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Abstract
The Fourth Industrial Revolution is opening up huge growth prospects for the world economy, while at the
same time appearing new or worsening existing problems, one of which is income inequality. The issue of
inequality has significant socio-economic and geopolitical importance worldwide since the substantial social
and property stratification of the population leads to exacerbation of local, national and even international
confrontations in society. This article examines the main technological and socio-economic drivers related to
the Fourth Industrial Revolution (Industry 4.0) on income inequality in developed countries (France, Germany, Italy, Spain, UK). Based on recognition of trend and the cyclical component of the dynamics of income
inequality and Industry 4.0indicators and using Google search data the authors nowcast the level of Gini coefficient on 15 years ahead.
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Introduction
The world is entering the Fourth Industrial Revolution. Storage capacity and data growth, appearance of intelligent robots, convergation of web, cloud and mobile platforms, increasing networked communication – it
refers to the dramatic changes in business and production process. Concurrent to the digital revolution, there
are set of socio-economic, demographic, financial drivers of change which is reinforcing one another and
leading to such main consequences as: 1) decrease in the number of highly repetitive low-skill jobs and routine
medium-skill job. In this context, artificial intelligence will initially affect clerical work, sales, customer services. The World Bank estimates that increasing automation will put 57% of the jobs in the 35 countries in
OECD at risk, including 47% of US jobs and 77% of the jobs in China; 2) efficiency improvement of existing
jobs and increase in demand for customized human work; 3) go up the magnitude and probability of risks
related to cybersecurity; 4) raise income inequality – the return to skills is likely to benefit those who are rich
and lower-paid workers suffer from income underperformance. So, while the Fourth Industrial Revolution is
enabling extraordinary levels of innovation and knowledge, it is also contributing to a widening inequality
gap.
Global income inequality stands at very high levels, whereby the richest 8% of the world’s population earn
half of the world’s total income, while the remaining 92% of people are left with the other half. Income
inequality has been increasing in many countries all over the world owing to a range of factors, including:
inadequately regulated financial integration, trade liberalization processes, institutional and regulatory reforms that have increased competition in product and factor markets and, of course, technological change,
which has favored high-skilled workers.
Therefore, it raises the question of necessity to carry out research and develop economical mathematical models, which could make it possible to identify the factors of income inequality variation influenced by industry
4.0 and find out the mechanism of its regulation on the basis of correlation analysis, principal components
method, non-linear regression, harmonic and decomposition analysis; calculate values of nowcasting trends
of income inequality on the base of Google Trends.

