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4. A taxonomic structural change 
perspective on the economic impact 
of robots and artificial intelligence on 
creative work1

Ben Vermeulen,2 Andreas Pyka3 and Pier 
Paolo Saviotti4

INTRODUCTION

Recent publications on the job-destroying potential of robots and advanced 
software such as artificial intelligence (here referred to collectively as 
R&AI) have revived classical inquiries into whether technological change 
leads to the end of work or, rather, whether a rebound of, or a structurally 
lower rate of, employment is to be expected. Whenever robots become more 
nimble, dexterous and easily configurable, AI becomes more sophisticated, 
and R&AI technology becomes better adjusted to the (capricious) human 
environment, more and more tasks currently performed by humans become 
susceptible to substitution (cf. Brynjolfsson and McAfee, 2011; Ford, 2015; 
Frey and Osborne, 2017). For instance, robots were previously mostly applied 
in manufacturing sectors, but recent technological advances have increased 
applicability to the extent that robots are now also introduced in agriculture, 
logistics, maintenance, health care and other sectors. Moreover, the span of 
sectors in and breadth of tasks to which R&AI technologies are applied may 
well increase over the forthcoming years.

That said, there are numerous countervailing forces that have, historically, 
restored employment, increased wages and improved working conditions 
(Acemoglu and Restrepo, 2016; 2017; 2018; Vivarelli, 2007; 2013). For 
instance, whenever automation makes products or services cheaper, demand 
increases, which effectively increases demand for labour. Additionally, auto-
mation may increase productivity and make complementary (possibly new) 
skills more valuable (e.g., configuring robots, training AI), which may lead to 
increases in wages and thereby consumption, and may thus create employment. 
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On top of that, in capitalist economies, competition of firms drives erosion of 
profit margins, which triggers firms to look for new sources of income by 
creating new products, services and business models (Schumpeter, 1942). This 
may give rise to breakthrough technologies and new sectors ‘mopping up’ the 
newly unemployed (Pasinetti, 1981; Saviotti and Pyka, 2004; 2008; Vermeulen 
et al., 2018). Given that these new sectors initially host labour-intensive work, 
employment is effectively reinstated (cf. Acemoglu and Restrepo, 2018).

However, technological change affects not only the employment rate, but 
also the task content of jobs. Over the last couple of centuries, many countries 
have seen a transformation from a mostly agricultural economy to a manu-
facturing economy and, now, to a service economy (cf. Fisher, 1939). The 
end-of-work perspective argues that R&AI may gradually take over physical 
work in agriculture and manufacturing and knowledge-based work in services, 
such that there are no tasks left for humans to fulfil.

Under the assumption that R&AI is adopted purely to increase productivity 
(thus, ignoring other reasons such as window-dressing and techno-chauvinism), 
cost-economic rationales can be used to tell which tasks will be left to humans, 
which skills are thus in demand, and thereby how wages are affected. The main 
conjecture of this chapter is that, with increasing adoption of R&AI technolo-
gies, there is an increasing prominence of tasks in which humans excel (e.g., 
creativity), in which technological solutions are excessively expensive (e.g., 
physical ‘super’-dexterity, operating in a highly complex, unpredictable envi-
ronment), or in which humans reject technological solutions or prefer a human 
touch (e.g., requiring social skills).

This chapter focuses on the economic impact of R&AI on creative work 
specifically, pertaining to work taking place in separate creative sectors, but, 
importantly, also (complementary) tasks performed in other sectors. To this 
end, we propose a taxonomy of sectors based on the relationship with the tech-
nology in question. That is, whether sectors make or apply R&AI, whether ser-
vices or products from these sectors are supporting or competing with R&AI, 
or whether the sectors merely receive income from all these other sectors. The 
various mechanisms changing the employment rate and tasks executed are 
positioned within this taxonomy.

In particular, this chapter proposes a framework of mechanisms driving 
gradual structural change of an economy in which creativity plays an 
increasingly prominent role. Notably, there are three drivers of structural 
change, which, in conjunction, determine whether economies develop into the 
end-of-work, rebound or structurally lower scenario: adoption of R&AI causes 
shifts in labour demand, innovation creates new employment opportunities, 
and education facilitates labour mobility. Subsequently, the role of countries’ 
institutional frameworks is highlighted, particularly with regard to the effect of 
labour-market flexibility, education and innovativeness in structural change. 
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In addition, the chapter stresses that technological change affects the com-
petitive position of countries, both due to the institutional framework and the 
prior labour-market composition. As such, for instance, countries in the global 
production chain offering low- to middle-skilled, routinised production work 
may be hard hit and lose their competitiveness.

Conclusively, under the conjectured increasing prominence of comple-
mentarities such as creative work (and social skills, physical super-dexterity 
and so on), both in applying and emerging sectors, any inherent limitations to 
educationability (of creativity and other complementarities), or institutional 
impediments to labour mobility, technological change and innovativeness, 
may jeopardise economic growth, and cause unemployment and inequality.

