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Abstract 

We assess the effect of digitalisation on employment for the European Union countries, and 

Portugal in particular, using data for the 1995-2019 period. We estimate an augmented labour 

demand function derived from a Constant Elasticity of Substitution (CES) cost function to test 

for a capital-labour substitution effect, distinguishing between digital and traditional capital. 

The results point towards a positive impact of digital investments on total employment, but 

the effects are heterogeneous depending on the different employment categories. In particular, 

high-skilled jobs benefit from digitalisation at the expense of medium- and low-skilled ones. 

Results for Portugal also show evidence of an overall positive effect of digital investments on 

employment, showing that an increase of €100.000 in the stock of digital technologies is 

associated with an increase of 4.6 jobs. 
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1. Introduction 

Over the last decade, the adoption of digital technologies such as smartphones, tablets, e-

money, e-commerce, and e-government services has rapidly increased for businesses, people 

and governments alike. Most of the world’s developed economies are moving from an 

industrial-based economy to an information (knowledge)-based economy. This digital age is 

intrinsically associated with computer technology and the translation of data and information 

into a digital form to be stored, shared, processed, and used by computers or other electronic 

equipment (Cambridge, 2011). Existing evidence suggests that digitalisation has proven 

beneficial for business sectors by enhancing firm-productivity (Gal et al., 2019; Cincera et al., 

2020), increasing the efficiency and effectiveness of business processes (Rossato and 

Castellani, 2020), and stimulating sales and exports (Eduardsen, 2018). In light of these 

findings, it is not surprising to observe that most companies have significantly increased their 

investment in digitalisation in the last years (UNCTAD, 2017; EIB, 2020). 

This digital transition was significantly accelerated by the Covid-19 health crisis (EIB, 2021). 

Worldwide measures to stop the spread of the disease, such as mobility and travel restrictions, 

physical distancing, and mandatory teleworking (when possible), have pushed both 

governments and businesses to accelerate their digital plans and invest more in digital 

technologies than previously expected. These actions aimed at adapting products and services 

to new short-term market and societal needs as well as at increasing the resilience of 

companies facing the consequence of the economic crisis related to the pandemic (Equinix, 

2021). 

In line with previous waves of pervasive new industrial processes and technologies, there 

is a strong interest among both policy makers and scholars in assessing the macroeconomic 

and distributional effects of the generation and diffusion of digitalisation in the labour market. 

Besides the potentially positive effects of digitalisation on business competitiveness (Rossato 

and Castellani, 2020), it has been put forward by many authors that this type of technological 

changes may have a harmful effect on the labour market (see, for instance, Leontief, 1952, 

and Keynes, 1937, who used the term ‘technological unemployment’). According to, among 

others, Ford (2015) and Acemoglu and Restrepo (2020), automation and robotisation may 

replace workers and lead to job destruction. On the other hand, digitalisation may also create 

new job opportunities related to new technologies (Degryse, 2016).  

The effect of digitalisation is expected to be heterogeneous across economic activities 

(Gaggl and Wright, 2017; Mann and Püttmann, 2018) and some jobs are at a higher risk to be 

affected by automation and robotisation than others. For example, automation is more likely 

to have an impact on office work and clerical tasks, sales and commerce, transport, logistics, 

manufacturing, and construction (Degryse, 2016). Consequently, some regions and countries 

with specific sectorial patterns and labor force profiles are likely to be also more affected by 

the transition than others. 
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Several recent studies have quantified the net effect of digital technologies on employment, 

resulting in some mixed evidence that we review in the next section. A promising avenue of 

research seems to be constituted by the analysis of the heterogeneous effect that digitalisation 

may have on jobs depending either on the industry or on the occupational tasks of the workers. 

For instance, Akerman et al. (2015), Bessen (2016), Balsmeier and Woerter (2019), and Reljic 

et al. (2019) all report heterogeneous impacts of digitalisation on employment depending on 

skills and qualifications, while Gaggl and Wright (2017) and Mann and Püttmann (2018) 

concentrate on different industries. 

The present paper complements the existing literature in several ways. Firstly, it quantities 

the net effect of investment in digital technologies on employment in the European Union (EU) 

over the 1995-2019 period. To the best of our knowledge, the existing studies in the literature 

concentrate on single European countries (Dauth et al., 2017; Biagi and Falk, 2017; Graetz 

and Michaels, 2018; Koch et al., 2019; Reljic et al., 2019), while we use data for all the EU 

member states. Secondly, the paper tests the non-linear relationship between digitalisation 

and employment, contrary to the existing studies which only tested a linear relationship. 

Thirdly, and in the framework of the “Call for papers on the Portuguese Economy on the 

Economic Impact of Digitalisation in Portugal”6, the present research also shows the positioning 

of Portugal in the process of job destruction and creation due to digitalisation. So far, no study 

has assessed and quantified the net effect of technological progress in the country.  

In our analysis, we investigate the effect of investments in digital technologies using an 

augmented labour demand function derived from a Constant Elasticity of Substitution (CES) 

cost function. We control for endogeneity bias of digitalisation using a Two-Stage Residual 

Inclusion Estimation. Thanks to the use of interaction terms, we estimate the capital-labour 

elasticities for the EU27 and Portugal, and then we estimate the marginal effect of digitalisation 

on employment. We show that investments in digital technologies have a positive effect on 

total employment. This aggregate result masks the following heterogeneous effects: jobs 

constituted by routine tasks are negatively affected by digitalisation, while more complex jobs 

are found to be complementary to digital capital.  

From an academic perspective, our study offers novel findings produced with a robust 

methodology to estimate the net effect of digitalisation on employment. The results are 

relevant from a policy perspective, as they could be used as evidence informing effective and 

targeted labour market interventions to facilitate the digital transition, especially for the most 

vulnerable workers of the economy. 

The rest of the paper is structured as follows. Section 2 provides a brief review of the 

literature on the impact of digitalisation on employment. Section 3 describes the evolution and 

positioning of Portugal in the EU27 regarding investment in digitalisation and employment 

 
6 The call was launched in the end of the second-half of 2021 by the Office for Strategy and Studies (GEE), 
Google, and the Association for the Information Society Development (APDSI). 
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skills. Section 4 presents the method and the data used in the analysis. Section 5 reports the 

empirical results, and section 6 concludes. 

