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Enterprises Providing ICT Training in Europe 
 

Abstract 
 
The determinants of enterprises providing ICT training in Europe are analyzed in this article. Data are 
collected from the European Innovation Scoreboard-EIS of the European Commission for 36 European 
countries in the period 2000-2019. Data are analyzed with Panel Data with Fixed Effects, Panel Data 
with Random Effects, Dynamic Panel, WLS and Pooled OLS. Results show that the number of 
enterprises providing ICT training in Europe is positively associate with “Innovation Index”, 
“Innovators”, “New Doctorate Graduates”, “Tertiary Education” and negatively associated with 
“Government Procurement of Advanced Technology Products”, “Human Resources”, and “Marketing or 
Organisational Innovators”. In adjunct a cluster analysis is performed by using k-Means algorithm 
optimized with the Silhouette Coefficient and we find the presence of four clusters. Finally, we use eight 
different machine learning algorithms to predict the value of the enterprises providing ICT training in 
Europe. We found that the Simple Tree Regression is the best predictor and that the number of enterprises 
providing ICT training in Europe is expected to growth of the 5,02%. 
 
Keywords: O30; O31; O32; O33; O34. 
 
JEL Classification: General; Innovation and Invention: Processes and Incentives; Management of 
Technological Innovation; Technological Change: Choices and Consequences; Intellectual Property and 
Intellectual Capital.  
 

1. Introduction 
 
The following article deals with the issue of professional training of employees of companies in the IT 
sector in Europe. The data used were collected by the European Innovation Scoreboard of the European 
Commission and refer to the period 2000-2019 for 38 countries. The data were analyzed using the Panel 
Data models with Fixed Effects, Panel Data with Variable Effects, Dynamic Panel, Pooled OLS, WLS. 
The formation of human capital is an essential element for the promotion of economic growth, as 
indicated in the Solow model (Solow, 1956), in the models of endogenous growth (Romer, 1994) and in 
the context of the Schumpeterian economy  (Schumpeter, 1934). In general, the role of knowledge for 
the economic system has been widely recognized in the vast work of Von Hayek (Von Hayek, 1937). 
The role of human capital training is a necessary element to implement technological innovation and 
research and development. Technological innovation based on human capital generates a set of 
advantages, namely:  

 increase relations between innovative companies and the public sector through co-participation 
in technological innovation projects (Costantiello, et al., 2021); 

 improves employment especially in high innovative firms (Laureti, et al., 2022); 
 augments the number of design applications (Leogrande, et al., 2021); 
 has a positive impact on venture capitalism (Leogrande, et al., 2021); 
 has a positive impact on human resources (Leogrande & Costantiello, 2021); 
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 increases the level of corporate sales (Costantiello, et al., 2021);  
 improves the volume of intellectual assets (Costantiello, et al., 2021); 
 is positively associated with broadband penetration (Leogrande, et al., 2021); 
 is positively associated to financial development at country level (Laureti, et al., 2020 ); 
 requires an environment innovation-friendly (Costantiello, et al., 2021). 

