated over time, or because the skill content of an occupation 

has changed over time. These transitions may be less costly than those presented in the 

analysis if the skills distance between jobs belonging to the same occupation is smaller than 

the skills distance between two different occupations. However, within occupation 

transitions may not help workers move away from the risk of automation to the same extent 

as occupational transitions considered in the analysis. As the digital transformation 

permeates all sectors of the economy, the likelihood that workers performing automatable 

tasks will be made redundant everywhere becomes high.  

As discussed in sections 2 and 4, the study distinguishes between occupations at high vs 

medium or low risk of automation. However, the risk of automation is a continuum 

affecting all occupations, albeit to a different extent and at a different time. Furthermore, 

individuals may differ in their risk of displacement due to automation even within the very 
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same occupations, depending on the type of technology deployed and the actual 

organisation on their job place, their sector of affiliation or other institutional settings.  

Autor et al. (2003) highlight that computerisation has changed the task content of 

occupations over time, while Becker and Muendler (2015) show that German occupations 

became less intensive in offshorable tasks over time. Such dynamics are likely to be 

reflected in changes in the requirements of occupations.  

The present study accounts for some of these aspects when aggregating the per-worker cost 

of retraining at the country level, since it considers the actual proportion of workers at high 

risk of automation in each occupation as estimated by Nedelkoska and Quintini (2018). The 

present analysis, however cannot account for changes over time in the skill content of 

occupations, as it relies on cross-sectional data. This may entail an overestimation of the 

presented cost figures, if occupations at high risk of automation evolve towards a lower 

risk of automation over time, or an underestimation of if low- and medium risk occupations 

change with technology and become easier to automate. 

Moreover, mobility away from high-ROA occupations may be constrained by labour 

supply and demand conditions. Whether a worker can transit to a certain occupation 

depends on the real availability of such position in the labour market. Availability is 

implicitly assumed to exist in this study, although this may not be the case in the real world.  

In addition this study, as mentioned, provides a static picture of the problem at hand and 

leaves dynamic equilibria-type of questions to future research. The inflow of workers into 

an occupation can saturate the demand for such workers, or reduce the expected wage return 

from the transition, until flows are diverted to different occupations. Future work could 

address this limitation by modelling labour demand and how this and wages adjust when 

workers progressively move away from their occupation of origin towards their occupation 

of destination. Also, changes in the likelihood of tasks, and hence jobs, to be automated 

may could be taken into account in such an analysis.  

Finally, the proposed analysis does not consider whether job transitions imply changing the 

sector of employment, but rather limits itself to correlating the aggregate cost of retraining 

with the share of workers employed in manufacturing or market services.  This is equivalent 

to assuming that skill differences are specific to the occupation but not to the sector. While 

many in the economic literature on labour mobility corroborates this assumption (e.g. 

Kambourov and Manovskii, 2009), others disagree and provide evidence of the coexistence 

of sectoral and occupational switching costs (e.g. Sullivan, 2010) or simply of sector-

specific costs (e.g. Dix-Carneiro, 2014). Again, a deep sector-specific analysis is left to 

future research. 
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9.  Conclusions and policy implications 

This work proposes a methodology to estimate the cost of training that is necessary to 

endow workers with the cognitive skills they need to move to a different occupation. 

Individuals moving from an occupation of origin to an occupation of destination are 

constrained to choose among a set of so-called acceptable transitions, i.e. transitions 

towards similar occupations in terms of skills requirements, and that entail limited (if any 

at all) wage and human capital losses. These transitions may require individuals to 

participate in education and training, in case the skill requirements of the occupation of 

destination are higher than those of the occupation of origin. Transitions are held to entail 

a direct cost, i.e. the monetary cost of undertaking the training effort in the education 

system, and an indirect cost, i.e. the opportunity cost of training instead of working. The 

methodology yields estimates of the cost of training for the average worker in each 3-digit 

ISCO-08 occupation for the 31 PIAAC countries considered in the analysis.  

The average per-person total cost of moving is found to be increasing in the required 

training effort, but not linearly so. In particular, an average worker’s transition to another 

occupation costs approximately between USD 1 000 and 15 000 (average: 7 000) for a 

small training effort (up to six months), between USD 2 000 and 35 000 (average: 13 000) 

for a moderate one (up to one year), and between USD 24 000 and 98 000 (average: 50 

000) for an important training effort (up to three years), on average across all considered 

countries. These costs are found to be on average larger for highly skilled than for low-

skilled occupations, as workers in the highly skilled occupations face a larger opportunity 

cost of training.   

The study further analyses transitions away from occupations at high risk of automation 

(ROA) to occupations displaying low or medium ROA, which are labelled “safe havens”. 

The set of acceptable transitions is thus reduced, especially in the case of small training 

efforts. Helping an individual move to the nearest acceptable “safe haven” occupation 

entails a higher per-worker cost of training than the one estimated taking into account all 

acceptable occupations of destinations. The total cost of education and training policies 

helping all workers currently considered at high risk of automation (14% of the labour 

force, in the lower bound estimates) to move to the nearest acceptable occupation at lower 

risk ranges between 1-5% of GDP of a single year on average across the considered 

countries. The magnitude of these figures does not change in a significant way when 

placeholder estimates of the cost of training job-specific, task-based skills are added on top. 

The estimated transition costs need not be sustained all at once, as workers at high risk of 

automation will not all transition “to a safe haven” at the same time. However, figures 

remain sizeable, especially if considered as a percentage of current resources committed to 

welfare or secondary and tertiary education (respectively, 6% and 47% on average across 

country) and noting that these are additional costs to be added on the top of already 

significant expenditures for education and training. These considerations raise a first 

important policy question: are resources dedicated to training and education sufficient to 

address the adaptation efforts that may be required in the digital era? Are policy makers in 

government and business preparing adequately for helping workers make this transition? 

Accompanying mobility across jobs relies on an array of policies shaping initial education, 

skills development, life-long learning, support for worker re-deployment and improved 

social protection, all of which may require important monetary resources. Of special 

importance is the role of active labour market policies aiming to improve the match 
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between workers and jobs. If job transitions are concentrated in some industries and 

regions, resources for industrial and regional policies may need to be taken in 

consideration, too.  

Making workers able to learn and work at the same time would lead to important training 

cost reductions, as so would improving the overall effectiveness and efficiency of 

educational institutions and of the quality of education and training services more broadly. 

Policies encouraging learning and working at the same time through flexible education and 

training programmes, the development of open education and MOOCs by firms, and the 

adoption of working organisation practices that favour cooperation, learning from co-

workers and other forms of informal learning are crucial to mitigate the overall cost of 

education and training policies that may be needed to facilitate mobility towards “safe 

havens”.  

Training efforts may need to target low-skilled workers beyond what is done for highly 

skilled ones, since the former tend to benefit less and to adapt worse to technical change. 

Some workers may need guidance in the choice of the most appropriate training course for 

their future. Other, typically unskilled workers, may lack the basic skills to learn, or have 

a higher likelihood to leave before completing the training. Additional efforts may thus 

need to be made to bridge the information gap between employers, workers and educational 

institutions about the successful skill mix needed on the labour market, and do so almost 

“in real time”.  

The study as it stands cannot speak about transitions implying periods of unemployment, 

which are likely to affect both the opportunity cost of training, and the skill distance to be 

bridged through the retraining spell. These aspects could be analysed given individual 

information on transitions from work to unemployment and back to work. These are 

currently unavailable.  