TAXONOMIC PERSPECTIVE ON STRUCTURAL 
CHANGE

In many countries the employment rate, hours worked and task content of jobs 
have changed substantially over the last couple of centuries. The Fisher–Clark–
Fourastié model describes how economies developed from being dominated 
by activities in agriculture, later in manufacturing and finally in services (see 
Fisher, 1939). This phenomenon of structural change in the composition of the 
labour force across sectors is long studied (nota bene Baumol, 1967; Kuznets, 
1966; Pasinetti, 1981). Scholars in the Schumpeterian perspective attribute 
structural change to technological change (see Silva and Teixeira, 2008). 
More specifically, structural change is brought about by competition as the 
subsequent erosion of profit margins forces firms to introduce labour-saving, 
productivity-enhancing technology. However, ultimately, firms are also forced 
to develop and make new products and services that cater to the needs of 
(potential) customers; in turn, this increases the demand for labour. Without 
the creation of new products and services, and the resulting customer demand 
and ultimately labour required, the productivity-enhancing technology would 
cause mass unemployment (which would require unemployment benefits and 
income redistribution; see, for example, Leontief, 1983). However, over the 
past centuries, rather than seeing mass unemployment caused by technological 
revolutions, economies have adapted (albeit sometimes after social reforms) 
and new employment opportunities have emerged (Mokyr et al., 2015), with 
notably an absolute increase in demand for high-skilled, knowledge-intensive 
and non-routinised work.

Arguably, in the Schumpeterian perspective, the application of R&AI tech-
nologies may be a prominent driver for contemporary structural change. The 
current vintages of R&AI technologies are primarily production equipment 
that increase labour productivity of, and reduce demand for, labour-intensive, 
routinised work in predictable environments (cf. Autor et al., 2003). As such, 
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there may be an absolute decrease in demand for such routinised work, or 
rather, work in general, and a relative increase in demand for more knowledge- 
or intellect-intensive, non-routinised work and low-skilled work that is hard to 
automate (see Goos et al., 2014). However, there are some concerns that the 
impact of R&AI on employment is different from that of previous waves of 
technological change. In particular, regarding structural change, it remains to 
be seen whether the emergence of new sectors is as massive as with the radical 
up-scoping of products manufactured and services provided in the past. Here, 
a close-up is taken of the employment effects of the introduction of R&AI 
technologies and how the labour-saving effects are offset by increases in 
demand for labour.

Taxonomy of Sectors and Countervailing Forces

The introduction of R&AI will affect tasks performed, skills required, jobs 
in demand and, thereby, (inequality in) wages earned, (un)employment rates, 
education required and job opportunities for people. A prominent contention 
about the impact of R&AI implementation is that, although the increase in pro-
ductivity does reduce the demand for (particularly types of) labour, this may be 
compensated by the creation of new tasks performed, skills required and jobs 
in demand (cf. Acemoglu and Restrepo, 2016; 2017; 2018; Vivarelli, 2007; 
2013). In particular, the introduction of (new) technology increases demand 
for complementary tasks, skills and jobs (Goldin and Katz, 1998; Griliches, 
1969). Moreover, new technology may decrease unit costs: firms may lower 
their product prices, and as a result, bring about an increase in product demand, 
which may increase labour demand. The new production technology may also 
just replace existing technology, and thus, may merely deepen automation 
rather than replace labour (Acemoglu and Restrepo, 2018). In addition, notably 
high-wage jobs in high-technology or knowledge-intensive sectors are accom-
panied by spillover demand in other sectors (cf. Goos et al., 2018; Moretti, 
2010), such that there are local multipliers in employment and wages.

We argue that the impact of R&AI differs across sectors, and we propose 
to turn matters inside-out by discerning different types of sectors by looking 
at their relationship with R&AI technology. More specifically, we formulate 
a taxonomy based on the relationship with the focal technologies and thereby 
distinguish the making, applying, supporting, competing and spillover sectors. 
The taxonomy of sectors may be used as a focal lens to clarify how R&AI 
is substituting labour, and how this is compensated and complemented (cf. 
Vermeulen et al., 2018). With an increase of implementation in the applying 
sectors, there is a definite increase in labour demand in the making sectors 
engaged in researching, developing, building, implementing and servicing 
R&AI. This may well go at the expense of demand for labour in the compet-
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ing sectors, such as those producing machines, tools or equipment; however, 
there may also be a (temporary) increase in investments in these sectors to 
stay ahead, catch up or leapfrog R&AI technologies (see Ward, 1967, for this 
so-called sailing ship effect).

In the applying sectors, in which firms acquire and apply R&AI, progressive 
rationalisation of manufacturing processes may indeed save labour. However, 
it is often specific tasks that are completely displaced, not workers. After all, 
with the introduction of new technology, there may well be new and comple-
mentary tasks for workers to perform (e.g., controlling, configuring, maintain-
ing robots, training and validating AI). These tasks may even give rise to new 
occupations. Indeed, in particular sectors applying R&AI, such as health care, 
education and hospitality, there may primarily be a shift in the task sets rather 
than net loss of jobs, with people able to focus on ‘what really matters’, such 
as face-to-face interaction with patients, knowledge transfer to students, wel-
coming guests and so on. This is also discussed in more detail in the context of 
what we call the escalation of dimensionality introduced later. Moreover, the 
loss of jobs due to rationalisation may well be partially offset by a decrease in 
the unit cost of products, which leads to an increase in product demand, and 
subsequently, demand for labour.

