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Angelo Leogrande!

Human Capital with Digital Skills in Europe
It grew by 8.83% between 2016 and 2021

The Desi Index calculates the value of the human capital between 2016 and 2021. Human Capital is
calculated as a function consisting of the sum of two macro-vary or internet user skills and Advanced
Skills and Development.

HumancCapital;, = InternetUserSkills;, + AdvancedSkillsAndDevelopment;,

InternetUserSkills;,
= AtLeastBasicDigitalSkills;, + AboveBasicDigitalSkills;,
+ AtLeastBasicSoftwareSkills;,

AdvancedSkillsAndDevelopment
= ICTSpecialists;, + FemalelCTSpecialists;,
+ EnterprisesProvidingICTTraining;, + ICTGraduates,

Da cui deriva che

HumanCapital;, = AtLeastBasicDigitalSkills; + AboveBasicDigitalSkills;, +
AtLeastBasicSoftwareSkills;+ ICTSpecialists;, + FemalelCTSpecialists;, +
EnterprisesProvidingICTTraining;, + ICTGraduates;,

Dovei =27 et = [2016;2021]

Ranking of European nations by the value of human capital in 2021. Finland is in the first place
for the value of human capital in Europe with a value of 17.78 units, followed by Sweden with a value
of 16.14 and by Holland with a value of 15.39 units. In the middle of the standings there are France
with a value of 11.84 units, followed by the Czech Republic with a value of 11.79 units and Croatia
with a value equal to 11.68 units. Italy closes the ranking with a value of 8.78 units, followed by
Romania with a value of 8.26 units and Bulgaria equal to a value of 8.18 units.

Ranking of European nations by value of human capital in the transition between 2016 and
2021. Poland is in the first place for the value of the percentage variation of human capital between
2016 and 2021 with a value equal to 19.940% equal to an amount of 1,567 unit, followed by Greece
with a value of 18.675% equal to an amount of 1.615 units and from Ireland with a value of 18.452%
equal to an amount of 2.1 units. In the middle of the standings there are Croatia with a value of
10.219% equal to an amount of 1.083 units, followed by Slovenia with a value of 8.862% equal to an
amount of 0.973 units, and from Finland with a value of 8.509% equal to an amount of 1,394 units.
Bulgaria closes the ranking with a value equal to -0.618% equal to an amount of -0.051 unit, followed
by Latvia with a value of -2.932% equal to an amount of -0.310 units and from Malta with a value
equal to -3.401 % equal to an amount of -0.432 units.

Clusterization with K-means algorithm optimized with the silhouette coefficient. Below is a
clusterization with K-means algorithm optimized with silhouette coefficient. The analysis shows the
presence of the following Clusters or:
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* C(Cluster 1: Cyprus, Hungary, Greece, Poland, Portugal, Italy, Slovakia, Latvia,
Lithuania, Bulgaria, Romania, Czech Republic, Croatia, France, Slovenia, Spain.

*  (luster 2: Netherlands, Germany, Estonia, Sweden, Denmark, Austria, Luxembourg,
Finland, Malta, Belgium, Ireland.

Calculating the value of the median of Cluster 1 and Cluster 2 it appears that the value of human
capital in the 2-C2 cluster has a median value of 14.04 units, while the corresponding value of the 1-
Cl1 cluster or equal to an amount of 10.60. It therefore follows that C2 = 14.04> C1 = 10.60. It should
be considered that from a geographical point of view, a contrast between the regions of the North
Europe, especially Scandinavian, with high values of Human Capital, and the remaining regions of
Europe which instead have very lower values of Human Capital, is evident. The traditional distinction
between northern Europe and central-south Europe characterizes not only the distribution of income
as much as the quality of human capital. And it cannot be excluded that there is a direct relationship
between these two elements.

Network Analysis with Manhattan distance. A Network Analysis is created below using
Manhattan's distance. Two structures were identified with complex networks and three simplified
network structures. There is a complex structure between France, Spain, Croatia, and Slovenia.
Particularly:

* France has a link with Spain for a value of 0.087 units, with Slovenia for a value of
0.045 units and with Croatia for a value of 0.21 units;

¢ (Croatia has a connection with France for a value of 0.21 units, and a link with Slovenia
having a value of 0.19 units;

* Slovenia has a connection with Spain for a value of 0.097 units, with Croatia for a
value of 0.19, and with France for a value of 0.045 units.

* Spain has a connection with Slovenia equal to an amount of 0.097 units and with
France equal to an amount of 0.87 units.

In addition, a further complex structure is detected between Germany, Austria, Luxembourg, and
Estonia. The following links between the countries or:

* Luxembourg has a connection with Germany having a value of 0.25 units, and with
Estonia having a value of 0.27 units;

* Estonia has a connection with Luxembourg with a value of 0.27 units and with
Germany with a value of 0.13 units;

* Germany has a connection with Luxembourg for a value equal to an amount of 0.25
units, with Estonia for a value of 0.13 units and with Austria for a value of 0.23 units.

There are also three different simplified structures or:

e Slovakia has a connection with Lithuania for a value of 0.2 units;
* Hungary has a connection with Cyprus for a value of 0.22 units;
» Italy has a connection with Poland for a value of 0.24 units.

Machine Learning and Predictions. A prediction with Machine Learning algorithms is created
below. Algorithms are trained with 80% of the available data. Algorithms are optimized according to
their ability to maximize R2 and minimize statistical errors or MSE, RMSE and Mae. Below is the
order of the algorithms or:

* Linear Regression with a payoff value of 4;
* SGD with a payoff value of 8;



* Gradient Boosting with a payoff value of 12;

* Adaboost and Random Forest with a payoff value of 18;
* Tree and KNN with a payoff value of 26;

* SVM with a payoff value of 32;

* Costant with a payoff value of 36;

* Neural Network with a payoff value of 40.