Curricula may need to be more frequently adapted over time, and to reflect a holistic 

approach to skills, in order to cater for the multiplicity of competencies which are 

demanded from workers. Stakeholders should consider that meeting the necessary resource 

constraint for adult training may not be sufficient to achieve the desired cross-occupational 

transitions. The effectiveness of training programs is indeed inherently bound to the design 

of the retraining programs themselves.  

The effectiveness, coverage and quality of the adult learning systems and (re)training 

programmes should be systematically assessed, especially in light of recent evidence 

suggesting that design, timing, subpopulation targets and general equilibrium 

considerations are key to generating wage and employment returns from training (e.g. 

Mckenzie, 2017). The data gathered through these assessments would represent invaluable 

input into the present analysis, allowing to nuance the provided cost estimates on the basis 

of within-country and across-country heterogeneity in training effectiveness.  

Individuals, employers, education institutions and governments each have a role to play in 

addressing the reskilling and upskilling challenge, including in its financial aspect. 

Therefore, it should not be assumed that the entirety of the estimated costs of retraining 

need be sustained by government budgets alone. The split in the costs of retraining would 

likely reflect the sharing of the costs and benefits of mobility, be they in the form of changes 

in wages, in productivity of labour, or in tax receipts.  

While considering job transitions, governments may need to evaluate the trade-off between 

the cost of (re)training and that of unemployment insurance. They may also reflect on the 

importance of earmarking resources for investments in human capital when positive 
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economic conditions allow for it, rather than thinking about it at the onset of an economic 

shock. Fiscal instruments may be used to levy resources to broaden the provision of training 

in the economy, or simply to support the provision of training (e.g. training subsidies or tax 

rebates for employers offering training), especially among firms which may lack congruous 

resources to be invested in human capital (e.g. Saraf, 2017). Employers, for instance, could 

be encouraged to invest in transferrable (rather than only firm-specific) skills, establish 

work-education partnerships with the education sector, or create training programmes that 

are better tailored to individual workers.  
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Annex A. Knowledge areas in O*NET and fields of study in 

PIAAC 

Like Bechichi et al. (2018b), this work assumes that the field of education in which an 

individual specialises has some bearing on the choice of the occupation of destination, 

when moving from one job to another. In particular, the analysis does not include among 

the possible transitions those to occupations that differ markedly in terms of fields of study 

required, as compared to the occupation of origin.43 The rationale behind such a choice is 

that transitions to jobs requiring completely different educational backgrounds would be 

less likely to occur and / or would entail greater efforts (e.g. psychological, educational) 

for workers, as compared to moving to occupations requiring similar background 

knowledge.  

Previous studies (e.g. OECD, 2017b) describe the knowledge and task content (and other 

dimensions) of occupations on the basis of information reported in the United States’ 

Occupational Information Network (O*NET) database.44 In O*NET, one or more “areas of 

knowledge”, or the knowledge content of jobs, are attributed to each occupation in the 

Standard Occupational Classification (SOC) System.  

The use of fields of education or of areas of expertise-related information aims to bring in 

the analysis considerations related to the background knowledge that workers have or may 

need to have in order to accomplish the tasks entailed by an occupation or to move to a 

different job. However, PIAAC, which is the main data source for the present analysis, only 

contains information about the field of study that workers specialise in, albeit for 31 

countries, whereas O*NET only provides information about US workers. It thus becomes 

important to assess whether and to what extent the insights provided by the two data sources 

align.  

To this end, the analysis in this annex makes a first attempt to link the areas of study 

individuals specialise in ahead of entering the labour market, as reported in PIAAC, with 

the knowledge acquired or needed on the job as reported in O*NET. While for the sake of 

accuracy this comparison exercise is performed on US data only, also for PIAAC, 

differences nevertheless remain. First, PIAAC reports the field of study each surveyed 

worker has specialised in during her highest educational degree; conversely O*NET details, 

for each SOC occupation, the areas of expertise that workers need to be endowed with to 

perform their job. Second, information on occupations is collected differently in the two 

datasets. In PIAAC individuals (generally more than 30 in each 3-digit occupation) can 

choose only one field of study to be associated to their educational attainment; in O*NET 

a few (at most 27) occupational experts and workers are asked to evaluate the importance 

of one or several areas of knowledge for each occupation. Third, fields of studies in PIAAC 

are relatively few (9 in total, following the United Nations International Standard 

Classification of Education ISCED 1997 classification)45, while knowledge areas in the 

most recent O*NET version are 33, which allows for greater nuances in the classification 

of occupations. Fourth, occupations are reported following the ISCO-08 classification in 

PIAAC as compared to O*NET, in which occupations are detailed following the SOC 2010 
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(henceforth SOC2010) classification. These aspects are all taken into consideration in the 

analysis that follows, to make the comparison exercise as accurate as possible.  

Linking PIAAC and O*NET data to shed light on workers’ background 

knowledge: 

Ranking occupation-specific educational fields in PIAAC  

For each 3-digit ISCO-08 occupation, the proportion of employed people specialising in a 

given field of study in their highest educational attainment degree is computed, with 

frequencies calculated taking into account sampling weights. The considered sample 

includes all employed people having obtained a secondary or tertiary degree, or being 

currently in one such degree while working, and reporting their field of study. Individuals 

having attained a degree in “General Programmes” are excluded, as they are also excluded 

in the core of the analysis above (but this constraint is relaxed in a robustness specification). 

The ranking of fields of study per occupation is then obtained on the basis of the proportion 

of respondents reporting their highest degree in each field of study. For example, 75% of 

PIAAC workers in the occupation “Primary school and early childhood teachers” reports 

to have attained a degree in the “Teacher training and education science” field of study, 

which thus ranks first among other fields of studies for that very occupation.  

As mentioned, this exercise is performed on data related to US workers only. However, 

and in consideration of the sometimes small number of individuals surveyed in each 3-digit 

ISCO-08 occupations in PIAAC, an alternative specification relies on pooled data for the 

entire cluster which includes the US, as detailed in Bechichi et a. (2018b)46, i.e. on data 

about Australia, Canada, Ireland, New Zealand, United Kingdom (England and Northern 

Ireland) and the United States.  

Ranking occupation-related fields of knowledge in O*NET 

The closest variable to PIAAC’s “field of study” available in O*NET is “field of 

knowledge”, which features 33 possible categories, ranging from “Fine arts” to 

“Administration and management” to “Production and Processing”. For each field of 

knowledge considered experts and workers are asked to attribute a distinct value about the 

“level” and the “importance” of each knowledge area for the given occupation. Importance 

“indicates the degree of importance a particular descriptor is to the occupation” and has 

values ranging from "Not Important" (1) to "Extremely Important" (5)”.47 The “Level” field 

conversely, “indicates the degree [...] to which a particular descriptor is required or needed 

to perform the occupation”, and ranges from 0 (“Low level”) to 7 (“High level”). While the 

same field of knowledge may be important for a variety of occupations, the level or amount 

of that same knowledge needed to carry out the specific tasks characterising different 

occupations vary.48 As both indicators contain information that are relevant to the present 

exercise, the values “Importance” and “Level” - redefined over a 0-100 interval - are 

considered in an interacted form, i.e. “Importance” times “Level”, as in Feser (2003) and 

in Gabe and Abel (2011). Knowledge areas for each occupation are then ranked on the 

basis of this product.49  

Bridging education and knowledge fields  

O*NET’s SOC2010 occupations were converted into PIAAC’s ISCO-08 3-digit 

occupations using the correspondence table proposed by Eckhardt and Squicciarini 

(forthcoming). 