In sectors supporting the applying and making sectors – for example, by 
means of training and education, consulting and legal support – there may be 
a (possibly temporary) surge in labour demand to facilitate the technological 
transition, and certainly a partial structural shift in subjects addressed. Finally, 
the spillover sectors provide products and services that are not directly affected 
by the introduction of R&AI (e.g., tasks might not be suitable for robotisation). 
However, the employment and wages in spillover sectors are affected by the 
consumption of workers employed in the other types of sectors and, as such, 
by the total employment and disposable income of the workers in these sectors.

In fact, innovation of various sorts may ultimately culminate in new indus-
trial and service activities so distinct that they emerge as new sectors that 
create work for (some of) the unemployed.

Impact on the Creative Sectors and Creative Tasks in Other Sectors

Triggered by the adoption of R&AI and the substitution of labour, the various 
complementary and countervailing forces also contribute to the structural 
change across the various sectors. Here, we use the taxonomic perspective to 
study the effects on creative work of introducing R&AI through shifts in pro-
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ductivity, product prices, employment, wages, and task and skill requirements. 
We discern four key effects:

1. There is substitution of tools and equipment in the creative sectors as the 
applying sectors, which may change (a) skills required, introducing new 
ones, transforming or shifting prominence of existing ones, and (b) pro-
ductivity and possibly the products and services provided and subsequent 
labour demand. Notably, the actual creative aspects, rather than mere 
transformation of material (or data), may become more prominent.

2. The application of R&AI in non-creative sectors changes income and 
employment, and therefore, demand for goods and services provided by the 
creative sectors. Moreover, there is a shift in tasks performed by humans, 
with likely increasing prominence of human creativity.

3. The increasing scale and scope of application increases demand for, and 
wages of, labour in research, development and production of R&AI in the 
making sectors, which in turn affects demand for other goods and, in turn, 
labour. Moreover, some effects are predominantly related to the transition 
from old to new technologies, such as a shift in and temporary surge in 
demand for education and consulting, and investments in the competing 
sectors to keep up.

4. The creative sectors are affected by changes in spillover demand from 
changes in total income in other sectors. Moreover, labour-market com-
petition may flare up in the applying or in the creative spillover sectors 
depending on whether R&AI induces demand for creatives or rather creates 
unemployment among people seeking to move into creative sectors.

Each effect is summarised in Table 4.1 and discussed in more detail in the 
following sections.

Application in creative sectors
While it is hard to delimit the set of creative sectors, we refer here, broadly, 
to traditional media (film, TV, video, radio, photography), new media and 
entertainment (computer games, rendered movies, blogging/vlogging), crafts, 
fashion, toys and games, industrial design, architecture, advertising and 
marketing, print and digital publishing, cultural sectors (museums, galleries, 
libraries), gastronomy, and a few others. The (potential) impact of the intro-
duction of R&AI technologies in the creative sectors (i.e., regarding these as 
applying sectors) may well be quite diverse.

First, while there may be direct applications of R&AI technologies in 
the creative sectors, currently their impact is limited. Because there are few 
relevant contemporary examples, we have to resort to examples from the intro-
duction of computer technology, in the 1980s, for instance. Arguably, while 



Table 4.1 Summary of effects of engagement with R&AI in the various 
types of sectors on the demand for creative work (and 
thereby, indirectly, wages)

Sector Change in employment (for workers with creative skills) and reasons

Making + (Potential) diversification of applications and deepening automation in 
applying sectors ᾆ research & development of new R&AI technology (e.g., 
health-care service robots, AI evaluation & testing, data analysts)

Applying: creative +/− Change in tools, devices and transformation of tasks, not pure substitution 
of work (e.g., physical editing of film to using software)
+ Culmination in new products (e.g., in the past: 3D artists, game designers)
? Culmination in new media and business models may disrupt industry, (e.g., 
entrants replace incumbents?); net effect unclear
+/− Local multiplier: total disposable income in other sectors affects demand 
for products of the applying and (non-)creative sectors

Applying: creative and 
non-creative 

− Substitution of tasks
+ Emergence of creative tasks and embedded creatives as complementary to 
job; doing what human is better at than R&AI
+/− Increasing productivity ᾆ decreasing unit cost ᾆ increasing product demand 
ᾆ increasing labour demand

Supporting +/− Change in topics to teach and consult; provide advice on both in the 
applying and making sectors; at least temporary surge facilitating the 
technological transition

Competing − R&AI substitute
+ Investments to stay ahead, catch up or leapfrog R&AI

Spillover: creative and 
non-creative 

+ Local multiplier: total disposable income increases in the making sectors
+/− Local multiplier: total disposable income changes in the applying, 
supporting and competing sectors
− Unemployment in the applying sectors may increase competition for 
(particular) jobs in creative sectors

Notes: A ‘+’ (‘−’) means that the demand for creative work is increasing (decreasing) because of 
the reason stated, while ‘+/−’ indicates that there are opposite effects at work. The table includes 
concepts from Vermeulen et al. (2018).
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computerisation has affected the creative sectors, we have found no evidence 
(primary data or research reports) of massive outright substitutions. R&AI has 
instead transformed occupations by, for example, moving to a new medium 
or providing new tools for the same task. For instance, editing movies trans-
formed from cutting and pasting film at an editing table to using software on 
digital clips. Similarly, design of toys, architectural models and so on is done 
in 3D (three-dimensional) software and using 3D printing, rather than making 
physical prototypes. Writing a book transformed from going to the library to 
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do research and typing out handwritten notes on a typewriter, to searching 
online and using word-processing software.