 

2. Background theory and related literature 

As a disruptive novel technology, digitalisation is nowadays considered as a key driver of 

technological progress with potential effects on economic growth and even the capacity to 

contribute to solve major societal challenges. As such, it is at the core of major policy initiatives 

around the word. 7  The economic literature offers many contributions on the potential 

consequences of digitalisation on labour market outcomes and dynamics. Some authors have 

highlighted potential negative effects on employment, as a result of substitution between 

capital and labour, for instance due to automation replacing certain types of jobs (OECD, 

2019). However, according to the classical compensation theory (Marx, 1961; 1969), the 

labour-displacing effect of new (process-oriented) technologies – such as the digital ones 

(Freddi, 2018) - would be more than “compensated” by other market dynamics induced by the 

same technology. Besides the job directly created by the new investments associated with 

digital technologies and infrastructure, there may be additional effects such as the substitution 

and displacement of jobs from declining firms and industries to growing ones. The latter may 

be driven by the creation of new markets and business opportunities, as well as by changing 

demand patterns related to digitalisation. Finally, new economic actors and activities may 

emerge in the market and help compensate for the direct labour-substitution effects of 

innovation (Vivarelli, 1995 and 2007). 

Moreover, recent empirical studies (Reljic et al., 2019; Balsmeier and Woerter, 2019; Avom 

et al., 2021) have confirmed that the impact of digitalisation on employment is complex and 

depends on the skills of workers and the nature of tasks performed by them. For instance, 

employees with routine tasks can be replaced relatively easily by new technologies, while those 

with non-routine activities are expected to benefit in terms of employment shares (Autor et 

al., 2003; Goos et al., 2014). At the same time, technology transfer and adoption are also 

associated with the acquisition of new skills (Degryse, 2016), and there are a number of 

contributions devoted to the study of the so-called skill biased technological change (Katz and 

Autor, 1999) and the concept of job polarisation (Autor et al., 2006; Goos and Manning, 2007).  

Changes in the labor market structure due to digital technologies have been empirically 

tested both at the microeconomic and at the macroeconomic level, as summarised in Table 1. 

Findings are not unanimous regarding the net effect of digitalisation in employment. However, 

on average, digital technologies seems to impact positively high-skilled employment 

(complementary effect) and negatively lower-skilled workers (substitution effect). The total 

net effect seems to depend on the specific economic structure of each country in terms of its 

 
7 For instance, see the US government’s digital strategy (https://digital.gov), and, in the EU, both the 
Digital Single Market (Christensen et al., 2018), and the Next Generation EU programme in the EU, where 
at least 20% of available funding has to be earmarked to the objective of the digital transition 
(https://ec.europa.eu/info/strategy/recovery-plan-europe_en). 

https://digital.gov/
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knowledge capacity, its sectorial composition, and the capacity of up-skilling or re-skilling the 

labour force in order to support workers moving from one activity to another. For instance, 

Dauth et al. (2017) for Germany, and Mann and Püttmann (2018) for the US, show that 

employment in the manufacturing industry was negatively affected by automation, whereas, 

the service sectors strongly benefitted from it, creating new job opportunities and absorbing 

job losses from manufacturing. 

 

Table 1. Main empirical findings on digitalisation effect on employment 

Authors Coverage Main findings 
Akerman et al. 
(2015) 

⋅ Firm-level analysis 
⋅ Norway 
⋅ 2001-2007 

⋅ Internet technology had a positive effect on employment of 
skilled workers, and no effect on low-skilled workers 

⋅ Broadband internet adoption complements skilled workers 
in executing non-routine tasks, but substitutes for unskilled 
workers in performing routine tasks 

Bessen (2016) ⋅ Firm-level analysis 
⋅ US 
⋅ 1980-2013 

⋅ Computer usage improves employment overall but has 
heterogeneous effects on specific occupations groups  

⋅ Computer automation is associated with job losses for low-
wage jobs and job gains for high-wage occupations  

Biagi and Falk 
(2017) 

⋅ Country-industry-firm 
size class-level analysis 

⋅ 12 EU countries (Austria, 
Denmark, Finland, 
France, Germany, 
Ireland, Italy, the 
Netherlands, Norway, 
Sweden, Slovenia, and 
the United Kingdom) 

⋅ 2002-2010 

⋅ Enterprise Resource Planning systems have positive effects 
on employment in manufacturing, and websites have 
positive effects for the employment in services sectors. The 
remaining ICT and e-commerce indicators seem not to have 
any effect on employment 

⋅ On average, ICT activities seem to be relatively neutral to 
employment, suggesting that its utilization is not leading to 
labour substitution 

Dauth et al. 
(2017) 

⋅ Germany 
⋅ 1994-2014 

⋅ Robots exposure does not cause job losses, but it affects 
employment sectorial composition   

⋅ Every robot destroyed two manufacturing jobs (= 275,000 
jobs losses in manufacturing in Germany), and the loss was 
fully offset by additional jobs in the service sector 

Gaggl and 
Wright (2017) 

⋅ Firm-level analysis 
⋅ UK 
⋅ 2000-2004 

⋅ ICT investment has a positive effect on employment 
associated with non-routine tasks. And a negative one on 
routine tasks. Manual work is unaffected 

Graetz and 
Michaels 
(2018) 

⋅ Industry-country-level 
analysis 

⋅ 17 countries (US, South 
Korea, Australia and 14 
European countries) 

⋅ 1993-2007 

⋅ No significant effect of industrial robots usage on overall 
employment 

⋅ Robots may replace or reduce employment of low-skilled 
workers 

Mann and 
Püttmann 
(2018) 

⋅ Industry-level analysis 
⋅ US 
⋅ 1976-2014 

⋅ Automation technology leads to employment growth overall 
(all industries), but replace workers in routine tasks 

⋅ Negative effect of automation on employment in 
manufacturing industry and a positive effect on services 

