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Abstract

This article analyses whether there are differaniteinformation and com-
munications technology (ICT) adoption among enisg® in European coun-
tries (full EU members, candidate and other cowsYyiaccording to the ranking
of countries at the Innovation Union Scoreboard )Uist. According to the
results, countries from different innovation legebups differ according to: (1)
adoption of the internal processes support withiioimation systems, (2) adop-
tion of e-Commerce and CRM, and (3) adoption oadb@and and LAN. Since
the Digital Agenda goals are oriented primarily @nas closing the digital gap
among individuals, the EU should also address adistering of ICT adoption
in enterprises in order to further improve theinovative capacity.

Keywords: ICT adoption; innovation; digital divide; Europeddnion; Digital
Agenda; Innovation Union Scoreboard
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1. Introduction

Information and communication technologies (ICThawrge educational,
working and leisure activities in the modern sagieind have a significant im-
pact on how business is done. A widespread adopfid@T enables innovation
and thus fosters growth and productivity (Olined &ichel, 2002; Gust and
Marquez, 2004; Van Ark and Piatowski, 2004; PetiQ®). The termiCT has
been used as a joint term for a variety of techyiol applications that range
from basic technologies such as hardware, softveara telecommunications to
more advanced electronic information resources siscthe World Wide Web
and communication channels such as social netw@&@svyn, 2004; Toivonen

* Mirjana PEJC BACH, Faculty of Economics & Business, UniversityZsgreb, Depart-
ment of Informatics, Trg J. F. Kenndyja 6, 10008g#b, Croatia; e-mail: mpejic@efzg.hr



336

et al., 2009). Although the emergence of first cataps was followed by the
fear of technology, in the meantime our attitudeaals technology has changed
completely and we are accepting it widely. Broadbaas become widespread
and 95% of Europeans had access to a fixed broddimamection in 2011, the
mobile Internet has grown to 217 mobile broadbarnabseriptions, 68% of Euro-
peans in 2011 regularly used Internet, and e-Goremh has been widely ac-
cepted in a number of European countries (EC, 20082 adoption of ICT
today has the same radical impact as the edudasidron the economic growth
a century ago (Sianesi and Van Reenen, 2003), Btldigital divide is an im-
portant issue that has been explored both on ttienahand an individual level
(Vehovar et al., 2006; Cilan, 2007), but also amentgrprises (Forman, 2005;
Galliano, Roux and Soulie, 2011), and within théoroof sustainable develop-
ment (Pej¢ Bach, 2014).

Research on adoption of ICT in enterprises selexplore why enterprises
adopt ICT at different pace and what the impactGif adoption on the enter-
prises’ performance is (Forman and Goldfarb, 200&;0ng, 2011). Antonelli
(2003) and James (2003) explore how developingtoegican use ICT to catch
up with developed countries. A number of studiesifoon the influence of ICT
adoption on the increase in productivity. Van ArdaPiatkowski (2004) found
out that ICT has three effects on the productiuityg effect of rapid technologi-
cal progress in the ICT-producing industry on tlgalt factor productivity
growth, the effect of ICT investment on labour prouvity, and the effect of
economy-wide use of ICT on the total productivityogth through creating
knowledge spillovers. This result leads us to thplicit conclusion that an ICT
adoption fosters innovations in the three differgeids: (1) ICT products and
services itself, (2) ICT adoption in organizatioasd (3) ICT adoption in formal
and informal education. However, Jorgenson, Ho @ticbh (2008) traced the
evolution of the influence of ICT adoption on theguctivity increase to the
mid 1990s and found out that the ICT started imflileg productivity noticeably
only after the massive ICT investment boom of thie [1990s. Therefore, the
research indicates that ICT adoption influenceslpctvity but through diverse
channels and not with the same intensity duringattaption phases.