To achieve these objectives, it is necessary that companies, especially small and medium-sized 
enterprises, invest in the training of their personnel in the ICT sector. Staff training in ICT and especially 
in the context of STEM-type disciplines can be made more efficient using learning systems administered 
in the cloud (Shyshkina, 2018). The issue of employee training acquires particular importance especially 
in those contexts, such as India, where the abundance of young people does not, however, satisfy the 
demands of employers. In fact, young people appear to be poorly skilled. Therefore, companies should 
have incentives to focus on ICT training for young people employed (Malik & Venkatraman, 2017). 
Training in ICT disciplines is essential to ensure that even newly developing countries such as Kenya 
can seize the opportunities for economic growth to become middle-income countries (Kimani, 2017). 
The training of employees in IT fiscal lines and especially in software engineering also plays a significant 
role in entrepreneurial skills in the ITC sectors. It follows that taking care of employee training in IT 
disciplines also has a positive impact in terms of improving business, enterprise, and management plans 
(Hien & Cho, 2018).  
Investment in employee training in ICT disciplines has positive impacts on productivity in Ecuador with 
significant increases in business efficiency growth (Rodríguez-Moreno & Rochina-Barrachina, 2019). 
Training in companies is not only a useful activity for the development of employees, but on the contrary, 
it can also be a useful method for improving the lifelong learning activity of management and top 
functions as well (Hallová, et al., 2017). The training of employees in digital skills appears to be relevant 
both within private companies and within the public sector. The benefits of ICT employee training are 
the growth of business opportunities (Hofmann & Ogonek, 2018). However, it must be considered that 
the ability of companies to increase productivity to a certain extent also depends on the degree of 
digitalization of the public administration. The issue of employee training in IT disciplines at the 
corporate level has also been addressed by the Egyptian government. The Egyptian government has 
invested to support companies in IT training for employees (de Waal, et al., 2017). Employee training in 
the IT sector appears to be particularly relevant for older employees. In fact, elderly employees have little 
confidence in the possibility of acquiring IT skills even when they are involved in corporate training 
processes (Wang, et al., 2020). In this regard, it is necessary to act on the motivations of elderly 
employees to increase the effectiveness of corporate IT training. Furthermore, the lack of attention to 
information technology training in developing countries significantly limits the adoption of managerial 
models oriented towards digitization in both the public (Sarker, et al., 2018) and private sectors. IT 
training of human resources in companies is associated with a significant growth in employee 
productivity (Fajar & Soeling, 2017). Employee training in the use of ICT is also relevant for companies 
specializing in sales services (Torres, et al., 2020). It should also be borne in mind that for many 
developing or newly developing countries, it is necessary to invest in the training of company personnel 
in the IT disciplines to increase the ability to compete internationally in the digital economy (de Brito, et 
al., 2018). The investment in the IT training of employees is also relevant for the introduction of efficient 
management models such as for example for the implementation of E.R.P. (Fernandez, et al., 2018). The 
effectiveness of personnel training models in IT disciplines created by companies can be improved using 
virtual training tools (Hosain, 2017). The issue of employee training in ICT disciplines is so relevant that 
some companies set up Corporate Universities to administer courses to human resources to increase the 
skills of corporate human capital (Scarso, 2017). 



3 
 

The article continues as follows: the second paragraph presents and discusses the econometric model 
used for the last observed variable, the third paragraph refers to the application of the k-Means clustering 
algorithm optimized with the Silhouette coefficient, the fourth paragraph presents 'comparative analysis 
of eight different algorithms used for prediction through machine learning techniques, the fifth paragraph 
concludes. 
 

2. The Econometric model  
 
We estimated the following model:  
 𝑬𝒏𝒕𝒆𝒓𝒑𝒓𝒊𝒔𝒆𝒔𝑷𝒓𝒐𝒗𝒊𝒅𝒊𝒏𝒈𝑰𝑪𝑻𝑻𝒓𝒂𝒊𝒏𝒊𝒏𝒈𝒊𝒕= 𝒂𝟏 + 𝒃𝟏(𝑮𝒐𝒗𝒆𝒓𝒏𝒎𝒆𝒏𝒕𝑷𝒓𝒐𝒄𝒖𝒓𝒆𝒎𝒆𝒏𝒕𝑶𝒇𝑨𝒅𝒗𝒂𝒏𝒄𝒆𝒅𝑻𝒆𝒄𝒉𝒏𝒐𝒍𝒐𝒈𝒚𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒔)𝒊𝒕+ 𝒃𝟐(𝑯𝒖𝒎𝒂𝒏𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆𝒔)𝒊𝒕 + 𝒃𝟑(𝑰𝒏𝒏𝒐𝒗𝒂𝒕𝒊𝒐𝒏𝑰𝒏𝒅𝒆𝒙)𝒊𝒕+ 𝒃𝟒(𝑴𝒂𝒓𝒌𝒆𝒕𝒊𝒏𝒈𝑶𝒓𝑶𝒓𝒈𝒂𝒏𝒊𝒔𝒂𝒕𝒊𝒐𝒏𝒂𝒍𝑰𝒏𝒏𝒐𝒗𝒂𝒕𝒐𝒓𝒔)𝒊𝒕+ 𝒃𝟓(𝑵𝒆𝒘𝑫𝒐𝒄𝒕𝒐𝒓𝒂𝒕𝒆𝑮𝒓𝒂𝒅𝒖𝒂𝒕𝒆𝒔)𝒊𝒕 + 𝒃𝟔(𝑻𝒆𝒓𝒕𝒊𝒂𝒓𝒚𝑬𝒅𝒖𝒄𝒂𝒕𝒊𝒐𝒏)𝒊𝒕 
 
Where i=36 and t=2000-2019. We analyze data with Panel Data with Random Effects, Panel Data with 
Fixed Effects, WLS, Dynamic Panel, Pooled OLS.  
We find that the level of Enterprises Providing ICT Training is positively associated to:  
 

 Innovation Index: It is a general indicator of a country's ability to innovate. There is therefore a 
positive relationship between the general orientation of a country towards innovation and the 
ability of companies to offer IT training to employees. Obviously, if a country has a very high 
degree of innovation, then there is a very high possibility that even companies will recognize the 
role of corporate training in the IT sector. In fact, in countries that have a high level of innovation, 
companies that manage to increase the value of human capital through the increase in computer 
knowledge also have a greater chance of competing and earning higher profits. In fact, in an 
overall innovation-oriented context, it is likely that there are many public and private incentives 
for companies that choose to focus on the IT training of their employees. It therefore follows that 
the growth of a country's degree of innovation is positively associated with the investment that 
companies make in ICT training for employees. 