Balsmeier and 
Woerter 
(2019) 

⋅ Firm-level analysis 
⋅ Switzerland 
⋅ 2014-2015 

⋅ Investment in digitization has an average positive effect on 
total employment, with a positive effect on highly skilled 
employment and a negative one on medium- and low-skill 
jobs 
This is driven by machine-based investment, as there is no 
significant relationship between employment and non- 
machine-based investment 

Cirera and 
Sabetti (2019) 

⋅ Firm-level analysis 
⋅ 53 developing countries 
⋅ 2013-2015 

⋅ Process automation has no significant effects on total 
employment growth. A negative effect on employment in 
services sectors is found 

Koch et al., 
(2019) 

⋅ Firm-level analysis 
⋅ Spain 
⋅ 1990-2016 

⋅ Robot technology adoption has a positive effect on 
employment, leading to net job creation 

https://www.sciencedirect.com/science/article/abs/pii/S0048733319300733#!
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Table 1. Main empirical findings on digitalisation effect on employment (continuation) 

Reljic et al. 
(2019) 

⋅ Country-industry-level 
analysis 

⋅ 6 EU countries (Germany, 
France, Spain, Italy, the 
Netherlands and the 
United Kingdom) 

⋅ 2009-2014 

⋅ Digital investment is negatively correlated with total 
employment growth, whereas, digital inputs show a 
positive relationship with job creation  

⋅ ICT investment is positively associated with employment 
growth of managers, and negatively with that of clerks  

⋅ ICT consumption is positively correlated with growth 
employment of clerks. No significant relationship between 
digitalisation and lower skilled employment was found 

Acemoglu and 
Restrepo 
(2020) 

⋅ Industry-county level 
analysis 

⋅ US 
⋅ 1993-2014 

⋅ Negative effect of industrial robots on labour market 
⋅ One more robot per thousand workers reduces the 

employment to-population ratio by 0.2 percentage points 

Avom et al. 
(2021) 

⋅ Country-level analysis 
⋅ West Africa Economic and 

Monetary Union countries 
⋅ 2000 – 2017 

⋅ ICT has a positive effect on total employment. There is 
evidence of a negative effect on low and medium-skilled 
jobs, and a positive one on high-skilled jobs 

Source: Own elaborations based on the cited studies. 

 

 

3. Digitalisation and employment skills: evolution and positioning of 

Portugal  

Over the period 1995-2019, investment in digitalisation has represented more than 10% 

of the total Gross Fixed Capital Formation (GFCF) in the EU, with Portugal recording a value 

which is just below the EU average (Figure 1). Sweden is the country with the higher 

average share in digital investment (20%), and Poland and Ireland are the countries with the 

lowest values (around 6%). 

  

Figure 1. Digitalisation investment as a share of GFCF by EU Member State, 1995-2019 
average 
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Source: Own elaborations based on Eurostat data [nama_10_nfa_fl]. Machine-based GFCF includes investments in 

computer hardware and telecommunications equipment (machine-based); non-machine based GFCF stands for 

investments in computer software and databases. 

 

Investment in digitalisation has grown from 9.2% in 1995 to 12.5% in 2019 in the EU. This 

growth trend is driven by non-machine-based digital investment, which has exceeded 

machine-based investment starting from 2007 (Figure 2). Portugal has followed a similar 

trend, moving from a share of digital investment of 7.8% in 1995 to 12.7% in 2019. However, 

non-machine-based digital investment has been larger than machine-based investments only 

from 2011 to 2018, as the former decreased substantially in 2019 when it became less than 

6% of total GFCF versus about 7% of machine-based investments.  

 

Figure 2. Evolution of investment in digitalisation (machine and non-machine-based), 
Portugal and EU27, 1995-2019 

 

Portugal  EU27 (average) 

 

 

 
 

Source: Own elaborations based on Eurostat data [nama_10_nfa_fl]. Machine-based GFCF includes investments in 

computer hardware and telecommunications equipment (machine-based); non-machine based GFCF stands for 

investments in computer software and databases. 

 

Figure 3 shows that the labour market has undergone significant changes during the 1995-

2019 period both in Portugal and in Europe in general. In particular, it appears that high-skilled 

jobs have been replacing medium-skilled jobs over time, with low-skilled jobs remaining 

relatively constant. The skill categorisation is made according to the professional status of the 

workers. 
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Figure 3. Evolution of employment by skill - professional status (% Total Employment): 
Portugal versus EU27, 1995-2019 

 
Portugal  EU27 

 

 

 
Source: Own elaborations based on Eurostat data [lfsa_egais; lfsa_egaed].  

 

 

Finally, Figure 4 shows that Portugal is close to the bottom of the EU ranking in terms of 

the proportion of high-skilled jobs over total employment during the 1995-2019 period. We 

turn to the next sections of the paper in order to investigate the relationship between digital 

investments and employment in the EU, with a particular focus on the Portuguese situation.  

 

Figure 4. Employment by skill - professional status (% total employment), all EU Member 
States, average 1995-2019 

 
Source: Own elaborations based on Eurostat data [lfsa_egais; lfsa_egaed].  
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4. Data and methodology 

4.1. Measuring digitalisation 

In the scientific literature, digitalisation is usually measured using three types of indicators: 

• Acquisition of new digital technologies via tangible and intangible investments. The 

former are related to machines and equipment (Acemoglu and Restrepo, 2020); the 

latter investments include software and data access (Balsmeier and Woerter, 2019); 

• Enabler of digital technologies. This is normally proxied using data on broadband 

internet access and mobile internet access (see e.g. Biagi and Falk, 2017); 

• Technology as a marketing innovation and a new way of selling: e-sales, websites, and 

e-commerce (Biagi and Falk, 2017). 

