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Are robots stealing our jobs? 



The issue at stake 

Autor and Dorn, 2013 



Innovation and employment: 

Theory (Vivarelli, 2012) 

• Technological change (TC) allows to 

produce at least the same amount of 

products with less capital and labour.  

• “Technological unemployment” 

• Thus, employment always decreases 

as an direct effect of technological 

change 

• What is a ‘direct’ effects? 



Neutral TC 

Vivarelli 2012 



Labour-saving TC 

Vivarelli 2012 



Capital-saving TC 

Vivarelli 2012 



Comments 

• L^(hat) is always lower than Lp 

• Only drastic capital-saving TC is able 
to move the equilibrium E’ to the right 
of the initial level of employment. 

• These are the direct effects of process 
innovation 

• Are there market mechanisms able to 
counterbalance this direct (negative) 
effect? 

 



Compensation theory – Marx 

(1961) 

• Six main compensation mechanisms 

via: 

– Capital good sector 

– Decrease in prices 

– New investments 

– Decrease in wage 

– Increase in incomes 

– New products 



Compensation mechanism (1) 

• …via capital good sector 

– Sometimes technologies are developed in 

one sector and used in others. 

– Process innovations may cause jobs 

destruction in the user industries whereas it 

enhances jobs in the sectors where the 

new machines are produced (Say, 1964) 

– E.g. PC displaces workers in banks 

whereas it increases jobs in Silicon Valley  



Compensation mechanism (2) 

• …via decrease in prices 
– Process innovations lead to a decrease in 

marginal costs of production (in the sector where 
they are used) 

– In competitive markets this results in decreasing 
prices 

– In turn this stimulates an increase in demand for 
products  increase of employment 

– This mechanism has been re-proposed by 
neoclassical economists 

– E.g. PC reduces production costs of mobile 
phones which translates in a reduction of prices. 
This triggers the demand for mobile phones 



Compensation mechanism (3) 

• …via new investments (Ricardo, 1951) 

– Since the price mechanism is not 

instantaneous (competitive 

convergence), there is a gap between 

the decrease in costs –due to TC- and fall 

in prices. 

– In between, innovative entrepreneurs 

accumulate profits which are invested in 

new production  new jobs   



Compensation mechanism(4) 

• …via decrease in wages 
– The direct negative effect of TC on 

employment may be compensated by in 
the labour market through a price 
adjustment.  

– In the neoclassical framework a decrease 
in wages spurs labour demand  

– Wicksell (1961: 137), followed by Hicks 
(1932: 56), Pigou (1933: 256) and Robbins 
(1934: 186) 



Compensation mechanism (5) 

• …via increase in incomes 

– Unions take part in the distribution of the 

fruits of TC.  

– A portion of the cost savings translates 

into higher income and consumption 

– This leads to increase in employment 



Compensation mechanism (6) 

• …via new products 
– Process innovations stimulate the creation of 

new products  

– This favours the creation of new industries 
leading to increase in employment 

– Welfare effect vs substitution effect 

 
“Entirely new branches of production, creating 
new fields of labor, are also formed, as the 
direct result either of machinery or of the 
general industrial changes brought about by 
it.” (Marx, 1961: 445). 



Comments 

• There are different mechanisms which 
compensate the initial labour-saving 
effect of TC.  

• Compensation can only be partial 

• However, the ‘net effect’ determines 
whether TC decreases or increases 
employment 

• Economists do not have a clear-cut 
answer to the question: 

• Which are the employment effects of 
innovation? 
 



Introduction 

• Two features characterise our economies in the past (and 
to some extent nowadays) 
– Job polarisation 
– Wage inequalities 

• Changes in the wage structure brought about increasing 
wage inequality in the US (but also elsewhere) 
– Wage differences linked to education: graduated earn more 
– (among those with lower levels of education) average wage 

increased more for older workers 

• Decrease in wage inequality at some demographic levels: 
– In the 80s the average wage of women increased more than the 

average wage for men (8%( 







Possible causes 

• Why? 

– Changes in labour demand. From low-skilled to 
high-skilled 

– Technological change – less physical (manual) 
work  

– Demand for goods – less manufacturing and more 
services (which require more educated workers 
and caused gender inequalities) 



Canonical model 

• Operationalises the demand and supply for 
skills 

• Takes into account 2 groups of workers 
endowed with 2 different skills (high and low). 
These 2 groups carry out 2 different tasks 
which are imperfect substitutes (equipment 
management vs equipment maintenance)  



Skill demand and supply 



Wages 



Findings 



Findings 

 



Weaknesses 

• Some weaknesses related to the canonical 
model and its operationalisation: 

– Wage inequality increased less than foreseen 

– Real wage decreased for some groups 

– The relationship between wage changes and skills 
is non monotonic  

– Polarisation is non monotonic 



Wage inequality increased less than what has been 
forecasted by the canonical model 



 Real wage decreased for some groups 

 



• The relationship between wage changes and skills is 
non monotonic  

Workers with a lower level of education experienced a decrease in wage 



• Job polarisation 



• Polarisation of the labour market 



• Polarisation of the labour market 



Beyond the canonical model 

• What should the model include to account for these 
dynamics? 
– Distinguish between tasks and skills 

• task: unit of labour to produce the output 
• Skill: characteristics of the worker who carry out the task 

– Comparative advantage of some workers who carry out a 
specific task: 
• The link between skill and task is endogenous 

– Task supply: 
• Workers with different skills 
• Machines (routinisation) 
• Offshoring 

– Consider at least 2 levels of skills –> polarisation 



Acemoglu and Autor, 2010 



Acemoglu and Autor, 2010 



Acemoglu and Autor, 2010 



Acemoglu and Autor, 2010 



Acemoglu and Autor, 2010 



 

 

How do we explain the effect of technology on 
labour supply? 