Innovation has also been recognized as an impgastamce of growth in the
enterprises, and the direct impact of ICT on intiovahas also been explored
by a number of researchers. Milan and Zelli (2082)lysed the impact of ICT
on the generation, diffusion and the use on newdentge and found out a posi-
tive impact. Pilat (2004) emphasizes that a greaser of ICT contributes to
a more rapid innovation pace. Koellinger (2008) Igsed the impact of the
adoption of Internet-based technologies, and foomidthat firms that rely on
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Internet-enabled innovations are likely to expereeiat least the same level of
growth as firms that rely on non-Internet-enabledovations. The impact of
ICT adoption on innovation has been examined bp-Ofipez and Aramendia-
-Muneta (2012). Using data on the sample of glessamic and cements/ con-
crete industry, they determined which ICT seemdatmur innovation and
competitiveness. However, the same authors findtloat a higher level of
innovations does not automatically lead to a hidaeel of profitability, which
is not totally surprising taking into account th@guct life cycle theory (Rink
and Swan, 1979). Exploring a selection of entegsri;m OECD countries,
Spiezia (2011) found contradictory results indicgtthat ICT acts as an ena-
bler of innovation but not that ICT adoption incsea the ability to innovate.
Research on the influence of ICT adoption on tm@wation is growing, exam-
ining in what way ICT enables innovations and whketit and how increases
the enterprises’ capacity to innovate products,c@sses, organization and
marketing. However, not all instances of the redeaoint to the same direc-
tion, and partial studies rely only on the narrogfigitions of ICT adoption.
There is an obvious lack of studies that would ptewvhe big picture on the
impact of ICT adoption on the innovation activitidédore comprehensive re-
search should be conducted in this area explorirtly Bata on the national and
the enterprises’ level in order to assess whethérhaw the level of ICT adop-
tion influences innovation.

This paper employs the exploring approach focusingthe level of ICT
adoption in the EU member and candidate countdsig the Innovation Union
Scoreboard (IUS) country ranking list (EC, 2012 explore the differences
among different groups of countries (innovatiordiya and followers, moderate
and modest innovators) according to the level af &option. We define ICT
adoption measures within the benchmarking frameworkdevelopments in
the information society that consists of four grewd indicators (EC, 2009a):
(1) internal processes IT support; (2) integratwith customers/suppliers and
supply chain management (SCM); (3) Internet of ghjn(4) e-Commerce and
customers relations management (CRM), and (5) strirature provided by
availability of fixed broadband access and LAN/miet/extranet. Differences
among groups of countries according to their lexfelCT adoption and their
innovation performance were investigated. We hauend out that countries
whose enterprises more often support the intemadgss with ICT, also adopt
e-Commerce and CRM more often, adopt broadband_ahd more often and
also have better innovation performance. Also,a$ bbeen investigated which
areas of ICT adoption are the most important doulttors to the innovation perfor-
mance of countries. The results of our analysigcatd that the Digital Agenda
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goals (EC, 2010a) should be enhanced by foste@iigddoption in enterprises
in order to improve the innovativeness of the coastto the greater extent.

This paper is organized as follows: Section 2 spagm the issue of differ-
ences in innovation performance among EuropeantgesnSection 3 explores
developments in the information society within Eagan countries. Section 4
investigates previous research on the linkage l@haeoption of ICT and innova-
tiveness in enterprises. Methodology and data eegepted in Section 5; results
are described in Section 6; and last Section cdeslu

2. Innovation across European Countries

Innovation can be defined as a complex phenomehaincomprises both
technical and non-technical changes and productpamckss innovations (An-
derson and King, 1993; Totterdell et al., 2002;ir§3ar et al., 2010). Technical
changes refer to, for instance new products and preguction methods, and
non-technical changes refer to, for instance newkets, new approaches to
target customers, new segmentations. Product awéss changes could not be
firmly divided and often occur together.

Innovation has been pointed out by Porter (1980)ree of the three pillars of
global competitiveness, together with continuouprisrement and change, and
has been used as one of the main predictors ofterng survival of organiza-
tions (Ancona and Caldwell, 1987). Innovation, adllvas ICT adoption, has
been one of the goals for Europe 2020 (EC, 2010c).

Europe 2020 Innovation Union presents a compaawaluation of the in-
novation performance of the EU-27 member countrtgewell of candidate coun-
tries and other European countries (EC, 2012). Minevation Union Score-
board contains innovation indicators for the EU@@mber states and Croatia,
Iceland, the Former Yugoslav Republic of MacedoNiasway, Serbia, Switzer-
land and Turkey.