In the present study, we use investment in machine- and non-machine-based digital 

technologies to account for digitalisation, because investment decisions constitute a broader 

measure capable of considering all the types of indicators highlighted above. For instance, on-

line sales or e-commerce implies a previous investment in either tangible or intangible assets, 

or both. Moreover, and since we study the impact of digitalisation on the labour market, it 

would be limiting to consider narrower definitions such as those relying on Internet access 

data.8  

Time series data on digital investment in the EU countries are taken from Eurostat tables 

on the cross-classification of gross fixed capital formation by asset (flows).9 From the list of 

assets available in Eurostat (see Table A1 in the Appendix), we consider investments in 

digitalisation those referring to computer hardware (N11321), telecommunications equipment 

(N11322) and computer software and databases (N1173).  

 
4.2. Measuring employment skills in the labour market 

We categorise employment by skills by using the International Standard Classification of 

Occupations 2008 (ISCO-08) and the ILO (2012) classification as reported in the Table 2 

(following, among others, Reljic et al., 2019). We believe this choice to be appropriate given 

the focus of our analysis, as the possible labour-capital substitution effect would be related to 

the nature of tasks performed by the workers. Time series data on employment by professional 

occupation in the EU countries come from Eurostat. 

To assess the labour market effect of digitalisation by occupational status we build an 

indicator assuming value 1 if there is an increase in the ratio between the total employment 

of high skilled-jobs over the total of medium-low skilled jobs, between two periods. Most of 

the existing studies (e.g. Balsmeier and Woerter, 2019; Reljic et al., 2019; Avom et al., 2021) 

have assessed the effect of digitalisation by skills estimating separately three regressions 

where the dependent variables refer to the level of employment by skills (high, medium and 

 
8 Internet access is only one of the determinant factors of ICT adoption (Bayo-Moriones and Lera-López 
2007; Consoli, 2012). 
9 Data extracted on 20 July 2021. 

https://www.sciencedirect.com/science/article/abs/pii/S0048733319300733#!
https://www.sciencedirect.com/science/article/abs/pii/S0048733319300733#!


       

10 
 

low). With our approach, we propose an alternative way to capture movement from one 

category to another. 

 
Table 2. Skill level by professional occupation (ISCO-08) 

Broad skill level ISCO-08 

Skill levels 3 and 4 (High) 
OC1: Managers 
OC2: Professionals 
OC3: Technicians and associate professionals 

Skill level 2 (Medium) 

OC4: Clerical support workers 
OC5: Service and sales workers 
OC6: Skilled agricultural, forestry and fishery workers 
OC7: Craft and related trades workers 
OC8: Plant and machine operators, and assemblers 

Skill level 1 (Low) OC9: Elementary occupations 
Source: Own elaborations based on ILO (2012). 

Figure  shows the average ratio between the total employment in high skilled jobs over 

medium-low skilled jobs by EU27 Member States, as well as the average likelihood of its 

improvement over time. As we can see, Northern and Western European countries have an 

average higher ratio whereas Eastern and Southern European countries report lower ratios. 

Portugal and Romania are the last in the ranking, which shows that the share of medium-low 

skilled jobs over the high skilled-ones is extremely higher in these countries. On the opposite 

side, Luxembourg displays a ratio greater than 1 which means that the average number of 

high-skilled jobs outperforms the number of medium-low skilled-ones.  

Figure 5. Total employment in high skilled-jobs over the total employment in medium-low 
skilled-jobs (1995-2019) and the likelihood of its improvement over time, by EU27 

 
Source: Own elaboration based on Eurostat. 
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The average likelihood of the ratio improvement indicates how fast transformation in the 

labour market composition by occupational skills is occurring across EU Member States (the 

EU27 average is 70%). On average, countries located in the Northern and Western Europe 

display a higher value, in comparison with Eastern countries. Sweden and Finland are the 

countries with the higher likelihood of improvement, whereas Bulgaria and Slovakia those with 

the lowest value. 

 

4.3. Methodological approach 

The empirical model adopted in this study is an augmented version of an optimal labour 

demand function derived from the first order conditions of a Constant Elasticity of Substitution 

(CES) cost function, where the demand for labour 𝐿𝐿 is a function of its factor price 𝑤𝑤 and 

production output 𝑌𝑌 (Hamermesh, 1996; Biagi and Falk, 2017), as expressed in equation (1).  

 

𝐿𝐿 = 𝛼𝛼𝜎𝜎𝑤𝑤−𝜎𝜎𝑌𝑌 (1) 

 

Following Van Reenen (1997) and Biagi and Falk (2017), the stock of capital 𝐾𝐾 is used as a 

proxy for output. The labour price 𝑤𝑤 refers to the wages and salaries per employee. Taking the 

logarithms of (1), replacing 𝑌𝑌 for 𝐾𝐾, adding the country and time dimensions, and an error 

term (𝜀𝜀), the labour demand equation becomes a log-log linear static function as follows: 

 

log�𝐿𝐿𝑖𝑖,𝑡𝑡� =  𝛽𝛽𝛼𝛼 − 𝛽𝛽𝜎𝜎𝜎𝜎 log�𝑤𝑤𝑖𝑖,𝑡𝑡� + 𝛽𝛽𝑘𝑘 log�𝐾𝐾𝑖𝑖,𝑡𝑡�+  𝜀𝜀𝑖𝑖,𝑡𝑡, (2) 
  

where 𝑖𝑖 refers to countries (EU Member States), 𝑡𝑡 is time period (1995-2019), and 𝛽𝛽 are the 

parameters to be estimated using panel data. 