From Skill-biased TC to Routine-Biased TC 



Introduction 

• Correlation between technology development 
(computerisation) and demand for workers 
with higher levels of education SBTC 

• But this doesn’t explain the causes of this 
correlation: 
– What type of activities computers carry out? 

– What kind of activities workers carry out using 
computers? 

• Computer can be AI, ICT new machineries, etc.  



New theoretical framework 

• Computers affect how tasks are carried out by workers 
and therefore the demand for skills. 

• The key point is: 
– What kind of tasks computers are more likely to carry out? 
– How do computers substitute or complement workers’ 

skills 

• Answer: 
– Computer substitute humans on a set of specific cognitive 

and manual tasks. The important thing is that these tasks 
follow specific rules (algorithm) 

– Computers complement workers in activities such as 
problem-solving and communication  





What computers do? 

• Routine tasks: follow specific, clear and 
understandable rules. E.g. measurement of 
the temperature of this room 

• Non-routine tasks: These tasks cannot be 
formalised on an algorithm and are not 
specific. E.g. drive a car, decrypt human 
writing  



What’s new? 

• The economic theory has already formalised the 
fact that some machineries have substitute some 
workers in routine tasks (Industrial revolution) 

• It is important to bear in mind that: 
– Computers have accelerated this substitution  
– May be complementary to non-routine tasks 
– An increase in routinised activities may generate an 

increase in non-routine labour demand. E.g. 
coordination and management of the production 
process 
• Problem solving tasks 
• Communication  



Labour demand of routine and non-
routine tasks 

• Postulates  

– Computer capital is more likely to substitute 
routine tasks 

– Routine and non-routine tasks are imperfect 
substitutes 

– An increase in routine inputs increases the 
marginal productivity of non-routine inputs 

• Assumptions: 2 tasks (R and NR) 



Cobb-Douglas production function 

𝑄 = 𝐿𝑅 + 𝐶 1−𝛽𝐿𝑁
𝛽

 

• 𝐿𝑅 , 𝐿𝑁: Labour inputs for R and NR tasks (C 
computer capital) 

• Computer capital and non-routine tasks are 
complementary 

• Perfect substitution btw C and 𝐿𝑅 (for postulates 
1 and 2).  

• Marginal productivity of NR tasks increases with 
an increase in 𝐿𝑅 (3) 



Workers’ choice 

• One worker may supply R or NR tasks. 

  
𝐸𝑖 = 𝑟𝑖 , 𝑛𝑖  

𝐿𝑖 = λ𝑖𝑟𝑖 , 1 − λ𝑖 𝑛𝑖  ; 0 ≤ λ ≤ 1 

 

• This supply depends on the elasticity of 
relative wages 



Equilibrium 

• The assumption is that computers and R tasks are 
perfect substitutes. A decrease in the price of 
computers reduces the salary of R workers (not 
different from what’s happening nowadays) 

𝑤𝑟 = ρ 

• The relative efficience for worker i between R and 
NR tasks: 

 η𝑖 =
𝑛𝑖

𝑟𝑖
             in equilibrium         η ∗=

𝑤𝑅

𝑤𝑁
  



Results  

•
𝜕𝑙𝑛𝜃

𝜕𝑙𝑛𝜌
= −

1

𝛽
 

• 𝜃 ≡
𝐶+𝑔(η∗)

ℎ(η∗)
 

• An increase in the demand for routine tasks can 
be faced by   
– An increase in computer caputal 

– An increase in routine inputs 

– Combination of the two 

  



Results 

• ONLY THE FIRST HAPPENS. Increase in 
computer capital  

• The relative salary of NR workers increases 
when the price of computers decreases: 

𝜕ln (
𝑤𝑁
𝑤𝑅

)

𝜕𝑙𝑛𝜌
= −

1

𝛽
 

• The marginal worker will choose to supply NR 
tasks instead of R ones 

 



Theoretical conclusions 

• The monotonic decrease in the price of 
computers increases the marginal productivity 
of NR workers 

• This leads to an shift in labour supply from R 
to NR workers 

• This gap in the supply of R tasks is filled by 
computer capital that substitutes R workers 

 



Theoretical conclusions 

• Computer capital is adopted in particular when 
its price decreases 

• This is key in those industries that are R task 
intensive 

• Computer capital satisfies the demand for R task 
inputs 

• An increase in computer capital increases NR 
inputs 

• This happens in many industries and also in some 
occupations (economists, engineers, etc.) 



Empirical issues 

• The theoretical formalisation should be tested 
at the empirical level 

• Problems: 

– How do we measure R and NR tasks? 

– What kind of data should we employ? 
Occupations? industries? 

 















Is this the end of the story? 

Autor and Dorn, 2013 



Polarisation 

Autor and Dorn, 2013 



Polarisation 

Autor and Dorn, 2013 



Routine biased TC (Autor et al. 

2003) 

• Autor et al. (2003) have shown that ICT 
replaces human labor in routine tasks, 
while complementing it in many non-
routine tasks 

• Several studies show that changes in 
employment structures are similar across 
a large set of developed economies,  

• consistent with the RBTC hypothesis which 
predicts a relative decrease in labor 
demand for jobs intense in routine tasks 





Europe 

• the composition of aggregate 

employment has indeed been shifting 

away from routine tasks 

 

Gregory et al., 2015 



Europe 

Gregory et al., 2015 



Gregory et al., 2015 



Summary 

Gregory et al., 2015 


