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Abstract  

It is not a new phenomenon that humans are confronted with technological developments that chal-

lenge labor and occupation norms. However, despite the vast research on the employment implication, 

uncertainty still very much persist regarding the employment outcome of such automation. This thesis 

argues that some the ambivalence in the results of existing research can be attributed the difference in 

countries’ labor market structures. Thus, this thesis presents an effort to assess the relationship between 

employment outcome of automation and labor market structures. Within the philosophy of critical 

realism, this thesis is based on a mixed-method research design to examine the causal mechanisms 

leading to the country-specific employment outcome of the automation found in the labor market 

structures. This research is carried out in the form of a comparative case study of Denmark and France 

utilizing their apparent differences in labor market structures yet equal levels of automatability. Within 

the structure of the Task-Based Framework, this thesis utilizes the EU KLEMS data for a panel data 

study of the effect of ICT intensity, an empirical proxy for automation, on employment growth in the 

period 1975-2015. The quantitative results are further assessed along with the labor market structures 

through the Varieties of Capitalism approach. This paper firstly finds that France mainly have experi-

enced relatively large positive employment effects of automation, while Denmark have mainly expe-

rienced small negative effects. This paper did not find evidence indicating that the labor market struc-

tures directly influence whether the employment outcome of automation is positive or negative. How-

ever, flexibility within the labor market and access to risk-willing capital can affect the magnitude of 

automation’s effect on the labor market. More specifically, the findings of this thesis show how agile 

labor markets structures enable a compositional effect on employment within and among industries 

and thus allow the economy to respond more dynamically to the new production schemes and work 

organizations following the technological progress. 
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1. Introduction 

The Industrial Revolution provides one of the earliest examples of how a tide of technological progress 

can have a significant impact on workers (Carr 2014). Man-operated machines took over many phys-

ically demanding and repetitive tasks that were previously completed by human workers alone 

(Brynjolfsson & McAfee, 2014). But contrary to the many worries, technological innovation has so 

far led to massively improved living conditions and increased employment opportunities globally ra-

ther than a steady replacement of labor. Although automation technology has also substituted or re-

placed workers, it has also created many new occupation opportunities. Automation technology's ag-

gregate effect on employment is therefore far from clear. Yet advances in robotics and artificial intel-

ligence point to the possibility of a new wave of automation that many economists and futurists warn 

may have large and permanent disruptive impact on employment. These disruptions could in turn have 

significant political impact.  

In its essence, automation enables organizations to be more productive and, can thereby spur economic 

growth as well as the firm's competitiveness. However, a nation's regulatory sphere can have a pro-

found influence on automation investment and use. The regulatory set-up creates a complex web of 

incentive and disincentives for private-sector action, which further impacts the desire and ability to 

develop, acquire, and utilize automation (Microsoft 2004). It is, therefore, more relevant than ever to 

study regulations effects on the automation implementation and in turn the employment outcome. 

Thus, this paper seeks to answer the following research question:   

How does labor market structures affect the employment outcome of automation? 

The research question of this paper will be addressed in the following structure. Section 2 will provide 

a literature review of the employment impact of automation, including how the effect of automation 

through proxies, existing frameworks, and the identification of the problem domain. Section 3 will 

outline the methodology of the conducted study as well as the underlying research philosophy that 

shapes the outcome of the analysis. Section 4 will outline the theories and frameworks applied to ana-

lyze the quantitative results as well as present the economic framework developed to assess automa-

tions impact on employment levels. Section 5 presents the quantitative analysis including the results 

of the regression for each of the case countries. Section 6 and 7 will analyze the quantitative findings 

through the two chosen frameworks to assess the impact of automation, and how labor market struc-

tures have impacted the employment outcome found in section 5. Finally, section 8 will discuss the 
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relevance limitation of the findings. Section 9 will conclude, provide a brief outlook, and suggest areas 

for further research.  

This thesis will focus on labor market structures impact on the employment outcome of automation. 

In line with Phelps (1955), this thesis defines labor market structures as a set of formal and informal 

institutions, rules, and norms, which determines how people qualify for jobs, get jobs, hold their job 

or advance in and what their rights are while employed. The chosen topic alone already covers a wide 

array of areas. This has necessitated the exclusion of some topics due to the scope and limitation of 

the thesis. 

Firstly, this thesis does not seek to pinpoint an exact measure of the labor market outcome. Rather, this 

thesis will focus on the direction and relative size of the automation impact within countries, tasks, 

and industries, to further investigate the connection to labor market regulations. Secondly, the labor 

market outcome and implementation of automation can be affected by a wide range of external factors 

as well as institutional set-up. However, the purpose of this paper is not to list or map the many external 

factors, but rather focus on and thus in-depth discuss how labor market regulations influence the em-

ployment outcome of automation. Thirdly, this paper seeks to assess existing regulations rather than 

propose new initiatives to address living standards, unemployment or other inequality factors. By the 

same token, this paper does not seek to discuss the socioeconomic effects of automation or existing 

regulations, but simply assess the connection between the institutional set-up of the labor market and 

the impact of automation technology on employment. 
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2. Literature Review  

Already at the first industrial revolution, concerns appeared about potential detrimental long-term im-

pact of this technological progress. Karl Marx was famously pessimistic about how workers’ living 

standards would develop, arguing that all manners through which labor productivity is raised come at 

the cost to the individual worker in some way or another. Capitalism would inevitably lead to an ever-

greater reduction in wages and would eventually lead to a replacement of labor by machines (Marx 

1912; in Carr 2014). “Machinery does not just act as a superior competitor to the worker, always 

making him superfluous. It is the most powerful weapon against suppressing strikes,” (Marx, 1867). 

Many years later, John Maynard Keynes similarly worried for the potential of technological progress 

to lead to large unemployment increases, “due to our discovery of means of economising the use of 

labor outrunning the pace at which we can find new uses for labor” (Keynes, 1933, p. 3, in Frey and 

Osborne 2013 p 2). Keynes noted, however, that the struggles of technological unemployment would 

only be temporary and that what we today recognize as labor automation would rather lead to leisure 

and affluence for all (Carr 2014). 

2.1 Proxy for Automation 

While the literature on automation is already seen in vast amounts; properly defining, categorizing, 

and quantifying 'automation' technology and the process of employment automation is more difficult 

than it might seem at first. Due to the dispersed and intangible nature of automation, the existing liter-

ature on automation and employment has so far relied on indirect proxies. Experts have used widely 

different proxies to measure automation technology, which is important to keep in mind when com-

paring results across the existing research. Authors such as Autor, Katz, and Kearney (2008), Autor, 

Levy, and Murnane (2003), Goos and Manning, (2007), Autor and Dorn, (2013) deploy the share of 

routine tasks in job descriptions, as computerization has been historically confined to routine tasks 

involving explicit rule-based activities. However, as algorithms for big data are now rapidly entering 

domains reliant upon pattern recognition and can readily substitute for labor in a wide range of non-

routine cognitive tasks (Brynjolfsson & McAfee 2011; MGI 2013), authors such as Beaudry, Doms, 

and Lewis (2010) Michaels, Natraj, and van Reenen (2014) turn to the proxy of a narrow measure of 

investment in specific types capital to capture the effect of automation. Similarly, others use invest-

ment in robots as a proxy for the level of automation (Graetz & Michaels, 2015; Acemoglu & Restrepo 

2017). Advanced robots are gaining enhanced senses and a wider set of skills, allowing them to per-

form a broader scope of manual tasks (IFR, 2012b; Robotics-VO 2013; MGI 2013), which is likely to 

change the nature of work across industries and occupations (Frey & Osborne 2013).  
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Pioneered by Autor et al. (2003), a large strand of literature analyzes the labor market effects of 

automation based on the assumption that you can estimate the level of automation intensity. Autor et 

al. (2003) calculate the share of routine tasks as the level that can be automated and thus approximates 

the intensity of automation. Lewis (2011) applies a more general understanding of automation intensity 

by looking at adoption rates for new technology. Moreover, the number of automation patents has been 

used to proxy automation. While the use of patents involves some difficulties on an industry level, as 

it is not necessaryly the industry where the patent is filed, it is most applied, some attempts by 

Schmookler (1966) and Scherer (1984) were done by manually classifying patents and linking them 

to industries of use. Building on this method, Mann and Püttman (2018) succeed in analyzing 5 million 

patents through the application of machine learning techniques to further address automation through 

patent intensity on industry level in the US. Similarly, Michaels, Natraj, and Reenen (2014) specify 

automation technology by utilizing levels of ICT capital investments per value added to capture auto-

mation intensity on industry level across 12 different countries.  

2.2 Frameworks  
 
2.2.1 Skill-Technological Bias  
 
As automation technologies have become increasingly adopted in production processes, a vast amount 

of different economic perspectives and frameworks have been developed through which automation’s 

impact on labor can be analyzed and understood. One of the first of these perspectives included the 

theory of skill-biased-technological change (SBTC). The SBTC framework was established in re-

sponse to increased wage inequality and polarization observed through a rise in the proportion of low-

wage jobs in the late 19th century (Bluestone & Harrison, 1988). The idea posits that technological 

development is biased in favor of skilled workers and against unskilled workers. SBTC hypotheses 

therefore generally predict that demand for skilled jobs will rise relative to the demand for unskilled 

jobs in tandem with technological advancement. By the same token, the SBTC framework has primar-

ily been used to explain rising wage inequality (Goos & Manning 2007). Whether this hypothesis holds 

true has been widely discussed in the literature.  

 

SBTC literature has uncovered two primary developments. The first is that the demand for more highly 

educated workers has risen for many decades across OECD countries. The second is that despite this 

increase in the supply of high-skilled workers, the return to obtaining a university education has not 

fallen. Rather, the university premium has risen significantly since the early 1980s in the US, UK, and 

other OECD countries (Acemoglu & Autor, 2010; Michaels Natraj & van Reenen 2014). As computing 
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prices fall, problem-solving skills are found to be more important and deemed more productive as well, 

where skilled labor tends to have a comparative advantage (Katz and Murphy, 1992; Acemoglu, 2002; 

Autor & Dorn, 2013). Similarly, Frey & Osbourne (2013) argue that as technology races ahead and 

replaces low-skill and low-wage occupations, low-skill workers will reallocate to tasks that are non-

susceptible to computerization – i.e., tasks the require more social and creative intelligence. 

Furthermore, it has been argued that wage rigidity may affect the outcome of SBTC developments. 

Bermand et. al. (1997) show that while the college premium increased along with GDP per capita in 

OECD countries between 1979 and 1992, technological progress did not affect segments of low-skilled 

workers homogenously across the OECD. Rather this period was marked by large inequalities between 

workers with different skills, either through wage inequality or unemployment (Cahuc & Zylberberg 

2014). The average unemployment rate in European OECD countries increased and has remained high, 

with most of the unemployment concentrated among unskilled workers (Bermand et. al. 1997, 1; 

Siebert 1997, 46). In the same period, the relative wages of less-skilled workers declined slightly in 

several OECD countries and sharply in others, especially in the US and the UK. This demand shift has 

thereby led to an increase in wage inequality in the US and UK, while in Continental Europe the result 

was a rise in unemployment, particularly among unskilled workers. Garloff & Weiss (2014) argue this 

result occurred because Continental Europe experienced rather stable relative wages - influenced by 

the level of unemployment benefits and the bargaining of strong unions - compared to the US and UK. 

In other words, wage rigidity was found to lead to unemployment, whereas wage flexibility led to 

inequality.  

Further investigations of the SBTC framework have found that technological progress may lead to job 

market polarization, rather than a mere change in demand between low and high-skilled workers. Au-

tor, Levy, and Murnane (2003) linked job polarization to rapid improvements in the productivity of 

information and communications. They argue computer capital substitutes for workers in performing 

cognitive and manual tasks that can be accomplished by following explicit rules. To further argue that 

this may lead to a 'hollowing out' of many middle-skilled occupations through downward pressure on 

wages or fewer employment opportunities. Many previously middle-skilled workers are forced to take 

low-skill jobs below their skill level and wage level. Similarly, Goos & Manning (2007) describe a 

polarization of the workforce in the United Kingdom, as middle-skilled occupations have declined 

relative to both the high-skilled and low-skilled occupations. Spitz-Oener (2006) finds related results 

for Germany, and Goos, Manning & Salomons (2009) find similar results for almost all OECD coun-

tries. Counter to predictions of SBTC, Goos et. al. (2014) find a shift in favor of more educated 
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workers, but also a rise in low-skilled workers in their analysis of sixteen Western European countries. 

Again, this may fit with the effects of a ‘hollowing out’ of middle-skill unemployment opportunities. 

Moreover, Plunkett & Pessoa (2013) argued based on their analysis of the UK and the U.S. labor 

market during the financial crisis that between 2008 and 2012 the share of employment for medium-

skilled jobs declined, while low- and high-skilled occupations saw an employment rise. Lastly, 

Michaels et. al. (2014) found that industries with the fastest growth in ICT solutions also saw the 

fastest growth in demand for high-skilled professionals and the fastest fall in medium-skilled jobs. 

2.2.2 The Task Based Framework 

The job-polarization found in the above studies suggested that it was not necessarily the skill or edu-

cation level of the affected workers that determined the effect of technological automation. Rather it 

is the nature of the given tasks an occupation is comprised of. This distinction spurred a new strand of 

literature within automation effects on employment called the Task Based Framework. The production 

of goods and services is made up of various tasks, which are completed by either capital or labor.  

New technologies not only increase the productivity of capital and labor at tasks they currently perform 

but also impact the allocation of tasks to these factors of production—what Acemoglu & Restrepo 

(2019) call the task content of the production.  For instance, as automation technology becomes in-

creasingly advanced, an increasing number of tasks can be automated, which shifts the allocation of 

tasks between automation capital and labor. Shifts in the task content between the inputs of production 

can have major effects on labor demand and productivity. The TBF thereby identifies different results 

of automation in terms of the tasks in production and how they are divided between capital-labor. 

However, there is still considerable debate as to what the exact effects of automation technology adop-

tion on employment are.  

Similarly, to the SBTC framework, many economists found that automation technology has a substi-

tution effect on employment. Acemoglu & Restrepo (2019) refer to a substitution effect as the process 

of capital taking over tasks previously performed by labor. The substitution effect thereby implies that 

automation reduces the demand for labor by reducing the labor share of value-added in production, as 

it takes fewer workers to produce a given amount of output. As described above, this decreased demand 

can either manifest in lower wages or unemployment. Already before the vast rise in automation liter-

ature, Leontief (1952) was equally pessimistic about the implications of technological progression. By 

drawing an analogy with the technologies of the early twentieth century that made horses redundant, 

in an interview, he speculated that “Labor will become less and less important... More and more 



Rikke Bang Helvind | Master Thesis  

 10 

workers will be replaced by machines. I do not see that new industries can employ everybody who 

wants a job.” Karabarbounis & Neiman (2014) show that labor’s share of national income has been 

falling since the 1980s on a global scale and acknowledge changes in technology - lower prices of 

investment goods - are a key factor in understanding this decline. Similarly, Elsby et al. (2013) also 

document that ‘labor’s share of income in the United States has trended downward. Similarly, Autor, 

Dom, & Hanson (2015), Graetz & Michaels (2015), and Acemoglu & Restrepo (2017) have found the 

net employment effects of automation to be negative.  

However, by making tasks the core analytical component, rather than skills, the TBF has provided a 

more detailed perspective on the effects of automation on work compared to the SBTC. One advantage 

of the Task Based Framework is that it can explicitly model the substitution effect. Furthermore, in 

contrast to the SBTC, much of the TBF literature argues substitutability of labor does not necessarily 

depend on whether a job is 'low-skilled' or not, but rather on the routine-intensity of the tasks that make 

up a given job. The TBF, therefore, argues for a routine-based technological change. Building on 

Autor & Dorn (2013) and Goos et. al. (2014), Gregory, Salomons, & Zierahn (2016) introduce the 

effect as routine-replacing technological change (RRTC), where declining capital costs incentivize 

firms in the high-tech tradable sector to substitute labor for routine capital inputs, and to restructure 

production processes towards routine task inputs. Mann & Püttmann (2018) and Autor et. al. (2003) 

also show that in industries where routine cognitive and manual task inputs declined, and where the 

share of non-routine analytical and interactive tasks increased, were also the industries where more 

automation patents were granted. 

As such, the TBF has also been used to predict future potential impacts of automation technology. 

Frey & Osborne (2013) analyze the number of jobs at risk and the relationship between an occupation's 

probability of computerization, wages, and educational attainment. Their estimates show that approx-

imately 47 percent of total US employment is at risk of computerization. Furthermore, they argue that 

the strongest substitution effect is found on workers in transportation and logistics occupations, 

together with the bulk of office and administrative support workers, and labor in production 

occupations (ibid). These predictions are supported by Bresnahan (1999), who found that computers 

have substituted many occupations, including the functions of bookkeepers, cashiers, and telephone 

operators. 

However, though many scholars acknowledge and find evidence for the substitution effects, many 

further argue automation technology has aggregate positive effects on the level of employment. These 
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positive aggregate effects are typically caused by what economists refer to as the scale (or productivity) 

effect of automation. In the literature the scale effect has been found to capture two specific automation 

effects; 1), as automation increases productivity, it contributes to the demand for labor in non-

automated tasks (Acemoglu & Restrepo 2019), as the cost of capital decreases, product prices decrease 

causing an increase in product demand and thereby an increased demand for labor (Gregory et. al. 

2016). For instance, although Mann & Püttmann (2018) find that automation technology has a negative 

employment impact in commuting zones with a greater routine labor share of employment, the total 

effect on employment is only negative once the routine task share is greater or equal to 64.1 %.  This 

is in line with Gregory et. al. (2016) and Elsby, Hobijn, & Sahín (2013), who show that the substitution 

effect of automation on routine jobs is more than compensated by a positive labor demand effect due 

to larger product demand. Additionally, Autor & Dorn (2013) find that the scale effect is linked to a 

rise in the non-college service sector employment.  

The rise in productivity has also been found to create a spillover effect throughout the economy. 

Baumol (1967) predicts that a higher share of income is spent on goods produced in sectors with 

relatively fewer efficiency gains from technology. By the same token Acemoglu & Restrepo (2019) 

acknowledge a reinstatement effect. They argue that automation can reinstate labor into a broader 

range of alternative tasks, creating new tasks, or changing the task content of production in favor of 

labor. Hence, the reinstatement effect along with the scale effect counteracts the substitution effect by 

directly increasing the labor share as well as labor demand. Already in 2016, Acemoglu & Restrepo 

found from 1980 to 2007, total employment in the US grew by 17.5%. About half (8.84%) of this 

growth is explained by the additional employment growth in occupations with new job titles, relative 

to a benchmark category with no new job titles (Acemoglu & Restrepo 2016).  

 

In a later paper, Acemoglu & Restrepo (2018) also argue that during the last 35 years, new tasks and 

new job titles have accounted for a large fraction of US employment growth. They show that 

occupations with 10 percentage points more new job titles (which is approximately the sample average 

in 1980) experienced 0.41 % faster employment growth between 1980 and 2015. This can be compared 

to the Second Industrial Revolution, which involved not only the replacement of the stagecoach by the 

railroad, sailboats by steamboats, and of manual dockworkers by cranes, but also the creation of new 

labor tasks. Counter to the SBTC framework, these new tasks were not necessarily biased towards 

higher levels of education but created new jobs within several occupations such as engineers, 

machinists, repairers, and conductors, as well as of modern managers and financiers (Landes 1969; 

Chandler 1977; Mokyr 1990).  
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In addition to the substitution and scale effects described above, Autor & Dorn (2013) document a 

structural shift in the labor market, in which workers reallocate their labor supply from middle-income 

manufacturing to low-income service occupations. Similarly, Mann & Püttmann (2018) show that in 

commuting zones where more newly invented automation technology becomes available, the 

employment-to-population ratio increases. They argue this is a shift from routine manufacturing jobs 

towards non-routine service sector jobs. Acemoglu & Restrepo (2019) label this effect as the ‘compo-

sition effect. The composition effect arises from the reallocation of activity across sectors with different 

tasks and labor intensities. It captures changes in labor demand resulting from reallocation of value-

added between sectors, this is related to the effect of the labor share contracting and expanding across 

sectors. (Acemoglu & Restrepo 2019). Moreover, Mani (2017) and Dauth, Findeisen, Südekum & 

Wössner (2017) found no evidence that robots caused aggregate job losses in Germany. But 

automation had contributed to a change in the composition of aggregate employment, shifting 

manufacturing jobs to service jobs. 

