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Abstract 
 

Development and usage of information and communication technology (ICT) is 

continuously growing in the last 30 years. The main reason is that ICT has a great 

potential to improve the efficiency of business processes, to increase the 

competitiveness, but also to facilitate and drive innovations. Innovation has become 

a crucial factor for the economic development and ICT offer great opportunities in 

supporting innovation activities. The goal of the paper is to identify the influence of 

the usage of the ICT on the innovation activities in European countries. Data for the 

period of five years (2007-2011) were collected from the European statistical 

database – Eurostat and Global Competitiveness Report. In order to investigate the 

ICT impact on the Innovation and sophistication factor subindex of the European 

countries, we conducted a panel regression analysis. Research results showed that 

ICT support innovation activities. However, the ICT has the highest impact on the 11th 

pillar: Business sophistication of the Global Competitiveness Index. 
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Introduction  
Information and communication technology (ICT) has a key role in the economic 

development and prosperity especially in the last two decades (Morgan et al., 2006; 

Campisi et al., 2013). Using ICT could improve personal, economic and social 

development regarding communication, doing business and education (Vehovar, 

Lesjak, 2007; Higon, 2011). Individuals and companies are using ICT in their everyday 

activities, while the usage of ICT increases development of e-skills and the quality of 

education system, improve business processes and quality of products/services, 

encourages employment and strengthen relationship with customers and partners. 

ICT diffuse through every aspect of an organizations’ value chain and enable 

sharing information, resources and knowledge between employees (Haseeb, 2015). 

 The ICT sector is a crucial factor for the socio-economic growth in many countries, 

especially in achieving competitive advantage through reducing costs, increasing 

diversification and facilitating cooperation with partners, suppliers and customers. 

Development and usage of ICT lead to higher global competitiveness through three 

steps: (i) transform industry structure and competition rules, (ii) establish sustainable 

competitive advantage and new competitive possibilities (iii) generate new and 

unique business processes (Haseeb, 2015). The best examples of the most developed 

and competitive countries in the world are Finland, Sweden and Singapoure, which 

are one of the top three the best-performing countries according to Network 

Readiness Index for the last five years (2011-2015) (WEF-The Global Information 

Technology Report, 2011-2015; Yunis et al., 2012). In addition, three mentioned 

countries are also leaders in the field of innovation activities (WEF-The Global 
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Competitiveness Index, 2011-2015). Finlad is in the top five, while Sweden is in the top 

ten regarding Global Competitiveness subindex: Innovation and sophistication 

factor in the last five years and their position is going better through years. 

Singapoure is in the top 13 but due to an outstanding performance across all the 

dimensions of Global Competitiveness Index (GCI) it is expected to improve its 

position in the future regarding innovation activities.  

 Development of ICT provides higher efficiency gains, as well as higher level of 

innovation activity. Innovation could be defined as an adoption of a new idea that 

enables organizations to achieve sustain competitive advantage (Grolleau et al., 

2013). In other words, innovations present a new way of organizing business which 

can be significantly improved by ICT usage (Haseeb, 2015). Therefore, the most 

developed and innovative organizations are those which are developing and using 

ICT to facilitate and drive innovations in business processes and in the products and 

services (Arvanities, 2013). Up-to-date progress in ICT offers great opportunities for 

organizations’ research and development (R&D) activities which lead to higher 

innovation performance (Kleis et al., 2012). Continuously innovations enable better 

market position and competitive advantage.  

 The goal of this paper is to analyse the influence of ICT usage on innovation, 

measured by the one of the three main subindexes of the competitiveness index: 

Innovation and sophistication factor subindex. Therefore, we selected the four main 

fields of ICT applications: eLearning, personal Internet usage, eBusiness, eScience 

and technology transfer and eGovernment (Blackman, 2004; Zott et al., 2000). Data 

have been collected from the European statistical database - Eurostat (Eurostat, 

2015) and from the World Economic Forum (WEF-The Global Competitiveness Report, 

2007-2011). The panel regression method has been conducted on a sample of 

selected European countries.  

 The paper is structured in five sections. Introduction is the first section of the paper. 

In the second section methodology and data are described. The results are 

presented in the third section. The major implications are discussed in the fourth 

section. Finally, the last section concludes the paper.   

  

Methodology and data 
The goal of this paper is to determine the role of ICT as a supporting factor for innovation 

activities for European countries. In order to analyse the influence of ICT usage on 

innovation we have conducted panel regression analysis. Panel regression analysis 

presents a statistical method using two and “n” dimensional panel data. The data are 

usually collected over time and for the same group of units and a regression is run over 

these two dimensions. Panel regression provides evaluation of the influence of 

independent variables to the dependent variables over the time. Therefore, we can 

analyse the change of innovation performance as the result of ICT usage over five year 

period (2007-2011). 