 Innovators: it is a variable calculated as the sum of the percentage of small and medium-sized 
enterprises that make product innovations out of the total of small and medium-sized enterprises 
added to the percentage of small and medium-sized enterprises that make process innovations out 
of the total of small and medium-sized enterprises. This variable is therefore able to highlight the 
percentage of small and medium-sized enterprises able to innovate. There is a positive 
relationship between innovators and business investment in employee IT training. This positive 
relationship is since to innovate companies need to focus on corporate human capital and on the 
ability of employees to correctly use the IT tools applied to technological innovation. It follows 
therefore that the countries that have innovative small and medium-sized enterprises are also 
characterized by the presence of training courses in the ICT sector that are carried out in 
companies for employees. The aim of training employees through the growth of IT skills is 
therefore necessary to increase the ability of small and medium-sized enterprises to compete in 
environments oriented towards process and product innovation in a highly competitive context. 

 New Doctorate Graduate: is an indicator consisting of the relationship between the number of 
doctorates in science, technology, engineering, and mathematics-STEM on the total population 
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aged between 25 and 34 years. There is a positive relationship between the number of companies 
offering ICT training to their employees and the percentage of PhDs in STEM disciplines. This 
positive relationship can be understood considering that if a country has a very high percentage 
of doctorates in STEM disciplines, then it also has a greater ability to innovate and produce 
knowledge within companies, even small and medium-sized ones. It follows that the orientation 
of small and medium-sized enterprises is significantly oriented towards the knowledge economy 
with attention to science and technology. Countries with a higher number of doctorates in STEM 
disciplines are also characterized by companies that are more sensitive to investment in the 
training of their employees in ICT disciplines. 

 Tertiary Education: It is an indicator that takes into consideration the percentage of the population 
who have a qualification higher than secondary education out of the total population aged 
between 24 and 35 years. Tertiary education refers to people who have a research doctorate or a 
master's degree or a postgraduate professional qualification. There is a positive relationship 
between the presence of people with tertiary education and the investment of companies in IT 
training for employees. In countries where human capital has a higher level of training, there is 
also an orientation of companies towards the professional education that is administered to 
employees in the company. In fact, if the degree of technical-scientific and professional culture 
is very high then the possibility of maximizing company training tends to grow and companies 
could have greater advantages also in terms of profit and competitiveness through the training of 
employees in the ICT sector. 

We find that the level of Enterprises Providing ICT Training is negatively associated to: 
 Government procurement of advanced technology products: It is an indicator that measures a 

country's ability to promote technological innovation through public procurement. The indicator 
varies in a range from 1 to 7. There is a negative relationship between the value of the impact of 
public spending with respect to technological innovation and the ability of companies to invest 
in the ICT training of their employees. This negative relationship can be better understood 
considering that indeed the capacity of public spending to have a positive impact on technological 
innovation is very limited. Countries that have very advanced technological innovation systems 
tend to produce this innovation not through public spending but rather through the activation of 
private production systems. Although certainly the State through public spending can play a very 
important role in determining technological innovation and research and development, it is also 
true that generally the most innovative countries tend to produce such innovations through private 
market organizations. 

 Human Resources: It is a measure that takes into consideration the sum of the percentage of 
doctoral students plus the percentage of people who have a tertiary education out of the total 
population aged between 25 and 34 years. In countries where the sum of people with a doctorate 
and people with tertiary education is increasing, the value of business investment in employee 
ICT training tends to decrease. This condition can be considered very particular and means that 
the workforce already has a high level of training thanks to the university system and therefore 
this condition reduces the training of companies in employee training. That is, in European 
countries where the workforce has a very strong STEM orientation associated with significant 
investments in tertiary education, there is a reduction in the professional ICT investment made 
by companies for their employees. However, it must be considered that this condition is very rare 
and characterizes only the most advanced European countries. In fact, especially in Southern 
Europe and Eastern Europe, the degree of tertiary education added to the presence of STEM 
doctorates tends to be reduced compared to the analogous value in Northern Europe. 
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 Marketing or organisational innovators: is the percentage of small and medium-sized enterprises 
that have made organizational or marketing innovations out of the total of small and medium-
sized enterprises recorded at national level. Specifically, innovation through marketing or 
organizational solutions is considered as a form of non-technological innovation. There is 
therefore a negative relationship between firms 'investment in non-technological innovation and 
firms' inability to provide training to their employees in ICT disciplines. This negative 
relationship can be easily understood considering that if companies are able to obtain 
organizational, productive and profit advantages thanks to non-technological innovations, they 
obviously have less incentives to invest in the training of their workforce in the IT sector. 
However, it must be considered that non-technological innovation can be considered as a weak 
form of innovation even if it can produce economic and financial benefits in the short term. 
However, in the long run, only a process of technological innovation that is adequately supported 
by a research and development process can sustain sustainable economic growth. 