Secondly, on top of transformations of tasks, computerisation calls for com-
plementary skills (e.g., computer-aided design requires design and computer 
skills) and created many new occupations (e.g., 2D and 3D computer graphics 
artists, 3D modellers, computer music artists, web designers, bloggers/vlog-
gers). This of course brings about a shift in skills to be taught and consulting 
to be provided. There are also new occupations emerging, which may even 
co-exist with ‘traditional’ occupations. Moreover, the new technology may 
shift attention from ‘artisanal’ or ‘handicraft’ activities to more creative 
activities, and the net effect is not clear a priori. For instance, algorithms do 
contribute to media editing (see, for example, Napoli, 2014), but the impact on 
actual employment is unclear.

Application in non-creative sectors
Despite the broad range of R&AI applications in creative sectors, the impact 
seems to be limited due to the nature of the tasks. While future technological 
developments may well change this, at present R&AI is mostly applied in 
non-creative sectors that allow for rationalisation and progressive optimisation 
of routinised, repetitive tasks. However, the application of R&AI need not 
necessarily destroy jobs outright, but may well bring about a transformation 
to the task set, notably to ensure proper implementation and exploitation of 
R&AI technology. Indeed, one of the most prominent countervailing forces 
mentioned in literature is the increased demand for workers with comple-
mentary skills. R&AI arguably is incapable of certain social interactions 
meaningful to people and may fall short on certain forms of creativity, phys-
ical super-dexterity and intellectual flexibility. As such, particular tasks, and 
therefore certain jobs requiring these skills, continue to be done by humans. 
Production and service processes may be increasingly organised around these 
‘human’ skills. Consequently, creativity may emerge as a particularly valued 
complementary skill, and creative occupations may well be one of the (last) 
bastions of employment in the applying sectors, even if economies face the end 
of work.

Making and supporting sectors
Any (prospective) increase in the application of R&AI creates jobs in robotics 
(e.g., mechatronics engineering), AI software engineering, and researching 
and developing advanced new applications. Arguably, new jobs in the making 
sectors contribute to employment beyond these jobs themselves. First, there 
are local multiplier effects causing an increase in labour demand; each newly 
created job in a region may create additional jobs due to the increase in demand 
for tradable goods. The local multiplier effects may contribute as many as five 
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additional (lower skilled) jobs for each high-skilled/high-tech job (Moretti, 
2010), although this number varies with regional circumstances (Goos et 
al., 2018). A critical note, though, is that jobs in R&AI may themselves be 
substitutes for jobs in machine-building and software-engineering industries. 
Secondly, the transition from using old technology to new technology in the 
applying sectors will affect activities such as education, consulting and legal 
advice, and may thus induce a temporary surge in employment in the support-
ing sectors.

Local multiplier effects on the creative sectors
Whenever the total income in a region changes (due to changes in employment 
and wages) in the making, applying and supporting sectors, there may be dif-
ferent effects on employment and wages in creative sectors.

First, due to the aforementioned local multiplier effect, changes in employ-
ment, wages, spare time and disposable income of workers in these making, 
applying and supporting sectors change demand for products and services 
from, and therefore employment and wages of, workers also in the creative 
sectors. In fact, goods and services from the creative sectors may have 
high-income elasticity, and moreover – due to non-homotheticity – may only 
be in high demand whenever incomes are sufficiently high. Consumption of 
products and services from the creative sectors may be localised and thus may 
rise and fall strongly with total income in the region.

Secondly, there are effects of changes in competition for jobs. Whenever 
robotisation does indeed induce unemployment, workers trained/educated 
and (previously) employed in the applying sectors may well vie for jobs in 
the creative sectors. Generally, under sufficient labour mobility, competition 
for particular (lower skilled) jobs in the creative sectors may become fierce, 
driving wages down. Alternatively, if demand for creative workers increases 
in the applying sectors, the scarcity in creative sectors may increase, driving 
wages up.