54 │ OCCUPATIONAL TRANSITIONS: THE COST OF MOVING TO A “SAFE HAVEN” 
 

OECD SCIENCE, TECHNOLOGY AND INDUSTRY POLICY PAPERS 
  

Table A.1 here below shows the correspondence this exercises uses to map the 33 

knowledge areas in O*NET into the 8 ISCED fields of study in PIAAC. The normative 

mapping proposed is based on the official description of the ISCED field of study and the 

O*NET’s definition of knowledge areas.50  

As multiple knowledge areas map into the same field of study, occupation-specific average 

“importance” and “level” are calculated using information about the relevant knowledge 

areas. Each occupation is therefore attributed a single “importance” and “level” value for 

each ISCED field of study. It is thus possible to assess whether an occupation is associated 

with the same O*NET-based and PIAAC-based fields of studies.  

Table A.2 reports an extract of the resulting dataset, for the United States. Each 3-digit 

ISCO-08 occupation is assigned the value of the product between level and importance 

(“O*NET index”), averaged over the multiple knowledge areas pertaining to the same field 

of study (as per Table A.1 mapping), if applicable. “PIAAC Frequency” instead denotes 

the proportion of workers in the occupation reporting to have attained a tertiary or 

secondary degree in the field of study indicated by the “Field of study” column.   

Results: occupation-specific knowledge as it emerges from PIAAC and O*NET  

The comparison between PIAAC and O*NET is restricted here the top three important 

fields of study or knowledge areas, which are assumed to be the most relevant knowledge 

fields / areas for the occupation.51  Table A.3 reports the main outcome of the comparison. 

The column “% matching” reports the average (across all considered 3-digit occupations) 

probability to have the same top 3 fields of study in the occupation, whether one considers 

information reported in PIAAC or in O*NET. A “Match” is thus here referred to as the 

frequency with which the first three most important fields of study for the occupations as 

inferred from PIAAC data are also the first three fields of study for the same occupation as 

inferred from O*NET.  “Cluster” results are based on the pooled PIAAC data for cluster 1 

in Bechichi et al. (2018b) (i.e. the United States’ cluster), while “USA” only considers 

PIAAC workers in the country itself. The number “10” (respectively, “5”) added at the end 

of the name indicates that the sample is restricted to those individuals which have recently 

graduated from their highest degree, i.e. at most 10 (respectively 5) years before the survey. 

This is done to assess whether the knowledge area(s) required in the occupations are 

relatively closer to their fields of study than the ones of workers having been on the labour 

market for longer – who consequently might have changed several jobs and diversified 

their competences ever since attaining a degree.  

As can be seen, all proportions are high (75% or higher), which signals a satisfactory 

“match” between the first three fields of studies based on PIAAC and the knowledge areas-

related information contained in O*NET. The “match” improves when cluster 1 data are 

considered. This likely depends on the greater accuracy which is achieved thanks to the 

PIAAC sample size getting larger overall and, consequently, at the occupation level. 

Conversely, restricting the match to individuals who graduated recently worsens the 

“match” slightly, contrary to the initial expectation described here above.  This may be due 

to a loss of precision when sample sizes become smaller, or to the fact that recent graduates 

are more flexible in choosing their occupation, and can more easily retrain themselves in a 

different knowledge area from the one they graduated in.52     

A number of robustness checks performed left the results qualitatively unchanged. First, as 

mentioned, a different mapping between fields and areas of knowledge was considered (i.e. 

an alternative to Table A.1), to allow for possible errors in the attribution of an O*NET 

knowledge area to an ISCED field of study. Second, “importance” and “level” were 
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considered individually, and in a Cobb Douglas combination, i.e. in a different, non-linear 

aggregation. Third, the weighted average among knowledge areas in the same occupation 

was taken instead of a simple average (with weights corresponding to the number of experts 

or workers assessing the “importance” and “level” of each knowledge area in O*NET). 

Fourth, the “General programmes” ISCED field of study was also kept in the sample by 

allowing some knowledge areas in O*NET to map into this field.   

Conclusion: PIAAC and O*NET align in terms of job-specific background 

knowledge 

This comparison between O*NET and PIAAC suggests that the two datasets report broadly 

similar information in their “field of study” and “knowledge areas”, on average across all 

occupations, despite the important differences between the two concepts. The probability 

to find the same first 3 fields of study in each occupation when O*NET and PIAAC 

information are separately considered is high (75% - 84%). However, the exact ranking 

between the top 3 fields of study based on O*NET may still not compare well with that 

constructed based on PIAAC data. This, however, likely finds its roots in the profound 

dissimilarities between the two datasets including in the timing in which the data were 

collected, and the need to take into account confidence intervals.  
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Table A.1 Equivalence between knowledge areas and fields of study 

 

O*NET Knowledge Area PIAAC field of study  

Administration and Management Social sciences, business and law 

Biology Science, mathematics and computing 

Building and Construction Engineering, manufacturing and construction 

Chemistry Science, mathematics and computing 

Clerical Social sciences, business and law 

Communications and Media Humanities, languages and arts 

Computers and Electronics Science, mathematics and computing 

Customer and Personal Service Services 

Design Engineering, manufacturing and construction 

Economics and Accounting Social sciences, business and law 

Education and Training Teacher training and education science 

Engineering and Technology Engineering, manufacturing and construction 

English Language Humanities, languages and arts 

Fine Arts Humanities, languages and arts 

Food Production Agriculture 

Foreign Language Humanities, languages and arts 

Geography Science, mathematics and computing 

History and Archaeology Humanities, languages and arts 

Law and Government Social sciences, business and law 

Mathematics Science, mathematics and computing 

Mechanical Engineering, manufacturing and construction 

Medicine and Dentistry Health and welfare 

Personnel and Human Resources Social sciences, business and law 

Philosophy and Theology Humanities, languages and arts 

Physics Science, mathematics and computing 

Production and Processing Engineering, manufacturing and construction 

Psychology Social sciences, business and law 

Public Safety and Security Services 

Sales and Marketing Social sciences, business and law 

Sociology and Anthropology Social sciences, business and law 

Telecommunications Engineering, manufacturing and construction 

Therapy and Counselling Health and welfare 

Transportation Services 

Note: The field of study ISCED1997 n. 0 (“General programs”) is removed for the comparability. 

Source: Authors’ associations based on O*NET and PIAAC information.  

Table A.2. Final database for the comparison: an extract.  

Occupation (ISCO) Field of study O*NET Index PIAAC Frequency Rank PIAAC Rank O*NET 

121 3 33.52 0.15 2 2 

121 9 36.65 0.06 3 1 

121 4 23.93 0.61 1 3 

 

Note: “O*NET index” is the value of the product between level and importance (as in e.g. Gabe and Abel, 

2011), averaged over the multiple knowledge areas pertaining to the same field of study (as per Table 1 

mapping), when applicable. “PIAAC Frequency” is the frequency of workers reporting to have attained a 

tertiary or secondary degree in the field of study indicated by “Field of study”. The reported values are 

computed on the cleaned United States PIAAC sample.  

Source: Authors’ calculations based on O*NET and PIAAC data.  
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Table A.3. Results 

 

  Cluster USA Custer 10 USA 10 Cluster 5 USA 5 

% matching 84% 79% 81% 76% 81% 75% 

Note: “Cluster” results are based on the pooled PIAAC data for cluster 1 (the United States’ cluster), featuring 

workers in Australia, Canada. Ireland. New Zealand, United Kingdom (England and Northern Ireland) and the 

United States. “USA” only considers PIAAC workers in the countries itself. “10” (respectively, “5”) restricts 

the sample to individuals which have recently graduated from their highest degree, i.e. at most 10 (resp. 5) 

years before the survey. “% matching” reports the proportion of top-3 O*NET-based, newly-created fields of 

studies which find a correspondence among the top-3 PIAAC-based fields of study, on average across all 3-

digit ISCO occupations considered.   