Several groups of indicators have been measuredlar to assess innovation
performance of the countries examined: (1) Enablekanan resources, Re-
search systems and Finance and support; (2) Aesvilnvestments, linkages &
entrepreneurship and Intellectual assets, and (@puds: Innovators and Eco-
nomic effects. In total, there are 24 indicatorst timeasure the effectiveness of
national research innovation systems (EC, 2012y tre data has been
sourced mainly from Eurostat and in other cases faiher relevant data
sources (e.g. Thompson Scientific). Based on tlhagieators the average per-
formance is measured using the composite stastamary Innovation Index,
which has been calculated for the period from 2@@8ards.
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The Summary Innovation Index has been calculaseal @mposite indicator
based on data for 24 indicators. Its maximum vaueand minimum value is O.
The average performance in a particular year rsfléee performance for the
change in the previous year compared to the yefareoeTherefore, the Sum-
mary Innovation Index for 2011 reflects performairc2009/2010 (Figure 1).

Figure 1

Summary Innovation Index for 2011 Calculated for EUMember States,
other European Countries and Candidate Countries
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Source:Author, based on EC (2012).

Figure 2 contains historical representation ofdbentries according to their
ranking based on the Innovation Scoreboard metlggolThe first group of
countries includes innovation leaders, and thisigrof countries has decreased
in number losing the United Kingdom in 2010. Thew®al group of countries
includes innovation followers, and in this groupamiuntries, there have been
numerous changes, especially after 2009 when a ewuaflcountries joined this
group (e.g. Slovenia, Estonia, Cyprus) as a redulbe increase in innovation
performance. The third group of countries includesderate innovators and it
also increased after 2008 when e.g. Hungary, PddanadLithuania joined the
group. The fourth group of countries includes moédesovators, and it de-
creased in size after 2009, and its members iofalhe examined years were
Romania, Lithuania, Bulgaria, Latvia and Turkey.wéwer, when examining
how countries changed their innovation performageaips, one should take
into account that the methodology has been chasiged 2010.
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Fi

gure 2

Historical Representation of Countries According totheir Ranking Based
on the Innovation Scoreboard Methodology
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Note: The order of countries reflects the ranking ofrtdes within particular groups.
Source:Author, adapted from EC (2008; 2009b; 2010a; 2Q012).
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3. Development of the Information Society in European Countries

Although adoption of ICT has increased rapidlyerthare still great differ-
ences among countries and groups of users. Figuggr@sents the percentage of
households that had Internet access in 2011, angdlcentage of enterprises
that had broadband access in 2011. Adoption of @3 attained the highest
level of coverage in enterprises. In the EU-27 toeis, 85% of enterprises in
2011 had broadband access (fixed or mobile). Howediferences among
countries are large, with the Netherlands and Swedeere 91% of enterprises
have broadband access on one side, and Bulgamaaland Romania where
62%, 68% and 52% of the enterprises have broadbheceks, respectively. The
average percentage of households having Interetsadn EU-27 countries is
70% with the adoption pattern following almost cdetply adoption in enter-
prises, while countries with the highest level dbgtion in enterprises are also
leaders in adoption in households. However, the mdtemployees that use per-
sonal computers with access to the World Wide Véesurprisingly low, com-
prising only 43% of EU-27 countries on average.ydnlthe United Kingdom
the coverage of both enterprises and employeeslintighnet access is approxi-
mately the same.

Figure 3

Households with Internet Access and Enterprises whitBroadband Access
(Fixed or Mobile), Persons Employed Using Computersiith Access to WWW
(percentage, 2011)
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Source:Author, based <http://epp.eurostat.ec.europa.ealfjgage/portal/statistics/search_database>.
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The information society has been recognized byBhepean Union as one
of the important leverages for attaining the gazlshe Europe 2020 Strategy
(EC, 2010Db). One of the seven flagship initiatieéghis strategy is the Digital
Agenda that sets out to increase the ICT adopliba.European Union regularly
measures a number of indicators important foretgetbpment. The 2011 — 2015
Benchmarking Digital Europe Framework sets out Whitdicators have to be
measured regarding the development of informatamesy. Table 1 represents
the summary of the Benchmarking Digital Europe dattirs (EC, 2009a), which
are grouped into five areas: ICT sector, broadlzamtticonnectivity, ICT usage by
households and individuals, ICT adoption in entegs, and e-Public services.