A further modification is needed in order to study the relationship between employment 

(the demand for labour) and digitalisation. In equation (2), we divide the capital stock between 

the stock of digital assets (𝐾𝐾𝑖𝑖,𝑡𝑡
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) and the stock of non-digital ones (𝐾𝐾𝑖𝑖,𝑡𝑡

𝑛𝑛𝑛𝑛𝑛𝑛_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑). Both stocks are 

estimated using the Perpetual Inventory Method (PIM) and a depreciation rate of 33% for 

digital assets, 20% for research and development assets, and 8% for the non-digital ones (see 

Table A2 in the Appendix). Monetary values expressed in current prices are transformed in 

constant using GDP deflator (base 2005). Variables are transformed in first-differences (∆) to 

express them in growth rates. The model includes country dummies (𝜇𝜇𝑖𝑖) and a dummy to 

control for periods of economic downturns (𝜑𝜑). A dummy variable to make a distinction 

between the Member States that have joined the EU since 2004 is included in the equation 

(EU13𝑖𝑖). Equation (3) also controls for the number of people with higher education in each 

country via the educ variable, something which may affect the relationship between 

digitalisation and employment. Thus, the short-run labour demand equation can be estimated 

using the following: 
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∆log�𝐿𝐿𝑖𝑖,𝑡𝑡� =  𝛽𝛽𝛼𝛼 − 𝛽𝛽𝜎𝜎𝜎𝜎∆ log�𝑤𝑤𝑖𝑖,𝑡𝑡� + 𝛽𝛽𝑘𝑘𝑘𝑘∆ log�𝐾𝐾𝑖𝑖,𝑡𝑡
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑� + 𝛽𝛽𝑘𝑘𝑘𝑘𝑘𝑘∆ log�𝐾𝐾𝑖𝑖,𝑡𝑡

𝑛𝑛𝑛𝑛𝑛𝑛_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑�

+ 𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡 + 𝛽𝛽𝑒𝑒𝑒𝑒13𝐸𝐸𝐸𝐸13𝑖𝑖  + 𝛽𝛽𝜏𝜏𝜑𝜑𝑖𝑖,𝑡𝑡 + 𝛽𝛽𝜇𝜇𝜇𝜇𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑡𝑡 
(3) 

 

Furthermore, since the focus of the present analysis is to estimate the digitalisation-

employment relationship for Portugal as well as for the rest of the EU, we include in equation 

(3) an interaction term between the digital technologies variable (∆ log�𝐾𝐾𝑖𝑖,𝑡𝑡
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑�) and a dummy 

variable equal to 1 if the country-id is Portugal and 0 otherwise. This result in an estimated 

elasticity for Portugal which may potentially differ from the one estimated for the whole EU. 

For more details about the variables see Table 3. 

 

Table 3. Description of the variables 

Variables Variable description 

𝐥𝐥𝐥𝐥𝐥𝐥�𝑳𝑳𝒊𝒊,𝒕𝒕�  Logarithm of the total employment (thousand persons) 

𝐥𝐥𝐥𝐥𝐥𝐥�𝒘𝒘𝒊𝒊,𝒕𝒕�  Logarithm of the wages and salaries expressed at constant price (base 
2005) over the total employment 

𝐥𝐥𝐥𝐥𝐥𝐥 �𝑲𝑲𝒊𝒊,𝒕𝒕
𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅�  Logarithm of stock of investment in digital technologies expressed at 

constant price (base 2005), estimated using the PIM 

𝐥𝐥𝐥𝐥𝐥𝐥 �𝑲𝑲𝒊𝒊,𝒕𝒕
𝒏𝒏𝒏𝒏𝒏𝒏𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅�  Logarithm of stock of assets not categorised as investment in digital 

technologies expressed at constant price (base 2005), estimated using the 
PIM 

𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒊𝒊,𝒕𝒕  Share of employment with a tertiary education (levels 5-8) 

𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊  Dummy variable = 1 if BG, CY, CZ, EE, HR, HU, LV, LT, MT, PL, RO, SI or 
SK; 0 otherwise. 

𝝋𝝋𝒊𝒊,𝒕𝒕  Dummy variable =1 if the difference between the real GDP in T and T-1 is 
negative (economic downturn); 0 otherwise. 

Source: Own elaborations based on Eurostat data. Missing values were replaced by means of linear interpolation. 

 

In the next section, we also present estimates of alternative specifications of equation (3) 

where the dependent variable is a binary value equals to 1 if changes in employment leads to 

an increased share of high-skilled employment over total employment with medium-low skills 

jobs, thus allowing to assess the heterogeneous effects of digitalisation on different 

professional occupations. Finally, we also test the hypothesis of a non-linear relationship 

between digitalisation and employment, adding the square term of the digital technology 

variable to equation (3). 

To control for potential endogeneity bias of digitalisation we used a Two-Stage Residual 

Inclusion Estimation (2SRI), also called the Control Function approach. The conceptual 

framework of the 2SRI is similar to standard IV methods, such as two stage least squares 
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(2SLS), however, with some advantages (Wooldridge 2015). For instance, Terza et al. (2008) 

showed that the results of 2SRI could have a smaller bias than the 2SLS.  
Similarly to the 2SLS, the 2SRI is a two-step procedure, where in the first step the 

endogenous variable (stock of digitalisation) is estimated using a vector of exogenous 

variables, which includes an exclusion restriction, or excluded instrument(s), only able to 

influence employment through digitalisation. This means that this(these) variable(s) cannot 

be correlated with our outcome variable. In addition to the excluded instrument(s), the first 

equation should also include the same exogeneous co-variants of the second equation.  

If the estimated coefficients of the first stage equation are statistically significant, the 

reduced form of its residuals are estimated. The second step implies including the residuals as 

an additional explanatory variable in the outcome equation, in addition to the endogenous 

variable. The residuals coefficient (𝜌𝜌) shows the direction and size of bias due to endogeneity 

and the t statistic test of this variable tests the null hypothesis of the existence of endogeneity 

(i.e., if the coefficient is statistically significant the variable is not exogenous). Therefore, the 

main difference with the 2SLS lies in the second step. Instead of including the predicted value 

of the endogenous regressor in the outcome equation, as 2SLS does, 2SRI includes the 

endogenous variable together with the reduced form of the residuals of the first equation. Our 

system of equations can only be estimated independently using OLS regressions if the error 

terms of both equations are not correlated with each other. 

As exclusion restriction to explain the growth rate of the stock of investment in digital 

technologies we selected the initial value of the stock in T (which also corresponds to the final 

stock in T-1), and the growth rate of the stock within two periods. Both variables reveal to be 

strongly correlated at 1% significance level with our endogenous variable (Table C1 in 

Appendix C) and un-correlated with the growth rate of employment (Table C2 in Appendix C).  