Source: Authors’ calculations based on O*NET and PIAAC data. 
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Annex B. Methodological Assumptions  

 Hypothesis Motivation Implications for the estimates 

1 The paper estimates the cost of 

bridging cognitive skills shortages, 

and only partly task-based skills 

shortages. 

Lack of relevant data allowing to assess how 

much an hour of education/training would yield in 

terms of task-based skills’ gain. This is true both 

generally and for specific task-based skills. 

Conversely relevant data exist in relation to 

cognitive skills and a regression-based 

methodology has been devised to infer the 

cognitive skills’ return to education. As some of 

the tasks-based skills are also (partially) cognitive 

in nature (e.g. ICT, advanced numeracy, and 

management and communication) it is likely that 

improving cognitive skills would also enhance a 

worker’s task-based skills. The methodology 

cannot estimate by how much, though (see paper). 

This hypothesis may lead to underestimate 

training costs, as occupational transitions can 

imply shortages in either cognitive and task-based 

skills, or both (or none of the two, in fact, if 

distances are zero). However some task-based 

skills gaps may narrow, at least partially, upon 

training in cognitive skills. Estimates show that, 

individual-level correlations between e.g. 

numeracy and ICT and advanced numeracy are 

high. Improving the cognitive skills of individuals 

likely contributes to narrow their ICT and 

advanced numeracy gaps.  

2 The cost of training is derived using 

information on education 

expenditures rather than actual 

training costs. In particular, data 

from Education at a Glance (EAG) 

on per-pupil “core expenditure” for 

secondary and tertiary education are 

used. Moreover, in the absence of 

reliable data on adults’ learning 

This assumption does not imply that training 

needs to be provided by the education sector. 

Education expenditure data are used as reference 

costs, in the absence of more complete 

information about training costs. 

 

To the best of the authors’ knowledge, no out-of-

school related data source exists for all or most of 

the countries analysed. When such data do exist, 

This hypothesis may overestimate training costs 

if:  

 Education expenditure figures include a 

range of expenses which do not apply to 

adult learning/training.  

 Adults learn faster/more effectively than 

young people, because, e.g. experience or 

knowledge accumulated on the job. 
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abilities, education and training are 

assumed to cost the same for all 

individuals, regardless of their age or 

abilities.  

as in the case of Eurostat’s Continuing Vocational 

Training Survey (CVTS), information is available 

only for a subset of the countries in the Survey of 

Adult Skills (20 countries out of 31 in the study).  

 

Also, available data suffer from a number of 

limitations:  

(i) “only” country-wide information is available – 

not skill or occupation-specific data exists;  

(ii) no information on the outcome of training is 

provided (i.e. whether training let to certification 

of any sort or in terms of skills gap bridged); and  

(iii) the costs per hour are likely inflated given that 

the training performed is short term in nature – it 

corresponds to 36 hours per year, on average. 

This approach may underestimate training costs 

if: 

 Alternative data sources like the CVTS are 

used to estimate yearly costs. However, 

CVTS figures refer to training designed to 

be short-time in nature. 

 Education and training systems enjoy 

“economies of scale” relative to the training 

provided in different shapes or forms (e.g. 

on a firm-by-firm basis). This may depend 

also on different bargaining power and 

purchasing of e.g. big versus small 

companies, the type of training providers, 

etc. 

 Adults learn more slowly than young 

individuals. 

3 Working and learning at the same 

time is ruled out: when in training, 

individuals are assumed not to be 

working.  

Learning here is intended as structured learning 

aimed to improve cognitive skills. Improving on 

such an assumption would require having 

information about the time that working 

individuals can devote to structured learning. 

This hypothesis may overestimate training costs. 

Allowing for the possibility to learn and work at 

the same time would decrease the indirect cost of 

training (i.e. the wage earned throughout the 

duration of the training) which accounts for a 

large share of total costs. 

4 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 costs 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.  

Accounting for completion rates suggests 

estimates may be biased downward by 

approximately 25%.  
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Section 4.2 presents a first attempt to account for 

the effectiveness of education and training, by 

using completion rates of educational 

programmes.  

5 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 and cost.  

 

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 training costs 

if: 

 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 training costs 

if: 

 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.  

6 All countries’ education systems 

have the same effectiveness. 

In the absence of data about education systems’ 

design and effectiveness, this assumption is 

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. Accounting for 

completion rates in the estimates (ref. section 4.2) 

represents a first step in this direction. 

This hypothesis may overestimate training costs 

for: 

 Countries that have relatively more effective 

education and training systems, as it may 

take less time then estimated to bridge a 

given skill shortage. 

 

This hypothesis may underestimate training costs 

for: 

 Countries featuring relatively ineffective 

education and training systems. 
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7 Workers transit directly to a different 

occupation, without going through 

an unemployment spell. 

The paper’s objective is to find alternative 

occupations and estimate the cost of moving 

workers away from jobs 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 overestimate training costs 

for: 

 Individuals moving out of unemployment, 

as the opportunity costs would be lower than 

those estimated for workers, since 

unemployment benefits (supposing they 

exist and individuals are entitled to them) 

are generally lower than the salary that 

individuals earned when working. If no 

unemployment benefit is available, the 

opportunity cost for unemployed 

individuals would go to zero, and the overall 

cost of transitions become equivalent to the 

direct cost of training. 

 

This hypothesis may underestimate training costs 

if: 

 Unemployment spells depreciate workers’ 

competencies and therefore increase the 

skills shortages to be bridged. 

8 The opportunity cost is represented 

by foregone wages. 

Given hypotheses 3 and 7, workers are assumed 

to transit to the next occupation upon receiving 

training while being formally employed in the 

occupation of origin. This entails that they receive 

their salary while on training. 

This hypothesis may overestimate training costs if 

companies were to accept to train workers (if e.g. 

they intend to make them redundant) at the 

condition of (partially) lowering their salaries, 

thereby decreasing the opportunity cost of 

training. 

9 The overall training cost will need to 

be sustained over more than one 

year, as not all individuals at risk of 

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 

Resources will need to be mobilised accordingly 

if a merely reactive policy is put in place, whereby 

people are trained when in need. Devising 

proactive policies aimed at providing solutions 
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automation will be made redundant 

all at once. 

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. 

ahead of crisis time, may require more resources 

upfront. 

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 

transition costs. 

10 The analysis refers to “acceptable” 

transitions, which are identified on 

the basis of skills shortages and 

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.  

Estimates rely on available information. 

Information on a number of aspects known to 

impact occupational transitions (e.g. location, 

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. 

This hypothesis may overestimate training costs 

if: 

 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 costs 

if: 

 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. 

11 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. 

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 estimates in either 

directions. 

 

This hypothesis may overestimate training costs 

if: 

 Workers are willing to accept higher wage 

cuts. 
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More generally this assumption points at the two 

main conditions for transitions to be considered 

“acceptable”, as defined in this study.  

 

This hypothesis may underestimate training costs 

if: 

 10% is a too high wage pay cut to accept, 

and/or workers need to train for longer 

spells to find acceptable transitions. 

12 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 

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 underestimate training costs 

if: 

 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. 

 

This hypothesis may overestimate training costs 

if: 

 Workers are able to choose the 

occupation(s) that is the closest to their 

occupation of origin, in terms of skills 

requirements. 