New sectors
On top of the developments within and across existing sectors, there is emer-
gence of new sectors, many of which cannot even be properly named or cir-
cumscribed yet. Innovation of various sorts may ultimately culminate in new 
industrial and service activities so distinct that they emerge as new sectors that 
create work for (some of) the unemployed. What these new sectors provide 
in terms of products and services may often be hard to envision in advance. 
For example, in the 1950s, few people predicted that information and commu-
nication technology would give rise to the many sectors it has, would grow 
to the size it has, with applications in the many and widespread ways it has. 
These new products, new services and new sectors are a fundamental source 
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of economic growth (Pasinetti, 1981; Schumpeter, 1942). Initially, these 
new sectors often boast labour-intensive work (cf. Acemoglu and Restrepo, 
2018). This reinstatement effect may well be required for a balanced growth 
path (Acemoglu and Restrepo, 2018). Do note, however, that there may be 
a considerable disparity between the skills of the unemployed and the skills 
required for emerging occupations. Indeed, those becoming unemployed may 
do routinised tasks in predictable environments, while emerging occupations 
may consist of high-skilled, knowledge-intensive tasks. That said, perhaps 
not all vacancies can be (immediately) fulfilled, and neither will the (newly) 
unemployed from the applying sectors immediately find a job without up- and 
re-skilling. As firms are unlikely to hire such unemployed people for the 
emerging occupations, the public sector may have to provide social benefits or 
educational facilities for up-skilling (also see the next section on this).

Quite a few of the sectors that have emerged in the last couple of decades 
actually started out as niches in the creative sectors (e.g., computer games, 
digital graphics, computer music, rendered movies) but have matured and 
some have even outgrown the sector of origin. As such, the creative sector is 
a prominent (and possibly increasing) source of product and service innovation.

Additional Causes for the Rise of Prominence of Creative Work

As argued, creative work may well be one of several pivotal complementa-
rities emerging upon progressive rationalisation of production and services. 
Moreover, demand for products from the creative sectors depends, to a certain 
extent, on total disposable income in the other sectors. However, there are 
additional potential causes for increasing prominence of creative work: (a) 
progressive institutionalisation and intensification of research and devel-
opment activities; and (b) escalation in the product dimensions at stake in 
competition.

First, in the Schumpeterian perspective, R&AI technologies are not only 
introduced as a labour-saving, productivity-enhancing and cost-cutting 
measure. These technologies and other technologies with R&AI at their core 
(e.g., autonomous vehicles, warehouse logistics, surveillance systems, tailored 
education, and potentially many others yet unconceived) give rise to new prod-
ucts and services, business models and possibly whole new sectors. Research 
and development of these products has been and is further institutionalised. 
Indeed, labour statistics show an increase in employment in scientific, tech-
nical and research services, and therefore, arguably, work revolving around 
human ingenuity and creativity.

Secondly, there are two prominent by-products of increasing global com-
petition that put more emphasis on creativity and thereby on employment 
in creative occupations across all sectors. The first by-product is that there 
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is a process of escalation of dimensionality of the features of products and 
services. We argue that, in a capitalist economy, there is a relentless drive 
to shake off competitors, which causes an endogenous re-setting of the pivot 
in competition. As such, firms evolved from focusing almost exclusively on 
price in the 1960s, to including product quality in the 1970s, to including 
time-to-market and lead time (requiring production flexibility) in the 1980s, 
culminating in customisability and newness (requiring innovativeness) in the 
1990s. Today, there is an increasing prominence of design, marketing, appeal, 
aesthetics, image, symbolic knowledge and generally ‘newness’ included in 
the dimensions that firms compete on. As such, the importance of and employ-
ment in the final stages of the value chain have already increased and are 
expected to increase further. The second by-product is that incessant product 
and service innovation has become a key competitive strategy; therefore, firms 
require dynamic innovation capabilities. As a result, firms are likely to grow 
and nurture capabilities to think creatively and come up with new product and 
service concepts, and new business models and ways of engaging customers. 
This will, obviously, increase the value of creative skills and abilities, and 
increase the demand for creative people in every sector. Therefore, embedded 
creatives are increasingly prominent (Cunningham and Higgs, 2009; Hearn 
and Bridgstock, 2014).

FUTURE SCENARIOS

As argued in the previous section, the adoption of R&AI contributes to the 
increasing prominence of creative work across the various types of sectors. 
In fact, creative work (together with a narrow range of other complementary 
tasks) may well be one of the last bastions of employment. This section con-
tains three sub-sections. The ‘Scenarios’ sub-section focuses on the total rate 
of employment and provides three baseline scenarios on employment, with 
explicit regard for creative work. The ‘Institutional and Structural Mediators’ 
sub-section discusses how institutions in market economies moderate the 
impact of technological change on structural change, and how varieties of 
market economies may hence be affected differently. Moreover, it is discussed 
how technological change may thus also indirectly alter international relation-
ships of countries. The ‘Limits to Change?’ sub-section discusses the primary 
variables driving developments in the direction of either one of the future 
scenarios, thereby explicitly regarding the market economies’ institutions and 
structuralist interactions between countries.
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Scenarios

As mentioned before, when it comes to employment rate, there are two 
extreme scenarios: the end of work, in which there is mass unemployment, and 
the rebound, in which the labour market returns to near-full employment after 
an initial dip. There is one other scenario, the middle ground, the structurally 
lower scenario (see Vermeulen et al., 2018). Each scenario is now discussed 
with particular focus on the rate of employment in creative work.