 

5. Results and discussion 

5.1. Baseline model: digitalisation effect on employment in the EU 

Table 4 reports the results of equation (3) with total employment as the dependent variable, 

using the following estimators: Pooled OLS in column (1); Random Effects in column (2); two-

step difference-GMM in column (3) and the Two-Stage Residual Inclusion Estimation (2SRI) in 

column (4).10 In the first two cases, the stock of digital capital is treated as exogenous, while 

we deal with its potential endogeneity both with the 2SRI estimates and with those obtained 

with the difference GMM estimator. 

  

 
10 The Wald test for joint significance of coefficients also shows that all model fits the data well. No evidence 
of multicollinearity is observed based on the VIF and correlation matrix (Table B3 in Appendix B). 
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Table 4. Results baseline model, dependent variable ∆Log(Employment) 

Variables OLS RE Diff. GMM 2SRI 
  (1) (2) (3) (4) 
Log(Stock digital capital) 0.0472** 0.0316*** 0.119** 0.106*** 
  (0.0224) (0.00895) (0.0603) (0.0359) 
Log(Stock non-digital capital) 0.414*** 0.258*** 0.656*** 0.393*** 
  (0.0576) (0.0415) (0.243) (0.0600) 
Log(real cost per employee) -0.171*** -0.0922*** -0.117 -0.196*** 
  (0.0602) (0.0342) (0.108) (0.0608) 
Share Empl. Higher Education T-1 0.0302** 0.0292** 0.108 0.0272* 
  (0.0144) (0.0118) (0.184) (0.0148) 
Period of downturn (Yes/No) -0.0193*** -0.0260*** -0.0192* -0.0176*** 
  (0.00317) (0.00370) (0.0101) (0.00329) 
EU13 (Y/N) 0.00107 -0.00474 - 0.00261 
  (0.00360) (0.00362) - (0.00379) 
Country fixed effects Yes No No Yes 
Constant -0.00241 -0.000288 - -0.00287 
  (0.00384) (0.00353) - (0.00373) 
Observations (ID-countries) 594 (27) 594 (27) 594 (27) 594 (27) 

R-squared 0.508 0.3516 - 0.512 
Tests for model specification         

Wald test for joint significance 0.000 0.000 0.000 0.000 
Arellano-Bond test: AR(1) - - 0.005 - 
Arellano-Bond test: AR(2) - - 0.147 - 
Hansen test - - 0.223 - 
𝜌𝜌 (residual first equation - 2SRI) - - - -0.0664* 
  - - - (0.0369) 

Source: Own elaboration. 

Note: Robust standard errors in parentheses. Significance level *** p<0.01, ** p<0.05, * p<0.1. Results of OLS (1) and 

2SRI (4) refers to weighted regression using GDP. The variable ∆Log(Stock Digitalisation) is considered endogenous in 
two-step difference GMM (3) and 2SRI (4). 
 
 

All model specification reports an average positive effect of investment in digitalisation on 

employment11 in the EU27 in the period under analysis, in line with the findings of Balsmeier 

and Woerter (2019) for Switzerland. As we can see with the result of the 2SRI (column 4) 

existing bias due to endogeneity lowers the effect of digitalisation on employment, if compare 

the coefficients with the estimates in column (1). The negative and significant coefficient of 𝜌𝜌 
(bottom of Table 4) shows the size of the bias (-0.0664) and confirms this directionality. 

Results of the two-step of difference GMM of Arellano and Bond (1991) (column 3), used as 

robustness test, also endorse the previous findings, and display a similar elasticity for the stock 

of digitalisation. 

 
11 Findings that confirm the evidence observed in the two-way scatterplot reported in Figure B1-A and 
Figure B1-B in Appendix B. 
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The results of the first stage of the 2SRI are displayed in Table C1 in Appendix C and show 

that the instruments are valid and the model is correctly specified. Variables also have the 

expected sign. For instance, the second-order lag of the growth rate of the capital stock of 

digital technologies is positively correlated with the growth rate in T and the initial value of 

stock in T display a negative relationship. The qualification of labor force in a country, 

measured by its education level, influence positively the growth rate of digitalisation, as well 

as the growth rate of real cost per employee. Period of downturns and being a new EU Member 

States influence negatively the stock of digital technologies.    

Regarding the size of the net effect of digitalisation on employment our coefficients refers 

to elasticities, indicating that a 1% increase of the stock of digital technologies is associated 

with an increase of 0.11% of employment, all the rest remaining constant, based on the results 

of the 2SRI (column 4) and 0.05% based on Pooled OLS (column 1). To compare the 

magnitude of the estimated effects with the results of Balsmeier and Woerter (2019), which 

reports the effects in monetary terms, we need to calculate the marginal effects of a 1 euro 

increase in digital capital stock.12 Balsmeier and Woerter (2019), using a Pooled OLS and 

considering all variables exogenous, found that an increase of CHF 100.00013 in the investment 

of digitalisation is associated with a total increase of 1.6 jobs in Switzerland. With the results 

of Pooled OLS estimation, where the variables are also exogenous (column 1) we obtain that 

in increase of €100.000 in the stock of investment in digital technologies increases the total 

employment by 1.3 jobs in EU27, and when considering the result of 2SRI (column 4), by 3.1 

jobs. Since an increase in stock represents more than an increase in investment (as a result 

of the replacement and depreciation of digital technologies), the magnitude our findings are in 

line previous studies. 

The negative estimated coefficient of the real cost per employee change shows that rising 

labour costs lower employment demand's growth. Besides, the negative effect associated with 

the period of downturn dummy variable signals that employment creation is hit when the 

general economic environment is adverse. 

 

5.2. Digitalisation effect on employment in Portugal: Is there any difference? 

In the previous section, we have provided novel evidence on our first research question, 

namely the effect of digitalisation on employment in the EU27. In the present section, we are 

now investigating whether the effect of digitalisation in Portugal shows a different pattern with 

respect to the other EU Member States. 