 Data on ICT usage and on innovation performance for 32 European countries 

have been collected in the period from 2007 to 2011. Beside 28 European countries 

the data have also been collected for Iceland, Norway, Macedonia and Turkey. 

Other European countries were not used in the analysis because of missing data for 

selected variables and for selected years. Data were collected from the European 

statistical database – Eurostat (Eurostat, 2015) and from the Global Competitiveness 

Report issued annually by the World Economic Forum (WEF-The Global 

Competitiveness Report, 2007-2011).  

 ICT can be used in many different areas, e.g. education, business, health, private 

issues, science and technology, public services (Blackman, 2004, Zott, 2000). 
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Therefore, we selected the five main areas of ICT usage for our analysis: eLearning, 

Internet usage, eBusiness, eScience and technology transfer and eGovernment. 

Data on ICT usage have been collected for 17 variables from the European 

statistical database - Eurostat (Eurostat, 2015) and are used as independent 

variables. Eight variables out of 17 refer to the ICT usage of individuals aged 16 to 74 

and are shown in percentage (eLearning, Internet usage and eGovernment). Other 

nine variables refer to the ICT usage of companies (eBusiness, eScience and 

technology transfer) with at least ten employees and are shown in percentage.  

 The area of e-Learning was analysed using four variables: (i) eLRN1: Purchase of 

materials for e-learning, (ii) eLRN2: Search of information on education and training, 

(iii) eLRN3: Use of the Internet for education and training and (iv) eLRN4: Use of the 

Internet for decision-making on learning. Variables which refer to personal Internet 

usage are: (i) IntUSG1: Use of online banking and (ii) IntUSG2: Use of the Internet for 

finding an employment. Variables related to the area of e-Government are: (i) 

eGOV1: Using public administration sites to send forms and (ii) eGOV2: 

Communication with public departments.  

 The selected variables which refer to the area of eBusiness are: (i) eBUS1: CRM 

software usage, (ii) eBUS2: Internet purchase and (iii) eBUS3: Ordering via Internet. The 

selected variables related to the area of eScience and technology transfer are: (i) 

eSCNtechTR1: High-technology import within EU27, (ii) eSCNtechTR2: High-technology 

import outside EU27, (iii) eSCNtechTR3: High-technology import in the world, (iv) 

eSCNtechTR4: High-technology export within EU27, (v) eSCNtechTR5: High-technology 

export outside EU27 and (vi) eSCNtechTR6: High-technology export in the world. 

 Data on innovation performance are collected from the World Economic Forum 

(WEF-The Global Competitiveness Report, 2007-2011) which measures 

competitiveness of 142 countries all over the world. Qualitative and quantitative 

data are collected from statistical offices from particular country and are used for 

computing the GCI. GCI is composed of three subindices (Efficiency enhancers 

subindex, Basic requirements subindex and Innovation and sophistication factor 

subindex) and 12 pillars of competitiveness (Institutions, Infrastructure, 

Macroeconomic environment, Health and primary education, Higher education and 

training, Goods market efficiency, Labour market efficiency, Financial market 

development, Technological readiness, Market size, Business sophistication and 

Innovation).  

 In our research, country’s innovation performance is used as the dependent 

variable. We used data for the Innovation and sophistication factor subindex and its 

two pillars: Business sophistication and Innovation for 32 selected European countries 

in the five year period (2007-2011). In order to calculate country’s rank and GCI 

scores for innovation performance different data regarding business sophistication 

and R&D innovation are collected (Table 1). Innovation and sophistication factor 

subindex refers mostly to countries which are leaders on the global market where 

companies are trying to improve their business by innovative strategies and 

products. Producing new and unique products by using sophisticated business 

processes and through innovation, companies are trying to achieve sustainable 

competitive advantage and higher standard of living. Business sophistication refers 

to quality of a country’s business networks and of firms’ business processes which 

lead to higher innovative performance and efficiency and to increased productivity. 

The final pillar of GCI refers to innovation, especially technological innovation, which 

are important for socio-economic progress of countries. Higher standards of living 

can be increased only by innovative activity in public and private sectors. Countries 

which are encouraging innovative activities also invest in research and 
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development, enhance quality of scientific and research institutions and foster 

collaboration between universities and industry (WEF-The Global Competitiveness 

Report, 2011). 