 
 
 

3. Clustering Using the Unsupervised k-Means Algorithm Optimized Through the 
Silhouette Coefficient 

 
A clustering is proposed below using the k-Means algorithm optimized through the Silhouette 
coefficient. Specifically, since the k-Means algorithm is associated with an unsupervised clustering, a 
value of the Silhouette coefficient was selected such as to maximize the number of clusters by ensuring 
that none of the elements of each single clusters had a negative value of the Silhouette coefficient. This 
choice was made to give a representation as broad as possible of the heterogeneity of the observed 
variable or to also highlight the marginal differences between the various clusters analyzed.  the data 
used refer to European countries in the period between 2014 and 2021 for 35 countries1. 
 

 

 
1 Countries are Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Cyprus, Czechia, Germany, Denmark, Estonia, Greece 
Spain, Finland, France, Croatia, Hungary, Ireland, Iceland, Italy, Lithuania, Luxembourg, Latvia, Montenegro, North 
Macedonia, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia, Sweden, Slovenia, Slovakia, Turkey, United 
Kingdom. 
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Figure 1. Clustering carried out using the unsupervised k-Means algorithm optimized through the Silhouette coefficient to maximize the 
number of clusters such that none of the elements of each cluster has a Silhouette coefficient value less than zero. 

Through the analysis carried out, it was possible to obtain the following clusters, namely: 
 

 Cluster 1: Belgium, Finland, Sweden, Norway, Germany, Austria, Iceland, Denmark, Ireland;  
 Cluster 2: Romania, Bulgaria, Lithuania;  
 Cluster 3: Bosnia, Hungary, Turkey, Estonia, North Macedonia, Greece, Italy, Slovakia, Latvia, 

Poland;  
 Cluster 4: Czechia, Malta, Croatia, Cyprus, Montenegro, Spain, Portugal, Luxembourg, 

Netherlands, Slovenia, United Kingdom, Serbia, France. 
 

 
It is possible to verify that the median value of the observed variable for the nations of cluster 1 is equal 
to 166.67, for cluster 4 it is equal to 126.67, for cluster 3 equal to 70.00 and for cluster 2 equal to 13.33. 
It therefore follows that the ordering of the clusters is indicated below, that is: C1> C4> C3> C2. It 
appears that the value of the average of the observed variable for the various countries analyzed by the 
European Union is equal to 106.67. It follows therefore that two clusters have a median value higher than 
the average of the entire distribution, i.e. cluster 1 with a value of 166.67 and cluster 4 with a value of 
126.67. On the contrary, there are two clusters that have a value of the median of the observed variable 
lower than the average of the distribution, that is cluster 3 with a value of 70 and cluster 2 with a value 
of 13.33. In particular, the value of the median of cluster 3 is equal to 65.62% of the value of the average 
and the value of cluster 2 is equal to 12.50%. The result is therefore an evident disparity between 
European countries in the value of the training offered by companies to their employees in the ICT sector. 
The difference therefore appears evident between the countries of Central and Northern Europe which 
have high values of company training in the IT sector as opposed to the countries of Southern and Eastern 
Europe which have lower values except for Spain and Portugal. As is evident, there is therefore a real 
divide between Central-Northern Europe on the one hand and South-Eastern Europe on the other. This 
gap is also very serious because it reflects a more structural delay in the themes of technological 
innovation and research and development. In this regard, it is necessary that policy makers intervene to 
create the conditions so that companies can invest effectively in the training of their employees on ICT 
issues, especially through adequate tax incentives. 
 