 
12  Estimated using the product of the elasticity and the ratio of the impacted variable (mean of 
employment) on the impacting one (mean Stock investment in digital technologies). 
13 CHF corresponds to Swiss Franc and on 29 October 2021 its exchange rate was equivalent to 0.94 euros.  
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Table 5 reports the results of equation (3) including a non-factorial interaction term in our 

main variable of interest (digitalisation) to make a distinction between Portugal and the rest 

of the EU by using the 2SRI and without country fixed effects.14  

 

Table 5. Results of 2SRI: Portugal versus EU, dependent variable ∆Log(Employment) 

Variables (1) 
∆Log(Stock digital capital)   

 EU26 (EU27 minus PT) 0.108*** 
  (0.0275) 
Portugal 0.0960*** 

  (0.0282) 
Z-test: H0: 𝛽𝛽𝐸𝐸𝐸𝐸26 = 𝛽𝛽𝑃𝑃𝑃𝑃 (p-value) 0.761 
Control variables Yes 
Country fixed effects No 
Constant -0.00269 
  (0.00374) 
Observations 594 
R-squared 0.517 
Wald test for joint significance 0.000 
ρ (residual first equation with # - 2SRI)   

 EU26 (EU27 minus PT) 
-

0.0860*** 
  (0.0311) 
Portugal -0.627*** 

  (0.122) 
Model validation tests: equation 1 with #   

Wald test (p-value): Significance of instruments 0.000 
Wald test (p-value): Significance of excluded instruments 0.000 
Wald test (p-value): Joint significance of the model 0.000 

Source: Own elaboration. 

Note: Robust standard errors in parentheses. Significance level *** p<0.01, ** p<0.05, * p<0.1. Results refers to 
weighted regression using GDP. The variable Log(Stock digital capital) is considered endogenous in 2SRI. 
 

Results in Table 5 reveal an average positive effect of digitalisation in Portugal, as well as 

for the rest of the EU. The results of the Z-test15 shows that the elasticities between PT and 

the EU26 are not statistically different. However, having the same elasticity, which measures 

relative change, does not mean having the same marginal effect. Indeed, whereas for the 

EU26 an increase of €100.000 in the stock of digital technologies is associated with an increase 

of 3.1 jobs, in Portugal it is associated with an increase of 4.6 jobs.  

In addition to the analysis above, since the two-way scatterplot in Figure B1-B in Appendix 

B reveals the possibility of an non-linear relationship between digitalisation and employment, 

 
14 Results of the first stage available upon request. 

15 The Z-test of differences between coefficients is estimated by the equation: 𝑍𝑍 =  𝛽𝛽1− 𝛽𝛽2
�(𝑆𝑆𝑆𝑆𝑆𝑆.𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝛽𝛽1)2+ (𝑆𝑆𝑆𝑆𝑆𝑆.𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝛽𝛽2)2
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equation (3), but without country fixed, was re-estimated including the squared of the growth 

rate of the stock of digital technologies. Moreover, in order to test the difference between 

Portugal and the rest of the EU, the non-factorial interaction term is also included in the 

regression estimation. Results reported in Table D1 in Appendix D don’t show evidence of an 

inverted U-shaped relationship, for both Portugal and EU26. Therefore, in line also with 

previous findings, it seems that on average a linear positive effect of digitalisation on 

employment seems to prevail. 

 

5.3. Complementarity analysis: digitalisation effect on employment by skills 

As a complementarity analysis, we have re-estimated equation (3) replacing the dependent 

variable by our indicator of the change in the labour market structure. The results of the 2SRI 

are displayed in Table 6, using the results of first step reported in Table C1 in Appendix C. The 

positive coefficient of the growth rate of the stock of digital technologies reveals that 

digitalisation has a positive effect on the likelihood of changing labour market structure 

regarding the nature of the workers tasks. Low and medium skilled-jobs, associated with the 

specifications of the tasks, are being replaced by high skills ones.  

 

Table 6. Results of 2SRI: Change in labour market structure, dependent variable: increasing 
in the ratio High to Medium-Low employment skills (Y/N) 

Variables (1) 
Log(Stock digital capital) 3.887** 
  (1.857) 
Control variables and country fixed effects Yes 
Constant 0.597*** 
  (0.182) 
Observations 594 
R-squared 0.058 
Wald test for joint significance 0.000 
ρ (residual first equation - 2SRI) -3.800* 
  (1.968) 

Source: Own elaboration. Note: Robust standard errors in parentheses. Significance level *** p<0.01, ** p<0.05, * 
p<0.1. Results refers to weighted regression using GDP. The variable Log(Stock digital capital) is considered 
endogenous in 2SRI. 
 
 

6. Conclusion 

We assessed the effect of digitalisation on employment for the EU countries, and Portugal 

in particular, during the 1995-2019 period. We estimate an augmented labour demand function 

derived from a CES cost function to test for a capital-labour substitution effect, distinguishing 

between digital and non-digital capital. The results point towards a positive impact of digital 

investments on total employment. Our findings also suggests a change in the labour market 

composition induced by digitalisation. In particular, high-skilled jobs benefit from digitalisation 

investments at the expenses of jobs in medium- and low-skilled professions.  
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In Portugal, there is also evidence of a positive and linear relationship between digital 

investments and employment, and its rate of return is even higher than the EU average. Such 

findings could be explained by the country-specific labour market characteristics as well as by 

the potential catching up in terms of overall gross fixed capital formation and, specifically, 

digital investments with respect to the other EU27 Member States.  

From an academic perspective, our study offers novel findings produced with a robust 

methodology to estimate the net effect of digitalisation on employment. The results are 

relevant from a policy perspective, as they could be used as evidence informing effective and 

targeted labour market interventions to facilitate the digital transition, especially for the most 

vulnerable workers of the economy. 
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Appendix 

 
Appendix A. Classification of gross fixed capital formation assets and their 

depreciation rate 

 
Table A1. Classification of gross fixed capital formation assets 

Code Label 
N11G  Total fixed assets (gross)  
N11KG  Total Construction (gross)  
N111G  Dwellings (gross)  
N112G  Other buildings and structures (gross)  
N11MG  Machinery and equipment and weapons systems (gross)  
N1131G  Transport equipment (gross)  
N1132G  ICT equipment (gross)  
N11321G  Computer hardware (gross)  
N11322G  Telecommunications equipment (gross)  
N11OG  Other machinery and equipment and weapons systems (gross)  
N115G  Cultivated biological resources (gross)  
N117G  Intellectual property products (gross)  
N1171G  Research and development (gross)  
N1173G  Computer software and databases (gross)  

 
Source: EUROSTAT, Cross-classification of gross fixed capital formation by industry and by asset (flows) 
[nama_10_nfa_fl]. 
 