5

SocioEconomic Challenges, Volume 1, Issue 1, 2017

Literature review
A vast literature exists that aims to identify the main determinants of income distribution and their impact on
global and national levels. But there is no consensus among experts on drivers of increasing income inequality.
The International Monetary Fund (IMF(2007)) analyzes the effects of globalization, changes in technology,
and labour market institutions on income distribution. Citing evidence from IMF (2007) and using data from
51 countries over the period 1981-2003, Papageorgiou et al. (2008) [24] outline main control variables (technological development, access to education, sectoral share of employment, domestic financial development)
that can determine inequality changes in developing and high income countries. Authors have proved that
technological progress measured by the share of ICT capital in the total capital stock significantly increase
inequality. However, they also highlight that the disequalizing effect of technological progress is stronger in
Asia than on average weaker in Latin America.
According to International Labour Organization [28], key determinants in wage shares and assessing relative
contributions are technological change, financialization, globalization and welfare state retrenchment. Different proxies for measuring technological change in developing (the capital labor ratio and ICT services) and
advanced economies (share of agriculture and industry in GDP) were used. Anastasia Guscina (2006) [18] has
examined the impact of technology, openness, and employment protection policies on the labor share in national income over the period 1960-2000. The author argues that during the preglobalization/pre-IT period the
technological progress is labor-augmenting thereby inequality decreases. However, during the postglobalization/post-IT revolution era technological progress is capital augmenting and inequality increases.
Most scientists claim that technological development influences on the distribution of income and increases
gap between skilled and unskilled labor. The latter notion can be traced back to Krueger (1993) [21] who
argued that employees who directly use computers at work earn a 10 to 15 percent higher wage rate. These
results were obtained by analyzing the data between 1984 and 1989. Based on this view, Berman, Bound,
Machin Krusell, et al. (2000) [22], Acemoglu (2002) [1], Card and DiNardo (2002), Hornstein et al. (2005)
[19], Violante (2012) [31], Berman et al. (1994; 1998) [5, 6] placed that technological change is inherently
skill-biased, attributing the growth in income inequality to technology shocks. Technological changes can
disproportionately raise the demand for capital labor removing many jobs through automation or computerization (Card and Dinardo, 2002) [10].
An alternative view (Goldin and Katz, 2008) [17] is that wage inequality is explained mainly by changes in
education, not by shifts in technology, immigration, globalization or so on. For instance, the increase in the
college wage premium explains about 60 to 70% of the rise in the wages distribution among U.S. citizens
between 1980 and 2005. The light of this view, Kevin J. Lansing and Agnieszka Markiewicz (2012) [23]
developed a general-equilibrium model skill-biased technological change as a diffusion process that transfers
the parameters of the representative firm’s constant elasticity of substitution production function in a way that
approximates observed movements in the shares of wage and non-wage income.
Technological shifts affect the functional distribution of income by raising the labor productivity and returns
on capital. Borghans and er Weel (2002, 2004) [8] argue that the maximum level of wage inequality depends
on the distribution of productivity of workers within and between groups and also conduct the differences in
initial wage inequality between skilled and unskilled workers even in developed countries (USA, Germany).
Technological development, in both developed and developing countries, increases the premium on skills and
tends to substitute away from low-skill inputs, thereby exacerbating inequality in income (Birdsall, 2005) [7].
Despite growing interest and theoretical debate of correlation between income inequality and technological
changes, the empirical research is still limited. This paper aims to analyze literature concerning these problem,
identify main drivers of the Fourth Industrial Revolution and its impact on the dynamics of income distribution
in developed European countries and forecast future trends.
Methodology
The empirical procedure of this article to analyze the main questions is as follows: first, an identification of
the relevant indicators of evaluation of technological and socio-economic changes resulting from the
Industry 4.0 through using significant influence on the income inequality using correlation. Second, authors
adjust relevant factors (technological, socio-economic) in the context of impact on income inequality using
high frequently data. Lastly, researches nowcast the level of income inequality adjusted with Fourth Industrial
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Revolution in developed countries with the application of mathematical methods by decomposition of the
considered time series filtering trend and seasonal (cyclic) components.
There are two obvious types of data required to test the hypothesis of correlation between the Fourth Industrial
Revolution and income inequality, thereafter predict the ratio of income inequality adjusted with Industry 4.0
growth. Firstly, authors decide to assess the income inequality based on Gini index (World Bank Database)
and secondly, they look at measures of the Fourth Industrial Revolution, in the context of technological
changes (enterprises using software solutions; e-government activities of individuals via websites; individuals
using the Internet for ordering goods or services; percent of individuals aged 16 to 74; share of enterprises’
turnover on e-commerce; estimated yearly shipments of multipurpose industrial robots in selected countries)
and socio-economic shifts (venture capital investments of GDP; employed ICT specialists; human resources
in science and technology. The hypothesis is tested on a panel data of five developed European countries
(France, Germany, Italy, Spain, UK) over the period 2007-2017.
Results of research
This paper is aimed at determining main forces of income inequality in developed countries in terms of exponential growth of the Fourth Industrial Revolution and nowcasting these trends.
Firstly, in the context of each country (France, Germany, Italy, Spain, UK) authors have defined a set of
technological and socio-economic indicators that carry on significant influence on the income inequality
through using correlation analysis and principal components method. The results of the implementation of
this stage of modeling and nowcasting trends of income inequality variation influenced by Industry 4.0 are
present in Table 1. Choosing relevant impacts on income inequality is based on the pair correlation coefficients, the value of which indicates statistically confirmed weak, average or close relationship.
Table 1. Results of correlation between technological and socio-economic indicators and income inequality
Gini coefficient