Table 1
Summary of the Benchmarking Digital Europe Indicatas (EC, 2009a)
ICT Adoption area Indicators
ICT sector Share, growth, productivity level and productivitypwth in the ICT

sector

Size and nominal growth of ICT markets

R&D expenditures by the ICT sector as % of GDP, BEfRalue added
Imports and exports of ICT goods and services

Broadband and connectivity Broadband coverage: poptilation reached

Broadband prices and number of subscriptions peiiritabitants

% of households and enterprises with Internet acfeed and mobile)
% of persons employed with Internet access provadeudork (fixed and

mobile)
ICT usage by households and| % of individuals using Internet
individuals Various activities via Internet (personal commutiarg use of entertain-

ment, access to information, civic and politicaftigégpation, creativity,
learning, e-health, e-banking, e-Commerce, pradessilife, e-skills and
e-inclusion)

ICT adoption in enterprises Internal processess@dport

Integration with customers/suppliers and SCM

Key technologies for the Internet of things

e-Commerce, CRM

e-Public services Online availability of basic esfuservices
% of individuals using e-Public services
% of enterprises using e-Public services

Source:Author, adapted from EC (2009a).

The 2011 — 2015 Benchmarking Digital Europe ingicapresented in Table
1 aim at measuring the digital divide both betweed within countries of the
European Union. Data is broken down for enterpris@sed on their size and
NACE Rev. 1 and Rev. 2 industry levels and forvidlials based on age, gen-
der, education and employment. In addition, for sondicators data have been
collected at the NUTS 2 regional level.

Presumptions of the Digital Agenda are that: efficy gains in the produc-
tion of ICTs will influence the economic growth atiek falling of prices of ICT
goods and services, while decreasing prices withigate investment in ICTs



343

by individuals, business and the public sector,cWwhwill increase adoption of
ICT that contributes to the sustainable growthhaf €conomy, the public sector
efficiency and the quality of life. The Digital Agda goals focus mainly on in-
dividuals, public services and infrastructure. l@dloption in enterprises has
been present to a lower extent, and with its gtaigeting online buying and
selling. However, the impact of ICT adoption inemprises is also important for
innovation, being one of the drivers for the ecomogrowth and development
(Porter, 1990), although the big differences ekistiwveen particular ICT solu-
tions regarding their impact to innovation (Koedjar, 2008; Delina, Tkac and
Janke, 2012).

4. ICT Adoption in Enterprises as an Agent for Innovative Activities

The Benchmarking Digital Europe Framework (EC, 28)0sets out indica-
tors that measure ICT adoption in enterprises etadtin four groups: (1) inter-
nal processes support by ICT, (2) integration witstomers/suppliers and SCM,
(3) key technologies for the Internet of thingsd §4) e-Commerce and CRM
usage. Research that explores the relation beti@emdoption and innovative
activities will be examined from this perspective.

4.1. Internal Processes ICT Support

Internal processes ICT support within the Bencliimagr Digital Europe
Framework refers to adoption of Enterprise Reso#le@ning(ERP) software
packages to share information between differenttfanal areas that enable
sharing information within an enterprise electraflic especially on sales or on
purchase (EC, 2009a). Other information systemsh &1 knowledge systems
and decision support systems are also considered.

Most of the research that investigates the refabietween internal processes
and the innovation level in enterprises focusetherimplementation of the ERP
system. Srivardhana and Pawlowski (2007) expldnedrelationship within the
framework of absorptive capacity (Zahra and Geof#)2), and their results
indicated that ERP systems both enable and congtraibusiness process inno-
vation. Madapusi and D’Souza (2012) found out thatERP system implemen-
tation influences operational performance aspettdifferent ways and with
different intensity, and found out that innovatiesa of enterprises could even
be decreased due to the standardized nature ofnitiRiBles. However, Newell
et al. (2003) discovered that the combined implaaten of ERP and the
knowledge system can foster efficiency and innavatiithin the firm. Chen
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and Huang (2009) used the regression analysisviesiigate the relationship

between strategic human resource practices ankrtbeledge management
capacity for innovation performance of enterprisms] found a positive rela-

tionship. Cho and Chang (2008) found out that tesce towards the new sales
force automation system decreased innovativenessiployees. Therefore, ICT

support to internal processes can have both aimegatd a positive impact on

innovativeness in enterprises.

4.2. Integration with Customers/Suppliers and SCM

Integration with customers/suppliers and SCM withhe Benchmarking
Digital Europe Framework refers to electronicallycleanging business docu-
ments with suppliers and customers, electronicalghanging information on
SCM and receiving/sending e-invoices.