2.3 Identification of Problem Domain  

The ambiguous outcome of automation is complicated additionally by the impacts of policy and labor 

market structures. There are several conditions beyond mere technological feasibility that have to be 

satisfied for widespread automation to occur within a given industry or profession. "Can a task be 

automated in a way that reliably produces a good or service at a specified level of quality? Is it prof-

itable to automate a task? Is it legally possible for a firm to replace workers with machines? How do 

relevant stakeholders such as political groupings, particularly trade unions, and society at large, par-

ticularly consumers, respond to automation (and potentially the ensuing layoffs)?” (Schlogl 2018).  

Policymakers will without a doubt have a significant influence on the outcome of automation. How-

ever, the influences of policy have not been considered much in the economic literature on automation. 

Some studies investigating the SBTC perspective have highlighted how automation may lead to une-

ven policy consequences through increased inequality and further how the level of wage rigidity was 

acknowledged as a factor in whether automation resulted in inequality or unemployment. Similarly, 

although studies under the Task Based Framework painted a more nuanced picture of how automation 

can impact employment, how the institutional structures and regulation influenced these impacts were 

far from the priority of these studies. Thus, by applying the nuanced Task Based Framework along 

with the political framework Varieties of Capitalism, this paper will discuss not only the implications 

of automation on employment but also how the political sphere of the labor market may affect the 

outcome. 
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Furthermore, few political solutions have been brought to the table. One solution to the inequality and 

unemployment found due to automation that is widely discussed, is the Universal Basic Income – a 

governmental program for a periodic payment delivered to all citizens of a given population without a 

means test or work requirement. However, the effectiveness and the mere feasibility, including societal 

impacts such as crime and mental health issues, of this proposal are still debated (Susskind 2020; 

Greenstein 2019; Gooty 2019). Moreover, several initiatives for upskilling have been brought to the 

table. Thus, the agenda for routine and lower-skilled is giving employees access to new and often 

higher-value tasks within the same job or re-skilling making them able to execute a completely new 

set of tasks (Gratton 2019). While this paper does not seek to validate or discuss the effectiveness or 

feasibility of such new proposals, the purpose of this paper is to discover the effect of already existing 

labor market structures and how these can affect the employment outcome of automation. As such, 

this thesis wishes to start the discussion of how existing tools can support and ease the rapid transfor-

mation our society faces today. 

3. Methodology 
 
The following section will present the philosophical assumptions behind the research approach, and 

the empirical strategy of this paper. Firstly, the philosophical assumptions will be discussed as well as 

how they support the research approach applied. Secondly, data collection and sources used will be 

assessed. Moreover, a description of the qualitative and quantitative methods will be presented. 

Thirdly, reflections on the robustness of methodology will be offered.  

 
3.1 Philosophy of Science 

An important starting point for conducting any research is to take a stand in terms of research philos-

ophy. Different research philosophies contain different assumptions on how the world is viewed and 

more importantly how knowledge is being created and assessed. The initial choice of research philos-

ophy will lay the foundation for the investigation. It is vital to have an understanding of the underlying 

beliefs and assumptions to guide the development of knowledge, the nature of that knowledge, as well 

as the choice of research strategy and use of methods (Saunders, Lewis, & Thornhill 2006). The as-

sumptions of such philosophies concern ontology, epistemology, and methodology. Ontology is con-

cerned with the nature of reality, whereas epistemology addresses what is found as acceptable 

knowledge in the field of study, and lastly methodology addresses how we came about to know about 

those results.  
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The research question in this paper is considered from a perspective of critical realism. Within critical 

realism, one accepts the existence of an external world independent from our minds and our perception 

of it. However, the critical realists further acknowledge that this reality is not immediately accessible 

and not necessarily what we observe empirically, as individuals each have their unique interpretations 

of the world based on beliefs and habits that are socially constructed (Moses & Knutsen 2012). Thus, 

critical realists believe that there may be causal relationships and aim at uncovering them, but these 

should be subject to critical assessment. By the same token, this paper seeks to uncover the causal 

relationship between the effect of automation, labor market structures, and the outcome on employ-

ment, but acknowledge the complexity of the matter as well as the possible bias in the research. As 

such, throughout this paper, bias and limitations created in decision progress are critically assessed 

and discussed.   

Methodologically, critical realism emphasizes critical multiplism, i.e. triangulation (Guba 1990). 

Whereas positivists normally are constrained to the use of quantitative research, a constructivist 

paradigm normally adheres to qualitative methods, a key advantage of critical realism is the flexibility 

given in the allowed methods to be applied and embrace both quantitative and qualitative research 

(Saunders et. al. 2006). Thus, this paper will rely on both quantitative and qualitative methods as well 

as multiple data sources to capture different dimensions of the same phenomenon. This methodology 

requires the examination of empirical findings with existing theory to further elaborate and contribute 

to the existing knowledge. 

3.2 Research Approach  
 
Building on the methodology of critical realism, the retroductive mode of reasoning is applied. Retro-

ductive approach is a “...mode of inference in which events are explained by postulating [...] mecha-

nisms which are capable of producing them...” (Sayer 1992: 107). This entails the use of existing 

knowledge and tools to acquire new knowledge and thus getting closer to the real level of reality. Thus, 

we will leverage and combine the knowledge and theory obtained in the existing literature to frame 

our study of the combined effect of automation and labor market structures on employment. As such, 

our process of obtaining new knowledge is rooted in the existing resources available to further repro-

duce and transform the existing knowledge, rather than believed to be created out of nothing (Sayer 

2002).  

 

First of all, our framework and thus the regression model in the quantitative analysis will take its 

departure in the existing economic theory of production. Additionally, the results will be further 
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assessed through the Task Based Framework, which is rooted in previous research on automation im-

pact on employment within different groups of society. Furthermore, the connection to the labor mar-

ket structures is framed by the Varieties of Capitalism approach, which allows for consistency in the 

comparison of the two case countries. As such, the research approach of this paper combines and 

leverages existing knowledge of automation and institutional set-ups to support the creation of 

knowledge and to further answer the research questions. 

 
3.3 Mixed Method 
 
This paper will be based on a mixed-method research design. Simply put, mixed methods research is 

the type of research that combines elements of qualitative and quantitative research approaches e. g., 

use of qualitative and quantitative viewpoints, data collection, analysis and inference techniques, for 

the broad purposes of breadth and depth of understanding and corroboration (Johnson 2007). In this 

paper, we combine qualitative and quantitative both in terms of data and analysis. Firstly, the quanti-

tative analysis is conducted to verify or invalidate the presence of a correlation between automation 

and employment levels as found in the existing literature. Hereafter, the qualitative analysis is included 

to enhance the meaning of and thus to build on, the quantitative findings through the theoretical insti-

tutional frameworks. As such, the qualitative will enhance the explanation of the results generated 

through the statistical method and provide a more comprehensive account of how automation affects 

employment based on labor market structures. Thus, quantitative research provides an account of the 

process of automation in society, where qualitative research provides a sense of this process (Bryman 

2006).  

 
3.4 The Case Study Approach 
 
In line with the methodology of critical realism, this paper will be conducted as a case study. A case 

study can be defined as a research method investigating one or a few situations or social entities where 

data is gathered through multiple sources developing a holistic clarification (Easton 2010). This pro-

vides the opportunity of in-depth analysis, due to the narrow focus on two single cases. Also, case 

studies are well-suited for how and why questions and will, therefore, help us understand how labor 

market structures affect the employment outcome of automation as well as why the employment out-

come were affected. The trade-off in the case study approach is found in the depth of the study of each 

case contra the representativeness and thus generalization of results (Gerring 2012; Bennet 2005). 

However, by conducting an intensive case study research, the main purpose is to explore the ambiguity 

and further develop an understanding of the phenomenon. This emphasizes interpretation and 
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understanding of the case as well as an elaboration of societal meanings and sense-making processes 

in specific contexts (Kovalainen 2008). As this paper seeks to uncover the causal mechanisms and 

make sense of the process by discussing these in-depth rather than generalizing, the case study ap-

proach is deemed favorable as well as consistent with the philosophical perspective of critical realism 

(Easton 2010).  

 

The case study will be carried out in a comparative manner between the two case countries, Denmark, 

and France. The paper will apply a structured and focused strategy of comparison (Bennet & George 

2005). From statistical research, we borrow the structure of asking a set of standardized questions, yet 

general questions to provide structure to the comparison. As such, the theoretical frameworks of the 

Task Based Framework and Varieties of Capitalism will ensure that the comparison reflects the re-

search objective and has the theoretical focus of the inquiry. This structure ensures the acquisition of 

comparable data and further orderly, cumulative development of knowledge (Ibid). The objective of 

this strategy is theory building, rather than theory testing, why this case study will draw from both the 

heuristic case studies as well as the plausibility probes frames.  The objective of the paper, in line with 

the heuristic study, is to identify new variables, hypotheses causal mechanisms, and causal paths of 

how employment outcomes of the automaton are affected by labor market institutions. At the same 

time, this study serves as a preliminary study as the effect of labor market institutions on automation 

outcomes is relatively unexplored in the literature. This research can thus help determine whether more 

intensive and laborious testing is warranted. Due to this exploratory purpose, we deemed an in-depth 

focus of an intensive small-N study appropriate.   

 
3.4.2 Case Selection 
When choosing the right cases to study to answer the research question one should acknowledge the 

natural bias and thus an opportunistic, yet structured process (George & Bennet 2005). As such, our 

research object has scoped and guided the choice of cases; first of all, we chose not to study the devel-

oping or emerging markets. As this study sought to investigate the effect of automation and labor 

market institutions, the labor markets including industries, infrastructure, and institutions are needed 

to be at a certain maturity level to capture the full effect of automation and market structures with 

limited disruptions - which is often found in developing countries. Similarly, as case studies should 

employ variables of theoretical interest for purposes of explanation, developed markets were chosen 

to ensure all needed variables were available (Ibid). At the same time, the variables available in the 

case studies should also include a certain level of variance within units as well as across units.  
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The comparative design of this paper is based on the ‘least similar’ framework, here, two cases differ 

in all but one independent variable, and thus the inference might be made that this variable contributes 

to the invariant outcome. As such Denmark and France are chosen from a pool of developed countries; 

first of all their external environment are relatively similar, we acknowledge that international compe-

tition and trade barriers can reduce the pressure for local firms to implement ICT (Microsoft 2004), 

why two western economies within the European Union due to the presence of the Single Market and 

shared values in regards to issues such a foreign policy. Moreover, OECD finds that the level of au-

tomatability of France and Denmark is very similar; the share of people at high risk is 9 % and the 

mean level of automatability is 38 % (Arntz, Gregory & Zierahn 2016). However, looking at labor 

market coordination we see that Denmark has one of the highest union densities in the world (approx. 

67 %), where France has one the lowest (8%) (ILO 2017). As such, we see that France and Denmark 

should have some of the conditions to be affected by automation similarly, but their labor market 

coordination differs significantly which allow for a rich comparison of automation impact. 

 

3.5 Data Collection and Sources  
 
This paper builds on a wide variety of different secondary sources seeking to illuminate the subject 

from several angles. Though, in line with the methodology of critical realism, we acknowledge the 

possible bias within the individual source contribution as secondary sources are recordings of infor-

mation obtained elsewhere. Thus, this paper utilizes several data as well as data collection methods, to 

overcome some of the shortcomings of working with secondary sources. The following section will 

discuss the included sources as well as the collection of such data. 

 
3.5.1 Quantitative Data 

The primary source of quantitative data in this paper is the EU KLEMS database. The data for the EU 

KLEMS database is essentially obtained from the national accounts, labor statistics, etc. from National 

Statistical Institutes. Data collection is primarily done through local EU KLEMS consortium members 

in consultation with representatives. The national databases are stored and harmonized in the interna-

tional EU KLEMS database (Van Ark 2005). The EU KLEMS database provides measures of eco-

nomic growth, productivity, employment, capital formation, and technological change at the industry 

level for all European Union member states, Japan, and the US (EU KLEMS). 

The KLEMS growth accounting approach has a long tradition going back to the 1960s and 1970s when 

key publications by Jorgenson, Griliches, Christensen, and others gave rise to a new era in identifying 
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sources of growth. The KLEMS methodology moves beyond the aggregate value-added production 

function, by primarily focusing on gross output and the inputs contributing to gross output creation, 

and by providing a detailed breakdown of factor and intermediate inputs into their components, why 

the EU KLEMS has been deemed valuable for the purpose of this thesis (Van Ark 2005). The data 

provides information on overall industry growth as well as the inputs contributing allowing us to assess 

the relationship between theses inputs in accordance with macro-economic theory. Specifically, for 

the analytical purposes of this study EU KLEMS provides valuable information on capital in terms of 

prices and investment volumes on an industry level. Moreover, the data provides a classification of 

assets that consists of 10 investment categories, where three are related to automation in terms of 

Information and Communication Technology (ICT); Computing equipment, Communication 

equipment, and Software (Ibid). The distinction of the ICT variables has made EU KLEMS data highly 

applicable for studies of production and growth with a focus on technological advancement (Michaels 

et. al. 2014). Similarly, this measurement will be utilized in the specification of the explanatory vari-

able, which will be done in section 5. 

The EU KLEMS data will be supported by data from the World Bank database. Similarly, to EU 

KLEMS sets, the World Bank's dataset are generally generated by the national statistical systems 

(World Bank). 

3.5.2 Qualitative Data  
 
Qualitative data can be defined as “any information that can be captured that is not numerical in 

nature, that is not measurable data” (Eriksson & Kovalainen 2016: 82). In terms of qualitative data, 

this paper will rely on several sources, such as newspapers, government reports, academic articles, 

case studies, books, and websites to create a comprehensive empirical foundation. As qualitative re-

search is applied to enhance and widen the understanding of the subject, leveraging a vast amount of 

data sources will contribute to the depth of the analysis. Furthermore, the qualitative data will also 

support the validation of the quantitative findings. However, in line with the philosophy of critical 

realism both primary and secondary sources could include bias and should be assessed critically. 

Neither primary nor secondary sources of data guarantee objectivity or diminish the authors’ possible 

individual conception of the information found. The subjective contribution of each source should, 

therefore, be acknowledged (Moses & Knutsen 2012). 
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3.6 Qualitative Method  

Qualitative research within social sciences draws on more than one philosophical and disciplinary root, 

and thus allows for several methods of data collection and analysis. The appropriateness of the quali-

tative research approach for this study is found in the interest of interpreting and understanding social 

reality. Where quantitative research cannot address the social and cultural construction of its own ‘var-

iables ‘, the qualitative research allows for complexity in the causal relationship which is deemed 

valuable in understanding the effect of the specific labor market structures.  (Kovalainen 2008). Hence, 

a qualitative comparative analysis will move the research a step further, providing an extension to 

regression analysis when looking to identify cause and effect processes (Lo, Rey-Martin & Botella-

Carrubi 2020). Additionally, qualitative research is particularly relevant when prior insights and com-

prehensions about the studied phenomenon are limited. Thus, the qualitative research conducted in 

this paper will be exploratory, which is valuable as it allows for flexibility in the research process.  

Exploratory qualitative research in social science can be defined as “an attempt to discover something 

new and interesting, by working your way through a research topic” Swedberg (2018: 2). Doing this 

type of research can be risky, as it is impossible prior to the study to assess whether something inno-

vative will result from the research. Yet, this type of research is valuable as it can provide answers to 

the many uncertainties and complex problems that society face. This study can be characterized as an 

exploratory study as it seeks to research beyond what has been studied within automation previously 

(Swedberg 2018). More specifically, the qualitative analysis will be conducted in several steps and 

iterations to determine the relationship between employment outcomes of automation and existing 

labor market structures. Firstly, the quantitative results will be supported by qualitative research to 

understand the results through the Task Based Framework. This step is needed to identify the trans-

formation each country and its industries have experienced.  Hereafter, the differences in results will 

be assessed through the Varieties of Capitalism framework to explore to what extent the existing labor 

market structure have explanatory power for the employment outcome found the quantitative part of 

the study.   

 
 
3.7 Quantitative Method  

Quantitative methods are predominantly used synonymously with any data collection techniques or 

data analysis that generates or relies on numerical data (Saunders et al. 2006). Quantitative methods 

seek to build on and test theories to draw conclusions. Likewise, this paper will apply quantitative 

methods to test automation's effect on changes in employment in the form of a fixed effect regression. 
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The thesis will apply quantitative methods to verify or invalidate, but further expand, and discuss 

existing theory to provide a more systematic analysis of the research question. Thus, we apply a sta-

tistical research method, which is generally used to learn about a population with two primary variables 

of interest: a dependent variable and explanatory variables. 

For the purpose of this thesis, quantitative research is conducted as an experimental study. In an ex-

periment, subjects are assigned to experimental conditions that are compared to the response outcome 

(Agresti & Franklin 2013). Establishing cause and effect is central to science, even though one should 

be aware that correlation does not imply causation (Moses and Knutsen 2012). Because it is easier to 

adjust and control for hidden variables in an experimental study than, e.g., in an observational study, 

we can study the effect of the explanatory variable on the response variable (Agresti & Franklin 2013). 

As the purpose of this thesis is to evaluate the effect of employment patterns, a quantitative and an 

experimental approach is deemed appropriate. The specifications of the applied sample and model 

including variables will be elaborated on in Section 5. This will include considerations such as checks 

of model assumptions that are treated.  

3.6.1 Panel Data 

Using panel data, it is possible to follow the individual i e.g. a person, an industry, or a country over 

time. The dataset tends to be larger than for cross-sectional or time-series models as the explanatory 

variables vary over two dimensions. The main benefit of using panel data is having multiple observa-

tions on the same units, which allows us to control for certain unobserved characteristics of the indi-

vidual. As such, panel data estimation enables researchers to take heterogeneity explicitly into account, 

which is beneficial when working across countries and sectors, where there is bound to be heteroge-

neity (Gujarati 2003). The second advantage of panel data is that they often allow us to study the 

importance of lags in behavior or the result of decision making. This information can be significant 

because many economic policies or external shocks can be expected to have an impact only after some 

time has passed. Thus, estimators from panel data models are typically more accurate due to the two-

dimensional nature including more information, higher data variation, and more degrees of freedom 

(Wooldridge 2012). These characteristics make panel data well-suited for studying the dynamics of 

change, which in this analysis is important when studying an industry transition to a higher application 

level of automation.   
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3.7.1.1. Linear Panel Models.  

While there is a large number of different methods for modeling panel data, there are three linear 

models mainly used in social science research, namely Pooled Ordinary Least Square (Pooled OLS), 

Fixed Effects (FE) and Random Effects (RE), though the former is considered to be the weakest model 

in handling panel data (Gil-García & Puron-Cid 2013). The following section will explain the differ-

ences, benefits, and appropriateness of each. 

Pooled OLS is the most basic linear panel data model as it does not discriminate between types and 

see it as one big “pool” of cross-section data. Pooled OLS is often applied on large samples, where the 

assumption of random collected samples is deemed reasonable and the observations thus can be treated 

as independent and identically distributed (i.i.d.). The pooled OLS estimator is consistent and unbiased 

when the error term and explanatory variable is uncorrelated, that is E(xit | uit) = 0. Moreover, pooled 

OLS assumes no heterogeneity present and that the parameters equal for all industries, where b is the 

partial effect of xit on yit in period t for industry, i (Wooldridge 2002).  

𝑦!" = 𝛽𝑋!"# + 𝜖!" 

For i = 1,2,...,N, t = 1,2,...,T and for N or T → ∞.  

If we acknowledge some heterogeneity, due to the presence of unobserved individual-specific time-

invariant error term, 𝛼!. The error term will be 𝜇!" = 𝜖!" +	𝛼!,  split in a time-invariant and idiosyn-

cratic error term. Because of the unobserved heterogeneity, 𝛼!, there is a chance that the errors uit are 

correlated for each individual over time, and we cannot pool our cross-sectional data anymore, but 

rather need to treat it as "real" two-dimensional panel data. If we look at the static linear model with 

additive heterogeneity:  

𝑦!" = 𝜌" + 𝛽𝑋!"# + 𝜇!" 