13 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 opportunity cost of training for the workers 

who still have not changed occupation, as well as 

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 overall cost of retraining, 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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14 The analysis does not take a stand on 

who will pay for the cost of the 

transitions. 

The use of cost figures from the education sector 

does not imply that retraining will need to be 

provided by the education sector. However, it is 

assumed that the direct cost of training, regardless 

of the agent / institution giving it, is the same as 

the one of the education sector.  

The paper remains silent about who, among the 

stakeholders, and how the (re)training cost should 

be distributed. The paper intends to start a 

discussion about the order of magnitude of the 

cost that moving individuals, especially if at risk 

of automation, to different occupations may 

entail, and about how to redistribute such cost, and 

which incentive mechanisms may be needed.  

15 Occupations at high risk of 

automation are identified following 

Frey and Osborne (2017). The 

percentage of workers in those 

occupations that are at risk of being 

made redundant is taken from 

Nedelkoska and Quintini (2018). 

This approach allows proposing cost ranges 

accounting for present technology and labour 

market conditions, as well as the effect that the 

digital transformation may have in the near future, 

as it permeates all parts of the economy.   

Distances and related costs are therefore proposed 

for all occupations, and not only for high-ROA 

ones.  

This methodology may lead to: 

 Underestimate the cost of training, if also 

workers at medium or low risk of 

automation will need to be trained in the 

short to medium period. 

 

 Overestimate the cost of training, if 

technology development and adoption 

reduces the cost of training and/or improves 

its effectiveness.  
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Annex C. Completion rates of educational programmes 

Completion rates for different countries are estimated based on different methodologies, 

which reflect data availability constraints. In the case of countries implementing a true-

cohort analysis, students are followed from entry into the education cycle and for a 

specified number of years. The completion rate is then calculated as the share of entrants 

who have graduated within a given time window. The time window is usually the 

theoretical duration of the education programme (which can vary across country), while for 

true-cohort (N+3) estimates the window of observation is extended by extra 3 years.   

The cross-cohort methodology computes completion rates by dividing the number of 

students graduating in a year by the number of new entrants into that education programme 

a certain number of years previously, with the latter number corresponding to the 

theoretical duration of the programme. Completion rates therefore consider every student 

who graduated in a year, regardless of the time it took to successfully complete the 

programme.  

Because of these differences in methodologies, as well as because of differences in the 

labour market’s penalisation of school dropouts, comparing dropout figures across 

countries is a cumbersome exercise.  

To maximise coverage and comparability, table C.1 reports true-cohort figures for upper-

secondary education and true-cohort (N+3) figures for tertiary education by theoretical 

duration plus 3 years. For countries that do not report completion rates estimated through 

either one of the mentioned methodological approaches, averages of true-cohort rates are 

calculated over multiple countries in the cluster, or over all available countries in the dataset 

(see notes to Table C.1). Data are sourced from Education at a Glance (2016 or 2017). 
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Table C.1. Completion rate of upper-secondary and tertiary education programmes 

Country Upper-secondary Tertiary 

AUS 0.79 (b) 0.70   

AUT 0.60   0.58   

BEL 0.73   0.73   

CAN 0.77 (a) 0.78 (b) 

CHL 0.64   0.69 (c) 

CZE 0.67 (b) 0.60   

DEU 0.67 (b) 0.67 (b) 

DNK 0.67 (b) 0.81   

ESP 0.82 (a) 0.79 (a) 

EST 0.74   0.51   

FIN     (2) 0.71   0.68   

FRA    (2) 0.72   0.70   

GBR   (3) 0.56   0.84   

GRC   (1) 0.83 (a) 0.69 (c) 

IRL 0.91   0.94 (a) 

ISR 0.91   0.70   

ITA 0.64 (b) 0.69 (c) 

JPN 0.94 (a) 0.92 (a) 

KOR 0.95 (a) 0.85 (a) 

LTU 0.85 (a) 0.69 (c) 

NLD 0.68   0.66   

NOR 0.57   0.76   

NZL 0.75   0.81   

POL 0.84 (a) 0.64 (b) 

RUS 0.64 (b) 0.69 (c) 

SGP 0.79 (b) 0.64 (b) 

SVK 0.88 (a) 0.69 (c) 

SVN 0.79 (b) 0.47 (a) 

SWE 0.71   0.53   

TUR 0.64 (b) 0.94 (a) 

USA    (1) 0.92   0.78   

Average 0.75   0.72   

 

Note: “Upper-secondary” stands for “Total upper-secondary”, and the reference year is 2015, unless otherwise 

specified: (1) 2013; (2) 2014 and (3) 2016. “Tertiary” stands for “Bachelor's or equivalent programme”, except 

for Spain, where only data for “Short-cycle tertiary” is available. The year of reference is 2014, except for the 

USA, where the graduation year is 2009. Reported completion rates are estimated as true-cohort for upper-

secondary education, and true-cohort (N+3) for tertiary education, unless otherwise specified. (a) stands for 

cross-cohort completion rates; where both true and cross-cohort are missing, (b) stands for true-cohort 

averages over countries in the same cluster, and (c) true-cohort (N+3) averages over all countries with available 

data. 

Source: Authors’ computations based on OECD Education at a Glance (2017) for upper-secondary data, and 

OECD Education at a Glance (2016) for tertiary education data. 
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Annex D. Additional statistics 

Figure D.1. Per-person cost of transition, by 1-digit occupation and training needs 

In ‘000 USD PPP 

            (a) Small training needs                (b) Moderate training needs 

  

             (c) Important training needs 
 

 

 

Note: Simple averages of costs in 3-digit occupations in each 1-digit occupation, for the occupations of origin 

with acceptable transitions. Costs are in thousands USD PPP per worker. “Small”, “Moderate” and “Important” 

are the three scenarios possible, respectively, below 6 months, below 1 year and more than a year of training. 

“Small”, “Moderate” and “Important” are the three scenarios implying, respectively, at most 6 months, 1 year 

or 3 years of training. “Direct” is the education cost of retraining workers, “Indirect” are the foregone wages 

during the training period, and “Total” the sum of the two. Data are pooled across countries (Australia, Austria, 

Belgium - Flanders only -, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, 

Greece, Ireland, Israel, Italy, Japan, Korean, Lithuania, Netherlands, New Zealand, Norway, Poland, Russia, 

Singapore, Slovakia, Slovenia, Spain, Sweden, Turkey, United Kingdom – England and Northern Ireland only 

- , and United States).  

Source: Authors’ computations based on PIAAC and Education at a Glance (2018) data.   
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Figure D.2. Correlation between literacy scores and indirect or direct per-worker cost of training 
Predicted values after an OLS regression on country-occupation data, by retraining scenario 

 

  

(a) Minimum training needs (b) Small training needs 

  

             (c) Moderate training needs        (d) Important training needs 
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Note: Each dot represents the average predicted value of the (log-) per-worker total cost of retraining given a 

certain level of literacy, holding the average wage of workers at its sample mean. Predicted values are calculated 

on the basis of OLS regressions where the dependent variable is the logarithm of the indirect (panels a to d) or 

direct (panels e to h) per-worker cost of transition in each training spell scenario, and independent variables 

are: the average skill level and average wage in the cluster and occupation of origin, and country and occupation 

dummies. The sample includes the country-occupation pairs which have non-missing values for the dependent 

and independent variables in the OLS model. Only high-ROA occupations with an acceptable, low- or medium-

ROA transition are included. “Small”, “Moderate” and “Important” are the three scenarios implying, 

respectively, at most 6 months, 1 year or 3 years of training. “Minimum” is the “minimum cost” combined 

setting, i.e. the one implying the shortest retraining spell needed to move workers towards an acceptable 

occupation of destination. All costs figures are in (log) thousand USD PPP.  