 

Table 1 

Global Competitiveness Index: Innovation and Sophistication Factors Subindex 

INNOVATION AND SOPHISTICATION FACTORS 

11th pillar: Business sophistication 

11.01 Local supplier quantity 

11.02 Local supplier quality 

11.03 State of cluster development 

11.04 Nature of competitive advantage 

11.05 Value chain breadth 

11.06 Control of international distribution 

11.07 Production process sophistication 

11.08 Extent of marketing 

11.09 Willingness to delegate authority 

11th pillar: Innovation 

12.01 Capacity for innovation 

12.02 Quality of scientific research institutions 

12.03 Company spending on R&D 

12.04 University-industry collaboration in R&D 

12.05 Gov’t procurement of advanced tech products 

12.06 Availability of scientists and engineers 

12.07 Utility patents per million population 

Source: The Global Competitiveness Report 2010-2011, World Economic Forum 

 

Results 
The goal of the paper was to evaluate influence of the ICT as a supporting factor on 

countries’ innovation activities. In order to estimate the relation between ICT and 

innovation performance of the countries we have conducted the panel regression 

analysis.  

In Table 2 are shown regression coefficients and goodness of fit for all regression 

models. Three dependent variables are shown in header row: Innovation and 

Sophistication Factors, Business sophistication and Innovation. Indicators of ICT usage 

by individuals and enterprises are divided into five areas (eLearning, personal 

Internet usage, eBusiness, eScience and technology transfer and eGovernment) and 

present independent variables which are shown in the first left column. 

 The highest number of independent variables impacts the GCI 11th pillar (Business 

sophistication) (53%). All variables regarding eLearning and personal Internet usage 

influence on the Business sophistication while from other three ICT areas at least one 

variable influence on 11th pillar. There is the same number of independent variables 

which influence the Innovation and Sophistication Factors Subindex and 12th pillar 

Innovation (35%). 

 Coefficients of determination range from 0.758 to 0.790. Value of coefficients of 

determination adjusted (adjusted-R2) is a bit lower and range from 0.729 to 0.765. It 

can be concluded that both measures indicate adequate goodness of fit for all of 

the models. 

Table 2 
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Panel regression analysis results – summary of estimates of regression coefficients and 

coefficients of determination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Source: Authors’ survey (Eurostat, WEF) 
Note: ***statistically significant at 1%, ** statistically significant at 5% 

 

Discussion 
Table 3 presents the relation among individual independent variables which refer to 

the five areas of ICT usage (eLearning, personal Internet usage, eBusiness, eScience 

and technology transfer and eGovernment) and dependent variables (Innovation 

and sophistication factor subindex, Business sophistication  and Innovation). In order 

to present the level of statistical significance we have used thresholds of 1% and 5% 

with the sing in the parenthesis which represents the positive or negative sign of the 

regression coefficient. 

 There is a positive relation between all innovation indices (Innovation and 

Sophistication Factors subindex, Business sophistication and Innovation) and 

eLearning indicator which refers to buying materials via Internet (eLRN1: Purchase of 

materials for e-learning). There is also positive relation among GCI 11th pillar Business 

sophistication and eLearning indicator which refers to use of Internet for education 

(eLRN3: Use of the Internet for education and training). There is negative relation 

between GCI 11th pillar Business sophistication and two eLearning indicators which 

measure passive usage of eLearning tools (eLRN2: Search of information on 

education and training and eLRN4: Use of the Internet for decision-making on 

learning). Passive usage of eLearning regarding search of information and decision 

making could explain negative relationship between GCI 11th pillar Business 

ICT variables  

GCI subindex GCI 11th and 12th  pillars 

Innovation and 

Sophistication Factors 

Business 

sophistication 
Innovation 

Intercept 3,046*** 3,626*** 2,563*** 

eLRN1 0,026*** 0,024*** 0,030*** 

eLRN2 -0,008 -0,012*** -0,004 

eLRN3 0,019 0,022** 0,012 

eLRN4 -0,014 -0,017** -0,009 

IntUSG1 0,009*** 0,008** 0,011*** 

IntUSG2 -0,016** -0,020*** -0,009 

eBUS1 0,008 0,008 0,006 

eBUS2 0,016*** 0,017*** 0,013*** 

eBUS3 -0,011** -0,008 -0,008 

eSCNtechTR1 -0,001 -0,009 -0,002 

eSCNtechTR2 -0,027*** -0,024*** -0,027*** 

eSCNtechTR3 0,040 0,043 0,041 

eSCNtechTR4 0,035 0,001 0,054** 

eSCNtechTR5 0,017 0,001 0,025** 

eSCNtechTR6 -0,032 0,009 -0,055 

eGOV1 -0,005 -0,008 -0,002 

eGOV 2 0,007 0,009** 0,004 

Model validation 

R2 0,790 0,758 0,770 

Adjuster R2 0,765 0,729 0,742 

% of statistically significant variables 

17 variables (100%) 35% 53% 35% 
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sophistication and two eLearning indicators. Development and usage of eLearning 

in developing countries is still lagging behind compared to eLearning market in 

developed countries. Therefore, there is a great potential of eLearning usage in 

developing countries. eLearning encourages innovation approach in education 

system because it provides exchange of knowledge and information, offers lifelong 

learning, facilitates learning among students from different countries (Florea, 2010; 

Bocconi et al., 2013). 
  