Focusing on the composite error term, 𝜇!", it is an important feature of the panel data model, as it 

captures the unobservable variables that affect yit as two different parts. Firstly, the individual-specific 

heterogeneity, 𝛼!, which represents all factors that are important for the individual but does not vary 

over time. Secondly, the idiosyncratic errors, εit, that represent the time-varying unobserved factors. 

Similarly, the panel data model also allows us to control for aggregate time-specific effects, 𝜌". This 

term aggregates all the factors that affect yit and vary over time but affects the individual industry 

homogenously, such as temporal changes in the economic environment. This term is especially 
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relevant, as our sample covers several time periods affected by the financial crisis and business cycles, 

which could also affect levels of employment. A failure to account for aggregate trends could lead to 

spurious correlations (Wooldridge 2002). 

As the random effects and fixed effects models assume that the presence of 𝛼! captures all correlation 

between the unobservables in different time-periods, these panel data models reduce identification 

problems in the presence of endogenous regressors, omitted variables, measurement errors and identi-

fication of individual dynamics (Verbeek 2012). This entails the absence of correlation in the error 

term uit over time and across individuals, that the Xit are strictly exogenous and the serial correlation 

in uit does not cause inconsistency in the standard estimators. If the error terms are correlated over 

time, as the estimated standard errors will be downward-biased, as such a misleading inference can be 

done based on the assumption of i.i.d. error terms. We can avoid this type of invalid inference by 

adjusting the standard error for heteroskedasticity and serial correlation by clustering the standard er-

rors by the individual industry.  

3.7.1.2 The Model of Choice: Fixed Effects Estimation  

The implication of the presence of heterogeneity on the estimators is dependent on whether the 𝛼!, is 

correlated with the explanatory variables or not. If no correlation is found, that is E(𝛼! | xit) = 0, the 

pooled OLS estimator is consistent. However, the error will take a specific form, why the GLS-esti-

mator will be more efficient. This is known as the Random Effects estimator (RE). As mentioned 

above, when heterogeneity is present, that is E(𝛼! | xit) ¹0, the pooled OLS estimator becomes incon-

sistent and biased. Similarly, the RE estimator becomes inconsistent if the unobserved heterogeneity 

term, 𝛼!, is correlated with the explanatory variable. The most common way to address the problem of 

correlation, E(𝛼! | xit) ¹0,  is to transform the model and eliminating 𝛼!, which is known as the fixed 

effect estimator (FE). The difference between RE and FE is whether the unobserved individual effect, 

αi, contains elements that are correlated with the regressors (Xit) in the model.  

When applying a fixed-effects estimation, the most common method of estimating βit is with the 

"within-transformation" that allow varying points of intersection for the different individuals. By sub-

tracting the unit-specific means (𝑦!"− 𝑦$+), the within transformation, removes time-invariant infor-

mation, including αi, from the pooled OLS regression. Hence, the FE model does not allow for time-

constant variables as the RE model. Generally, this process removes a great deal of information in 

order to solve the problem of consistency in all fixed effect estimators, which can create larger standard 
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errors and hurt the significance of the estimators slightly. As such, are the assumption of no correlation 

true, E(𝛼! xit )=0, the standards error of the RE will be smaller than the standards errors of the FE 

estimation, and thus the RE will be the more efficient estimator. However, the assumption of uncorre-

lated effect rarely holds true.  

As 𝛼! is removed, the fixed-effects model allows αi to be arbitrarily correlated with the explanatory 

variables so that E(𝛼! xit) ¹ 0. The correlation builds on an assumption of strict exogeneity, which is 

then equal to consistent fixed-effects estimators. Strict exogeneity is when xit is controlled for, xis for 

s ¹  t, there is no partial effect on yit and this effect can be problematic when dealing with inter-temporal 

decisions and rules out feedback effects (Wooldridge 2002).  

In sum, it is important to choose the correct panel data models, as the model can become biased and 

inconsistent if the wrong estimator is applied. To decide among the three models, two different tests 

are applied. First, the Breusch-Pagan LM test is conducted to test for heterogeneity. Hence this test 

tells us whether the pooled OLS or RE estimator is appropriate to apply. If the test shows a significant 

result the random-effects model is preferred over the pooled OLS model and vice versa. 

Secondly, the Hausman-test is conducted to test whether there is a significant difference between the 

FE and RE estimators. The Hausman test is a Wald test, that is χ2(k) distributed for T → ∞. If the test 

result is significant, the individual-specific effects,	𝛼!, are correlated with the regressors and hence the 

FE estimator will be the appropriate model. If the test turns out to be insignificant, both models will 

be consistent, but as mentioned above RE estimator is more efficient than the FE.  

3.7.1.3 Other Potential Fixed Effects Models  

An alternative to the within estimator (FE) in dealing with unobserved heterogeneity,	𝛼!,  is the First 

Difference estimator (FD). Both eliminate the unobserved time constant effects from the regression. 

But where FE subtracts the unit-specific means, the FD subtracts the first lag (𝑦!"− 𝑦!"%&). Under the 

three assumption of strict exogeneity, the sample is random in cross-section and we observe variance 

in the variables over time, both the FD and FE are unbiased and consistent. However, the choice be-

tween the two estimators relies on the presence of serial correlations in the idiosyncratic errors. Are 

the errors uncorrelated over time, Cov(𝜖!" , 𝜖!"%&) = 0,	the standards errors of the FE estimator will be 

smaller than of the FD estimator, 𝑆𝐸(𝛽'(2 ) < 𝑆𝐸(𝛽')2 ). Conversely, do the errors follow a random 

walk, 𝜖!" = 𝜖!"%& + 𝜈!", where 𝜈!"is recognized as white noise, the FD estimator will be most efficient 
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as ∆𝜖!" = 𝜈!" and thus 𝑆𝐸(𝛽'(2 ) > 𝑆𝐸(𝛽')2 ). The presence of serial correlation in the errors will be 

further assessed in section 5 discussing the robustness of our model.  

3.8 Robustness of the Methodology 

In the previous section, several considerations have been made regarding the limitations of this thesis 

such as data limitation, design shortcomings, and potential room for biases. This section will sum up 

and discuss the overall consideration of the chosen methodological approach. 

While many social scientists argue that quantitative and qualitative methods can indeed be mixed to 

compensate for each of the strands' weaknesses, the use of mixed methods has been debated for several 

reasons (Bryman 2006). Though qualitative research is deemed vital to understand concepts, thoughts, 

and experiences, the research approach is often critiqued due to time-consuming data collection and 

processing and hence the risk of overlooking important information or factors relevant to the subject 

(Bryman 2006; Bak 2011). At the same time, the quantitative methods are often criticized for their 

detachment from the social world under investigation. This argument is rooted in how the understand-

ing of a social phenomenon will require knowledge of social life as well. As such arguing that in the 

process of applying quantitative methods, the complex nature of the phenomenon and thus the evalu-

ation of the assessed parameters becomes too simplified.  

These limitations of the method are acknowledged during this research. To overcome the limitations 

of quantitative research, it is based on previous research and existing theoretical assumptions. None-

theless, while the quantitative method might not tell us anything about 'why' the automation affects 

employment in the magnitude discovered, it will, however, support the process of uncovering the 

causal mechanism and overall purpose of the paper to study how labor market structures affects the 

labor market outcome of automation. Hence, the applied quantitative methods will seek to map the 

direction and magnitude of the automation effect and thus provide the basis for an in-depth under-

standing of the qualitative research. By the same token, the quantitative research will limit the time-

consuming process of the qualitative research (Lo 2020). However, it is further argued that researchers 

often apply a mixed-method approach without providing a clear rationale for their choice of methods, 

which often results in the research and findings not being integrated or presented in a coherent way 

(Bryman 2006). It is thus emphasized that the use of methods should predominantly be influenced by 

central research questions, rather than methodological and epistemological considerations (Kelle 

2006). In order to abide by these arguments and overcoming these limitations, the research approach 
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has been mainly influenced by the research question, which has brought attention to the integration 

and presentation of the findings to ensure a certain robustness of the applied approach. 

4. Theory and Framework  

The following section will present the theoretical frameworks for the analysis of labor market struc-

tures' impact on the employment outcome of automation. Firstly, the institutional framework Varieties 

of Capitalism will be presented and will guide the assessment of the two case countries' labor market 

structures. Hereafter, the macroeconomic theory will be presented and formed into the Task Based 

Framework guiding the specification of the fixed effects regression as well as the interpretation of the 

results.  

4.1 Varieties of Capitalism  

Hall and Soskice (2001) developed the Varieties of Capitalism approach as they sought to go beyond 

the three institutional perspectives that had dominated comparative capitalist studies (Modernization 

approach, neo-corporatism and Social System of Production). Hall and Soskice wished to bring the 

firm back into the center of the comparative analysis, but without neglecting the role of trade unions, 

business associations and other types of relationships among firms play in the political economy. As 

such, the VoC approach is an actor-centered approach, for investigation of the sphere of the political 

economy as a terrain of multiple actors, each of whom seeks to advance their interest in a rational 

manner through strategic interaction. By moving the focus to the strategic interaction of actors, the 

premise of the framework is found in how the most important institutional structures – such as labor 

market regulation, of education and training, and of corporate governance – affect how the actors be-

have. Thus, the VoC approach provides a framework to investigate institutional differences on the 

national level that form and hence characterize the strategic actions of multiple actors, with the firm at 

the center of the analysis (Hall & Soskice 2001). 

Within the VoC approach Hall and Soskice (2001) describe two ideal types of capitalist market econ-

omies; liberal market economies (LME) and coordinated market economies (CME). In LMEs, firms 

coordinate their activities through market mechanisms and hierarchies. The market relationships are 

based on 'at arm's-length' exchanges of goods or services in a competitive sphere reliant on formal 

contract. Supply and demand for goods and services are created based on the marginal calculations 

stressed by neoclassical economics and respond to price signals generated by the markets. In contrast 

to, firms in a CME depend heavily on non-market coordination and relationships with other actors to 



Rikke Bang Helvind | Master Thesis  

 26 

construct their core competencies. This type of non-market coordination is often characterized by net-

works, incomplete contracting, and extensive relationships. Thus, when building competencies within 

the firm, actors are more reliant on collaborative, as opposed to competitive, relationships. In contrast 

to LME where equilibrium outcomes of firms are usually based on demand and supply conditions in 

competitive markets, the equilibria in CMEs are more often the result of strategic coordination among 

firms and other actors. 

Furthermore, Hall and Soskice (2001) argue that for advanced capitalist countries, those whose insti-

tutions best fit either the liberal or coordinated market economy, will perform better than countries 

where institutional set-ups are a mix between the two types (Campbell & Pedersen 2007). They argue 

that the presence of institutional complementarities reinforces the differences between liberal and co-

ordinated market economies. Institutions are said to be complementary if the presence or efficiency of 

one institution increases the return or efficiency of the other. Thus, the VoC approach predicts that 

socioeconomic performance is better in countries that best fit one or the other of these two types (Ibid, 

Hall & Soskice 2001). One example is how an educational system with a focus on general and trans-

ferable skills as in an LME are complementary to a highly fluid labor market, to further accommodate 

technology transfer that relies on labor mobility (Hall & Soskice 2001). As such, according to the VoC 

approach, the greater the complementarity among institutions, the more coherence is seen in the econ-

omy as a whole, and the more successful the economy will be - a country that resembles either the 

pure LME or CME will perform better (Campbell & Pedersen 2007). 

The VoC approach is deemed valuable for answering the research as it is an actor-centered approach 

with the firm at its core. Yet, it further acknowledges the importance of interactions between actors 

and how this shapes decision making. As such, the approach allows us to analyze the firm's decision-

making regarding the implementation of automation, as well as how this process and results are af-

fected by the external environment. However, other frameworks were considered. Firstly, the frame-

work of 'social system of production' (SSP) was considered. This framework, similar to the VoC, is 

actor-centered and focuses on sectoral governance, national innovation systems, and flexible 

production regimes responding to the reorganization of production in response to technological 

change. As such, the SSP could have been valuable in analyzing changes in not just production, but in 

how technological progress affects the larger society as well (Hall & Soskice 2001). However, as the 

focus of this paper is how external factors affect the decisions of the firm, and not the structural change 

in society, the VoC was deemed more appropriate. By the same token, had the focus of this paper been 
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to evaluate changes in the welfare regimes due to automation, typology by Esping Andersen could 

have provided a fitting scope.  

4.2. Macroeconomic Theory and the Task Based Framework  
 
4.2.1 The Production Function 
A macroeconomic production function is a mathematical expression that describes the systematic 

relationship between inputs and output in an economy. As such, it is a heuristic device to describe the 

maximum possible output that can be produced using different combinations of inputs given a specific 

technology level. This can be expressed mathematically Y = f(X), where X is a vector of factor inputs 

and f(X) is the maximum output that can be produced given the set of inputs. This general formulation 

can be applied at both microeconomic and macroeconomic levels (Miller 2008).  

 

Building on the general form of the production function, the neo-classical model of economic growth 

developed by Solow and Swan (1956) is a cornerstone of macroeconomic growth theory. Despite its 

simple construction, it provides a framework for analyzing the dynamics of output (Hill 2007). The 

Solow model originally includes four variables: output (Y), capital (K), labor (L), and technological 

progress (A). At any time, the economy has some given quantity of capital, labor, and a certain level 

of technological progress, which is combined to produce a certain level of output. The production 

function takes the form (Romer 2012). 

𝑌(𝑡) = 𝐹(𝐴*(𝑡)	𝐾(𝑡), 𝐴+(𝑡)𝐿(𝑡)	) 

This simple construction relies on several assumptions regarding production. First of all, we assume 

here that technological progress (A) can be both capital and labor augmenting, but not necessarily 

Hicks neutral (AK=AL). Had we assumed neutrality; the technological progress affects the productivity 

of both inputs equally and keeps the ratio between capital and labor constant (Cahuc & Zylberberg 

2014). However, as we seek to investigate the effect of progress and thus the increase of a specific 

type of capital on the level of labor, the assumption of neutral progress would not hold. Second of all, 

the Solow model assumes constant returns to scale – i.e. if you double both capital and labor, you will 

also double output. This assumption can be thought of as a combination of two separate assumptions. 

The first is how the economy is large and mature enough that the gains from specialization have been 

exhausted. In a smaller or less mature economy, doubling one input without the other could potentially 

double output. However, in a developed economy inputs are complementary to a certain degree, and 

therefore have to be doubled together to double the output. The second assumption states that if the 
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economy is sufficiently large, a doubling of inputs will essentially scale the same way as the existing 

inputs and the output doubles (Romer 2012).  

 

However, increasing the amount of either capital or labor in production individually results in dimin-

ishing returns in terms of output. Thus, if we were to increase the quantity of labor in production whilst 

capital remained constant, the returns to labor in terms of output would marginally diminish. Third of 

all, as seen in the production function the Solow model assumes that inputs beyond the capital, labor, 

and technological progress are relatively unimportant. Some economists have argued that certain var-

iables, e.g. the level of natural resources available, have been neglected. If natural resources are im-

portant for a countries production, doubling labor and capital will not double the output (Romer 2012). 

However, as the focus of this paper is the substitutable relationship between labor and capital, and the 

chosen case countries' main production is not centered around natural resources, such assumption is 

not deemed an issue. Lastly, one should be aware that the model is set in continuous time. All variables 

in the model are defined at any given point in time (Romer 2012). 

 
 
4.2.2. Investments and Capital Dynamics 
  
According to the neoclassical theory of capital, a production plan for the firm is chosen by maximizing 

net revenue over time. Under certain and well-known conditions, this leads to the maximization of the 

net worth of the firm as the criteria for optimal capital accumulation. Capital is accumulated to conduct 

‘capital tasks’ that are inputs in the production process, which are summarized in the production func-

tion. The net revenue is given by the total output less the expenditures of inputs.  

 

max	(𝑅(𝑡) = 𝑝 ∗ 𝐹(𝐾,, 𝐾- , 𝐿) − 𝑟,𝐾, − 𝑟-𝐾- −𝑤𝐿 

 
 
A central feature of the theory is the response in demand for capital to changes in the relative factor 

productivities. We assume that output and employment and capital stock are determined by a kind of 

iterative process. In each period, production and employment are set at the levels given by the marginal 

productivity, and where after the demand for capital is set at the level given by a second marginal 

productivity condition, given output and employment. The marginal productivity conditions are given 

by: 

 

𝜕𝐹
𝜕𝐾,

= 𝑟, 
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𝜕𝐹
𝜕𝐾-

= 𝑟- 

𝜕𝐹
𝜕𝐿 = 𝑤 

 

The demand for capital is not equal to investments. The determination of investment behavior depends 

on a lagged response in the demand for capital. For simplicity, the lagged response is often assumed 

to be fixed. Total investment, 𝐼", is the sum of investment for expansion, 𝐼(, and investment for 

replacement, 𝐼..  

𝐼" = 𝐼( + 𝐼. 

 

Investments for replacement is given by the depreciation rate of the total amount of capital, K.  

 

𝐼.," = 𝛿𝐾" 

 

The capital dynamics in the production function can, thus, be given by  

 

𝐾"0& = 𝐼" + (1 − 𝛿)𝐾" 

 
 
4.2.3. Elasticity of Substitution 

While production functions were originally designed with the individual firm in mind, this 

methodology provides a useful tool for macroeconomists in estimating certain parameters that cannot 

be directly measured from the national accounts data. For the purpose of this assignment, the most 

important factor is the elasticity of substitution between capital and labor (Miller 2008). The elasticity 

of substitution in production is a measure of how easy it is to shift between production inputs, in this 

case, capital and labor. 

To find the elasticity of substitution between capital and labor, we start by estimating the marginal rate 

of technical substitution (MRTS). MRTS is the rate at which labor can be substituted for capital while 

holding output constant along an isoquant; that is, it is the slope of the isoquant at a given point. The 

elasticity of substitution is defined as the percentage change in factor proportions resulting from a one-

unit change in the marginal rate of technical substitution (MRTS). Thus, for a two-input production 

function, Y = f (K, L), the elasticity of substitution between capital and labor is given by  
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𝜎 =
%∆(𝐾 𝐿⁄ )
%∆𝑀𝑅𝑇𝑆 = O

𝑑(𝐾 𝐿)⁄
𝑑𝑀𝑅𝑇𝑆Q ∗ R

𝑀𝑅𝑇𝑆
𝐾 𝐿⁄ S =

𝜕ln	(𝐾 𝐿⁄ )
𝜕𝑀𝑅𝑇𝑆  

If we assume that the markets are competitive, then the inputs cost will be corresponding to their 

marginal product. Hence, the elasticity of substitution can now be written as  

𝜎 =
%∆(𝐾 𝐿⁄ )
%∆(𝑤 𝑟⁄ ) =

𝜕ln	(𝐾 𝐿⁄ )
𝜕𝑙𝑛(𝑤 𝑟⁄ )  

Where w represents labor wage and r represents the rental rate of capital. 

If the elasticity of substitution is unitary (σ = 1), any change in w/r will be matched by a proportional 

change in K/L. However, if σ > 1 the inputs capital and labor become substitutes, and closer to infinity 

the closer the factors become perfect substitutes where only the cheapest input is applied. On the con-

trary, if σ < 1 the inputs are considered complements, where the extreme case of perfect complements 

is σ = 0 (Miller 2008). 

In this paper we will for simplicity assume constant elasticity of substitution (CES), In other words; 

the production technology has a constant percentage change in factor proportions due to a percentage 

change in the marginal rate of technical substitution over time. One specific version of this type of 

production function is the Cobb Douglas production, which assumes σ = 1. Though the Cobb Douglas 

is extensively applied throughout the literature due to its ease of application and flexibility, the rigidity 

regarding CES would hamper our analysis as we seek to investigate whether automation capital and 

labor are complements or substitutes and will therefore not be applied on the inputs of investigation. 

Similarly, traditional growth models depend in a critical way on the assumption of zero substitution 

between labor and capital, as Solow (1956), Swan (1956) and others have shown (Arrow, Chenery, 

Minhas & Solow 1961). However, as literature shows quite a variation in results regarding the over-

all elasticity of substitution between capital and labor, this paper will follow Arrow, Chenery, Minhas 

& Solow's (1961) findings of varying degrees of substitutability in different types of production and 

thus different substitutability in different industries. We, therefore, assume CES within the industry, 

but allow for variation across industries. 