 

4. Machine Learning and Prediction  
 
Eight different machine learning algorithms were used below to predict the value of the number of 
companies engaged in IT training for their employees in Europe. The data used refer to 35 countries for 
the period 2014-2021. The database used is the European Innovation Scoreboard of the European 
Commission. The algorithms were trained with 70% of the dataset data while the remaining 30% was 
used for the actual prediction. Specifically, the algorithms were compared in a performance ranking 
based on the ability to maximize the R-squared and minimize four different types of static errors, namely 
"Mean Absolute Error", "Mean Squared Error", "Root Mean Squared Error", "Mean Signed Difference". 
Following the analysis carried out, the following scores were obtained, namely: 

1. Simple Regression Tree with a payoff of 6; 
2. ANN-Artificial Neural Network with a payoff value of 9; 
3. Three Regression Ensembles with a payoff value of 17; 
4. Random Forest Regression with a payoff value of 19; 
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5. PNN-Probabilistic Neural Network with a payoff value of 27; 
6. Polynomial Regression with a payoff value of 28; 
7. Linear Regression with a payoff value of 34; 
8. Gradient Boosted Trees Regression with a payoff value of 40. 

By applying the Simple Regression Tree algorithm it is therefore possible to make the following 
predictions for the countries considered: 

 Bosnia with an increase from an amount equal to 71.237 up to a value of 96.841 equal to an 
absolute value of 25.60 units equivalent to 35.94%; 

 Belgium with an increase from an amount of 186,223 units up to a value of 195,161 or equal to 
a value of 8,938 units equal to a value of 4,799%; 

 France with an increase from an amount equal to 104.368 up to a value of 119.556 units or 
equal to a variation of 15.188 units equal to a value of 14.552%; 

 Ireland with an increase from an amount equal to 162.634 up to a value of 195.161 or equal to a 
value of 32.527 units or equal to a value of 20.00%; 

 Iceland with an increase from an amount of 170,669 units up to a value of 195,161 units or 
equal to an amount of 24,462 units equal to a value of 14.330%; 

 Montenegro with an increase from an amount equal to 90.323 up to a value of 96.841 units or 
equal to a value of 6.518 units equal to an amount of 7.21%; 

 North Macedonia with a decrease of a value equal to 42.67 up to a value equal to 41.11 or equal 
to an amount of -1.565 equal to a value of 3.66%; 

 Malta with a decrease from an amount equal to 159.543 up to a value of 135.551 units or equal 
to a value of -23.992 units equal to a variation of -15.03%; 

 Poland with a decrease from an amount equal to 90.659 up to a value of 47.11 or equal to an 
amount of -43.549 equal to a value of 48.03%; 

 Serbia with an increase from a total of 72,446 units up to a value of 117,272 units or equal to a 
variation of 44,826 units equal to a value of 61.87%; 

 Slovenia with a decrease from an amount equal to 136,895 units up to a variation of 135,551 
units or equal to a value of -1,344 units equal to a value of 0.981%; 

 United Kingdom with a decrease from an amount equal to 181.72 up to a value of 167.876 units 
or equal to a change of -13.844 units equal to an amount of -7.6%; 

Overall, on average, the value of the variable analyzed for the countries considered is expected to grow 
from an amount of 122,451 units up to a value of 128,599 units, or equal to a value of 6,147 units equal 
to a value of 5.02%. 
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Figure 2. Results of predictions through the Simple Regression Tree machine learning algorithm 

 
 

5. Conclusion  
 
The determinants of enterprises providing ICT training in Europe are analyzed in this article. Data are 
collected from the European Innovation Scoreboard-EIS of the European Commission for 36 European 
countries in the period 2000-2019. The analysis of the literature carried out in the first paragraph takes 
into consideration both the role of technological innovation for economic growth and also the impact of 
IT training of personnel in companies for increasing productivity. Specifically, the scientific literature 
highlights the ability of corporate training to increase the performance of companies. Furthermore, the 
Human Resource Management models applied to information and knowledge companies in general are 
always associated with the training of employees in ICT. 
The second paragraph presents the econometric model for estimating the value of IT training in 
companies in Europe. Data are analyzed with Panel Data with Fixed Effects, Panel Data with Random 
Effects, Dynamic Panel, WLS and Pooled OLS. Results show that the number of enterprises providing 
ICT training in Europe is positively associate with “Innovation Index”, “Innovators”, “New Doctorate 
Graduates”, “Tertiary Education” and negatively associated with “Government Procurement of 
Advanced Technology Products”, “Human Resources”, and “Marketing or Organisational Innovators”. 
The third paragraph presents a case of application of clustering algorithms to the observed variable. The 
cluster analysis is performed by using k-Means algorithm optimized with the Silhouette Coefficient and 
we find the presence of four clusters. Furthermore, we use eight different machine learning algorithms 
to predict the value of the enterprises providing ICT training in Europe. We found that the Simple Tree 
Regression is the best predictor and that the number of enterprises providing ICT training in Europe is 
expected to growth of the 5,02%.  
Finally, in the light of the analysis conducted, it appears that if European policy makers intend to increase 
the degree of digitalization of businesses, to create an entrepreneurial system structurally oriented 
towards technological innovation, then they must allocate economic and financial resources to support 
programs that companies implement for the ICT training of their employees. 