The first scenario is that of the end of work, in which R&AI technology is 
replacing human labour at such a rate that the additional work due to counter-
vailing effects and new tasks, occupations and sectors does not offset the loss 
of employment. This net destruction of jobs may have several causes (possibly 
in conjunction). First, the new creative work initially induced by the intro-
duction of R&AI is ultimately also substituted by new vintages of R&AI. So, 
over time, these technologies have to take over not only the complementary 
tasks in the applying sectors, but also work in the supporting and competing, 
and even the making sectors (i.e., each thus becomes an applying sector as 
well). Moreover, for this scenario to materialize, R&AI should also replace 
the complementary tasks that are newly emerging in the applying sectors (e.g., 
face-to-face interaction, knowledge transfer, hospitality, creativity, etc). So, 
the scope of tasks taken over by R&AI technology has to increase, particularly 
by increasing dexterity, flexibility and social comprehension. Robots become 
so much more nimble, flexible and easily configurable, and AI becomes 
so much more sophisticated, that virtually all tasks currently performed by 
humans become susceptible to substitution (cf. Brynjolfsson and McAfee, 
2011; Ford, 2015; Frey and Osborne, 2017). Secondly, other sources of new 
jobs (notably innovations) generate too few jobs or the opportunities cannot be 
reaped. The latter may be the case if education and training changes too slowly 
and labour mobility is hampered. Indeed, the employment rate reflects the 
‘race’ between the job destruction by process rationalisation and automation 
on one hand, and the job creation and opportunity reaping potential by educa-
tion on the other (Acemoglu and Restrepo, 2016; Brynjolfsson and McAfee, 
2011; Goldin and Katz, 2007; Keynes, 1930; MacCrory et al., 2014). In this 
line of thought, R&AI technologies ultimately can and do handle all the work 
(cost economically), including social work, health care and psycho-social 
support, and with regard to the (narrowly defined) creative sectors also creat-
ing art, composing and making music, writing books and plays, and directing 
and ‘generating’ movies.

The second scenario is that of the rebound, in which, as in the end-of-work 
scenario, the employment rate may experience a decline due to rapid substi-
tution, but now ultimately the rate at which new tasks, jobs and sectors are 
created and exploited gives rise to increasing employment. Essentially, this net 
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job creation has two requirements. The scope and scale of cost-economically 
viable and technically feasible application of R&AI does, at some point in 
time, increase more slowly than the creation of these tasks, jobs and sectors. 
Clearly, this may be caused by high specificity or complexity of the R&AI 
required for these tasks. This, in turn, requires that both the creation of these 
new tasks, jobs and sectors, and the supply of labour to fulfil demand for these 
jobs, are not stifled. To this end, education is to ensure sufficiently high mobil-
ity of workers, and consulting, incubation and funding are to enable creation 
and exploitation of new technological opportunities. Note that while several 
countervailing forces increase labour demand (Acemoglu and Restrepo, 2016; 
2017; Vivarelli, 2007, 2013) – including the growth bonus of spillovers from 
the making sectors multiplying labour demand in other sectors (cf. Fagerberg, 
2000; Goos et al., 2018) – the creation and reaping of new opportunities is 
crucial to restore labour demand (cf. Acemoglu and Restrepo, 2018). So, 
despite the increase in productivity, high rates of and structural change in 
employment may be more due to shifts in demand for goods and services. This, 
in turn, is to be attributed to non-homothetic preferences – that is, changes in 
demand with changing incomes. In this line of reasoning, local creative and 
cultural sectors may thus benefit from rising productivity when coupled with 
rising incomes.

The third scenario is that in which the employment rate levels off at a struc-
turally lower level. Over the last few centuries, the employment rate has 
bounced back each technological revolution. However, this was accompanied 
by a structural change in work performed by human workers. Moreover, gen-
erally, the hours worked per annum have also decreased substantially (while 
the disposable income has increased). As argued before, with the introduction 
of R&AI, particular types of work may be left to humans: creative work, care 
and service work in which humans want to interact with other humans, and 
work requiring extreme physical dexterity or intellectual flexibility that is yet 
too costly to develop R&AI for. As such, there is a subset of work that will 
be left to humans. It is hard to predict, though, how many humans would be 
employed and how many hours they would work. In one possible extreme 
case, well-paid, full-time jobs may be available only to a small number of 
people and the rest would be unemployed or have precarious employment. 
Another potentially more likely scenario is that the available work hours may 
be spread across the population in a more or less equally distributed way, as 
is currently the case. However, those becoming unemployed may well need to 
be (re)educated and (re)skilled for jobs in demand. Note that with increasing 
disposable income, humans may just be satisfied with the work performed 
and consumption opportunities available, and therefore, may prefer to work 
less than looking for even higher incomes, thereby effectively moderating the 
emergence of new sectors and technological progress.
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It is important to note that regardless of which one of the latter scenarios 
on the employment rate becomes reality, there may also be polarisation in the 
composition of the labour market. Because the routinised tasks in predictable 
environments in particular are automated, and apparently these are found 
in the middle-skill segments, application of R&AI is expected to unleash 
fierce competition for physical, low-skilled work and, to a lesser extent, for 
knowledge-based, high-skilled work (Autor et al., 2006; Goos et al., 2009; 
2014).

Institutional and Structural Mediators

The impact of R&AI on employment in general, and the prominence of crea-
tive work in particular, is mediated both by (a) the institutional framework in 
place and (b) the shift in competitive position of products and the change in the 
composition of the labour force of countries in structuralist, world-systemic 
interactions.