Source: Authors’ estimations based on PIAAC and Education at a Glance (2018) data.   

  

(e) Minimum training needs (f) Small training needs 

  

             (g) Moderate training needs        (h) Important training needs 
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Annex E. ISCO 2008 Occupations 

Table E.1. List of ISCO 2008 occupations  

3-digit occupation 1-digit occupation 

Legislators and senior officials Managers 

Managing directors and chief executives Managers 

Business services and administration managers Managers 

Sales, marketing and development managers Managers 

Production managers in agriculture, forestry and fisheries Managers 

Manufacturing, mining, construction, and distribution managers Managers 

Information and communications technology service managers Managers 

Professional services managers Managers 

Hotel and restaurant managers Managers 

Retail and wholesale trade managers Managers 

Other services managers Managers 

Physical and earth science professionals Professionals 

Mathematicians, actuaries and statisticians Professionals 

Life science professionals Professionals 

Engineering professionals (excluding electrotechnology) Professionals 

Electrotechnology engineers Professionals 

Architects, planners, surveyors and designers Professionals 

Medical doctors Professionals 

Nursing and midwifery professionals Professionals 

Traditional and complementary medicine professionals Professionals 

Paramedical practitioners Professionals 

Veterinarians Professionals 

Other health professionals Professionals 

Traditional and complementary medicine professionals - Paramedical 
practitioners 

Professionals 

University and higher education teachers Professionals 

Vocational education teachers Professionals 

Secondary education teachers Professionals 

Primary school and early childhood teachers Professionals 

Other teaching professionals Professionals 

Finance professionals Professionals 

Administration professionals Professionals 

Sales, marketing and public relations professionals Professionals 

Software and applications developers and analysts Professionals 

Database and network professionals Professionals 

Legal professionals Professionals 

Librarians, archivists and curators Professionals 

Social and religious professionals Professionals 

Authors, journalists and linguists Professionals 

Creative and performing artists Professionals 

Physical and engineering science technicians Technicians and associate professionals 

Mining, manufacturing and construction supervisors Technicians and associate professionals 

Process control technicians Technicians and associate professionals 

Life science technicians and related associate professionals Technicians and associate professionals 

Ship and aircraft controllers and technicians Technicians and associate professionals 
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Medical and pharmaceutical technicians Technicians and associate professionals 

Nursing and midwifery associate professionals Technicians and associate professionals 

Traditional and complementary medicine associate professionals Technicians and associate professionals 

Veterinary technicians and assistants Technicians and associate professionals 

Other health associate professionals Technicians and associate professionals 

Traditional and complementary medicine associate professionals - Other 
health associate professionals 

Technicians and associate professionals 

Financial and mathematical associate professionals Technicians and associate professionals 

Sales and purchasing agents and brokers Technicians and associate professionals 

Business services agents Technicians and associate professionals 

Administrative and specialised secretaries Technicians and associate professionals 

Regulatory government associate professionals Technicians and associate professionals 

Legal, social and religious associate professionals Technicians and associate professionals 

Sports and fitness workers Technicians and associate professionals 

Artistic, cultural and culinary associate professionals Technicians and associate professionals 

Information and communications technology operations and user support 
technicians 

Technicians and associate professionals 

Telecommunications and broadcasting technicians Technicians and associate professionals 

General office clerks Clerical support workers 

Secretaries (general) Clerical support workers 

Keyboard operators Clerical support workers 

Tellers, money collectors and related clerks Clerical support workers 

Client information workers Clerical support workers 

Numerical clerks Clerical support workers 

Material-recording and transport clerks Clerical support workers 

Other clerical support workers Clerical support workers 

Travel attendants, conductors and guides Services and sales workers 

Cooks Services and sales workers 

Waiters and bartenders Services and sales workers 

Hairdressers, beauticians and related workers Services and sales workers 

Building and housekeeping supervisors Services and sales workers 

Other personal services workers Services and sales workers 

Street and market salespersons Services and sales workers 

Shop salespersons Services and sales workers 

Cashiers and ticket clerks Services and sales workers 

Other sales workers Services and sales workers 

Child care workers and teachers' aides Services and sales workers 

Personal care workers in health services Services and sales workers 

Protective services workers Services and sales workers 

Market gardeners and crop growers Skilled agriculture workers 

Animal producers Skilled agriculture workers 

Mixed crop and animal producers Skilled agriculture workers 

Forestry and related workers Skilled agriculture workers 

Fishery workers, hunters and trappers Skilled agriculture workers 

Subsistence crop farmers Skilled agriculture workers 

Subsistence livestock farmers Skilled agriculture workers 

Subsistence mixed crop and livestock farmers Skilled agriculture workers 

Subsistence fishers, hunters, trappers and gatherers Skilled agriculture workers 

Subsistence crop farmers - Subsistence mixed crop and livestock farmers Skilled agriculture workers 

Building frame and related trades workers Craft and related trades workers 

Building finishers and related trades workers Craft and related trades workers 

Painters, building structure cleaners and related trades workers Craft and related trades workers 

Sheet and structural metal workers, moulders and welders, and related 
workers 

Craft and related trades workers 

Blacksmiths, toolmakers and related trades workers Craft and related trades workers 

Machinery mechanics and repairers Craft and related trades workers 

Handicraft workers Craft and related trades workers 
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Source: ILO. 

 

 

 

 

Printing trades workers Craft and related trades workers 

Electrical equipment installers and repairers Craft and related trades workers 

Electronics and telecommunications installers and repairers Craft and related trades workers 

Food processing and related trades workers Craft and related trades workers 

Wood treaters, cabinet-makers and related trades workers Craft and related trades workers 

Garment and related trades workers Craft and related trades workers 

Other craft and related workers Craft and related trades workers 

Mining and mineral processing plant operators Plant and machine operators and 
assemblers Metal processing and finishing plant operators Plant and machine operators and 
assemblers Chemical and photographic products plant and machine operators Plant and machine operators and 
assemblers Rubber, plastic and paper products machine operators Plant and machine operators and 
assemblers Textile, fur and leather products machine operators Plant and machine operators and 
assemblers Food and related products machine operators Plant and machine operators and 
assemblers Wood processing and papermaking plant operators Plant and machine operators and 
assemblers Other stationary plant and machine operators Plant and machine operators and 
assemblers Assemblers Plant and machine operators and 
assemblers Locomotive engine drivers and related workers Plant and machine operators and 
assemblers Car, van and motorcycle drivers Plant and machine operators and 
assemblers Heavy truck and bus drivers Plant and machine operators and 
assemblers Mobile plant operators Plant and machine operators and 
assemblers Ships' deck crews and related workers Plant and machine operators and 
assemblers Domestic, hotel and office cleaners and helpers Elementary Occupations 

Vehicle, window, laundry and other hand cleaning workers Elementary Occupations 

Agricultural, forestry and fishery labourers Elementary Occupations 

Mining and construction labourers Elementary Occupations 

Manufacturing labourers Elementary Occupations 

Transport and storage labourers Elementary Occupations 

Food preparation assistants Elementary Occupations 

Street and related service workers Elementary Occupations 

Street vendors (excluding food) Elementary Occupations 

Refuse workers Elementary Occupations 

Other elementary workers Elementary Occupations 
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Endnotes 

1 This work focuses on job-to-job transitions that entail moving from one occupation to another. The 

reason is that, as automation and digital technologies progressively permeate all sectors of the 

economy, if an occupation can be automated in one firm or industry, it is likely that in the future it 

will disappear also in the rest of the economy (e.g. cashiers). Hence, advising workers that risk to 

be made redundant because of automation to move to a different firm or industry, while continuing 

to perform the same tasks, would not contribute to solve the problem but simply delay it.  