 

4.2.4 Task Based Framework 

Simply put, the production of output is based on the completion of a range of tasks. Automation tech-

nology enables capital to perform tasks previously performed by labor. Since the 1980s advances in 
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automation technologies have allowed firms to automate a wide range of production tasks that were 

performed manually by workers (Acemoglu & Restrepo 2019). As tasks are a fundamental unit of 

production, this will be at the center of our analysis. 

In the Task Based Framework presented by Acemoglu & Restrepo (2019), we assume that production 

combines a range of tasks to produce the wanted output. In this framework, the tasks are indexed by z 

and normalized to lie between N-1 and N. These tasks are conducted by using either capital or labor. 

Let I indicate the technology level and thus indicate how many tasks can be produced by capital. As 

such, tasks where z > I are not automated, and can only be produced with labor, which has the wage 

rate w, and similarly tasks z ≤ I are automated and can be produced with capital, which has the rental 

rate r. This implies that we assume that labor has both a comparative and absolute advantage in higher 

indexed tasks. Let us start by presenting two main effects; Firstly, an increase in I represents the 

introduction of automation technology and hence more tasks can be performed by capital. On the con-

trary, an increase in N corresponds to the introduction of new labor-intensive tasks (Acemoglu & 

Restrepo 2019).  

The combination of these two properties can capture the four effects of the Task Based Framework 

seen in the literature review. Firstly, defining the substitution effect as the process of capital taking 

over tasks previously performed by labor. This would be represented as an increase in I, but without a 

change in N. Secondly, the scale (or productivity) effect firstly represents a Hicks Neutral advancement 

of I where the K/L is kept constant. Secondly, it is represented as a decrease in r, which further trickles 

down into a decrease in product prices and hence increasing demand that in turn increases the demand 

for more production including inputs. The change in I is therefore associated with an overall increase 

in N – which does not represent the creation of new labor-intensive task, but rather an increase in 

demand for the already existing task. However, had the change in I increased N through the creation 

of new tasks, this will be captured in the reinstatement effect. Lastly, the composition effect arises from 

the reallocation of activity across sectors with different tasks and labor intensities. To capture this 

effect will then compare the change in I and N across the tasks, firms or industries, as the change in I 

will cause a shift in the K/L ratio in two occupations, one where L is reduced and one where L increased 

compared to the level of capital. 

 

4.3 The Applied Framework 

Based on the theoretical knowledge presented above we present the production function as a CES 

function of capital and labor:  
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𝑌 = 	𝐾-1 XY𝜃(𝑁, 𝐼)𝐾,
2%&
2 + (1 − 𝜃(𝑁, 𝐼))𝐿

2%&
2 \

2
2%&

]

3

 

Firstly, one should note that for analytical purposes the capital component has been split into two 

production inputs; automation capital, KA, and other capital, KO. The labor input is represented by L. 

Between KO and combined tasks of L and KA, the production takes the form of a Cobb Douglas pro-

duction function which assumes the elasticity of substitution to be equal to one, represented by a and 

b. However, between KA and L, the production function represents a more general CES model. The 

shared parameter for KA, θ(I, N ), is the automation capital task content of production, which represents 

the share of tasks performed by automation capital relative to labor depending on N and I. Conversely, 

(1-θ(I, N )) is the labor task content of production. Hence, an increase in θ(I, N ) shifts the task content 

of production in favor of KA and against L. Moreover, the elasticity of substitution between KA and L 

is represented by s. As mentioned above we assume CES, but the component provides significant 

analytical meaning. As mentioned above, it is the magnitude of s will allow us to analyze the effect 

of the deployment of automation capital, the change in I, and will thus be the main focus of the applied 

fixed effect regression. One limitation of this regression is that the output will only tell us the direction 

and size of the elasticity of substitution, but not distinguish between positive effects e.g. a scale or 

reinstatement effect. This limitation will be compensated by qualitative research.  

5. Empirical Analysis  

Having developed a framework that can be used to address the research question, the following part 

of the thesis will address the research questions in two parts; firstly the impact of automation on an 

industry level and secondly how the labor market structures can influence this impact. The following 

section addresses the first part by mapping and conducting the statistical analysis of automation's im-

pact on employment by country, tasks and industry. Firstly, the specification of the model is presented. 

Secondly, the assumptions of the fixed effects model as well as the robustness of the results are dis-

cussed. Lastly, the results by each country are presented and further analyzed within the Task Based 

Framework. 

5.1. Hypothesis or expectations from the results   
 
As found in the literature review, more negative impact of automation on employment in sectors where 

more physical routine tasks are employed is expected. By the same token, a lesser effect or even a 
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positive impact in sectors with a more cognitive analytical tasks and a highly educated labor force is 

expected. However, as the Task Based Framework predicts, it is expected to find a decrease in em-

ployment in a sector where cognitive routine tasks are highly present. 

 
5.2 Sample  

As mentioned above this study is based mainly on data from EU KLEMS supported by country-level 

data from the World Bank. The EU KLEMS data originally include the EU28 countries as well as the 

United States and Japan (Van Ark 2005). In this study, Denmark and France have been chosen as the 

case studies. The data obtained through the nationals account every year and covers the period of 1975-

2015 and 1978-2015 for Denmark and France, respectively. The Danish dataset includes 29 individual 

subindustries, summed together into eight overarching industries. Similarly, the French dataset con-

sists of subindustries that are bundled under eight industries. However, under industry 2 (retail) and 3 

(transport) the subindustry data is not reported, why these two industries will be treated as longitude 

data. Thus, the French dataset consist of 24 subindustries and two industries, that combined provide 

the same eight as the Danish data. As such, the data utilized in this paper consists of two sets of bal-

anced panel data with 1.189 and 988 observations for Denmark and France, respectively. 

The analysis of the ICT capital investments effect on employment will be conducted through a fixed 

effect model regressed on three different levels. Firstly, on the country level capturing the overall effect 

on the specific investments on employment. Secondly, the eight industries have been divided into three 

categories: 1) routine, 2) cognitive routine and 3) cognitive analytical tasks guided by the Task Based 

Framework. The fixed effect regression conducted on this level will provide the results needed to 

analyze the effect within specific tasks and hence compare to existing theory, before bringing the anal-

ysis down to the individual industry level based on the eight overarching groups. In sum, these regres-

sions will provide 12 slope parameters for each country indicating whether labor and automation cap-

ital are substitutes or complements within the specific country, tasks and industry. 
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Table 1:  

Task  Industries included Subindustries included  
1. Routine  Manufacturing, Infra-

structure and construc-
tion 

‘Food products, beverages and tobacco’, 
‘Textiles, wearing apparel, leather and 
related products’, ‘Wood and paper 
products; printing and reproduction of 
recorded media’, ‘Coke and refined pe-
troleum products’, ‘Chemicals and 
chemical products’, ‘Rubber and plastics 
products, and other non-metallic mineral 
products’ ‘Basic metals and fabricated 
metal products, except machinery and 
equipment’, ‘Electrical and optical 
equipment’, ‘Machinery and equipment 
n.e.c.’, ‘Transport equipment’, ‘Other 
manufacturing; repair and installation of 
machinery and equipment’ , ‘Electricity, 
Gas and Water Supply’ and ‘Construc-
tion’ 

2. Cognitive Routine Retail, Wholesale, 
Transport and Leisure 
services 

‘Wholesale and retail trade and repair of 
motor vehicles and motorcycles’, 
‘Wholesale trade, except of motor vehi-
cles and motorcycles’ , ‘Retail trade, ex-
cept of motor vehicles and motorcycles’, 
‘Transport and storage’, ‘Postal and 
courier activities’, ‘Arts, entertainment 
and recreation’, Accommodation and 
Food Service Activities’ and ‘Other ser-
vice activities’ 

3. Cognitive Analytical  Communication, infor-
mation services, Public 
sector and Financial 
services 

‘Publishing, audiovisual and broadcast-
ing activities’, ‘Telecommunications’ , 
‘IT and other information services’, 
‘Public administration and defense; 
compulsory social security’, ‘Education’ 
, ‘Health and social work’, Financial 
and Insurance Activities’ and ‘Real Es-
tate Activities’ 
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Table 2:  

Industry Sub industries included 
1. Manufacturing ‘Food products, beverages and tobacco’, ‘Textiles, wearing apparel, 

leather and related products’, ‘Wood and paper products; printing and 
reproduction of recorded media’, ‘Coke and refined petroleum prod-
ucts’, ‘Chemicals and chemical products’, ‘Rubber and plastics prod-
ucts, and other non-metallic mineral products’ ‘Basic metals and fabri-
cated metal products, except machinery and equipment’, ‘Electrical and 
optical equipment’, ‘Machinery and equipment n.e.c.’, ‘Transport 
equipment’ and ‘Other manufacturing; repair and installation of ma-
chinery and equipment’ 

2. Retail and Wholesale  ‘Wholesale and retail trade and repair of motor vehicles and motorcy-
cles’, ‘Wholesale trade, except of motor vehicles and motorcycles’ and 
‘Retail trade, except of motor vehicles and motorcycles’,  

3. Transport ‘Transport and storage’ and ‘Postal and courier activities’  
4. Communication and 

information services 
‘Publishing, audiovisual and broadcasting activities’, ‘Telecommunica-
tions’ and ‘IT and other information services’  

5. Public sector  ‘Public administration and defense; compulsory social security’, ‘Edu-
cation’ and ‘Health and social work’ 

6. Leisure services  ‘Arts, entertainment and recreation’, Accommodation and Food Service 
Activities’ and ‘Other service activities’ 

7. Infrastructure and 
construction  

‘Electricity, Gas and Water Supply’ and ‘Construction’ 

8. Financial services  ‘Financial and Insurance Activities’ and ‘Real Estate Activities’ 
 
 
 
5.3 The Model 
Based on the Task Based Framework, the regression model applied in this paper will be structured as 

the following: 

∆(𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡)!" = a! + 𝜌" + 𝛽&𝐼𝐶𝑇_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!" + 𝛽4𝑋!"# + 𝜇!" 

 

The regression will capture the effect of automation on employment growth. As such, b1 will capture 

the effect of automation through the explanatory variable ICT intensity, while b2 captures the effect of 

the chosen control variables included in the vector X´. The control variables chosen vary both across 

time and industry and have been attributed explanatory power related to the level of employment in 

the existing literature and economic theory. However, covariates that do not vary across time but across 

industries are captured by the individual-specific-effects, ai . Similarly, the covariates that do vary over 

time, but affect each industry homogenously, are captured by the time-specific-effects rt. Lastly, 𝜇!" 
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represents the idiosyncratic errors. The notation ‘i’ represent the individual subindustry and ‘t’ donate 

the time dimension given by year.  

 
5.3.1 Explanatory Variable  
 
As seen in the literature review, properly quantifying automation levels can be more difficult than it 

might seem at first. Several considerations were made in deciding what proxy to use for automation 

and how to specify it. Firstly, inspired by Mann & Püttmann (2018), the use of automation patents was 

considered. However, given that we are analyzing European markets and the most available proxy was 

patents filed in the United States, the explanatory power was reduced. Moreover, the price of ICT 

capital was considered. This proxy can be introduced with the assumption that a fall in prices approx-

imates the advancement done within the technology. While the EU KLEMS data does provide such 

variables for all types of capital investments including ICT on industry level, the data showed that the 

price of Communication Equipment has been increasing during the time period of investigation, which 

violates the needed assumption. Finally, the proxy of automation intensity was chosen. This proxy has 

been widely applied in the literature (though in different specifications) making our regression more 

comparable across the existing literature. 

 

Inspired by Michaels et. al. (2014), our variable is constructed by dividing the annual investment made 

in each of the ICT capitals in each industry with the total value added of the industry. More specifically, 

it is the nominal gross fixed capital formation (in millions of national currency) of each of the three 

predetermined ICT capitals over the level of Gross value added at current basic prices (in millions of 

national currency). Lastly for the simplicity of interpretation the logarithm is applied.  

 

𝐼𝐶𝑇_𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!" = 	𝑙𝑜𝑔 0
𝐶𝑜𝑚𝑝𝑢𝑡𝑖𝑛𝑔	𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 + 𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠	𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 + 𝐶𝑜𝑚𝑝𝑢𝑡𝑒𝑟	𝑠𝑜𝑓𝑡𝑤𝑎𝑟𝑒	𝑎𝑛𝑑	𝑑𝑎𝑡𝑎𝑏𝑎𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙	𝑣𝑎𝑙𝑢𝑒	𝑎𝑑𝑑𝑒𝑑 > 

 

As the EU KLEMS data provides measures of other types of capital formation, it was considered to 

include other types of capital beyond ICT. For example, the measure of Other Machinery and Equip-

ment was considered to represent robotics, as this paper recognizes that automation technology goes 

beyond ICT advancements. However, the three chosen types of capital have been marked as a proxy 

for technological advancement in the construction of the EU KLEMS data and existing literature – 

thus again making our regression and the proxy more comparable throughout the literature.  
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Figure 1 and 2 show the distribution of the explanatory variable on country level. The variables con-

verge to a normal distribution and are within a comparable range, thus these allow for inference.  

 

 

 
 
 
 
 
 
 
 
 

 
 
5.3.2 Dependent Variable  
 
This thesis seek to investigate the effect of automation on employment, however as employment is a 

stock variable rather than a flow variable as capital investments, thus the variable is transform to the 

first difference of the employment levels to capture the annual employment growth. Furthermore, the 

EU KLEMS data provides two measures of employment on industry level; Number of persons engaged 

(thousands) and Number of employees (thousands). As discussed later in the paper, labor market struc-

tures, including e.g. the ease of which companies can hire and fire employees, and how this affects the 

deployment of automation, the measure of Number of employees (thousands) is chosen. The number 

of persons engaged (thousands) does not as rigidly capture the employment structures and would, 

therefore, provide less explanatory power. As such, our dependent variable is constructed as the fol-

lowing.   

 

∆(𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡)!" = logh𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠!,"l − log	(𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠!,"%&) 

 

While the variable at country level in the Danish dataset resembles a normal distribution (figure 3), 

the French variable provides some issues for the regression (figure 4). Firstly, the variable in the French 

dataset includes a significant larger range of observations than Danish and as these observations are 

also observed as outliers, this could hinder the inference as well as the comparability across the two 

countries. To avoid losing too many observations in the French dataset, the variable is firstly censored 

rather than truncated at the minimum and maximum found in the Danish variable. However, this cre-

ated a large spike of observation as outlier on the right side, these observations were truncated. As 
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such, the distribution of the French variable available for the study and inference is seen in figure 5.  

 

 
5.3.3. Control Variables  
 
The control variables included to assess the robustness of the regression are imports, wages, and 

other capital investment.  

 
Imports are included as a control variable, as the decrease in routine tasks occupation in OECD coun-

tries has been, in some strands of the literature been, attributed to international trade and the increased 

global competition (especially within low-wage labor) in the past 50 years (Bermand, Bound & Ma-

chine 1997; Olsen 2006; Hijzen & Swaim 2007).  The variable is pulled from the World Bank database 

and includes both the imports of goods and services measured in billions of current USD1. However, 

one limitation of this variable is how it is measured on country level, rather industry or subindustry, 

as the variables provided by the EU KLEMS database.  

 

Wages are included as a control variable as they can serve as a push and pull factor among industries 

(Harris, Kimson & Schwedel 2018). Thus, wages can have explanatory power in regard to the level 

of employment as more individuals will be more prone to apply to industries where wages are 

higher, ceteris paribus. However, the EU KLEMS data does provide a direct measure of wages. This 

variable is therefore constructed by dividing the total labor compensation per industry, thus the accu-

mulated wages, by the total number of employees per industry providing an indicator of average 

wages within industry  

 

 
1 Imports of goods and services represent the value of all goods and other market services received from the rest of the 
world. They include the value of merchandise, freight, insurance, transport, travel, royalties, license fees, and other ser-
vices, such as communication, construction, financial, information, business, personal, and government services. They 
exclude compensation of employees and investment income (formerly called factor services) and transfer payments. Data 
are in current U.S. dollars (World Bank) 
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𝐴𝑣𝑔_𝑤𝑎𝑔𝑒 = 	
𝐿𝑎𝑏𝑜𝑢𝑟	𝑐𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛	(𝑖𝑛	𝑚𝑖𝑙𝑙𝑖𝑜𝑛𝑠	𝑜𝑓	𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙	𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑦)

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠	(𝑡ℎ𝑜𝑢𝑠𝑎𝑛𝑑𝑠)  

 

This measure does have its limitation as it is an industry-wide average and thus does not consider 

education level, experience, or firm-specific factors which among others affect the individual's wage 

level. However, for the purpose of this exercise, it is deemed feasible. 

 

Lastly, the level of the ‘other capital investments’ is included to investigate whether the change in 

employment is due to an overall expansion of the company or industry, not caused by automation. One 

example is increased government investments as seen within green energy in this period. Such expan-

sion includes an increase in all factors of production, similar to the scale effect in the Task Based 

Framework, however not initiated by automation.  This variable is included as the sum of investments 

in the last seven capital categories provided by EU KLEMS; Transport Equipment, Other Machinery 

and Equipment, Total Non-residential Investment, Residential Structures, Cultivated Assets, Research 

and Development, Other IPP. 

 
5.3.4 Model Appropriateness: Pooled OLS, RE and FE 
 
Breusch-Pagan LM test 

As explained in section 3.7, the Breusch-Pagan LM test can help determine whether Pooled OLS or 

RE is more appropriate for the study. Due to the structure of the data, the Breusch-Pagan LM test is 

conducted both on country level, task level and industry level, providing a total of 24 Breusch-Pagan 

LM tests, which can be found in appendix 11.1.1 and 11.2.1. The tests showed quite a variation in 

results, including a p-value of 1 indicating no presence of individual effects, and a p-value of 0,00 

indicating a strong presence of individual effects - hence that the RE model is more appropriate. As 

the individual effects can cause inconsistent estimation and hence inference, a model that allows for 

the presence of individual effects is deemed appropriate for all regressions for overall consistency.  

Hausman test  

Furthermore, in order to determine if the FE or RE model should be used, It is considered whether the 

individual-specific-effects, 𝛼I is correlated with the explanatory variables. Here the Hausman test ap-

plied. Again, the test is conducted both on country level, task level and group level, providing a total 

of 24 Hausman tests, which can be found in appendix 11.1.2 and 11.2.2. Also, here the tests showed a 

variation in results. However, as seen in the tables below showing the country level regression results, 
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the FE model and RE show quite different results of the effect of ICT capital on employment. The FE 

model is therefore deemed most appropriate for the study.  

  France      Denmark   
  (FE) (RE)    (FE) (RE) 
  dlogempC dlogempC    dlogemp dlogemp 
Log_ICT_INT 0.104***         0.008     Log_ICT_INT -0,003 0.001 

 (0.0272) (0.0045)   (0.0020) (0.0018) 
       

Avg_wage 0.010*           0.006***  Avg_wage  -0.000  0.000 
 (0.0049) (0.0017)   (0.0001) (0.0001) 
       

Imports_BN  0.000  0.000  Imports_BN  -0.000**  -0.000*** 
 (0.0000) (0.0000)   (0.0000) (0.0000) 
       

Other_inv_~E  -0.000  -0.000  Other_inv_~E  0.000  0.000* 
 (0.0000) (0.0000)   (0.0000) (0.0000) 
       

_cons 0.173*** 0.002  _cons  -0.003 0.004 
 (0.0501) (0.0093)   (0.0041) (0.0037) 

N 882 882  N 1187 1187 
Standard errors in parentheses  Standard errors in parentheses 

* p<0.1, ** p<0.05, *** p<0.01  * p<0.1, ** p<0.05, *** p<0.01 
 
 
 
5.3.5 Consistency and Bias in the Panel Data Model 

In order to further ensure consistent and unbiased estimates, two tests have been conducted to investi-

gate the presence of heteroscedasticity and serial correlation in the idiosyncratic errors in all regres-

sions. The presence of serial correlation can cause the estimated standard errors to be smaller than true 

estimates, which in turn will let the parameter estimates show more significant than true (Gujarati 

2003). The Wooldridge test for serial correlation in panel data shows the presence of first-order serial 

correlation in some of the regressions (Appendix 11.1.4 and 11.2.4). This is expected as serial corre-

lation is often present in ‘small N, large T’ studies. This can be corrected by transforming the model 

into a dynamic model, introducing lag of the explanatory variable or by using clustered standards 

errors. For simplicity the latter is introduced in all regressions. Furthermore, the presence of heteroske-

dasticity can increase the variance of the coefficient estimates, which produces smaller p-values, and 

again wrong inference can be a risk. The fitted values of the dependent variable and the idiosyncratic 

errors are used to test for the presence of heteroskedasticity (Gujarati 2003). While the presence of 
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heteroskedasticity was rejected at 5 % significant level in all regressions, except Industry 7 (Infrastruc-

ture and Construction) in France (Appendix 11.1.3 and 11.2.3). Clustered standard errors are intro-

duced to address both the heteroskedasticity and serial correlation in all regressions, because  one 

should “assume that the errors might be heteroskedastic unless you have compelling reasons to believe 

otherwise” (Wooldridge 2013, 209), why clustered standard errors are applied in all regressions.  