The first key factor is that the institutional framework of a country mediates 
the impact of R&AI on the rate and direction of structural change. For example, 
think of how labour unions, labour-market regulations, social-security arrange-
ments, the organisation of education and the coordination of innovation affect 
the emergence of new sectors, labour mobility, wage inequality and therefore 
consumption opportunities. The varieties of capitalism perspective (Hall and 
Soskice, 2001) classifies market economies by the institutional framework 
for coordination of the various actors facing, among others, structural and 
technological change. The two main forms of market economies, the liberal 
and coordinated market economies, differ notably on the regulation of the 
labour market (e.g., in terms of the degree of unionisation, employment 
protection), social security (e.g., benefits, assistance in education and finding 
jobs) and meso-level organisation of innovation activities (e.g., competition 
versus collaboration). Labour-market regulation constrains the substitution of 
labour with R&AI. Moreover, labour-market regulation in conjunction with 
institutional provisions for education also affects the labour mobility possible, 
the abilities to exploit technological opportunities and the responsiveness to 
fluctuation in demand.

Proponents argue that labour-market deregulation and flexibility increase 
the propensity to hire people upon (foreseen) demand swings in existing 
sectors and for more risky endeavours in emerging sectors (under uncertain 
future demand). As such, the supposed propensity to hire people stimulates the 
take-off of new sectors and, as a result, structural change, whereby employ-
ment is more likely to ‘bounce back’. Opponents argue that deregulation and 
flexibility increase the likelihood that firms will substitute workers that are 
already disadvantaged, that is, those lower skilled, in lowly paid routine work. 
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These may have substantial difficulty in finding work in occupations that are 
in demand. Therefore, labour-market flexibility may induce unemployment, 
a widening skill-gap between the employed and unemployed, and increasing 
inequality in incomes and wages due to which also further demand is nega-
tively affected (see, for example, Dosi et al., 2018). It is stressed here that insti-
tutional arrangements and policy measures to retain such routinised work may 
(a) harm international competitiveness of output and (b) hamper market forces 
moving labour in the direction of new, emerging opportunities and thereby 
jeopardise long-term economic growth and increase the risk of falling behind.

While it may well be true that newly unemployed people lack skills for work 
in new sectors, and thus form a source of inequality, there are policy measures 
and institutional reforms that may enhance occupational and sectoral mobility 
(Vermeulen et al., forthcoming). For one, there is the Danish policy of flexicu-
rity, which seeks to (a) provide social security in combination with (b) training 
towards sustainable, upward mobility and (c) incentives for employers to hire 
employees lacking experience or skills (see Commission of the European 
Communities, 2007; Forge et al., 2010; Vermeulen et al., 2018; Vermeulen 
et al., forthcoming). Computer simulations show that whenever ‘leaps’ of 
the low-skilled newly unemployed to the high-skilled occupations in newly 
emerging sectors are unlikely, vacancy chains may emerge endogenously in 
which vacancies for higher skilled work are filled up by workers that thus 
leave vacancies that can be fulfilled by lower skilled workers (Vermeulen et 
al., forthcoming).

The second key mediating factor is that technological change affects 
countries’ global competitiveness and employment in various ways. The pro-
ductivity growth realised by adopting R&AI products in the applying sectors 
may lower unit costs and/or upgrade product propositions and thus effectively 
increase global demand. Moreover, innovative local R&AI making sectors (of 
which innovativeness may well be boosted by the local applying sectors) may 
also increase both local and global demand. This prospect warrants national 
innovation efforts and other ways to enhance absorptive capacity and stimulate 
adoption of R&AI. Moreover, technological change affects the distribution of 
production and service tasks in the applying sectors across countries. It may 
well be that R&AI substitutes workers in low-wage countries, accompanied 
by ‘reshoring’ work to other countries further down the production chain; 
however, given the many factors involved, such an outcome is by no means 
certain. Moreover, this substitution and resulting increase in unemployment 
may occur in low-wage countries, while the ‘new’ jobs in complementary 
tasks and the making sectors may emerge in high-wage countries. So, from the 
world-system perspective, and especially the current distribution of manufac-
turing work throughout global production chains, new technology may con-
solidate or even exacerbate international inequalities. This is to be considered 
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a geographical realisation of Goos’ polarisation. In this perspective, efforts of, 
for example, labour unions, to moderate the introduction of R&AI may (inad-
vertently) bring about a shift in the global competitive position.

Limits to Change?

Three primary variables drive employment and structural change in the direc-
tion of either one of the future scenarios.

The first is the rate at which the scope of applicability and therefore potential 
scale of substitution by R&AI technology changes. This scope and scale of 
substitution is limited not only by technological feasibility, but also by the 
research and development costs, the production and application costs, and, 
as such, the economic viability given wages. For instance, while it may be 
possible to replace a human performing tasks requiring high dexterity, it may 
be excessively costly. Moreover, the cost-economic viability of developing 
R&AI technologies for certain tasks is affected by the availability of workers 
able to do the tasks.