Table 3  

Level of statistical significance of independent variables  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors’ survey (Eurostat, WEF) 
 

 There is a positive relation between all innovation indices (Innovation and 

Sophistication Factors subindex, Business sophistication and Innovation) and Internet 

usage which refers to online banking (IntUSG1: Use of online banking). There is 

negative relation between GCI subindex Innovation and Sophistication Factors and 

GCI 11th pillar Business sophistication and Internet usage regarding finding 

employment via Internet (IntUSG2: Use of the Internet for finding an employment). 

Less developed countries do not encourage enough innovation activities in their 

socio-economic development. Therefore, looking for a job via Internet is not a 

common way in developing countries. Developed countries are trying to increase 

their competitiveness through new processes, products, applications, which is the 

reason for the ICT usage in bank sector for offering new and unique services via 

Internet for their clients (Cho, Park, 2012). Usage of ICT applications in financial 

business enhance innovation and increase quality of financial services for the clients. 

There is a positive relation between all innovation indices (Innovation and 

Sophistication Factors subindex, Business sophistication and Innovation) and 

eBusiness indicator which measures active use of Internet by enterprises (eBUSS2: 

Selling goods or services over Internet). Using new and unique software applications 

contribute to innovative way of doing business, which increase competitive 

advantage of companies (Poon, 2008). There is negative relation between 

ICT variables 

GCI subindex GCI 11th and 12th  pillars 

Innovation and 

Sophistication Factors 

Business 

sophistication 
Innovation 

eLRN1 1% (+) 1% (+) 1% (+) 

eLRN2 
 

1% (-) 
 

eLRN3 
 

5% (+) 
 

eLRN4 
 

5% (-) 
 

IntUSG1 1% (+) 5% (+) 1% (+) 

IntUSG2 5% (-) 1% (-) 
 

eBUS1 
   

eBUS2 1% (+) 1% (+) 1% (+) 

eBUS3 5% (-) 
  

eSCNtechTR1 
   

eSCNtechTR2 1% (-) 1% (-) 1% (-) 

eSCNtechTR3 
   

eSCNtechTR4 
  

5% (+) 

eSCNtechTR5 
  

5% (+) 

eSCNtechTR6 
   

eGOV1 
   

eGOV 2 
 

5% (+) 
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Innovation and sophistication factor subindex and eBusiness indicator related to 

placing orders over the Internet (eBUSS3: Ordering via Internet). One of the reasons 

could be confidence when ordering via Internet. This negative impact could also be 

stimulation for ICT experts to invent innovative and secure application for ordering 

via Internet. 

There is a positive relation between GCI 12th pillar Innovation and two eScience 

and technology transfer indicators (eSCNtechTR4: High-technology export within 

EU27 and eSCNtechTR5: High-technology export outside EU27). There is negative 

relation between all innovation indices (Innovation and Sophistication Factors 

subindex, Business sophistication and Innovation) and eScience and technology 

transfer indicator (eSCNtechTR2: High-technology import outside EU27). eScience 

and technology transfer refer to exchange of knowledge, ideas and information 

among scientific and research institutions and enterprises which has positive impact 

to business innovation (Rogers et al., 2001). 

 There is positive relationship between the GCI 11th pillar Business sophistication with 

the indicator measuring active use of eGovernment by individuals (eGOV2: 

Communication with public administration units). eGovernment services are 

important for implementing innovative changes and new services in public 

institutions which lead to higher quality of business processes and satisfied clients 

(Irani et al., 2008). 
 

Conclusion 
In this paper the main goal was to estimate the impact of ICT on innovation activities 

in European countries. After the panel regression analysis was conducted, research 

results confirmed the influence of ICT as a supporting factor for innovation activities. 

It is important to highlight that there is a positive relation between all innovation 

indices (Innovation and Sophistication Factors subindex, Business sophistication and 

Innovation) and three independent variables (eLRN1: Purchase of materials for e-

learning; IntUSG1: Use of online banking and eBUS2: Internet purchase) regarding 

three different ICT areas (eLearning, eBusiness and eGovernment). It can be 

concluded that development and usage of ICT have strong influence on innovation 

and business sophistication, while it lead to higher innovation performance. 
 The limitation of this study is that time delay was not included in panel regression 

analysis. We have used GCI indices regarding innovation activities and for selected 

European countries. These mentioned limitations could be overwhelmed by future 

research. In order to expand this research, the panel regression analysis with time 

delay should be conducted on newer time period and for more number of 

countries. It is also important to include some other innovation indicators in further 

analysis and to investigate how particular country encourages innovation strategies.   
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