9 
 

 
 

6. Bibliography 
Costantiello, A., Laureti, L., De Cristoforo, G. & Leogrande, A., 2021. The Innovation-Sales Growth 
Nexus in Europe. University Library of Munich, Germany., Issue 106858. 

Costantiello, A., Laureti, L. & Leogrande, A., 2021. The Innovation-Friendly Environment in Europe. 
SSRN Electronic Journal. 

Costantiello, A., Laureti, L. & Leogrande, A., 2021. The Intellectual Assets in Europe. SSRN 
Electronic Journal , Issue 3956755. 

Costantiello, A., Laureti, L., Leogrande, A. & Matarrese, M., 2021. The Innovation Linkages in 
Europe. SSRN Electronic Journal , Issue 3983218. 

de Brito, S. R. et al., 2018. An approach to evaluate large-scale ICT training interventions. Information 
systems frontiers, 20(4), pp. 883-89. 

de Waal, A., Habil, D. S. & Goedegebuure, R., 2017. Formulating a partnership framework for 
Egyptian ICT companies. Journal of Strategy and Management.. 

Fajar, A. P. & Soeling, P. D., 2017. The Effect of HRM Practices on Employee Organizational 
Citizenship Behavior in ICT Companies. 1st International Conference on Administrative Science, 
Policy and Governance Studies (ICAS-PGS 2017) and the 2nd International Conference on Business 
Administration and Policy (ICBAP 2017). 

Fernandez, D., Zaino, Z. & Ahmad, H., 2018. An investigation of challenges in enterprise resource 
planning (ERP) implementation: The case of public sector in Malaysia. International Journal of Supply 
Chain Management , 7(3), pp. 113-117. 

Hallová, M., Polakovič, P. & Slováková, I., 2017. Current trends in training of managers in the field of 
information and communication technologies and identifying the barriers to education of managers. 
Agris on-line Papers in Economics and Informatics, 9(665-2018-3596), pp. 45-52. 

Hien, D. T. T. & Cho, S. E., 2018. The Effect of Sofware Developers' Capabilities on Entrepreneurial 
Intention in ICT Industries. International Journal of Entrepreneurship, 22(3), pp. 1-17. 

Hofmann, S. & Ogonek, N., 2018. Different but still the same? How public and private sector 
organisations deal with new digital competences. Electronic Journal of e-Government, 16(2), pp. 127-
135. 

Hosain, S., 2017. The impact of E-HRM on organizational performance: Evidence from selective 
service sectors of Bangladesh. International Journal of Human Resources Management (IJHRM) . 

Kimani, J. G., 2017. Challenges facing integration and use of ICT in the management of county 
governments in Kenya. Journal of Information and Technology, 1(1), pp. 1-11. 

Laureti, L., Costantiello, A. & Leogrande, A., 2020 . The Finance-Innovation Nexus in Europe. IJISET 
- International Journal of Innovative Science, Engineering & Technology, 7(12). 



10 
 

Laureti, L., Costantiello, A., Matarrese, M. M. & Leogrande, A., 2022. The Employment in Innovative 
Enterprises in Europe. University Library of Munich, Germany., Issue 111335. 

Leogrande, A. & Costantiello, A., 2021. Human Resources in Europe. Estimation, Clusterization, 
Machine Learning and Prediction. American Journal of Humanities and Social Sciences Research 
(AJHSSR). 

Leogrande, A., Costantiello, A. & Laureti, L., 2021. The Broadband Penetration in Europe. Journal of 
Applied Economic Sciences, 16(3). 

Leogrande, A., Costantiello, A. & Laureti, L., 2021. The Impact of Venture Capital Expenditures on 
Innovation in Europe. SSRN Electronic Journal, Issue 3930697. 

Leogrande, A., Costantiello, A., Laureti, L. & Leogrande, D., 2021. The Determinants of Design 
Applications in Europe. SSRN Electronic Journal , Volume 3956853. 

Malik, G. & Venkatraman, A., 2017. “The great divide”: skill gap between the employer’s expectations 
and skills possessed by employees. Industrial and Commercial Training. 

Rodríguez-Moreno, J. A. & Rochina-Barrachina, M. E., 2019. ICT use, investments in R&D and 
workers’ training, firms’ productivity and markups: the case of Ecuadorian manufacturing. The 
European Journal of Development Research , 31(4), pp. 1063-1106. 

Romer, P. M., 1994. The origins of endogenous growth. Journal of Economic perspectives, 8(1), pp. 3-
22. 