 
 

Table A2. Estimation of capital stock, depreciation rate of different assets 
 

Assets 
Depreciation rates 

value Source 
Computer hardware 33% Corrado et al. (2009) 
Telecommunications equipment 33% Corrado et al. (2009) 
Computer software and databases 33% Corrado et al. (2009) 
Research and development  20% Corrado et al. (2009) 
Other tangible assets 8% Montresor and Vezzani (2015) 

 Source: Own elaborations based on Corrado et al. (2009) and Montresor and Vezzani (2015). 
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Appendix B. Descriptive Statistics, correlation matrix and multicollinearity 

diagnostics 

 

Table B1. Descriptive Statistics 

Variables Mean Std. Dev. Min Max 

Employment (thousand persons) 7,229 9,702 146 45,123 

Improvement ratio High over MedLow 
skilled-jobs (Y/N) 0.70 0.46 0 1 

Real stock of digital technologies 
(million euros) 24,595.43 39,118 223.14 219,260 

Real stock of non-digital capital (million 
euros) 737,304 1,227,914 9,358 5,819,858 

Real wages and salaries per employee 
(euros) 17,465 13,252 1,395 69,006 

Share of employment with tertiary 
education 0.28 0.10 0.08 0.51 

Source: Own elaboration. 

Note: Number of observations: 594. 

 

 
Figure B1. Two-way scatterplots between the stock of digital technologies and employment (in 
logs-level and logs-first difference) averaged over 1995-2019, EU27 

A. Log-level B. Logs-first difference 

  
Source: Own elaboration. 
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Table B2. Pairwise correlation coefficients between stock of digital technologies and 
employment (in logs in level and first difference) averaged over 1995-2019, EU27 

# Variables   1 2 3 4 

1 Log(Employment) Coeff.  1       

2 Log(Stock digital technologies) Coeff. 0.856 1     

    P-value 0.000       

3 Log(Employment) Coeff. -0.107 0.013 1   

    P-value 0.009 0.758     

4 Log(Stock digital technologies) Coeff. -0.109 -0.108 0.242 1 

    P-value 0.008 0.009 0.000   

Source: Own elaboration. 

Note: Number of observations: 594. 

 

 

Table B3. Variance inflation factors (VIF) and correlation matrix 

# Variables VIF 
Correlation matrix 

1 2 3 4 

1 Log(Stock digital capital) 1.10 1       

2 Log(Stock non-digit capital) 1.19 0.259 1     

3 Log(real cost per employee) 1.17 0.226 0.34 1.00   

4 Share Empl. Higher Education T-1 1.02 0.044 -0.08 -0.11 1 

 Mean VIF 1.12         

Source: Own elaboration. 

Note: Number of observations: 594. 
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Appendix C. Results first stage of the Two-Stage Residual Inclusion Estimation 

 
Table C1. Results of Pooled OLS, dependent variable ∆Log(Stock digit) 

Variables (1) 
Log(Stock digital capital) in T-2 0.348*** 
  (0.0685) 
Log(Stock digital capital) in T-1 -0.108*** 
  (0.0274) 
Log(Stock non-digital capital) 0.248 
  (0.166) 
Log(real cost per employee) 0.336** 
  (0.137) 
Share Empl. Higher Education T-1 0.365*** 
  (0.129) 
Period of downturn (Yes/No) -0.0255*** 
  (0.00603) 
EU13 (Y/N) -0.243*** 
  (0.0598) 
Country fixed effects Yes 
Constant 1.019*** 
  (0.250) 
Observations 594 
R-squared 0.305 
Wald test (p-value)   

Significance of instruments 0.000 
Significance of excluded instruments 0.000 
Joint significance of the model 0.000 

Ramsey test - Ho:  model has no omitted variables (p-value) 0.708 
Correlation coefficient between error terms eq. 1 and eq. 2 0.014 

Significance level 0.734 

Source: Own elaboration. 

Note: Robust standard errors in parentheses. Significance level: *** p<0.01, ** p<0.05, * p<0.1. 

 

 
Table C2. Pairwaise correlation coefficients between ∆Log(Employment) and excluded 

instruments 

 

 

Source: Own elaboration. 

 

  

Variables Coeff. P-Value 

Log(Stock digital capital) in T-2 -0.0385 0.3489 

Log(Stock digital capital) in T-1 0.0057 0.8853 
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Appendix D. Testing the non-linear relationship between employment and 

investment in digital technologies 

 

Table D1. Results of 2SRI: Testing non-linear relationship, dependent variable 
∆Log(Employment) 

Variables (1) 
Log(Stock digital capital)   

 EU26 (EU27 minus PT) 0.0843* 
  (0.0456) 
Portugal 0.0499 

  (0.0365) 
Log(Stock digital capital) - Squared   

 EU26 (EU27 minus PT) -0.00126 
  (0.00365) 
Portugal -0.00182 

  (0.00302) 
Control variable Yes 
Country fixed effects No 
Constant 0.00603** 
  (0.00236) 
Observations 567 
R-squared 0.481 
Wald test for joint significance 0.000 
ρ (residual first equation with # level - 2SRI)   

 EU26 (EU17 minus PT) -0.280*** 
  (0.0802) 
Portugal -0.562*** 

  (0.119) 
ρ (residual first equation with # squared - 2SRI)   

 EU26 (EU17 minus PT) 0.0127*** 
  (0.00478) 
Portugal 0.0189*** 

  (0.00424) 

 

Source: Own elaboration. 

Note: Robust standard errors in parentheses. Significance level *** p<0.01, ** p<0.05, * p<0.1. Results refer to 
weighted regression using GDP. The variable ∆Log(Stock digital capital) is considered endogenous in 2SRI. Results of the 
first step are available upon request. 
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