Evidence on fostering innovation through collaliora with customers and
suppliers has been explored by a number of resear.cNieto and Santamaria
(2007) clearly prove that collaboration with suppdi, clients and research or-
ganizations positively influences the novelty obguct innovation, while the
strongest positive impact stems from collaboratioth different types of part-
ners within collaborative networks. The same casiolu has been attained by
Tarafdar and Gordon (2007). These results proveiqure research results that
indicated that the collaboration can enhance theergystic effect of various
knowledge and expertise within the collaborativemoek (Zakaria, Amelinckx
and Wilemon, 2004), and ICT adoption seems eveentmance this effect. In
addition, collaboration with suppliers seems taéase innovativeness of firms
that implement ERP systems (Watanabe and Hobo,) 2@80dch is in contradic-
tion with the research conducted by SrivardhanaRengllowski (2007). On the
other side, Wu (2012) explores the impact of sgiatalliances on innovations
and founds out that a positive effect of technalabicollaboration can be de-
creased in highly competitive markets.

The SCM impact on innovations is also the subjéceveral research arti-
cles. Kim (2000) focuses on the balance neededdriricrease in profitability
for both a manufacturer and a supplier in orddogter innovation in the supply
chain management system. Ulusoy (2003) exploredupply chain and innova-
tion management on the sample of Turkish manufagfdirms, and established
that the product differentiation also advancesoweiareas of the supply chain as
well as innovation management. Bello, Lohtia anaigbani (2004) state that
complex institutional arrangements typical for dypphain management sys-
tems could also increase reluctance of enterptizséanovate. However, Lin,
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Wang and Yu (2010) and Mikalef (2014) found outt thalue co-creation and
value constellation in such systems could sendrigsrs of innovation.

4.3. Key Technologies for Internet of Things

Key technologies for Internet of things within tBenchmarking Digital
Europe Framework refer to usage of Radio Frequddentification (RFID)
technology.

RFID technology has been implemented to a rarengxt enterprises, but the
level of adoption should be positively impactedtaking into account strategic
value and influence to enterprises’ performancéuding innovation (Tajima,
2007). Roh, Kunnathur and Tarafdar (2009) nameviation as one of the ex-
pected RFID benefits that can provide an orgammatwith a competitive ad-
vantage. Also, Bunduchi, Weisshaar and Smart (2@8&h)onstrated that RFID
implementation is connected with the increase imouativeness in enterprises.
However, this effect is more evident in more matpihases of implementation,
while in early phases costs predominate (capigatlebpment and direct imple-
mentation costs). Dominguez-Péry, Ageron and Neul2é11) propose a fra-
mework that could be used for supporting servigeowation in an IT-driven
case for RFID technology.

4.4. E-Commerce and Customers Relations Management

E-Commerce and Customers Relations Managemeninvitie Benchmark-
ing Digital Europe Framework refers to having wébsvith e-Commerce func-
tions, using software applications for managingiinfation about clients, such
as CRM, and selling and purchasing by e-Commerce.

Xu, Sharma and Hackney (2005) base their exploratiothe Web service in-
novation on the rationale that the existing enisegprocess integration technologies
are not able to resolve the problems connected evBlusiness practices that in-
crease both in volume and in complexity. Koellin{008) also finds that the In-
ternet-based technologies were significant fadtasenabled innovation in 2003.

The World Wide Web has itself been the greatestrage of disruptive inno-
vation (Keller and Husig, 2009) with Google and éamok being the most fa-
mous and most influential representatives of tliien@menon. Laffey (2007)
also points out that the use of the text advertsgnconnected with a search
topic (paid search) was the key driver to the reckanges at the World Wide
Web. The World Wide Web can also help innovatoosigh the e-Government
services that could serve as relevant resourcésgdiire service innovation pro-
cess (Wu et al., 2010).



346

Wu and Hisa (2004) examined the impact of e-Comemard m-Commerce
innovating applications to stakeholders (Intereetise providers, e-Commerce
and m-Commerce companies, customers and busingsenga and found out
that the impact is radical only on e-Commerce ar@ommerce enterprises and
Internet service providers. The question that als@rges is how to attract cus-
tomers to use new, fast-appearing innovations, sischocial networks. Hung,
Chou and Dong (2011) found out that individualgwatparticular search behav-
jour are more apt to try new innovative servicepeeially connected with social
networks. The World Wide Web also fosters other gletely new forms of
innovation such as Open Innovation within an Eniegp2.0 context (Carbone
et al., 2012).