Sarker, M. N. I., Hossin, M. A., Frimpong, A. N. K. & Xiaohua, Y., 2018. Promoting information 
resource management for e-government through big data approach. Proceedings of the 2018 
International Conference on Information Management & Manage. 

Scarso, E., 2017. Corporate universities as knowledge management tools. VINE Journal of Information 
and Knowledge Management Systems. 

Schumpeter, J. A., 1934. The theory of economic development: an inquiry into profits, capital, credit, 
interest, and the business cycle.. New Brunswick, New Jersey: Transaction Books. 

Shyshkina, M., 2018. The problems of personnel training for STEM education in the modern 
innovative learning and research environment. arXiv preprint arXir, Issue 1807.08562. 

Solow, R. M., 1956. A contribution to the theory of economic growth. The quarterly journal of 
economics, 70(1), pp. 65-94. 

Torres, H. A., Chiappe, A. & Segovia, Y., 2020. Sales training and ICT: a literature review. Industrial 
and Commercial Training. 

Von Hayek, F. A., 1937. Economics and knowledge. Economica, 4(13), pp. 33-54. 

Wang, B., Liu, Y. & Parker, S. K., 2020. How does the use of information communication technology 
affect individuals? A work design perspective. Academy of Management Annals, 14(2), pp. 695-725. 

 



11 
 

 
7. Appendix 

 
 
 
 

Modello 234: Panel dinamico a un passo, usando 288 osservazioni 
Incluse 36 unità cross section 

Matrice H conforme ad Ox/DPD 
Variabile dipendente: A15 

 
  Coefficiente Errore Std. z p-value  

A15(-1) 0,0828292 0,0492499 1,682 0,0926 * 
const −1,09665 1,33119 −0,8238 0,4100  
A22 −1,37421 0,490854 −2,800 0,0051 *** 
A23 −0,817748 0,482713 −1,694 0,0903 * 
A24 1,27035 0,400403 3,173 0,0015 *** 
A28 0,387688 0,208811 1,857 0,0634 * 
A34 −0,455644 0,218841 −2,082 0,0373 ** 
A37 0,428846 0,175418 2,445 0,0145 ** 
A53 0,454894 0,185459 2,453 0,0142 ** 

 
Somma quadr. residui  219022,0  E.S. della regressione  28,01830 

 
Numero di strumenti = 24 

Test per errori AR(1): z = -2,57838 [0,0099] 
Test per errori AR(2): z = -0,0919613 [0,9267] 

Test di sovra-identificazione di Sargan: Chi-quadro(15) = 11,9258 [0,6846] 
Test (congiunto) di Wald: Chi-quadro(8) = 953,566 [0,0000] 
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Modello 235: Pooled OLS, usando 360 osservazioni 

Incluse 36 unità cross section 
Lunghezza serie storiche = 10 

Variabile dipendente: A15 
 

  Coefficiente Errore Std. rapporto t p-value  
const 5,00365 5,08652 0,9837 0,3259  
A22 −1,59451 0,353617 −4,509 <0,0001 *** 
A23 −0,832561 0,193353 −4,306 <0,0001 *** 
A24 1,22759 0,248671 4,937 <0,0001 *** 
A28 0,528326 0,117467 4,498 <0,0001 *** 
A34 −0,360044 0,141967 −2,536 0,0116 ** 
A37 0,375398 0,0910467 4,123 <0,0001 *** 
A53 0,362366 0,0643646 5,630 <0,0001 *** 

 
Media var. dipendente  96,32479  SQM var. dipendente  78,18629 
Somma quadr. residui  937570,1  E.S. della regressione  51,60961 
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R-quadro  0,572783  R-quadro corretto  0,564288 
F(7, 352)  67,41972  P-value(F)  3,14e-61 
Log-verosimiglianza −1926,508  Criterio di Akaike  3869,015 
Criterio di Schwarz  3900,104  Hannan-Quinn  3881,377 
rho  0,939820  Durbin-Watson  0,232494 

 

 

 

 

 
Modello 236: WLS, usando 360 osservazioni 

Incluse 36 unità cross section 
Variabile dipendente: A15 

Pesi basati sulle varianze degli errori per unità 
  Coefficiente Errore Std. rapporto t p-value  

const 0,136224 2,01755 0,06752 0,9462  
A22 −1,61893 0,114779 −14,10 <0,0001 *** 
A23 −0,723651 0,0783223 −9,239 <0,0001 *** 
A24 1,27118 0,0804950 15,79 <0,0001 *** 