The best performer algorithm or the linear regression algorithm predicts a marginal reduction in the
value of the human capital in the future equal to a value of -0.05%. Specifically there are countries
for which the algorithm provides for a significant reduction in the value of human capital and these
countries are:

* Romania with a percentage variation of -3.10% equivalent to an amount of -0.25 units;

* Greece with a percentage variation of -3.05% equivalent to an amount of -0.31 units;

* Finland with a percentage variation equivalent to an amount of -2.96% equal to an
amount of -0.52 units.

However, there are also countries for which the algorithm predicts a significant growth in the value
of human capital and these countries are:

* France with a variation equal to an amount of 2.23% equivalent to an amount of 0.26
units;

» Italy with a variation equal to an amount of 2.3% equal to a value of 0.20 units;

* Latvia with a percentage variation of 3.2% equal to a value of 0.33 units.

Conclusions. The value of human capital grew in the period between 2016 and 2021 in the countries
of the Desi Index of an amount equal to about 8.8%. It should be considered that, however, human
capital which is considered in this case refers above all to the dimension of digital knowledge. The
indicator, in fact, does not consider the formation of human capital in non -scientific, humanistic, or
artistic subjects. However, there are significant differences between northern Europe and the rest of
Europe in the sense of human capital with digital skills. In this sense, it is necessary to intervene with
economic policies that can be able to promote technological and digital skills at the population of the
countries of southern Europe and Eastern Europe. In this sense, it should be considered that the
development of human capital is necessary to develop the economy of knowledge and the economy
of technological innovation in the context of competition between China and the USA.
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Evaluation Results

Model MSE RMSE MAE R2
Linear Regression 0.052 0.228 0.196 0.991
SGD 0.157 0396 0.334 0.972
Gradient Boosting 0.269 0.518 0.377 0.952
AdaBoost 0373 0.611 0489 0.934
Random Forest 0.523 0.723 0.451 0.907
Tree 0.718 0.847 0.651 0.873
kNN 0.719 0.848 0.612 0.872
SVM 1171 1.082 0.683 0.792
Constant 6.119 2474 1.969 -0.086
Neural Network 35.040 5.919 5.351 -5.220
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Human Capital con Competenze Digitali in Europa
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'Human Capital con Competenze Digitali in Europa'

RankCountry 2021|Rank |Country 2021
1| Finland 17,78 15|Czechia 11,79
2|Sweden 16,14 16| Croatia 11,68
3|Netherlands 15,39 17| Lithuaniqa 11,54
4| Denmark 15,30 18| Portugal 11,39
5|Estonia 14,48 19|Slovakia 10,94
6|Luxembourg |14,05 20| Latvia 10,28
7|Germany 13,81 21|Greece 10,26
8|Ireland 13,52 22|Hungary| 10,12
NAustria 13,34 23|Cyprus 9,92

10|Belgium 12,70 24| Poland 9.42
11| Malta 12,27 25 \Italy 8,78
12|Spain 12,08 26| Romania 8,26
13|Slovenia 11,95 2'7\Bulgaria 8,18
14| France 11,84




Human Capital con Competenze Digitali in Europa nel 2021

12,08
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Variazione del valore capitale umano tra il 2016 ed il 2021

Rank |Country Var Ass |[Var Per |Rank |Country [Var Ass |Var Per
1|Poland 1,567 19,940 15|Finland 1,394 8,509
2|Greece 1,615| 18,675 16|Spain 0,889 7,942
3|Ireland 2,106| 18,452 17|France 0,850/ 7,738
4|Lithuania 1,743 17,798 18|Belgium 0,778 6,529
5|Netherlands 2,165 16,373 19|Germany| 0,749| 5,734
6|Portugal 1,470 14,813 20|Hungary 0,530 S NET
7|Luxembourg 1,721 13,963 21|Italy 0,394 4,696
8|Sweden 1,758 12,228 22|Cyprus 0,435 4,592
9|Romania 0,885 11,998 23|Austria 0,442 3,429

10|Czechia 1,210{ 11,437 24 Denmark| 0,123] 0,809
11(Slovakia 1,081 10,970 25|Bulgaria | -0,051| -0,618
12|Estonia 1,403| 10,727 26|Latvia -0,310f -2,932
13|Croatia 1,083| 10,219 27 |Malta -0,432| -3,401
14|Slovenia 0,973 8,862




Variazione del valore assoluto del capitale umano con competenze digitali
tra il 2016 ed il 2021

Seriel

2,165
M

-0,432

0,4.. 0,530

-0,051

Variazione del valore percentuale del
capitale umano tra il 2016 ed il 2021

Seriel

19,940




HumancCapital;, = InternetUserSkills;, + AdvancedSkillsAndDevelopment;,

InternetUserSkills;,
= AtLeastBasicDigitalSkills;, + AboveBasicDigitalSkills;,
+ AtLeastBasicSoftwareSkills;,

AdvancedSkillsAndDevelopment
= ICTSpecialists;, + FemalelCTSpecialists;,
+ EnterprisesProvidingICTTraining;, + ICTGraduates;,

Da cui deriva che

HumanCapital;, = AtLeastBasicDigitalSkills;, + AboveBasicDigitalSkills;, +
AtLeastBasicSoftwareSkills;+ ICTSpecialists;, + FemalelCTSpecialists;, +
EnterprisesProvidingICTTraining;, + ICTGraduates;,

Dovei =27 et = [2016;2021]
Clusterizzazione Human Capital In Europa. C2>C1 0 01 02 03 04 05 06
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