CRM fosters innovation because it facilitates naog important information
from customers that are a source of new ideasrfmyzts and processes, espe-
cially if customers are actively engaged in thecpss (Ngo and Cass, 2012). At
the same time, CRM can be successfully implemeatsy if the top manage-
ment supports innovations (Ozgener drak, 2006). Chen and Tsou (2012) in-
vestigated the relationship between ICT adoptienise process innovation and
performance gains through customer service, anddfawut that customer ser-
vice can be an important intermediary for ICT admptand service process in-
novations influencing the enterprises’ performafde same authors found out
that ICT adoption supported service process innawvat

The findings of the previous research on ICT aidopas leverage for innova-
tive activities are controversial. Some of the agslke show that ICT adoption
can foster innovation and these findings are esfiggiresent in the field of
e-Commerce, CRM, RFID and integration with custasfemppliers. On the
other hand, ERP and SCM systems could both faeildad inhibit innovations,
especially in the field of business process inniowvat

5. Data and Methodology

Our main research question is whether there igfisant difference be-
tween particular innovative countries groups acogrdo different aspects of
ICT adoption. The second research question is wenetiformation on ICT
adoption in enterprises should become one of tHestones of the European
Union Digital Agenda, in addition to measures that oriented mainly toward
individuals, households and public institutions.

Since European countries will be compared in teom$CT adoption, the
five group indicators from the Benchmarking Digitaurope Framework en-
hanced by infrastructure indicators, available irdstat, have been employed
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for investigation. Indicators are presented in €abl (1) Internal process ICT
support (indicators IP1-IP3); (2) Integration withstomers/suppliers & SCM
(indicators IC1-IC3); (3) Key technologies for Imet of things (RFID indica-
tor); (4) e-Commerce & CRM (indicators ECOM1-ECOM&Nd (5) Infrastruc-
ture (indicators INFR1-INFR2). Since presented dathrs have been measured
only since 2010 in most of the cases, the year P@sbeen used as the year for
examining relationships in question. The only exicepis RFID adoption and
adoption of websites that provide online orderingeservation. Both indicators
have lots of missing data for 2010, and theref@ta dor 2011 have been used
for the analysis, since there is little differemsween those two years due to the
slow pace of RFID adoption (Spekman and Sweengf006; Pedroso, Zwicker
and de Souza, 2009).

Table 2
Selected Indicators from the Benchmarking Digital Eirope Framework
Adoption ICT Variable explanations
dimensions adoption
indicators
Internal process | IP1 Enterprises which have ERP software packagbdce information
ICT support between different functional areas
(2010) IP2 Enterprises which electronically share infoiiorabn sales or on
purchases with the software used for any inteunadtion
1P3 Enterprises which electronically share inforiorawvithin the enterprise
Integration with ICS1 Enterprises using automated data exchangeottigr ICT systems
customers/ outside the own enterprise
suppliers ICS2 Enterprises which electronically share infaiorasuitable for
& SCM (2010) automatic processing with external business partoeon the SCM
with suppliers or customers
ICS3 Enterprises sending and/or receiving e-ineice
Key technologies | RFID Enterprises using Radio Frequency ldentifaa(RFID) technologies
for Internet
of things (2011)
e-Commerce & ECOM1 Enterprises with the website providing onlandering or reservation
CRM (ECOM1- or booking, e.g. shopping cart
2011; ECOM2- ECOM2 Enterprises using software solutions sucGegomer Relationship
ECOM5-2010) Management (CRM)
ECOM3 Enterprises' turnover from e-Commerce as %tef turnover
ECOM4 Enterprises having received orders via coepuiediated networks
ECOM5 Enterprises having purchased via computeriated networks
Infrastructure INFR1 Enterprises with Internet connection: fixeddrlband access
(2010) INFR2 Enterprises using LAN and Intranet or exttdngeference year

Source:Author, indicator definitions available from Eutats

Table 3 contains the mean values for ICT adopialicators according to
innovation performance country groups. ICT adopi®measured in % of en-
terprises that used particular technology in 2@&gept for RFID and website
providing online ordering/reservation/booking, thath refer to 2011. The year
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2010 has been selected for the analysis sincéébryear data on ICT adoption
indicators have been collected for the first tirmes the Benchmarking Digital
Europe Framework was adopted (EC, 2010a).