Indicators

France

Germany

Italy

Spain

UK

0.686
0.294

0.413
-0.105

0.738
0.276

0.934

-0.379
-0.087

0.079

0.636

0.922

Share of enterprises’ turnover on e-commerce

0.441
0.206
-0.296

0.710
0.260

0.914

Estimated yearly shipments of multipurpose industrial robots

-0.731
0.206

-0.531
0.117

0.601

-0.091

-0.346
0.120

0.207
0.158

-0.459

Employed ICT specialists

-0.801
0.190

0.710
-0.028

Human resources in science and technology (HRST)

0.388

0.035

0.856

-0.410

Technological indicators
Enterprises using software solutions
E-government activities of individuals via websites
Individuals using the Internet for ordering goods or services

0.959

Socio-economic indicators
Venture capital investments of GDP

0.820
0.053

Thus, based on the data presented in Table 1 it can be concluded that the influential factors of variation on
income inequality for all considered countries are: technological changes – enterprises using software solutions and socio-economic changes – venture capital investments of GDP. Specific indicators of income inequality for France and Great Britain are the individuals using the internet for ordering goods or services and
human resources in science and technology. In addition, almost all considered indicators except employed
ICT specialists is crucial in the study of variations in income inequality in Spain. Specific country is Germany
because there is the smallest number of relevant features factors.
The next stage is adaptive adjustment of relevant technological and socio-economic indicators in the context
of impact on income inequality on the base of Internet users queries in terms of Google Trends. With growing
use of the Internet as an information finding tool, new data sources become vital for efficient policy-making
decisions. Google Trends helps to aggregate a time series index of the volumes for specific search terms.
At this stage, authors construct such variables as “Inequality” and “4.0 Industry” based on Google search and
graphically present its dynamics and characteristics of variations in Figure 1. Charts show the annual growth
of queries related to “4.0 Industry” and “Inequality” and significant correlation between these indicators
since 2014.
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Source: authors’ elaboration based on Google Trend.
Figure 1. Google Trends of “Industry 4.0” and “Inequality”: select countries, 2007-2017

Secondly, the calculation of derived time series by determining the chain growth ratio, measured as the ratio
of the current levels to the previous levels is performed. Thirdly, the initial relevant indicators adjustment in
the context of each countries time series (technological and socio-economic indicators) by Google Trends is
made. The complex transformations based on Google Trends allows to pinpoint current technological and
socio-economic changes due to Industry 4.0 and implement adaptive mechanism for income inequality to
current these changes. So, authors have formalized and quantified the revealed relationships between income
inequality and Industry 4.0 depending on the country:
➢ France:
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(1)

F
where GINI t – Gini coefficient at the moment of time t for France;

EUSS tF – enterprises using software solutions at the moment of time t for France;
IUI tF – individuals using the Internet for ordering goods or services at the moment of time t for France;

VK tF – venture capital investments of GDP at the moment of time t for France;
HRST t F – human resources in science and technology (HRST) at the moment of time t for France;

IEtGTF – number of Internet requests “Industry 4.0” (Google Trends) at the moment of time t for France;
IE tGTF – number of Internet requests “Inequality” (Google Trends) at the moment of time t for France.
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➢ Germany:
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where GINI tG – Gini coefficient at the moment of time t for Germany;

(2)

EUSS tG – enterprises using software solutions at the moment of time t for Germany;
SETtG – share of enterprises' turnover on e-commerce at the moment of time t for Germany;
VK tG – venture capital investments of GDP at the moment of time t for Germany;