 0

 50

 100

 150

 200

 250

 300

 50  100  150  200

A
15

A15 previsto

effettivi = stimati



14 
 

A28 0,319281 0,0704507 4,532 <0,0001 *** 
A34 −0,249492 0,0671508 −3,715 0,0002 *** 
A37 0,450606 0,0501922 8,978 <0,0001 *** 
A53 0,310843 0,0327385 9,495 <0,0001 *** 

 
Statistiche basate sui dati ponderati: 

Somma quadr. residui  324,6448  E.S. della regressione  0,960357 
R-quadro  0,897432  R-quadro corretto  0,895392 
F(7, 352)  439,9806  P-value(F)  8,4e-170 
Log-verosimiglianza −492,2108  Criterio di Akaike  1000,422 
Criterio di Schwarz  1031,511  Hannan-Quinn  1012,783 

 
Statistiche basate sui dati originali: 

Media var. dipendente  96,32479  SQM var. dipendente  78,18629 
Somma quadr. residui  974033,3  E.S. della regressione  52,60361 

 

 

 
Modello 237: Effetti fissi, usando 360 osservazioni 

Incluse 36 unità cross section 
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Lunghezza serie storiche = 10 
Variabile dipendente: A15 

 
  Coefficiente Errore Std. rapporto t p-value  

const 2,73419 3,22932 0,8467 0,3978  
A22 −1,81889 0,327051 −5,561 <0,0001 *** 
A23 −0,841456 0,208777 −4,030 <0,0001 *** 
A24 1,45548 0,227424 6,400 <0,0001 *** 
A28 0,321686 0,121871 2,640 0,0087 *** 
A34 −0,382099 0,133872 −2,854 0,0046 *** 
A37 0,391338 0,0991847 3,946 <0,0001 *** 
A53 0,365427 0,0743614 4,914 <0,0001 *** 

 
Media var. dipendente  96,32479  SQM var. dipendente  78,18629 
Somma quadr. residui  264511,9  E.S. della regressione  28,88637 
R-quadro LSDV  0,879472  R-quadro intra-gruppi  0,775257 
LSDV F(42, 317)  55,07343  P-value(F)  2,6e-121 
Log-verosimiglianza −1698,735  Criterio di Akaike  3483,469 
Criterio di Schwarz  3650,572  Hannan-Quinn  3549,912 
rho  0,461161  Durbin-Watson  0,807840 

 
Test congiunto sui regressori - 
 Statistica test: F(7, 317) = 156,215 
 con p-value = P(F(7, 317) > 156,215) = 9,08092e-099 
 
Test per la differenza delle intercette di gruppo - 
 Ipotesi nulla: i gruppi hanno un'intercetta comune 
 Statistica test: F(35, 317) = 23,0462 
 con p-value = P(F(35, 317) > 23,0462) = 1,93976e-067 
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Modello 238: Effetti casuali (GLS), usando 360 osservazioni 

Incluse 36 unità cross section 
Lunghezza serie storiche = 10 

Variabile dipendente: A15 
 

  Coefficiente Errore Std. z p-value  
const 2,87178 8,52202 0,3370 0,7361  
A22 −1,80570 0,313717 −5,756 <0,0001 *** 
A23 −0,848674 0,197138 −4,305 <0,0001 *** 
A24 1,43775 0,218500 6,580 <0,0001 *** 
A28 0,345943 0,115881 2,985 0,0028 *** 
A34 −0,383293 0,128448 −2,984 0,0028 *** 
A37 0,392792 0,0937121 4,191 <0,0001 *** 
A53 0,367302 0,0697286 5,268 <0,0001 *** 

 
Media var. dipendente  96,32479  SQM var. dipendente  78,18629 
Somma quadr. residui  952562,0  E.S. della regressione  51,94686 
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Log-verosimiglianza −1929,363  Criterio di Akaike  3874,726 
Criterio di Schwarz  3905,815  Hannan-Quinn  3887,088 
rho  0,461161  Durbin-Watson  0,807840 

 
 

 Varianza 'between' = 2287,88 
 Varianza 'within' = 834,422 
 Theta usato per la trasformazione = 0,812415 
Test congiunto sui regressori - 
 Statistica test asintotica: Chi-quadro(7) = 1126,22 
 con p-value = 6,34353e-239 
 
Test Breusch-Pagan - 
 Ipotesi nulla: varianza dell'errore specifico all'unità = 0 
 Statistica test asintotica: Chi-quadro(1) = 748,44 
 con p-value = 8,76326e-165 
 
Test di Hausman - 
 Ipotesi nulla: le stime GLS sono consistenti 
 Statistica test asintotica: Chi-quadro(7) = 1,14265 
 con p-value = 0,992188 
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