Moreover, multicollinearity between the explanatory variables is considered. The presence of 

multicollinearity can cause larger variances and covariances, again hampering precise estimation. To 

detect the presence of multicollinearity a correlation matrix is presented (Appendix 11.1.5 and 11.2.5). 

The largest correlation found in between ICT intensity and imports was approx. 59 % in industry 5 in 

the Danish dataset. While this is relatively high, it is not deemed disrupting to the analysis as this is 

still under critical levels, and furthermore the inclusion of the explanatory variable is deemed valuable 

for the overall assignment. Moreover, a significantly high correlation at approx. 97 % was found be-

tween import and other investments in industry 1 (Manufacturing) and industry 4 (Communication 

and information services) in the French dataset. Generally speaking, one of the variables should be 

removed from the equation, however as these high levels are only found in two regressions and it is 

between two control variables, rather than the main variable investigated, no further actions is done to 

this issue.  

Lastly, addressing the normality assumption. It is a common misconception that the normality assump-

tion is needed in the outcome, however in linear models the normality assumption applies to the stand-

ard errors of the model (Li, Wong, Lamoureux & Wong 2012). While this assumption becomes less 

relevant with the law of large numbers, the two datasets used in this paper are relatively small, why 

the assumption is deemed necessary. Looking at the graphs below the standards errors tend towards a 

normal distribution in both the Danish and French regression. (Bartlett 2013).  
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5.4 Time Series Model  
 
As mentioned above, within two of the industries in the French dataset the observations for the subin-

dustries have not been provided and therefore the fixed effect regression cannot be conducted. This is 

industry 2) Retail and Wholesale and 3) Transport. However, the summed values of the two industries 

have been provided and can be utilized as longitude data. As these two regressions fall outside of the 

main quantitative method applied in this paper, it is limited how much space will be used to explain 

the regression applied within these two groups; but the following section will state the needed assump-

tion, how they have been tested and lastly the regression applied including possible interpretation. It 

should be noted, that the regression will be conducted including the same variables as the fixed effect 

regressions, which will be further addressed. However, now, as the ability to control for time-specific 

effects is not available, variables that could affect the level of employment are included to control for 

these external effects: Industry Value Added, Country Level Unemployment Rate, and Country Level 

Labor Market Participation Rate (Todoko 2013; Nielsen 2005). 

Longitude data, or time series data, follows a single individual, here an industry, over a period of time. 

Time series regression can be conducted in a linear format similar to cross section and panel data. In 

this paper the ordinary least squares (OLS) method will be applied. OLS chooses the parameter of the 

explanatory variables in a linear function by minimizing the sum of the squares of the difference be-

tween the observed dependent variable. Simply put, the method finds the slope coefficient by mini-

mizing the square of residuals. For the OLS to be unbiased, consistent and efficient when applied to 

longitude data, the Gauss Markov theorem and the condition of stationarity most be upheld. The Gauss 

Markov theorem is based on five main assumptions; 

1. Linearity: y = βX5# + u5  
2. (Strict) exogeneity: E(u5 ⋮ x5) 	= 	E(u5) 	= 	0  
3. No multicollinearity: 𝑅𝑎𝑛𝑘(𝑋) = 𝑘∗ = 𝑘 + 1  
4. Homoscedastic errors: 𝑉ar(u5 ⋮ x5) = σ4 
5. N𝑜 serial correlation: cov(u5, u6 ⋮ X) = 0 

Furthermore, when conducting a linear regression on longitude data the stationarity of the variables 

should be addressed. That a variable is stationary means that the process found is not dependent on a 

time. Thus, the variable variance and a mean that does not remain near or returns to a long-run mean 

over time (Todoko 2013; Nielsen 2005). 
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Firstly, assumption 2) of exogeneity was tested through a Hausman test conducted in a similar manner 

to the above on the two time series datasets for industry 2 and 3. However, here the difference between 

applying our original OLS variable log(ICT intensity) and an Instrumental Variable (IV) was tested. 

Two IVs were tested; the weighted average of the prices of three types of ICT capital and the first lag 

of the log(ICT intensity). While the Hausmann test did not show any sign of endogeneity, one can 

never exclude the presence of omitted variable bias with complete certainty. To address this issue the 

extra external control variables are included. Moreover, assumption 3), 4) and 5) are tested applying 

the same test as in the fixed effects model. Neither of the two datasets showed the presence of hetero-

scedastic errors. However, high multicollinearity was found in the variable Average Wage, Import and 

Value Added, why Import and Average Wage was dropped from the model. Furthermore, both regres-

sions showed presence of first-order serial correlation. The stationarity of the independent and depend-

ent variable was tested through a Dickey Fuller test. Both the industry 2 and industry 3’s explanatory 

variable log(ICT intensity) showed non-stationary. Lastly, the normality assumption of the errors was 

also tested and confirmed (Todoko 2013; Nielsen 2005).  

 

As such, the tests found two issues in the time series regressions first-order serial correlation and non-

stationarity. Both of these issues can be addressed by applying first difference to the variable in ques-

tions. Hence, the time series model applied for the analysis of industry 2 and 3 in France will be as 

shown below. It should be mentioned that after having transformed the explanatory variable, the mag-

nitude of the estimates should not be directly compared with those of the fixed effect. The parameter 

estimates should be interpreted as the percentage change in employment growth due to a one percent 

change in the annual difference in ICT intensity.  

∆log	(𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡)" = 𝛼 + 𝛽&∆(log	 _𝐼𝐶𝑇!7"879!":)" + 𝛽4𝑋"# + 𝜇" 

 
 
 
 
 
5.5 Results  
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The above regressions results show evidence of how ICT intensity has a significant effect on the em-

ployment growth in both countries and in several industries. This specific paper includes significance 

levels of either 10, 5 or 1% given by the p-value. A smaller p-value means that there is stronger 

evidence in favor of the possible relationship between the explanatory variable and dependent variable.  

 

The regression results for Denmark show that in most cases ICT intensity has a negative influence on 

employment growth. At country level, a 1% increase in ICT intensity will decrease employment 

growth by 0,5%. Similarly, a 1% increase in ICT intensity will decrease employment growth by 0,4% 

and 1% in routine task industries (1) and cognitive analytical industries (3), respectively. Moreover, a 

1% increase in ICT will decrease employment growth by 0,5% and 0,1% within the manufacturing 

industry and within the infrastructure and construction industry, respectively. Lastly, a positive effect 

was found in the retail industry, where a 1% increase in ICT intensity will increase employment growth 

by 0,9%. However, almost all the significant relationships found in the original regression did not 

show robust to the inclusion of the control variables, except the regression on country level. As such, 

a certain amount of the significant correlation can be explained by a change in overall level of invest-

ments, a change in the average wage or level of imports. However, after including the control variable, 

the public sector showed a significant effect, thus a 1% increase in ICT intensity will decrease em-

ployment growth by 0,6%.  

 

Looking at the regression results for France, the ICT intensity again has a significant effect on em-

ployment growth on country level – however, the effect of ICT intensity in France is positive, rather 

than negative as seen in Denmark. A 1% increase in ICT intensity in France will increase employment 

growth by 1,5%. Similarly, a positive effect is found in the industries characterized by cognitive rou-

tine tasks, where a 1% increase in ICT intensity will increase employment by 3,8% growth. The re-

gression also showed evidence of how ICT intensity increases employment growth within the leisure 

industry by 6,5%. Contrary to the Danish findings, when including the control variables, even more 

tasks and industries showed a significant effect of ICT intensity on employment growth. The magni-

tudes of the coefficients found on country level and within the cognitive routine industries increased. 

Furthermore, the routine tasks industries and cognitive analytical industries show significance; 1 % 

increase ICT intensity will increase employment growth by 3,6% and 5,9%, respectively. Similarly, 

the manufacturing industry now shows that a 1 % increase in ICT intensity will increase employment 

growth by 4,7 %. Finally, looking to the time series analysis only the retail sector showed significance. 
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Here, a 1 % increase in the change of ICT intensity will increase the change in employment growth by 

9,4-10,1 %.  

 

The main notable difference in these results is how the effect found in France is mostly positive, 

whereas the effect found in Denmark is mainly negative, except for the retail industry. Furthermore, 

the magnitudes of the estimates found in the French regressions was also notably larger than results of 

the Danish regression. In the following section these differences will be investigated through qualita-

tive research of industry characteristics and the labor market structures.  

 

6. Task Based Framework: Analysis 
 
The following section will analyze the results from the quantitative research through the Task Based 

Framework. However, before going into the analysis and applying the theoretical frameworks, this 

paper should provide an introduction of the automation invented and applied throughout the period 

under investigation (1975-2015). For now, the term 'automation' has been used relatively broadly in 

this paper. Thus, to provide a better understanding of the impact of these technologies, one should look 

into the technologies available. 

 

During the 1980s, the market for the personal computer (PC) was growing. Apple and IBM introduced 

their first versions of the PC and Microsoft introduced the first version of the Windows operating 

system. At the same time, the first mobile phone was presented, which in the 1990s developed into a 

'personal digital assistant' and later connected to the 2G data, which paved the way for the smartphone 

as we know it today. In the 1990s both the programming language Java was introduced as well as the 

World Wide Web, which led to a wave of new software products and software-based businesses. For 

example, the giants of the e-commerce business that we know today were created; Amazon and Ebay 

(1995) and Alibaba (1997). It was also during this period that the first versions of robotics and artificial 

intelligence (AI) were introduced, such as the 'selective compliance assembly robot', which is often 

seen in car manufacturing and the computer 'Deep Blue' that beat Garry Kasporav, one of the best 

chess players in the world, in 1997. In the 2000s, the robotics and AI further developed into products 

widely used today, such as 3D printing and chatbots, one everyday example is the Siri assistant imple-

mented in the Apple iPhone (Verkuilen 2020; Atkinson 2019) 

As seen in the results found through the fixed effect regression, these technologies summed under the 

umbrella automation, have had different impacts on Denmark and France, as well as on their industries. 
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Both countries' manufacturing sector showed evidence of ICT capital influence on the level of em-

ployment. According to the IFR database, 99 percent of all robots installed in European countries are 

in the manufacturing sector (Chiacchio, Petropoulos & Pichler 2018). Where the Danish manufactur-

ing showed a negative effect (-0,5 %), the French showed a positive effect (4,7 %). As such, one can 

deduce that the Danish manufacturing industries have been subject to the substitution effect caused by 

automation. According to Danish Statistics, the number of full-time employees in industrial work has 

decreased by 20,24 % just within 2008 – 2012 (Statistikbanken 2020). The Danish government has 

also commented on the development, as they state how employment within industrial work and textile 

production has decreased with 50 % and 80 %, respectively, over the last 50 years (Disruptionsrådet 

2017). However, a significant part of the reduction on jobs within manufacturing can be attributed to 

other factors than automation, such as outsourcing. This is also evident in the quantitative results, as 

the ICT intensity estimate found for the Danish manufacturing industry does not prove robust to the 

inclusion of control variables, where imports show significance. As such, the Danish government fur-

ther argues that some manufacturing can be established in Denmark again due to new technologies, 

but this demand a certain level of skill, investment and speed for it to be internationally competitive 

(ibid). 

On the contrary, the employment levels in the French manufacturing industries show positively corre-

lated with the level of ICT intensity. Firstly, one should keep in mind when addressing the French 

manufacturing industry that it is the fourth largest provider in the world of industrial output, and the 

further deployment of automation is expected to increase the market shares to a significant extent 

(Mordorintelligence 2016). As such, a scale effect characterizes the development of the French manu-

facturing industry. The implementation of automation increases productivity and competitiveness and 

thus the demand for products and employment. Furthermore, according to Chiacchio et. al. (2018), 

two main trends are observed in the manufacturing sector with the deployment of automation; firstly, 

a large reduction of craft and trade workers, and plant and machine operators (especially between 2007 

and 2015), and secondly, a significant increase in professionals and technicians. Thus, there has been 

a shift in the demand for specific types of labor. A substitution effect is found within low-skilled labor 

and a reinstatement effect as the increase in demand for more skilled labor represents new tasks com-

plementary to the automation technology implemented. These findings in the manufacturing sector in 

both countries follow the findings of existing literature. Employment within routine tasks such as ma-

chine operators are decreasing, while an increase in demand for non-routine and cognitive skills to 

complement to automation capital is found (Landes 1969; Chandler 1977; Mokyr 1990; Mann & 

Püttmann 2018; Autor et. al. 2003). Additionally, France suffers a skill shortage in the manufacturing 
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industry regarding engineers and technicians (Thomas 2018). A skill-shortage within low- and high-

skilled labor is a general and growing tendency across industries in France (McKinsey 2012; Agnew 

2018). As such, the comparably large positive effects found in France could thus have been even larger 

as the employment effect have not been fulfilled.   

 

Furthermore, both countries showed evidence of a positive relationship between ICT intensity and 

employment in the retail industry. Globally the retail industry has been affected greatly by the inven-

tion of the internet, as e-commerce and online marketing have grown exponentially over the last two 

decades. Online shopping has increased with growth rates five times larger than those seen in physical 

stores (Disruptionsrådet 2017). However, the online presence is found to be complementary to the 

brick-and-mortar business. Companies are transformed into multi-channel enterprises with online and 

instore shops, which also has increased the competition among whole-retailers (EuroCommerce). The 

deployment of automation and the increased competition throughout the supply chain, have decreased 

the product price and thus increased demand – the average consumer today buys 60 % more clothes 

than 15 years ago (Beall 2020). Hence, the increase in employment in the retail industry can be char-

acterized by a scale effect. Furthermore, the growing importance of online marketing has created a 

new segment of jobs, both within marketing management, but also within “big data”. The data col-

lected on online platforms can be transmitted, collected, aggregated, and analyzed to provide insights 

into processes and human behaviors, creating new occupations addressing these new and increased 

needs (EuroCommerce). This reinstatement effect found is also in accordance with Acemoglu & Re-

strepo (2018), who argued that a large part of employment growth can be attributed to new tasks and 

job titles. 

Furthermore, the quantitative analysis found that Denmark was affected within the Public and Finan-

cial sector, where France was affected within the leisure sector. The French leisure sector has been 

positively affected, similarly to the retail sector, by the utilization of online promotion. One effort 

recognized is the French tourist offices increased their marketing effort aimed at international travelers 

through social network initiatives; targeting as a priority families, young people, and seniors from 

European and the emerging middle-classes in BRIC markets. Furthermore, a Tourism Quality Plan is 

another tool for improving the quality of the tourism offers in France, including “quality initiatives” 

implemented by professionals and an award of a national Tourism Quality mark (OECD 2004). The 

initiative has shown effective in creating a scale and reinstatement effect across the industry, by in-

creasing the number of international tourists and a doubling of consumption within products and ser-

vices with a 'human touch', such as within restaurants and travel agencies (Ibid, Chang & Phu 2016). 
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Thus, the scale effect along with the increased living standards increases the demand in sectors with 

low-skilled non-routine tasks, such as restaurants where a ‘human touch’ is needed to create the sought 

experience (OECD 2014).   

Lastly, looking to the Danish public and financial sector the implementation of automation has seen to 

affect similar tasks and occupations within the two industries. McKinsey & Company (2017) argues 

that the three most automatable tasks are ‘information and data gathering’, ‘treatment of such data’ 

and ‘predictability physical work’. Within public administration and financial analysis many tasks 

include the people to collect, manage, store, retrieve, and distribute knowledge, where ICT can be 

easily implemented (Microsoft 2004). As such the development within these sectors can be character-

ized by a substitution effect. One recent example is in the financial sector, where 11,000 bank teller 

jobs disappeared between 1994 and 2014. However, the decrease coincided with a reinstatement effect 

as the creation of 9,000 new bank advisor jobs, often through a transition by the same employees. As 

such a compositional effect is seen within the Danish financial sector (McKinsey & Company 2017). 

Furthermore, these sectors are also often characterized by tasks including reading and preparing 

answers to complaints or clients, where larger firms have ‘armies’ of junior analysts to do much of 

mundane preparation work (Burke 2018; Suh & Lee 2018). As such, while these sectors are catego-

rized as ‘cognitive analytical industries (Task 3), these occupations are supported by several tasks, 

which are at high risk of being automated. One could argue, the findings in these sectors are in accord-

ance with the consensus found in the Task Based Framework of how the labor market will be more 

polarized, where middle-income jobs such as office administrators are disappearing (Frey and Osborne 

2013; Bresnahan 1999; Autor et. al. 2003) 

In sum, the development found in France and Denmark is following existing literature within automa-

tion. The positive effect on employment in France is driven both by scale and reinstatement effects. 

However, while not prevalent in the quantitative results, a substitution effect was found within routine 

and low-skilled workers within the manufacturing industry. This shift in labor demand can explain 

why the magnitude of the estimate within routine-task industries (Task 1) is smaller than the magni-

tudes of the estimates within cognitive task industries (Task 2 and Task3). While Denmark was af-

fected by a scale effect within the retail industry, the overall impact on employment growth in Den-

mark was negative due to a substitution effect. Opposite to the expectation of the results, the cognitive 

analytical industries (Task 3) experienced a substitution effect, though this was found mainly due to a 

reduction in routine support tasks. 
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7. Varieties of Capitalism  
 
In its essence, automation enables organizations to be more productive and thereby spur economic 

growth as well as the firm's competitiveness. However, a nation's regulatory sphere can have a pro-

found influence on automation investment and use. The regulatory set-up creates a complex web of 

incentive and disincentives for private-sector action, which further impacts the desire and ability to 

develop, acquire, and utilize automation (Microsoft 2004). Thus, after having understood how auto-

mation has impacted the labor market outcome in Denmark and France, the following section will 

assess each country's regulatory set-up to answer why the labor outcome differed between the two case 

countries. 

 

The analysis will apply the Varieties of Capitalism approach (VoC).  As the VoC places the firm at 

the center of the analysis, the analysis will be centered around the firm’s decision to introduce auto-

mation and how this decision is affected by external factors of the labor market. Though the labor 

market structures are the focus of this paper, the capital markets will also be evaluated as these struc-

tures can affect investment decisions and can work in a complementary manner with the labor market. 

One should note that it is not the aim of this analysis to categorize Denmark and France as either a 

coordinated or liberal market economy, but rather to apply the VoC framework to provide structure 

and comparability throughout the analysis. Thus, this section will firstly present each country in the 

frame of VoC. Hereafter the paper presents an analysis of the labor- and capital markets structures. 

Lastly, the complementarity of the institutions will be assessed. 

 
As presented in section X, in liberal market economies (LME), firms coordinate their activities 

primarily via hierarchies and competitive market arrangements. Market relationships are characterized 

by the arm’s-length exchange of goods or services in a context of competition and formal contracting. 

Whereas in coordinated market economies (CME), firms depend more heavily on non-market 

relationships to coordinate their endeavors with other actors and to construct their core competencies. 

These non-market modes of coordination generally entail more relational based and incomplete con-

tracts or networks – in general, more reliance on collaborative, as opposed to competitive, relationships 

to build the competencies of the firm (Hall and Soskice 2001). While neither France nor Denmark 

conform strictly to only one of the ideals, the analysis finds great differences in how interactions be-

tween actors are organized. 