IN tGTG – number of Internet requests “Industry 4.0” (Google Trends) at the moment of time t for Germany;
IEtGTG – number of Internet requests “Inequality” (Google Trends) at the moment of time t for Germany.
➢ Italy:
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where GINItI – Gini coefficient at the moment of time t for Italy;
EUSS I – enterprises using software solutions at the moment of time t for Italy;





(3)

t

IUI t – individuals using the Internet for ordering goods or services at the moment of time t for Italy;
I

SETt I – share of enterprises' turnover on e-commerce at the moment of time t for Italy;

VK tI – venture capital investments of GDP at the moment of time t for Italy;
ICTt I – employed ICT specialists at the moment of time t for Italy;

IN tGTI – number of Internet requests “Industry 4.0” (Google Trends) at the moment of time t for Italy;
IEtGTI – number of Internet requests “Inequality” (Google Trends) at the moment of time t for Italy.
➢ Spain:
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where GINItS – Gini coefficient at the moment of time t for Spain;











(4)



EUSS tS – enterprises using software solutions at the moment of time t for Spain;
EGOV S – e-government activities of individuals via websites at the moment of time t for Spain;
t

IUI t – individuals using the internet for ordering goods or services at the moment of time t for Spain;
S

SETt S – share of enterprises' turnover on e-commerce at the moment of time t for Spain;

EIRtS – estimated yearly shipments of multipurpose industrial robots at the moment of time t for Spain;
VK tS – venture capital investments of GDP at the moment of time t for Spain;

HRST t S – human resources in science and technology (HRST) at the moment of time t for Spain;
IN tGTS – number of Internet requests “Industry 4.0” (Google Trends) at the moment of time t for Spain;
IEtGTS – number of Internet requests “Inequality” (Google Trends) at the moment of time t for Spain.
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➢ the United Kingdom:
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where GINItUK – Gini coefficient at the moment of time t for UK;
EUSSUK – enterprises using software solutions at the moment of time t for UK;

(5)

t

– individuals using the internet for ordering goods or services at the moment of time t UK;
IUI UK
t
– venture capital investments of GDP at the moment of time t for UK;
VK UK
t

HRST tUK – human resources in science and technology (HRST) at the moment of time t for UK;
IN tGTUK – number of Internet requests “Industry 4.0” (Google Trends) at the moment of time t for UK;
IEtGTUK – number of Internet requests “Inequality” (Google Trends) at the moment of time t for UK.
Based on identified the trend and cyclical component of the dynamics of income inequality and indicators
which are characterized by technological and socio-economic changes authors nowcaste the level of Gini ratio
adjusted with the Fourth Industrial Revolution growth on the base of Google Trends. At this stage the visualization of considered time series using dynamics diagrams is performed (Figure 2).

Source: authors’ elaboration.
Figure 2. Gini ratio adjusted with the Fourth Industrial Revolution Growth

Forecasting results show that income inequality under the influence of the Fourth Industrial Revolution in the
coming years will grow rapidly in countries such as France, the United Kingdom, Spain. As new technologies
tend to complement of high-skilled workers and replace for low-skilled workers, public authorities of these
counties need to pay more attention at problem solving as for income inequality through equitable access to
resources and services, tax transformation and so on. Currently the Gini ratio in Germany is about 30%, but
in the near future there will be decrease as a result of technological shifts. The main explanation is that Germany is very advanced in the field of digitalized industry. For instance, in 2010, the German Federal Government adopted Industry 4.0 Strategy which involves a wide range of program to develop skills required for the
Industry 4.0.
Conclusions
This paper has used data to nowcast income inequality adjusted with the Fourth Industrial Revolution growth
in five European countries. To nowcast future level of Gini ratio, authors perform the following steps: the
identification of the relevant technological and socio-economic indicators that carry on significant influence
on the income inequality; data collection using Google Trend tool; recognition trend and the cyclical component of the dynamics of income inequality and Industry 4.0 indicators; nowcasting Gini ratio with the influence
of the Fourth Industrial Revolution. A further contribution of this study lies in the investigation of correlation
between income inequality and the Fourth Industrial Revolution in developing countries.
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