2 This paper does not advocate that everybody would need to go back to school, but refers to 

education and training in a very general fashion. Also, while aware about the heterogeneity 

characterising education and training systems, both within and across countries, to the best of the 

authors’ knowledge, no purposeful indicator exists, which could help modelling the heterogeneity, 

effectiveness or, more generally, the performance of such systems. 

3 Card et al. (2018) proposes a meta-analysis of more than 200 studies. 

4 The analysis covers the following countries: Australia, Austria, Belgium (Flanders only), Canada, 

Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, Israel, Italy, 

Japan, Korean, Lithuania, Netherlands, New Zealand, Norway, Poland, the Russian Federation, 

Singapore, Slovakia, Slovenia, Spain, Sweden, Turkey, United Kingdom (England and Northern 

Ireland only), and United States. 

5 Costs are calculated, among others, as a share of total secondary and tertiary education spending 

net of R&D expenditure (see later sections). This includes both public and private spending, and 

hence accounts for the contribution of the private sector, where it exists. 

6 Relaxing this assumption and holding that workers may, even only to a certain extent, work and 

train at the same time, would lead to lower cost estimates of the transition. 

7 Bechichi et al. (2018b) provide details on such estimates, as well as their limitations. Country-level 

estimates in addition to being less precise, would suffer from a number of shortcomings, including 

e.g. the inability to account for the recent policy changes implemented by countries to improve their 

education and training systems. While in theory feasible, estimating returns at the country level 

would need to rely on detailed and updated figures, which are not available to the authors. 

8 In what follows, the small, moderate and important training efforts will also be called “Scenario 

1”, “Scenario 2” and “Scenario 3”, respectively. 

9 Transitions can in reality entail larger wage drops than 10%, in particular if involving a period of 

unemployment (see section 7) or facing high risk of automation. This study, however, takes a 

normative approach, and considers only the transitions which could be considered societally and 

individually desirable.  

10 Only “gross” information is reported in PIAAC. From the background questionnaire: “Gross pay 

refers to the total before any deductions are made by the employer in respect of taxes, contributions 

of employees to social security and pension schemes, life insurance premiums, union dues and other 

obligations of employees. Gross pay does NOT include employers’ social security contributions” 

(p. 60).  

11 The clustering of countries follows Bechichi et al. (2018a) and sees:  

 cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey 

 cluster 2: Australia, Canada, Ireland, New Zealand, United Kingdom (England and 

Northern Ireland only), United States 

 cluster 3: Austria, Belgium (Flanders only), Czech Republic, Denmark, Finland, Germany, 

Japan, Netherlands, Norway, Sweden 

 cluster 4: Estonia, France, Israel, Korea, Poland, Singapore, Slovenia, Spain. 
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Country-specific figures for these metrics are not estimated, as they could be reliably estimated for 

a limited number of 3-digit occupations per country. For several country-occupation combinations 

the number of surveyed individuals in PIAAC is small and insufficient to estimate the metrics of 

interest without significant measurement error.  

12 The initial PIAAC sample is reduced by excluding military personnel, unemployed individuals 

and individuals for which either cognitive or task-based skills are missing, and excluding 3-digit 

occupations for which fewer than 30 (when considering clusters of countries) or 50 (when 

considering the pooled sample across 31 countries) individuals were surveyed. The resulting pooled 

sample covers 127 122 individuals in 123 3-digit ISCO-08 occupations. 

13 An alternative approach could consider the per-worker cost of training, as gathered by other 

datasets which focus on adult learning or on-the-job training. However, such cost estimates are not 

available for many countries in the sample, and differ in the type of costs considered and 

methodology used for the computation or estimation.   

14 “Total expenditures excluding R&D” include all expenditures (public and private) that are directly 

related to instruction in educational institutions, including teachers’ salaries, construction and 

maintenance of school buildings, teaching materials, books and administration of schools. As such, 

they need not correspond to the expenditure in tuitions which students need to pay out of their pocket 

to attend school. For Denmark data is for the year 2013. For Canada and Japan, where tertiary 

expenditure data are missing, the average share of R&D expenditures of their respective cluster is 

subtracted from total expenditure. For Singapore, where total expenditure information is missing, 

the average expenditure of other countries in the same cluster is used instead.  

15 Assessing how the costs of the two types of training compare is a non-trivial task. For the 

comparison to be appropriate, on-the-job training should focus on cognitive skills only, but 

information on the content of training is hard to come by. Furthermore, on-the-job training is usually 

limited in length during the year, while the data on formal education which are used in this study 

imply a full-time education. Lastly, the cost of on-the-job training should encompass the same type 

of expenses included in the Education at a Glance (where applicable), and notably include subsidies 

and financial assistance from government and other sources. As a consequence, a comparison 

between the per-student direct cost of education from Education at a Glance and the per-worker cost 

of training from vocational training-related sources of information, e.g. the Eurostat Continuing 

Vocational Training Survey, would be misleading in light of these important differences. Section 4 

shows how CVTS data have been used to provide a very first estimate of the cost of training in job-

specific skills. 

16 As transitions unfold and workers reallocate themselves to other occupations, the average skill 

distance between occupations of origin and destination changes, and so do average wages in the 

occupations of origin and destination. These dynamic effects are not modelled here nor can be 

inferred from the available data.  

17 “Safe haven” occupations do not imply that workers are sheltered from being made redundant, 

nor that job quality of such occupations is high(er).  
18 More details are provided in Section 4. The number of employees in each country and 3-digit 

ISCO-08 occupation is obtained from PIAAC applying sampling weights to the surveyed 

individuals. The number of workers in country-occupations cells where too few PIAAC individuals 

were surveyed is computed by multiplying the aggregate country employment by the share of that 

occupation in total employment in the cluster. If cluster-specific shares for the occupation are also 

missing, the share in the pooled sample is used instead. For Australia, where 3-digit ISCO-08 

occupation information is missing, employment figures are constructed using shares for the 

occupations in cluster 2. 

19 If technology is the reason, it needs not influence only workers in occupations at high risk of 

automation. On the one hand, technology can change the nature of work (i.e. the tasks performed) 

in any occupation, and/or change the “match” between job requirements and workers’ skills, thus 

motivating some workers to move to a different job. On the other hand, technology can also 

complement labour, and do so differently in different occupations. Transitions across occupations 
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may therefore result from the variety of challenges, opportunities and rewards created by technology 

in the destination vis-à-vis the origin occupations. More broadly, transitions can occur for reasons 

other than technological change, such as for example the cross-border organisation of production. 

The methodology presented in this study can be adjusted to address these transitions as well.  

20 The provided intervals represent the per-worker total cost for the occupations of origin at the 5th 

and 95th percentile of the distribution in the pooled dataset, once 0-cost transitions are excluded. 

21 As in Table 1 and Figure 1, the number of occupations of origin changes across scenarios, since 

some occupations may find acceptable transitions in one scenario, but not in others.   

22 More precisely, high ROA occupations represent for the three scenarios (small, moderate and 

important), respectively 41 %, 40%, 38% of total occupations in cluster 1, 47%, 39% and 38% in 

cluster 2, 40%, 40% and 37% in cluster 3, and 45%, 40% and 38% in cluster 4. 