 



Rikke Bang Helvind | Master Thesis  

 54 

7.1 Country Overview 
 

In the literature, Denmark is often grouped in the category of CMEs with other Northern European 

countries such as Germany, Norway, and Sweden, in consistency with their comparably high union 

density and very low Gini-coefficient (World Bank; ILO 2017). However, looking closer at the market 

coordination, Denmark has taken several steps towards decentralization, and as such Denmark is more 

of a hybrid capitalist economy than is often recognized. On one hand, there is more non-market coor-

dination across different policy areas than one would find in a typical LME. On the other hand, the 

coordination is less centralized and more inclusive, compared to the classic categorization of the CME 

(Campbell & Pedersen 2007). The analysis shows that while unions and other non-market actors still 

have a strong presence in the labor market, the decentralization of coordination has made Denmark’s 

labor market one of the most flexible in the European Union (World Bank 2004).  

 

Similarly, France has characteristics from both the LME and CME ideal types. On the one hand, France 

shows very low union density and high inequality (World Bank; ILO 2017) which often characterizes 

an LMEs (Hall & Soskice 2001). However, in comparative welfare research, France has traditionally 

been grouped with Germany as an "industrial achievement performance" cluster, and more recently it 

has been categorized as a conservative corporatist-statist welfare regime (Gilbert & Van Voorhis 2017; 

Ferragina & Seeleib-Kaiser 2011). It is the conservatism associated with the strong state intervention 

that makes France hard to place within the VoC framework. The state capitalism; France’s dirigiste or 

interventionist state sought to direct economic activities through planning, industrial policy, state-

owned enterprises, and selected state promoted businesses (Schmidt 2003). From a VoC perspective, 

France sought to make the economy more competitive through liberalized financial markets, privatized 

and deregulated business, as well as decentralized labor markets, and is as such seen on the road to 

'Anglo-Saxon financial capitalism' or an LME. However, with the level of collective bargaining and 

investor density, the French market structures resembles that of a CME (Ibid, Hall & Soskice 2001). 

 

7.2  Labor Market Structures 
 

The state has had a major impact on business through its labor, social, and education policies (Schmidt 

2003). In the following section, this thesis will analyze how the labor market structures affect business 

decisions related to the implementation of automation and will, therefore, focus on education and 

training, the influence of unions, and the fluidity of the labor market. If the labor market is highly fluid 

it is easier for the firm to implement automation as the firm can adjust its strategy, cost, and thus labor 
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force to the effect of automation, whether it is a scale, substitution, or reinstatement effect. The level 

of education, as well as the type of education, affect this decision in two main ways; 1) it affects the 

labor force available to the firm and presence of the skills needed complementary to automation, and 

2) has the firm invested significantly in the training of the employee, both the employee's commitment 

to the firm and the company-specific education affect the worker's desire and ability to change jobs.  

Lastly, the level of unions and collective bargaining affect the ease with which firms can hire and fire 

their workers. (Hall & Soskice 2001). 

The presence of highly fluid labor markets is a characteristic of the LME. In these markets, firms can 

with relative ease of hire or fire labor in order to take advantage of new opportunities, but it is, how-

ever, more difficult to pursue long-term strategies. In LMEs education is mostly provided by external 

institutions that encourage individuals to invest in general skills, transferable across firms, and career 

trajectories often include a substantial amount of movement among firms. On the contrary, many firms 

in CMEs employ production strategies that rely heavily on labor with the firm or industry-specific 

skills. In CMEs employer associations and unions are cohesive and encompassing, and economy-wide 

coordination can be secured, whereas form in LMEs depend more heavily on macroeconomic policy 

and market competition to adjust wages and education (Hall & Soskice 2001).  

7.2.1 France  
 
As stated above, when analyzing the French labor market structures, it sits somewhere between CME 

and LME (Schmidt 2016). Regarding labor-management relations, the French labor market has previ-

ously been recognized as adversarial, employers' associations and unions even weaker and more frag-

mented, leading to many confrontations. At this time, the state, rather than acting as a bystander, the 

state-organized wage bargaining and even imposed wage settlements when business and labor were 

unable to reach an agreement. Thus, reflecting some coordination and moderation, however not in a 

similar manner to a pure CME (Howell 1992; Schmidt 2003). In the early 1980s deregulation of the 

labor market finally began including laws that established more direct worker-management dialogue. 

These were followed by a string of measures that were intended to promote flexibility in hiring and 

firing, as well as flexibility in terms of pay linked to performance. Furthermore, this culminated in the 

government abandoning the entire system of state-organized wage bargaining (Ibid; Schmidt 2016).  

Due to the history of state bargaining and the deregulation of the markets, France’s union density is 

one of the lowest in the EU (ILO 2017, Gilbert & Van Voorhis 2017; Howell 2009). As such the state 

disappeared and the unions weak and divided, which fits the ideal type of the LME. However, this 
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does not mean France does not have a system of collective bargaining. The bargaining was rather 

moved to firm-level, presenting the concept of micro-corporatism. While it can be difficult to predict 

the outcome of micro-corporatist bargaining, the important tendency to recognize is how the decen-

tralized and firm-specific collective action, often incentivize the workers to engage in "wildcat coop-

eration" with their employers. Particularly in times of high unemployment, the workers tend to engage 

in concessionary bargaining to safeguard jobs. Thus, this type of bargaining typically reduce flexibility 

beyond the firm in return for job security inside the firm, compared to wider bargaining organized by 

a labor organization (Howell 2009). 

This type of collective bargaining is mainly seen in larger corporations, whereas in small-medium 

sized enterprises (SMEs) the state still strategically intervenes where it sees the need, mainly to protect 

business or labor from the worst effects of the markets; bailing out firms in difficulty or “moralizing” 

the highly decentralized labor markets to protect the workers (Howell 2009). As such, labor has very 

little power in negotiations. They are often provided with some degree of job security in larger firms, 

while employees at the SMEs can expect some state intervention if larger restructuring is deemed 

immoral. By the same token, the French Ministry of Industry adopted the Loi d’Orientation du 

Commerce et de l’Artisanat in 1974, to protect small shopkeepers and craftsmen against competition 

from larger retail stores (OECD 2004). This points to a relatively inflexible labor market despite the 

state attempt to deregulate and withdraw from intervention.   

Looking towards education, French workers are generally highly skilled, better paid, and more specif-

ically trained (Schmidt 2003). The educational system is coordinated such that the state provides gen-

eral skills and firms add firm-specific skills (Schmidt 2003). This serves the larger purpose regarding 

larger French firms applying a "flexible Fordist production model" (Schmidt 2003; Culpepper 2008). 

This type of upgrading in skills is intended to contribute to higher productivity through the reduction 

in the administrative costs of a whole range of lower-level management tasks, such as administration, 

supervision, and maintenance. The emphasis is on company training, the remainder has some combi-

nation of on-the-job training and school-based training (Estevez-Abe, Iversen & Soskice 2001). Com-

panies conduct a substantial amount of in-house training, although rarely in the form of the intensive 

apprenticeships used to develop company-specific or industry-specific (Hall & Soskice 2001).  

Building on the findings above, it is found that the French career trajectories are characterized by 

relatively long tenures. The French companies have been successful in leveraging the firm- and indus-

try-specific education to limit the risk of ‘poaching’ of skilled workers by other firms (Hall & Soskice 
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2001). At the same time, as employees have relatively high job security, and flexibility within the 

firms, they have the incentive to accumulate knowledge and further share it with management, which 

increases their opportunities inside the firm (ibid). This has resulted in the median job tenure in France 

being 7.7 – almost double the Danish of 4.4 years (Estevez-Abe et. al. 2001).   

In sum, the twentieth century has provided quite a remarkable transformation in the French system of 

coordination. The once relatively hierarchically ordered set of collective bargaining institutions, a rig-

idly regulated labor market, strike-prone industrial relations, and conflictual forms of class represen-

tation have taken the steps towards a decentralized system in which firms enjoy high levels of auton-

omy from outside regulation (Howell 2009). However, while the government succeeded in moving the 

bargaining to the firm-level, generating an autonomous and self-sustaining social dialogue, this has 

not created the vast labor market flexibility as intended. Nevertheless, the dialogue and thus the rela-

tionship between firm and labor have created a set-up with large amounts of firm-specific training 

along with job security in downturns, which in turn creates an attractive work environment for the 

employee and hence the incentive for long tenures. As such, the French sought to reshape labor markets 

in order to increase labor flexibility resembling that of an LME, but the firm specific training and firm-

level bargaining still hamper the flexibility for career trajectories across sectors and firms (Ibid; 

Schmidt 2016).  

 
7.2.2. Denmark 
 
Denmark's labor market regulation and structures have been widely discussed in the comparative lit-

erature, the unique hybrid of LME and CME policies has been argued to support the high productivity 

and low unemployment, generally attributed to more 'pure' types of capitalist societies due to comple-

mentarities. 

First of all, Denmark has one of the highest union densities and levels of employer organization mem-

bership rates in Europe, only outranked by other Nordic countries such as Sweden, Iceland, and Fin-

land (ILO 2017; Ilsøe 2017; Campbell & Pedersen 2007). However, Danish labor market policy during 

the 1990s underwent a larger transformation and has since been described as a system of “flexicurity”. 

The flexicurity model covers the Danish approach to unemployment and labor market policy, which 

includes significant elements resembling that of the LME model (Campbell & Pedersen 2007). The 

model includes several elements, firstly a rather limited level of employment protection. As such em-

ployers have much freedom to hire and fire workers in response to market signals as is typical of LME, 
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without worrying about release policies e.g. severance packages. In this regard, the Danish labor mar-

ket is deemed one of the most flexible in the OECD (OECD 2004, Campbell & Pedersen 2007).   

Moreover, workers were not left in much uncertainty. The Danish state offers comparably generous 

unemployment policies, health insurance, and other benefits typically seen in a CME. This was imple-

mented to ensure that workers would have a safety net substantial enough to protect the worker and 

their families from the problems typically associated with unemployment. However, these policies 

were reformed as so that the benefits were tied to the requirement of job-seeking and retraining, hence 

activation policies often seen in LMEs. As a percentage of GDP, Denmark spent more on an active 

labor market program than any other OECD member country except Sweden, and with France only 

spending about a third of that of Denmark per unemployed. As such, these policies "cushion the blow" 

of sudden unemployment for the individual worker, however, still allows firm restructuring and free-

dom to pursue new strategies (Campbell & Pedersen 2007). 

However, this does not mean that the unions are not present and active. The collective bargaining was 

not eliminated but rather decentralized to regional or sometimes even firm-level. The Danish union-

density ratios have remained among the highest in the world, employers remained well organized 

through business associations compared to many other countries, and the vast majority of workers 

were still covered by collective bargaining agreements. The bargaining agreements still included the 

welfare programs and active labor market policies, such as job training and work schedule, but now 

included even more agents such municipal authorities, educators, and other relevant actors at the 

regional and local levels. Hence, solutions could be specified to regional and local levels (Campbell 

& Pedersen 2007).  

As such, the vocational and on-the-job training has also been more closely tailored to the needs on the 

local level. Looking at the broader education system, Denmark again resembles that of an LME. The 

labor force is generally highly skilled as education is well-institutionalized and includes flexible 

training and skill-formation system. The system thus places more emphasis on school-based training 

rather than firm-specific skills (Estevez-Abe et. al. 2001). Because of the high level of general training, 

they could move with relative ease among different jobs across and within firms, further enhancing 

labor market flexibility and their job opportunities (Campbell & Pedersen 2007). Similarly, general 

training has enabled firms to introduce new and more flexible types of work organizations. This has 

not only allowed the Danish firms to introduce and adapt quickly to new technologies, but also to 
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continuously search for improvement in production processes without enlarging administrative tasks 

significantly (Ibid).  

Moreover, in the late 1980s and early 1990s, the vocational training system also adopted changes in-

cluding elements often found in LMEs. For example, unions and employers negotiated training 

agreements upgrading the skills of blue-collar workers. The training agreements allowed workers to 

attend more academic courses and training programs in a larger variety, which increasingly enabled 

the workers to return to employment better equipped with new skills, and a better understanding of the 

new flexible forms of work organization that they were likely to encounter on the job. This type of 

training was also implemented towards the unemployed labor force. Whereas other CMEs with a heavy 

focus on vocational training, saw their unemployment rise in downturns, as vocational training was 

often firm-specific, Denmark used cyclical economic downturns more dynamically allowing unem-

ployed further training and thus better equipped for new opportunities (Campbell & Pedersen 2007). 

In sum, though the overall structures and relations of the Danish labor market are highly coordinated, 

the "flexicurity" model, has created a highly flexible labor market. The education system is highly 

focused on general skills in most parts of the labor force - including blue collars workers and unem-

ployed. The education system has prepared the workers to be adaptable to new work organization, 

while allowing the firm to introduce, reorganize, and implement new work forms with little worry 

concerning regulation. We see that this has made the median job tenure among Danish workers com-

paratively low compared to other developed countries, but also helped reduce unemployment and af-

forded firms the flexibility required to respond to market signals in ways that can improve 

socioeconomic performance (Campbell & Pedersen 2007). 

7.2.3. Sub Conclusion 
 
First of all, the labor market analysis did not show considerable evidence that labor market structures 

affect the direction of employment outcome of automation directly. However, when comparing the 

two case countries, the Danish labor market structures appear to accommodate firms in the implemen-

tation of automation very well. The system has a focus that allows companies to implement new work 

organizations and thus restructuring, without having to worry above long-term employment contracts 

and severance packages. Moreover, education and (re)training have a high focus on general skills that 

will help employees adapt to the new task or work structures. In sum, these regulations create the labor 

market that is often seen as one of the world's most fluid and flexible. The ease of restructuring the 

work organization is highly reflected in the quantitative findings, where the substitution effect 



Rikke Bang Helvind | Master Thesis  

 60 

prevailed in the Danish results. However, in section 6, the analysis showed that the magnitude of the 

substitution effect had been decreased due to a compositional effect within the firm and industry, which 

is supported by the labor market structures. The strong focus of generalized education and a vast 

amount of activation policies have enabled the Danish labor force to transfer into new occupations 

with relative ease. Furthermore, looking at the quantitative results, the retail industry was the only 

sector showing a positive estimate and it was additionally the sector with the second largest magnitude. 

Opposite the French industries, the Danish employers have not been subject to a significant skill short-

age. As such, despite the finding that the Danish industry generally has been subject to a substitution 

effect, the unemployment rate has been fairly steady in Denmark (approx. 6%). Hence, the composi-

tional effect of the Danish workforce might not econometrically be attributed to ICT intensity. This 

points to a similar result to Mani (2017) and Dauth et. al. (2017), that found no evidence of aggregate 

job loss due to automation (in Germany), but rather a compositional shift in jobs and occupation.  

 

Looking towards France, many similar flexibility incentives were seen implemented. The government 

decentralized collective bargaining to firm-level and decreased employment regulation to increase the 

labor market flexibility. As such, the labor market among firms is seen as relatively flexible. In con-

trast, the analysis showed that the specific type of collective firm-based bargaining in France had a 

strong focus on the individual worker's job security, making it harder for the firm to restructure when 

implementing new technologies. Moreover, one main difference between the two countries is found 

in the education and training system, where the French system is to a larger extend reliant and focused 

on firm-level training. This makes it difficult for the individual to change occupations across firms and 

industries, which further decreases the flexibility of the labor market. Thus, the combination of micro-

corporatism and firm-specific education could hamper a substitution effect. By the same token, it was 

further found that the decreased flexibility also could hamper the positive effects of automation, as 

France experiences a skill-shortage across educational level and industries (labor (McKinsey 2012; 

Thomas 2018, Agnew 2018). Thus, it is argued that the French labor market structures are not flexible 

and agile enough to accommodate the change in skill demand caused by automation. 

 

7.3. Capital Markets Structures 

The following section will analyze each of the case countries’ capital market structures. The capital 

market structures are included in the analysis, as these affect the investment decisions of the firm. As 

seen in section 3, Macroeconomic Theory, the level of automation capital is determined by level of 
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investments. However, similar to the labor market, this firm-level decision is affected by the external 

institutional set-up.   

Regarding the capital markets structures, the Varieties of Capitalism approach takes its departure in 

how firms seek to raise financing. The firms can either turn to external sources, bank loans, the secu-

rities markets, or internal resources, retained earnings. The main distinction between the financial sys-

tem of LMEs and CMEs connects to the choice of external financing. In CMEs firms depend primarily 

on bank lending, whereas firms in LMEs are heavily reliant on capital markets. This difference in 

external dependence trickles down to the firm's strategic focus. Bank lending is more common in 

CMEs because it also allows firms to focus on long term strategies as well as developing and utilizing 

'specific assets', such as highly specialized labor within the firm (Carney 2006). In LMEs the depend-

ence on the capital markets creates a larger focus on current profitability, due to pressure from inves-

tors, why firms also tend to invest in 'switchable assets’, i.e. assets that can be released or realized if 

diverted to other purposes, such as generally trained workers. By the same token firms in the two types 

of economies also respond differently to external shocks. Firms in LMEs tend to focus on profitability 

to resist takeover by either passing the buck to consumers or releasing labor as allowed by the fluid 

labor markets. Whereas firms in CMEs accept lower returns to preserve market share and can further 

access 'patient capital' in downturns to retain the skilled workforce (Hall & Soskice 2001).  

Linking this theoretical approach to automation, one would expect a larger tendency of substitution 

effect in LMEs. The high pressure from investors for current profitability and risk of take-over create 

a constant need for a lean organization. Hence, the pressure for profitability does not create the substi-

tution effect itself, but leaves little room for redundant workforce, why a larger shredding in the num-

ber of employees are expected in connection with the implementation of automation in LMEs. 

Whereas firms in CMEs will have a larger focus on market share and product market demands, rather 

than price competition, and employment would be less affected. Moreover, within both economies 

access to (risk-willing) capital is essential to realize the benefit of a scale or reinstatement effect, as 

the increased earnings from scale or revenues from new business areas could be to some extend lagged 

compared to the needed amount of labor.  

 
7.3.1 France 
 

As mentioned above France has traditionally been reliant on state direction and plans, which also has 

been prevalent regarding finance. However, firms have become much more autonomous than in the 

past; the businesses have been privatized and deregulated and have increasingly turned to the financial 
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markets for capital (Schmidt 2016). The French system of state-led credits and inter-corporate share-

holding has slowly diminished and led to a more arms-length relationship between French banks and 

large firms (Jackson & Miyajima 2007). This enabled businesses to replace state funding with bank 

debt and equity financing. The market capitalization of the French equity markets increased from 5,6 

% to 37,2 % of GDP in 1993, and further to 111,5 % in 1999 (Schmidt 2003). Furthermore, the dereg-

ulation also increased the interest of foreign investors, especially American institutional investors that 

increased their ownership by four times. In 1982 firms' bank assets were 14 times that of their stock 

market capitalization, by the beginning of the 1990s it had decreased to being only three times the size 

(Carney 2006). Thus, it can be argued that French firms have moved to a model of corporate finance 

resembling that of an LME, though still reliant on bank financing as well.  

The increase in market capitalization and thus the reliance on institutional investors often increased 

the focus on profitability as institutional investors with a substantial proportion of shares might 

discipline management (Rose 2007). However, the French CEOs tend to focus on the product market 

rather than the pressure from the financial market. One explanation is the large ownership of very few 

influential investors. In France, the top ten shareholders held an aggregate of 61% of the total market 

at the beginning of the 2000s. The high density of their ownership diminishes the free-rider problem 

of monitoring, and per the principle-agency theory would therefore increase monitoring of the CEO 

and the profitability of the firm, but it also decreases the threat of a hostile takeover. As such, the more 

concentrated structure of shareholding provides French businesses more insurance against hostile take-

over compared to a purer form of an LME. Instead, the drivers of mergers and acquisitions are found 

in the competing pressures for productive and product capabilities, which are mirrored in the strategies 

of the firms with a focus on the product markets rather than the financial markets (Schmidt 2003). 