The second is the rate at which humans can take up new tasks and skills in 
new occupations in (potentially) emerging sectors. This depends on both the 
availability of labour (and notably, whether humans are tied up in existing 
sectors) and whether these workers can be educated, trained and up-skilled as 
fast as or faster than needed in the skills required. Moreover, humans must be 
educated and trained in the skills required for the tasks remaining for humans. 
Arguably, the work that remains requires creativity, intellectual flexibility, 
physical dexterity and social skills, each of which can only be taught to 
a limited extent. Indeed, there are limits to the transferability of certain skills, 
to the educationability of humans and, as such, to the dynamic efficiency of 
structural change, and these limits may very well apply particularly to creative 
work. Therefore, creativity as the next pivotal skill (after physical dexterity 
for the transition to an industrial society and knowledge processing for the 
transition to a service dominated economy), and as one of the last bastions of 
employment, may actually invalidate flexicurity. After all, whenever workers 
cannot be trained for the skills required, new sectors hinging on these skills 
will be hampered in taking off, while the flexibility to fire workers introduces 
a sustained pressure on social security.

The third is the rate and scale at which new employment opportunities 
emerge to compensate for the substitution and the productivity. This depends 
on the innovativeness of an economy, which is enhanced – according to 
Schumpeterian economists – by stimulating entrepreneurship. So, for one, 
future employment depends on educating and stimulating skilled innovators 
and entrepreneurs. Moreover, the (potential) employment opportunities thus 
created also need to be fulfilled, not only to create work for the unemployed, 
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but also because doing so may well lead to further cascades of product and 
process innovations.

Given the structuralist interactions of countries, a rigid labour market may 
keep workers tied up and hamper the adoption of R&AI, which, therefore, may 
hurt global competitiveness of the applying sectors, prevent reaping new tech-
nological opportunities, and ultimately – ironically – cause unemployment. 
That said, dynamic efficiency of structural change requires both innovative-
ness and educational institutions. So, if creative work indeed is one of the last 
bastions, but creativity has a limited educationability, the labour market may 
become polarised with extensive income inequality.

CONCLUSION

In this chapter we have taken a comprehensive taxonomic structural change 
perspective in which we discerned labour economic effects within and across 
sectors, differentiated by type of sectors based on the relationship with R&AI 
technologies. Our findings provide support for claims that the creative indus-
tries are pivotal for modern economies (cf. Abbasi et al., 2017). Admittedly, 
further research should reveal the role and prominence of other emerging 
complementary tasks remaining after the adoption of R&AI, such as social 
or super-dexterous work. However, we assert that creative work may indeed 
emerge as one of the last bastions of employment, particularly in the (possibly 
extending range of) applying sectors – for example, in the form of embedded 
creatives.

Moreover, in general, countries that are able to retain employment in the 
making and applying sectors and realise labour mobility to exploit opportu-
nities in the emerging sectors may also get the growth bonus in the form of 
spillovers, particularly in creative sectors known for non-homothetic demand 
kicking in with high incomes. In contrast, countries in which the applying 
sectors do not adopt (presumably productivity-enhancing) R&AI, lose global 
competitiveness and thereby demand, and also miss out on growing a local 
making sector catering to the applying sectors’ needs, further cascades of 
innovation and so on. However, this also uncovers the requirements that 
market economies need to be innovative and dynamically efficient: opportu-
nities must be created, R&AI and other productivity-enhancing technology 
must be adopted, and labour must be mobile and freed up flexibly. As such, 
several institutions in market economies (e.g., labour unions, social security, 
public education, innovation collaboration platforms in coordinated markets 
or, rather, liberal counterparts), as well as the current labour-market composi-
tion, moderate how the adoption of R&AI affects (the dynamics of) structural 
change.
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It is stressed here that to understand the impact of technological change 
on structural change, three institutional drivers need to be regarded in con-
junction: innovation to create technological opportunities, labour-market 
flexibility to enable freeing up labour by adoption of productivity-enhancing 
technologies, and education to enhance labour mobility to reap opportunities. 
Indeed, the institutional framework should be tuned to ensure the creation and 
retaining of a global competitive position in high-income, high-tech jobs in 
the making sectors and hard-to-automate complementary tasks in the applying 
sectors. Moreover, the institutional framework should accommodate the crea-
tion of innovative new sectors to employ the newly unemployed and increase 
labour mobility. With regard to sustainability of growth paths, of particular 
concern are low-wage countries doing low- to middle-skilled manufacturing 
work in the global production chain and developing countries with even fewer 
industrial capabilities. R&AI may well polarise labour markets and the current 
distribution of manufacturing work throughout global production chains, thus 
exacerbating inequality between countries. After all, these countries may fall 
behind because: (a) education cannot provide skilled labour for complemen-
tary tasks; (b) innovative capabilities are insufficient to reap opportunities in 
the making or emerging sectors; and (c) most spillover income consists of 
local demand and this is actually negatively affected.

An avenue for further research is investigating the impact of limited educa-
tionability for the emerging and supposedly increasingly prominent comple-
mentary tasks such as creativity, super-dexterity and social skills. Moreover, 
studies could examine which institutional framework is most conducive to rel-
atively high employment and economic growth under limited educationability 
of these increasingly prominent tasks.
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