23 Cluster 1: Chile, Greece, Italy, Lithuania, Russian Federation, Slovak Republic, Turkey; Cluster 

2: Australia, Canada, Ireland, New Zealand, United Kingdom (England and Northern Ireland only), 

United States; Cluster 3: Austria, Belgium (Flanders only), Czech Republic, Denmark, Finland, 

Germany, Japan, Netherlands, Norway, Sweden; Cluster 4 : Estonia, France, Israel, Korea, Poland, 

Singapore, Slovenia, Spain. 

24 The proportion of workers at high risk of automation is missing for few occupations (e.g. 

“Subsistence livestock farmers”). The proportion of employed people at high risk of automation for 

these occupations was imputed as the average of the corresponding 2-digit occupation, by cluster. 

25 Education expenditure by ISCED2011 level by private and public institutions is sourced from the 

Education at a Glance (2018) database and refers to 2014 (except Denmark 2013). For Japan, where 

R&D expenditure data are missing, the average share of R&D expenditures of its cluster is 

subtracted from total expenditure. Data on welfare expenditure are sourced from the OECD Social 

Expenditure database, include all types of welfare programs, and refer to 2013 or 2012, depending 

on data availability. Data on GDP are sourced from the OECD Structural Analysis (STAN) database 

and refer to the year 2014.  

26 Interesting analysis related to the transport sector and the way automation can affect employment 

can be found in the World Maritime University (2019) report.  

27 Upper bound estimates could be different than reported, for a number of reasons. On the one hand, 

some workers in high-ROA occupations may never be displaced by automation, because the nature 

of their job evolves, or because of the way and extent to which automation pervades economies. On 

the other hand, workers whose job is currently at high risk of automation also exist in occupations 

which are generally not classified as being at high risk of automation, could be , as labour-saving 

technologies diffuse across companies and sectors. This study overcomes such uncertainty by 

constraining the estimates to occupations currently classified at high risk of automation. 

28 Education expenditure features in this ratio both at the numerator and at the denominator. In one 

case, however, the per-pupil expenditure is multiplied by the number of workers in high-ROA 

occupations (numerator), while in the other case it is multiplied by the number of students 

(denominator).    

29 The CVTS collects data on vocational training within EU enterprises with at least 10 or more 

employed persons and belonging to a certain group of economic activities.  

30 Austria, Belgium, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Lithuania, 

the Netherlands, Norway, Poland, Slovenia, the Slovak Republic, Spain, Sweden, United Kingdom, 

United States.  

31  Conversely it would not be reasonable to assume that the extra effort that studying and working 

at the same time might entail could be sustained over a long period of time.  

32 The reported value refers to the European Union. The CVTS categorises training by type in the 

following categories: general and professional IT, management, team working, customer handling, 
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problem solving, office administration, foreign language, and communication skills, numeracy 

and/or literacy, technical, practical or job specific skills, other skills. While information on incidence 

by type of skill is available on Eurostat, the same does not apply for cost figures.  

33 Cost figures have been converted from Euros to USD PPPs using the OECD exchange rate and 

PPP data. 

34 Average task-based skills also differ across age groups. OECD (2017a) shows that, on average 

across country, 32% of 55-to-65 year-olds have no computer experience or have failed core ICT 

tests, compared with only 5% of 16-to-24 year-olds.  

35 Indeed other, unobserved factors can still play a role here. In both panel (a) and (b) the r-squared 

is low, which suggests that other unaccounted for features of the occupations besides age, wages 

and country-related variables, correlate with the cost of retraining workers. One likely such example 

is the workers’ average level of skills in the occupation, as proposed in Section 7, albeit this is 

partially accounted for by the wage term. A more in-depth exploration of the covariates of the per-

worker cost of retraining is left to future work.  

36 Throughout this section, “manufacturing” also includes mining (ISIC Revision 4 industries 5 to 

33). “Market services” include ISIC Revision 4 industries 35 to 82 and 90 to 96. Employment shares 

are computed from the clean PIAAC dataset used throughout the paper.  

37 A number of robustness tests have been performed. A first test correlates the same aggregate cost 

figures with the share of manufacturing (resp., market service) employment in total country 

employment, irrespective of the risk of automation of individuals. A second robustness test 

correlates the shares of high-ROA workers currently employed in manufacturing (resp., market 

services) with the country-wide costs where all workers in high-ROA occupations are assumed to 

transit towards medium- or low-ROA occupations (previously mentioned as the upper bound). The 

direction and statistical significance of the correlations remain the same.  

38 Skill distances between jobs in manufacturing and services are presently not included in this study, 

but they could be estimated in future work based on the methodology detailed in Bechichi et al. 

(2018b). 

39 In other words, the logarithm of the cost was regressed on the average wage, average cognitive 

skills both in level and squared, occupation and country dummies.   

40 Once again, the dependent variable is expressed in logarithms. Negative values imply small values 

of the per-worker predicted total cost (lower than USD 1 000).  

41 The graph only covers transitions from high-ROA to acceptable low- or medium-ROA 

occupations that can be reached after a moderate retraining spell (i.e. of at most one year). The 

“annual wage multiplier” is the logarithm of the ratio of median wage in the occupation of origin 

and the average among median wages in the acceptable occupations of destinations, which 

approximately corresponds to the percentage difference between the two median wages. 

42 More precisely, 76% of the considered occupations of origin in cluster 1 have transitions which 

yield a wage gain. For cluster 2: 88%, cluster 3: 78% and cluster 4: 64%.   

43 An occupation is classified as specialised if the workers composing this occupation are 

concentrated in only a few fields of study, as defined in Bechichi et al. (2018b).  

44 O*NET is developed under the sponsorship of the U.S. Department of Labor/Employment and 

Training Administration. For more information, https://www.onetcenter.org/.  

45 These fields 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; 

Services.  

46 For more information about the clusters, see Bechichi et al. (2018b). 
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47 See https://www.onetonline.org/help/online/scales.  

48 A knowledge area is here discarded if 75% of respondents rate the corresponding item as “not 

important”. 

49 In robustness checks, this assumption is relaxed and “Importance” and “Level” are considered 

each on their own, or in a combination according to a Cobb Douglas function.  

50 A robustness test was carried out based on an alternative mapping where some O*NET knowledge 

areas are associated to different ISCED1997 fields of study. As the current mapping relies on the 

understanding of the content of each knowledge areas (for O*NET) and fields of study (for PIAAC) 

and their similarity, multiple associations are indeed possible for some knowledge areas.  

51 This restriction brings caveats. If occupations differ in their level of concentration in the top fields 

of study, e.g. if the third and fourth field of study account for very similar proportions, of workers , 

restricting the focus to the top three fields of study may affect the “matching” between O’NET and 

PIAAC. More generally, this is true throughout and depending on the extent to which workers in 

different occupations are specialised in different fields.  

52 An alternative approach would be to calculate Spearman rank correlations between the fields of 

study constructed in PIAAC and in O*NET, thus testing whether the exact ranking order of the first 

3 fields corresponds when O*NET and PIAAC data are considered. However, high levels of 

precision in the “match” between O*NET and PIAAC information are likely very hard to achieve 

when comparing such different datasets. What is more, “Level” and “Importance” in O*NET are 

reported with a standard error, since there is variation in the values attributed to them by the (at 

most) 27 respondents. As a result, when considering confidence intervals, differences in “level” and 

“importance” across knowledge areas for the same occupation can be statistically insignificant in 

the original O*NET database itself. This being the case, the same ranking should be attributed to 

multiple O*NET knowledge areas for the same occupation, which further complicates the 

comparison with PIAAC.  

https://www.onetonline.org/help/online/scales