Moreover, though M&A is often unsuccessful due to the lack of focus on post-merger activities, such 

as integration or lack of morale due to large restructuring (Jackson 2020), the M&A sector in France 

is often more successful than in other countries (Jackon & Miyajima 2007). However, the M&A ac-

tivity and threat of hostile take-over is comparatively low in France. One tendency is the state involve-

ment in the M&A. Though CEOs have never been more autonomous, take-overs or larger restructuring 

are often not possible as the Finance Ministry approval has usually been necessary. They rarely ap-

prove takeovers without an employment protection plan in place, with the offer of having to renounce 

laying off any employee at the target for 2–5 years. Until 1999, the state often decided take-over results 

and, even though they withdrew their market control in the 90s, they have continued to seek to avoid 

takeovers that would yield 'a social massacre' with massive layoffs (Carney 2006). 
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In sum, though France has deregulated the capital market, the expected substitution effect with the 

increased reliance on the securities market is not present. By the same token, though a high density of 

investors is seen, where the increased monitoring was expected to move the strategic focus to profita-

bility and hence a release of workers. Yet, the analysis showed the strategic focus of the French firms 

is on the product market instead of the financial markets. This is can be explained by the limited risk 

of take-over, due to the high density of investor and state intervention. The state intervention is still 

very much present concerning larger restructuring, which again hampers the expected larger release 

of employees and hence the flexibility of the firm to pursue new strategies and create new work or-

ganizations. As such, despite the larger reliance on the securities markets, the structures of the French 

capital markets show explanatory power for the non-negative effect found in the quantitative analysis. 

However, the quantitative analysis did not just show stagnation, it showed evidence of a relatively 

large positive effect. Here, the increased access to risk-willing capital has been able to support the 

positive effect of automation in terms of employment, as firms have been able to invest into their scale 

and reinstatement effect.   

7.3.2 Denmark  
 
In terms of access to capital Denmark still very much resembles a CME. Firms are heavily dependent 

on banks or mortgage credit institutions, rather than the securities markets. The market capitalization 

of Denmark is generally very low, also compared to other CMEs (Lausten 2000). The average market 

capitalization of firms in Denmark is, in fact, lower than the Scandinavian average, despite Denmark 

being 'overrepresented' among the world’s largest companies relative to GDP, outcompeting both Swe-

den, UK, and US (La Porta, Lopez-de-Silanes, Shleifer and Vishny 1998; Lekvall 2014). The stock 

exchange is an important part of the capital market, however, the activity on the Danish stock exchange 

has decreased steadily since the Dot.com bubble in the late 1990s, both in terms of capital raising and 

initial public offerings (IPOs) (Økonomi- og Erhvervsministeriet 2004). Looking to Norway and Swe-

den, that are often referenced comparable to the Danish system, the Oslo stock exchange had 31 IPOs, 

the Swedish had 81 and the Danish had seven. Thus, Denmark has been falling behind in terms of 

capital market access. Furthermore, the IPOs in the Nordics are seen to have two main objectives, 

either an exit of the founding or existing owners or an access to more risk-willing capital to fund future 

expansions (Kromann Reumert 2017). The limited access to capital is one of the least attractive fea-

tures of doing business in Denmark according to the Danish CEOs (IMD 2019). 

 



Rikke Bang Helvind | Master Thesis  

 64 

On the contrary, Denmark is among one of the most active takeover markets in Europe, along with the 

UK, with the highest level of financial transactions among the OECD (OECD.stats; Ikäheimo & Put-

tonen 2007). At the same time, the ownership structure resembles that of France, as it is more concen-

trated and less widely held than classic LMEs. Furthermore, the ownership model in Denmark, com-

pared to France, has a much higher focus on monitoring and corporate governance. Portfolio managers 

hired by institutional investors are, among other things, financially awarded for active ownership e.g 

representing the fund's equity holdings at the general assembly or monitoring and controlling 

management (Rose 2007). The focus of the Danish firms and institutional investors are thus more 

focused on profitability rather than the product market, and thus more often focused on short-term 

goals compared to long time goals. By the same token, Lausten (2000) found that in Denmark the 

increased presence of institutional investors such as banks and insurance companies, decreased CEO 

tenure as well as increased firm performance. 

 

As such, the analysis finds that the Danish capital market and corporate governance are formed by 

institutional set-ups that contradict according to the VoC approach. On one hand, the investors, such 

as insurance companies and banks, have a strong focus on profitability and short-term goals, which 

had led to an active take-over market and relatively short CEO tenure (Lausten 2000; Ikäheimo & 

Puttonen 2007). On the other hand, capital access is rather limited for firms in Denmark, they rely 

heavily on a strong relationship with banks and credit agencies or retained earnings. As such, a strong 

pressure for performance is present, which incentivizes implementation automation in terms of effi-

ciency, but also increases the pressure for the release of employees due a strict capital constraint. 

However, while CEOs are left with little autonomy, they are also left with limited access to capital, 

especially risk-willing capital from the securities markets, to leverage a possible scale effect.   

 

7.3.3 Sub Conclusion 
 
In comparison, France has been more successful in liberalizing the capital markets. Firms are increas-

ingly reliant on capital markets for financing, though the influence of few institutional investors are 

still of significance. This specific set-up has created an attractive environment for CEOs with increased 

access to ‘risk-willing’ capital but limited pressure for profitability, allowing the strategic focus to be 

on the product market. Thus, though France has deregulated the capital market, the negative employ-

ment effects expected with the increased reliance on the securities market were not present. Further-

more, the regression did not just show stagnated employment in the French industries, it showed evi-

dence of a comparably large positive effect. Here, the increased access to risk-willing capital has been 
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able to support the positive effect of automation in terms of employment, as firms have been able to 

invest into their scale and reinstatement effect.  In contrast, the Danish firms are under high pressure 

for profitability from investors as well as high risk for take-over and short CEO tenures. Moreover, 

the analysis showed a limited access to the ‘risk-willing’ capital – in general, the limited access to 

capital was one of the least attractive features of doing business in Denmark according to CEOs (IMD 

2019). As such, Danish firms produce under a strict capital constraint and a strong focus on profitabil-

ity, which is in line with the tendency of substitutions effects found in the quantitative analysis.  

 
7.4 Institutional Complementarities  

The VoC approach predicts that advanced capitalist countries whose institutions resemble a purer type, 

either the liberal or coordinated market economy, will perform better than countries whose institutions 

are mixed (Campbell & Pedersen 2007). Here, two institutions will be complementary within the co-

ordinated or liberal frame, as such that the presence (or efficiency) of one increases the returns form 

(or efficiency of) the other. Hence, the presence of institutional complementarities also reinforces the 

differences between liberal and coordinated market economies. While Hall and Soskice (2001) argue 

that the 'pure' types of capitalist countries perform better regarding socio-economic measures, the no-

tion of complementarity can also be related to the implementation of automation. When new 

technologies are increasingly adopted in the economy, the effect on employment depends on whether 

workplaces can and have the incentive to adjust to a new division of labor.  Hence, the complementary 

institution can increase the ease of which automation can be implemented and further affect how the 

automation impacts employment in the organization (Arntz et. al. 2016).   

First of all, the analysis above showed that a LME set-up provides an institutional framework better 

suited for radical innovation. Here the capital markets provide risk-willing capital, the education sys-

tem focuses on general capabilities, creating flexible in terms of new work organization, and, lastly, if 

needed employment can with ease be terminated allowing the firm quicker adaptability (Hall & 

Soskice 2001). The Danish institutional set-up, despite often categorized as a CME or a hybrid, showed 

many of these characteristics within labor and capital markets. The labor force, even the unemployed, 

are well and generally educated and thus prepared for a career trajectory across different organizations 

and industries. These characteristics are also in accordance with the results found throughout the anal-

ysis, where a larger tendency for substitution effect was found as the capital market structures provide 

little room for redundancy. However, the magnitudes of the Danish regression results were also rela-

tively smaller compared to the French. This points to the argument that the general education of the 

Danish labor does indeed make the workers more flexible toward new work organizations and thus 
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lowering the magnitude of the substitution effect captured by the quantitative research. The Danish 

financial industry transformation can be taken as example, where 11,000 bank teller jobs disappeared 

between 1994 and 2014. However, the decrease coincided with the creation of 9,000 new bank advisor 

jobs, often through a transition by the same employees (McKinsey & Company 2017).  

Furthermore, the analysis show that the structures of the Danish capital market to some extent hampers 

the flexibility otherwise granted by the labor market. On one hand, the high risk of take-over as well 

as CEO turnover, create a constant pressure to leverage the flexible labor market and create a lean 

organization, as heavy monitoring of institutional investors puts increased pressure for profitability 

and thus little room for a redundant workforce. On the other hand, firms face a tight capital constraint, 

due to the limited access to risk-willing capital from the international securities markets in Denmark. 

As such, while this puts even greater pressure on employment levels within the firm due to a stricter 

capital constraint, it also hampers the ease of acquiring and implementing automation, as well as the 

possibility to lean into a possible scale or reinstatement effect.  

In contrast, France's institutional set-up did not resemble the LME to the same extent as Denmark. 

However, several complementarities in connection to automation can be found in the French coordi-

nated institutional set-up. The quantitative analysis showed that the French industry was mainly af-

fected by a scale and reinstatement effect. The qualitative analysis showed that French firms have had 

increased access to risk-willing capital, while not having to shift focus to profitability but rather have 

been able to focus on the product market and long-term strategies. Firstly, the structure decreases the 

pressure to reduce employment and thus decreases probability of a realized substitution effect. Sec-

ondly, the increased access to risk-willing capital has allowed the firms to lean into the possible scale 

and reinstatement effect. As such, the French industries have been able to leverage both the tacit 

knowledge from firm-specific trained workers to focus on large market shares, as well as having the 

risk-willing capital to implement new work organization, including new technologies. However, at the 

same time, the firm-specific education and micro-corporatist bargaining have decreased the flexibility 

of the labor market and hence complementarity in terms of fully leveraging the positive automation 

effect. This points to the fact, that the French labor market structures are not agile enough to meet the 

requirement of the changing industries due to automation. In a labor market with fewer restrictions’ 

companies interested in creating new work streams can hire personnel with the requisite expertise, 

knowing they can release them if the project proves unprofitable (Campbell & Pedersen 2007). The 

qualitative Task Based analysis showed that France was experiencing a reinstatement effect in several 

industries, however, also experienced a skill shortage (McKinsey 2012; Thomas 2018, Agnew 2018). 
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Thus, while the French capital markets provide the resources needed to build on the scale or reinstate-

ment effect caused by automation, the rigid labor market decreases the expansion. Hence the positive 

effect found in France could potentially have been even larger. 

7.5 Varieties of Capitalism Conclusion 
 
In conclusion, the labor market structures does impact the labor market outcome of automation. First 

of all, the analysis showed that larger flexibility in the labor market including the ease of hiring and 

firing, and the level of general education allowed firms and industries to adapt to the implementation 

of automation. Whereas organizations experience stagnation in employment if the labor market is more 

rigidly constructed. This tendency was found in France, where industries were experiencing a skill-

shortage across educational levels and industries, despite the high level of education of the labor force, 

also compared to other capitalist societies (Schmidt 2003). As such, the rigidity of the labor market 

can affect the magnitudes of automation effect on employment; in France it was found to decrease the 

positive impact of automation. Whereas, the Danish market experienced significantly smaller magni-

tudes of the impact of automation due to compositional effects. This can be attributed to the generality 

of education in the Danish labor market. Though Denmark mainly had experienced substitution effect, 

the magnitude can be deemed smaller than the potential effect, as the labor force was able to adapt to 

new work organization, as seen in the financial sector. The flexibility of the Danish labor market is 

similarly seen to support employment to a compositional effect in downturns more dynamically and 

creatively as the labor force is equipped to seek new opportunities (Campbell & Pedersen 2007). 

 

Moreover, the structures of the capital markets were seen to have some explanatory power regarding 

the employment outcome of automation. The capital market structures were not found to affect the 

labor market outcome of automation directly, but rather in a complementary manner to the effect of 

the labor market structures. Firstly, the mere access to risk-willing capital increases the adaptability of 

the organization and thus amplifies the effect of automation in a complementary manner to the labor 

market institutions. At the same time, the lack of access to risk-willing capital can decrease the flexi-

bility and the ability to build on a positive effect or even intensify the pressure to remove redundant 

workers due to a strict capital constraint. Furthermore, the demand of investors and risk of take-over 

can have a noteworthy influence on the firm's strategic focus. If a firm is under pressure for profitabil-

ity, this increases the probability of reorganization and thus the release of employees when the firm 

implements new technology. The analysis showed that Danish firms are being monitored to a signifi-

cantly larger extent than the French firms, where the focus is found on the product market. This 
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organization is seen as complementary to the utilization of education in each country. It does, however, 

reduce the probability of seeing a substitution effect in the French economy compared to the Danish, 

which is in accordance with the produced quantitative results. 

 

In conclusion, the institutional set-up has affected the employment outcome of automation in both case 

countries. In both countries the analysis showed that the flexibility of the labor market can affect the 

magnitudes of automation's effect on the labor market. In Denmark, it became evident how the ease of 

creating a new work organization based on general education and the ease of hiring and firing, limited 

the effect of substitution and supported a compositional effect reducing the magnitude of the effect of 

automation. Whereas in France, that had mainly experienced positive overall effects of automation, 

the rigidity of the labor market had firms suffering from the skill shortage. Hence, the magnitudes of 

the automation effect on employment could have been even larger. On the contrary, the analysis found 

little explanatory power regarding the capital markets. There was evidence that access to risk-willing 

capital enabled the firms to 'lean into' the effects of automation and as such increase the magnitude of 

the automation effect. Moreover, the analysis showed that capital markets affected the strategic focus 

of companies, which was found complementary to the labor market structures such as education. How-

ever, this complementarity was rather socio-economic as described by Hall & Soskice (2001), rather 

than related to the implementation of automation. Lastly, the analysis concludes that the institutional 

structures did not, however, affect the direction of the effect of automation. While, the analysis showed 

that the focus on profitability could amplify the pressure on employment levels, it did not in itself 

create the substitution effect. Thus, whether the effect of the employment outcome of automation is 

positive or negative is rather decided based on the specific type of capital and for what tasks it is 

deployed. 

 

8. Discussion  
 
The following section will discuss the implication of the findings as well as their relevance going 

forward into the fourth industrial revolution. Additionally, this section will seek to address some of 

the limitations of this thesis and suggests areas for further research.  

 
8.1 Relevance of the Findings and the Fourth Industrial Revolution  
 

The above analysis found that a more flexible institutional setup in the labor markets could 'soften' the 

impact of automation, hence diminish the negative and support positive effects. However, looking at 
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the results of the quantitative analysis, the impact of automation can be argued to be relatively small. 

An increase in ICT intensity has had the largest effect in France, where a one percent increase in ICT 

intensity would increase employment growth by 9,3% within the leisure industry and cause a 7,1% 

increase in employment growth within industries characterized by cognitive routine task (Task 2). 

While a change of 7-9% can at first glance appear quite substantial, one should remember that it is a 

change in employment growth, not the absolute number of employment. Looking at the employment 

numbers in itself, the EU KLEMS data shows that employment within leisure industries in France has 

had an annual compounded growth of approx. 2,5%. Hence an annual increase in ICT intensity of 1% 

would only increase employment within these industries approx. 0,2%. Doing a similar calculation for 

France and Denmark on country level, an annual increase in ICT intensity of 1% would only increase 

employment between 0,123% and 0,368% in France and decrease employment approx. 0,03% in Den-

mark.  

If the effect on total employment is as small as described above, why should policymakers care to 

address the institutional set-up that affects the employment outcome of automation? Why "soften a 

blow" of an impact that at first sight appear to be insignificant in the bigger picture? And even more 

in France where the effect seems to be positive? 

First of all, the above numbers show a scenario where ICT intensity grow by 1% per year, according 

to the EU KLEMS data, the annual compounded growth rate is approx. 3% and 2,5% in Denmark and 

France respectively. Second of all, the regression applied in this paper did not investigate the potential 

of automation, but rather the effect of the automation proxy, ICT-capital, in the past 40 years. As such, 

the effect found in the quantitative research is relatively small compared to the potential effect explored 

in the existing literature. Frey & Osborne (2013) estimates show that approximately 47 percent of total 

US employment is at risk of computerization. Similarly, McKinsey and Company (2017) argue that 

40 percent of working hours in Denmark are automatable based on demonstrated technologies. By the 

same token, while the technologies of the fourth industrial revolution have been developing during 

our period of investigation, the full potential is still unknown. The World Economic Forum states: "we 

stand on the brink of a technological revolution that will fundamentally alter the way we live, work, 

and relate to one another. In its scale, scope, and complexity, the transformation will be unlike 

anything humankind has experienced before” (Schwab 2016). The first industrial revolution was the 

steam engine, mechanizing production. The second used electric power to generate mass production. 

The third is the digital revolution, which has been the main subject of investigation in this paper. The 
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fourth blurs the lines between physical, digital, and biological spheres, creating a fusion of technolo-

gies that is yet unknown (ibid). 

A common trait of these technological revolutions is how these can affect our production. As seen in 

the literature review, researchers have shared similar concerns throughout time. Marx (1912) and Le-

ontif (1952), were both pessimistic and worried about the potential of technological progress leading 

to large unemployment increases. On the contrary, Keynes argued that the struggles of technological 

unemployment would only be temporary and that what we today recognize as labor automation would 

rather lead to leisure and affluence for all (Carr 2014). The research today finds a similar ambivalence 

and uncertainty of the employment outcome, hence the question of how to address automation impact 

is still very much relevant today – especially regarding the future impact of the fourth industrial revo-

lution. Thus, while the magnitudes found in this paper appear rather small, the findings of how the 

institutional set-up can influence these magnitudes can be deemed highly relevant in an unknown fu-

ture, where the impact of technology is described as being "..unlike anything humankind has 

experienced before” (Schwab 2016). 

As such, going forward the implementation and impact of automation are expected to be on a larger 

scale and scope than previous technology revolutions. The analysis of this paper showed how labor 

market policies could affect the impact of automation. In France, the employment outcome of automa-

tion was mainly affected by a scale and reinstatement effect, also some substitution effect, but the 

positive effects outgrow the negative, hence leaving an overarching positive effect on employment. 

However, an in-depth analysis of the development in France showed that the positive effect could have 

been even larger, as the industry is experiencing a skill shortage (McKinsey 2012; Thomas 2018; Ag-

new 2018). Though France's workers are largely highly skilled throughout the different levels of edu-

cation, the labor market is experiencing a structural mismatch where France may see a shortage of 

above 2 million workers in 2020 within both high- and low-skilled workers (McKinsey 2012). As 

such, the French labor market set-up is argued to be too rigid to meet the requirement of the changing 

industries due to automation.  

France has traditionally been relatively protective of its labor market. Regarding globalization, the 

French public was consistently the most negative in comparative surveys of all Europeans, when it 

came to globalization and its impact on growth, employment, jobs, and their own lives (Schmidt 2016). 

By the same token, French elites of both the right and left together in the media consistently articulated 

an anti-globalization discourse, just as the public communicative discourse of politicians have focused 
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on the promise to ‘protect’ the French ‘against globalization’ as well as ‘in globalization’ (ibid). As 

such, France has been notably resistant to neoliberal ideas, which is also seen in the lesser structural 

change of the liberalization and deregulation discussed in this paper. However, the fourth industrial 

revolution is seen and argued to have a similar impact as globalization in developed countries. The 

new technologies will decrease trade barriers further, increase competition, and thus disrupt production 

patterns as we know them (Hall & Soskice 2002; Schwab 2016). 

This paper, therefore, highlights the effects of a flexible labor market to 'soften the blow' of automation 

and the fourth industrial revolution. While the French industries have a strong presence in the global 

market space for both goods and services, the increased pressure and innovation within automation 

will not necessarily continue to create a positive employment effect in France. The analysis did not 

find evidence that the labor market structures could alter the direction of the employment outcome of 

automation, and hence similar, or even stronger, magnitudes of an automation effect in negative terms 

could have a significant impact on the employment levels in France. Even in a scenario where the 

positive effects would continue, the French labor market might not be flexible enough to exploit this 

possibility to increase overall employment. Comparing the French unemployment levels with other 

western European countries2, it is evident that the French unemployment levels are consistently higher 

than the country's comparable peers (World Bank). As such, though an overall positive effect is found 

in the French industry over the last 40 years, the country’s labor market has not been able to exploit 

these effects to its fullest and reduce the unemployment level relative to its peers. This paper argues 

that the 'anti-neoliberal' consensus within the French policymakers has contributed to the relatively 

high unemployment in France. A similar argument was presented by the OECD, suggesting that if 

France were to make its labor regulations as flexible as those in the United States, the employment 

rate might increase by up to 1.6 percentage points (OECD 2004). Consequently, the French economy 

should work to increase the flexibility of the labor market structures to better accommodate automation 

in the scale, scope, and complexity the fourth industrial revolution will possibly bring.  

The Danish results of the regression and qualitative analysis were close to the opposite of the French. 

Denmark has mainly been experiencing substitution effect and the magnitudes of effects found were 

considerably smaller than those of the French regression. Furthermore, the analysis showed that the 

Danish labor market model had created one of the most flexible structures in the European Union 

(OECD 2004). Due to the focus of general training, workers could move with relative ease among 

 
2 Germany, United Kingdom, Belgium, and the Netherlands  
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different jobs across and within firms and industries, and hence firms can introduce new and more 

flexible types of organizations. As such, this paper acknowledges that the Danish economy is already 

well prepared to meet the agile requirement of automation due to their ‘flexicurity model’. Though the 

analysis did not show any evidence that the direction of the automation effect could be adjusted 

through an institutional set-up, Danish policymakers should consider whether this direction will con-

tinue and how it can be addressed in the scale and scope of the fourth industrial revolution. Going 

forward the model can be somewhat problematic as it is based on high labor market participation and 

costly active labor market policies (Ferragina & Seeleib-2011). As a percentage of GDP, Denmark 

spent more on an active labor market program than any other OECD member country except Sweden 

(Campbell & Pedersen 2007). While the model has been able to ensure high labor market participation 

so far, and thus keep the accumulate cost of active labor market program feasible, it begs the questions 

whether this is feasible with a future substitution effect on larger scale and scope.   

Firstly, the regression showed that the public sector in Demark has been affected by the increase in 

ICT intensity during the last 40 years. This was the only industry estimate in Denmark showing robust 

to the inclusion of control variables, this is also the single largest employer in the Danish economy. 

The public sector in Denmark employs approx. 30 % of the active labor force (McKinsey 2017). As 

such, a continuous substitution effect within this sector could potentially increase the pressure on the 

Danish 'flexicurity model'. Furthermore, an analysis by the Danish Disruption Council showed that a 

group of currently employed, approx. 250,000 – 300,000 workers, will find the transition to new oc-

cupations particularly difficult. In this group, more than 60 % of their current tasks can already be 

automated and thus they have to change to a more distant occupation (Disruptionsrådet 2017). For 

example, office assistants have increasingly changed to occupations within the health or finance sector. 

While this is shown possible, this includes a substantial amount of retraining. 

In contrast, as mentioned above, the Danish government argues that some manufacturing can be (re)es-

tablished in Denmark due to new technologies (Disruptionsrådet 2017). The initiative to restore man-

ufacturing and other sectors, and thus leverage new technologies can be a good idea in terms of jobs 

and competitiveness. However, one aspect, related to agility and innovation of the firms, that Denmark 

fell significantly behind on, was the access to risk-willing capital. As argued by the government itself, 

this initiative requires a certain level of skill, investment, and speed for it to be internationally com-

petitive, and the Danish capital markets have not shown the capacity to assist this kind of investment 

at the required speed or 'risk-willingness'. Thus, while the labor market does provide the flexibility 

deemed necessary to accommodate employment demand of automation, Denmark can face increased 
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pressure on the 'flexicurity model'. This paper, therefore, recommends policymakers to work to further 

increase the access to 'risk-willing' capital and thus allow organizations and society to respond even 

more dynamically and creatively to the radical innovation and hence challenges expected with the 

approaching fourth industrial revolution.    

 
8.2 Limitations and Further Research   

Generally, this thesis has contributed to the existing literature by addressing the gap in the literature 

created by the ambiguous outcome of automation. Thus, this thesis contributes to the demystification 

of the employment outcome of automation but goes beyond to address how external factors can influ-

ence such outcomes building towards a more nuanced explanation of such outcomes. However, as 

discussed throughout this paper the choice of methodology and scope of research how created some 

limitations and thus proposal for further research.  

As described in section 3, due to the exploratory nature of this research, this paper was carried out as 

a comparative case study. The approach was deemed valuable as case studies are well-suited for how 

and why questions and provided the opportunity of in-depth analysis, due to the narrow focus. How-

ever, this research design included the trade-off between depth and generalization. While this paper 

arguably found evidence for how labor market structures affect the employment outcome of automa-

tion, the paper builds on two single cases studies, and thus has limited representativeness and hence 

generalizability. Nevertheless, the findings of this thesis point to significant explanatory power within 

the labor market structures regarding the employment outcome of automation and thus calls for re-

search on subject including more broader testing of the findings. 

Furthermore, due to the time and special limitation of this paper, several other external factor that 

could influence the employment outcome of automation was not included in the scope of this paper. 

For example, as the interest of this paper was labor market structures, the competitive environment of 

each industry was not considered, but could have explanatory power. It was found in the analysis that  

the French manufacturing industry that it is the fourth largest provider in the world of industrial output 

(Mordorintelligence 2016). This global presence could potentially strengthen the bargaining position 

of the French manufacturing industry as a supplier, and hence limiting pressure on production in terms 

of price and timeliness. The decreased competitive pressure could potentially affect the pace of imple-

menting automation. By the same token, the French industry is well known for their luxury goods, 

where quality hand-made products are a key selling point (Doran 2014). Here implementation of 
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automation could decrease the product value for consumers. Hence, firms with production of such 

goods would be expected to be dependent on a highly skilled and specifically trained labor force, where 

the ideal of the LME with fluid labor market would not be possible to implement. Thus, at first glance 

the competitive environment of the industry could influence the implementation automation and fur-

ther employment outcome. As such, a suggestion for further research could be how the competitive 

environment influence employment outcome of automation, where frameworks such as Porters Five 

Forces could provide valuable insights.  
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9. Conclusion  

This paper sought out to investigate the connection between labor market regulation and the employ-

ment outcome of automation. By conduction a panel data analysis to measure the correlation between 

automation and employment and further assess these results in regard to institutional structures, this 

thesis has contributed to existing literature and covered an important research gap that has not 

previously been studied.  

The fixed effect analysis showed quite different results for each of the case countries. Where the re-

gression conducted on the French industry showed relatively large positive effects, the results from 

the Danish industry was small and mainly negative. Causation for this difference was found in the 

variance in labor market structures. In rigid labor market structures organizations can experience stag-

nation in employment, due to inflexibility in employment contract and skill-shortage caused by a 

highly specified labor force. On the contrary, a flexible regime allows for compositional effects within 

and across firms and industries creating a more dynamic response to automations effect on the labor 

market. While direct explanatory power is not found in the capital market structures, they were found 

to be able to amplify the effect of the labor market structures. A strong focus on profitability and risk 

of take-over caused the firms to leverage the flexibility of the labor markets by continuously assessing 

the assets needed. By the same token, access to risk-willing capital allowed the firms to lean into 

positive effects of automation that would otherwise be prohibited by capital constraints.  

While the employment effect of automation found in this thesis do not appear substantial in the larger 

picture, the implications of these findings for the policy makers lies within the potential of the fourth 

industrialization. The impact of technology on employment going forward calls for an agile and dy-

namic labor market with the ability to respond to new production systems. This thesis found that the 

French labor market is, at this point in time, not able to meet these demands. By the token, the analysis 

showed that Danish system that is reliant on costly labor market policies can come under pressure and 

increased focus on capital access can strengthen the already agile Danish markets. In conclusion, the 

thesis provides evidence that labor market structures can influence the employment outcome of auto-

mation. This discovery calls for further investigation into the subject to provide a wider representa-

tiveness and generalizability. Furthermore, the lack of labor market flexibility in France and their 

strong presence in the luxury markets begs the question of how the competitive environment affects 

implementation of automation and how this will affect employment in France going forward.  
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11. Appendix  
 

11.1 Panel Data France  
11.1.1 Breusch-Pagan LM test: Pooled OLS or Random Effects 
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11.1.2 Hausman test: Random Effects and Fixed Effects  
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11.1.3 Heteroskedasticity 
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11.1.4 Serial Correlation 
France 
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11.1.5 Multicollinearity 
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11.2 Denmark Panel Data  
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11.2.1. Breusch-Pagan LM test: Pooled OLS or Random Effects 
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Industry 2 

 
 
Industry 3 

 
 
Industry 4 



Rikke Bang Helvind | Master Thesis  

 105 

 
 
Industry 5 

 
 
Industry 6 

 
 



Rikke Bang Helvind | Master Thesis  

 106 

Industry 7 
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11.2.2 Hausman test: Random Effects or Fixed Effects  
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11.2.3 Heteroskedasticity  
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11.2.4 Serial Correlation 
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11.2.5 Multicollinearity 
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Task 2 
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11.3 Timeseries model  
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11.3.1 France Group 2: Retail  
 

 
11.3.1.1 Heteroskedasticity  

 
 
 

 
 
 
  11.3.1.2 Serial Correlation 
 
 

1) First order serial correlation 
2) Higher order of serial correlation  

 
 

   
 
11.3.1.3 Presence of endogeneity 
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IV = weighted average of ICT prices  

 
 
IV = First lag of Log_ICT_INT 
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11.3.1.4 Multicollinearity  
 

 
  

 
 
 
11.3.1.5 Normal distribution of standard errors  
 
The first test include control variables the second only includes the main explanatory variable 

 
 
11.3.1.6 Stationarity and weak dependence  
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11.3.2  France Industry 3: Transport 
 
11.3.2.1 Heteroscedasticity  
 
 

 
 
11.3.2.2 Serial Correlation 
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1) First order serial correlation 
2) Higher order of serial correlation  

 

 
11.3.2.3 Presence of endogeneity  
 
IV = weighted average of ICT prices  
 

 
 
IV = First lag of Log_ICT_INT 
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11.3.2.4 Multicollinearity 

 

 
 
11.3.2.5 Normal distribution of standard errors  
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11.3.2.6Stationarity and weak dependence 

 
 
11.4 Do-Files for Stata 
11.4.1 Panel Data 
 
 
** Descriptive  
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xtset indu Year 
xtdescribe 
tab indu 
tab Task 
tab Group 
 
**Create variables 
 
* Adjust French variable (Not applied in the Danish data set) 
gen dlogempC=dlogemp 
 
drop if dlogempC>0.09 
drop if dlogempC<-0.1 
 
 
* Variables (for France dlogempC is used for the ylist) 
global ylist dlogemp 
global xlist Log_ICT_INT 
global zlist Avg_wage Imports_BN Other_inv_inclOME 
 
** RE vs pooled - Question with or without zlist 
 
xtreg $ylist $xlist $zlist, re 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Task==1 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Task==2 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Task==3 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==1 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==2 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==3 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==4 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==5 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==6 
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xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==7 
xttest0 
 
xtreg $ylist $xlist $zlist, re, if Group==8 
xttest0 
 
 
** RE vs FE, Hausman 
xtreg $ylist $xlist $zlist, fe 
estimates store FE 
 
xtreg $ylist $xlist $zlist, re 
estimates store RE 
 
esttab FE RE using HausmanDK.doc, b(%8.3f) se(%8.4f) replace 
 
hausman FE RE, sigmamore 
 
 
xtreg $ylist $xlist $zlist, fe, if Task==1 
estimates store FET1 
xtreg $ylist $xlist $zlist, re, if Task==1 
estimates store RET1 
hausman FET1 RET1, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Task==2 
estimates store FET2 
xtreg $ylist $xlist $zlist, re, if Task==2 
estimates store RET2 
hausman FET2 RET2, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Task==3 
estimates store FET3 
xtreg $ylist $xlist $zlist, re, if Task==3 
estimates store RET3 
hausman FET3 RET3, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==1 
estimates store FE1 
xtreg $ylist $xlist $zlist, re, if Group==1 
estimates store RE1 
hausman FE1 RE1, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==2 
estimates store FE2 
xtreg $ylist $xlist $zlist, re, if Group==2 
estimates store RE2 
hausman FE2 RE2, sigmamore 
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xtreg $ylist $xlist $zlist, fe, if Group==3 
estimates store FE3 
xtreg $ylist $xlist $zlist, re, if Group==3 
estimates store RE3 
hausman FE3 RE3, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==4 
estimates store FE4 
xtreg $ylist $xlist $zlist, re, if Group==4 
estimates store RE4 
hausman FE4 RE4, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==5 
estimates store FE5 
xtreg $ylist $xlist $zlist, re, if Group==5 
estimates store RE5 
hausman FE5 RE5, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==6 
estimates store FE6 
xtreg $ylist $xlist $zlist, re, if Group==6 
estimates store RE6 
hausman FE6 RE6, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==7 
estimates store FE7 
xtreg $ylist $xlist $zlist, re, if Group==7 
estimates store RE7 
hausman FE7 RE7, sigmamore 
 
xtreg $ylist $xlist $zlist, fe, if Group==8 
estimates store FE8 
xtreg $ylist $xlist $zlist, re, if Group==8 
estimates store RE8 
hausman FE8 RE8, sigmamore 
 
 
 
** Test for autocorrelation 
xtserial $ylist $xlist $zlist 
*---- SO MUCH SERIAL CORRELATION  
xtserial $ylist $xlist $zlist if Task==1 
xtserial $ylist $xlist $zlist if Task==2 
xtserial $ylist $xlist $zlist if Task==3 
 
 
xtserial $ylist $xlist $zlist if Group==1 
xtserial $ylist $xlist $zlist if Group==2 
xtserial $ylist $xlist $zlist if Group==3 
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xtserial $ylist $xlist $zlist if Group==4 
xtserial $ylist $xlist $zlist if Group==5 
xtserial $ylist $xlist $zlist if Group==6 
xtserial $ylist $xlist $zlist if Group==7 
xtserial $ylist $xlist $zlist if Group==8 
 
 ** Test for heteroskedasticity  
*1) run (might be fixed effect)normal regression with all x's and predict uhat (residuals) and *uhat2 
xtreg $ylist $xlist $zlist, fe 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe  
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasticity 
reg uhat2 demphat c.demphat#c.demphat 
* The heteroskedasticity for all groups can be find in the seperate do file 'Hetero test' 
 
** Multicorrelarity  
pwcorr $xlist $zlist 
 
pwcorr $xlist $zlist if Task==1 
pwcorr $xlist $zlist if Task==2 
pwcorr $xlist $zlist if Task==3 
 
pwcorr $xlist $zlist if Group==1 
pwcorr $xlist $zlist if Group==2 
pwcorr $xlist $zlist if Group==3 
pwcorr $xlist $zlist if Group==4 
pwcorr $xlist $zlist if Group==5 
pwcorr $xlist $zlist if Group==6 
pwcorr $xlist $zlist if Group==7 
pwcorr $xlist $zlist if Group==8 
 
 
 
** Results (the test for Group 2 and 3 are not conducted for the french data set) 
 
  xtreg $ylist $xlist, fe vce(cluster indu) 
 estimates store FE1 
 xtreg $ylist $xlist, fe vce(cluster indu), if Task==1 
 estimates store Task1 
 xtreg $ylist $xlist, fe vce(cluster indu), if Task==2 
 estimates store Task2 
 xtreg $ylist $xlist, fe vce(cluster indu), if Task==3 
 estimates store Task3 
  esttab FE1 Task1 Task2 Task3 using DKest1.doc, b(%8.3f) se(%8.4f) replace 
  
  
 xtreg $ylist $xlist $zlist, fe vce(cluster indu) 
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 estimates store FE2 
 xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Task==1 
 estimates store Task1wc 
 xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Task==2 
 estimates store Task2wc 
 xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Task==3 
 estimates store Task3wc 
 esttab FE2 Task1wc Task2wc Task3wc using DKest2.doc, b(%8.3f) se(%8.4f) replace 
   
   
  
xtreg $ylist $xlist, fe vce(cluster indu), if Group==1 
estimates store Group1 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==2 
estimates store Group2 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==3 
estimates store Group3  
xtreg $ylist $xlist, fe vce(cluster indu), if Group==4 
estimates store Group4 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==5 
estimates store Group5 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==6 
estimates store Group6 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==7 
estimates store Group7 
xtreg $ylist $xlist, fe vce(cluster indu), if Group==8 
estimates store Group8 
esttab Group1 Group4 Group5 Group6 Group7 Group8 using FRest2.doc, b(%8.3f) se(%8.4f) re-
place 
    
 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==1 
estimates store Group1wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==2 
estimates store Group2wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==3 
estimates store Group3wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==4 
estimates store Group4wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==5 
estimates store Group5wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==6 
estimates store Group6wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==7 
estimates store Group7wc 
xtreg $ylist $xlist $zlist, fe vce(cluster indu), if Group==8 
estimates store Group8wc 
esttab Group1wc Group4wc Group5wc Group6wc Group7wc Group8wc using FRest3.doc, b(%8.3f) 
se(%8.4f) replace 
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**Residuals, the code is applied after the regression)  
predict res, resid 
 
kdensity res, normal 
    
11.4.2 Panel Data Heteroskedasticity test  
 
xtreg $ylist $xlist $zlist, fe 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe  
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
****** per Task  
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Task==1 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Task==1 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Task==2 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Task==2 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Task==3 
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predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Task==3 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
 
 
*********** Per Group  
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==1 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==1 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==2 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==2 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==3 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==3 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 



Rikke Bang Helvind | Master Thesis  

 137 

 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==4 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==4 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==5 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==5 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==6 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==6 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==7 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
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xtreg $ylist $xlist $zlist, fe, if Group==7 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
drop uhat 
drop uhat2 
drop demphat 
 
xtreg $ylist $xlist $zlist, fe, if Group==8 
predict uhat, resid 
gen uhat2=uhat^2 
** Predict yhat 
xtreg $ylist $xlist $zlist, fe, if Group==8 
predict demphat 
** Tjek for correlation, check F stat and its pvalue, if 0 no heteroskedasicty 
reg uhat2 demphat c.demphat#c.demphat 
 
11.4.3 Time series  
 
**Time series  
tsset Year 
 
** Adjust variable  
gen dlogempC=dlogemp 
 
drop if dlogempC>0.09 
drop if dlogempC<-0.1 
 
** 
dfuller Log_ICT_INT, trend 
dfuller dlogempC, trend 
 
*** Hetero 
reg dlogempC Log_ICT_INT 
predict ehat, resid 
reg dlogempC Log_ICT_INT Other_inv_inclOME Avg_wage Imports_BN 
predict uhat, resid 
 
gen uhat2=uhat^2 
gen ehat2=ehat^2 
 
reg dlogempC Log_ICT_INT Other_inv_inclOME Avg_wage Imports_BN 
predict demphat 
 
reg uhat2 demphat c.demphat#c.demphat 
reg ehat2 demphat c.demphat#c.demphat 
* Look at overall F tests p value for significance 
 
*** Serial correlation 
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*1) first order, 2) later order 
estat dwatson 
estat bgodfrey 
 
****Exogeneity  
reg Log_ICT_INT  Avg_wage Imports_BN Other_inv_inclOME 
predict vhat, resid 
reg uhat Log_ICT_INT vhat 
 
 
**** Strict endogeneity - Hausman use of IV  
reg dlogempC Log_ICT_INT Other_inv_inclOME Imports_BN Avg_wage  
estimates store OLS 
reg dlogempC wavgprices Other_inv_inclOME Imports_BN Avg_wage  
estimates store IV 
hausman OLS IV, sigmamore 
* Not sure this qualifies as IV  
 
 
**** Normally distributed errors 
sktest uhat 
 
  
 ** Multicollinearity  
pwcorr Log_ICT_INT Other_inv_inclOME Imports_BN Avg_wage  
pwcorr Log_ICT_INT Other_inv_inclOME Imports_BN 
pwcorr Log_ICT_INT Other_inv_inclOME  Avg_wage  
pwcorr Log_ICT_INT Other_inv_inclOME   
 
** Regression  
reg dlogempC FD_Log_ICT_INT Other_inv_inclOME VA Unemp Labforcepart 