Table3
Mean Values for ICT Adoption Indicators (% of enterprises) According to Innova-
tion Performance Country Groups in 2010, and Exceponally 2011 for RFID (in %)

Adoption dimensions ICT adoption Innovation performance country groups Total
indicators Leaders Followers  Moderate Modest
Internal process ICT IP1 30.3 19.4 195 12.8 19.8
support (2010) IP2 453 46.7 46.5 33.8 44.4
IP3 60.3 54.3 53.1 41.0 52.5
Integration with 1S1 51.0 45.9 44.8 43.4 45.8
customers/suppliers IS2 51.0 42.5 47.8 45.2 45.9
& SCM (2010) 1S3 34.8 26.5 27.8 31.0 28.7
Key technologies for
Internet of things (2011) RFID 5.0 3.7 4.4 3.6 4.1
e-Commerce & CRM ECOM1 23.8 18.2 17.1 12.8 17.9
(ECOM1-2011; ECOM2 35.8 25.0 22.2 19.2 24.5
ECOM2-ECOM5-2010 )| ECOM3 17.8 13.6 11.8 5.6 12.2
ECOM4 24.3 17.2 15.6 9.4 16.3
ECOM5 60.0 38.3 29.5 15.2 34.2
Infrastructure (2010) INFR1 88.3 87.0 81.1 68.6 182
INFR2 45.5 37.4 33.4 33.2 36.3

Note: Data is missing for the following variables andueties — RFID and ECOM1 (Iceland, Turkey),
ECOM3 (Greece, Luxembourg, Malta).

Source:Author, calculated based on Eurostat data.

Mean values are calculated for the following gi®opcountries according to
their innovation performance ranking in 2010, pnéséd in Figure 2. Innovation
leaders in 2010 were: Switzerland, Sweden, Germiimfand and Denmark.
Innovation followers in 2010 were: Luxembourg, AtsstBelgium, Iceland, the
United Kingdom, the Netherlands, Ireland, Frandeyéhia, Estonia and Cy-
prus. Moderate innovators in 2010 were: NorwaylyJt®ortugal, Spain, the
Czech Republic, Malta, Greece, Hungary, Slovakidafd and Croatia. Modest
innovators in 2010 were: Romania, Lithuania, Bulgatatvia and Turkey.
Since data for Switzerland is not available in Btaig we examine the total
number of 31 countries.

The highest level of adoption is present in theugrof Infrastructure indica-
tors. The average fixed broadband access usagrdrpgses for all of the coun-
tries examined is 82.1%. Innovation leaders andvi@rs are above the average,
but moderate and modest innovators are lower acwptd the fixed broadband
access usage in enterprises. The same patteresenprfor all of the other indi-
cators indicating that there are differences inl¢hvel of ICT adoption according
to innovation performance country groups in 2010.
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In this study, we explore the level of ICT adoptio European countries by
using indicators (EC, 2009a) oriented towards Ippsut of internal processes,
integration with customers/suppliers and SCM Irgeraf things; (4) e-Com-
merce and CRM, and (5) broadband and LAN/intrartaeet access. By using
MANOVA we explore if the level of ICT adoption isffitrent in four groups of
countries ranked according to their innovation @enance (innovation leaders
and followers, and moderate and modest innovatdssha result of MANOVA,
it has been revealed that there has been a digipabetween innovation perfor-
mance country groups according to the level of #ddption in their enterprises.
The ANOVA analysis uncovered that discriminatingl'l@dicators belong to
the following areas of ICT adoption: Internal ICUpgort, e-Commerce and
CRM, and infrastructure (broadband and LAN/intrémdtanet). As a result of
the post-hoc analysis it has been proved thatitjgebt difference in the level of
ICT adoption is between two sub-groups of countriemovation leaders-
followers and modest/moderate innovators. The sggpwdiscriminant analysis
has been conducted in order to test which ICT adiophdicators contribute the
most to the difference among European countrieserdow to their innovation
performance, and two indicators have been foundifgignt: ECOM5 (Enter-
prises having purchased via computer-mediated mks)oand INFR1 (Enter-
prises having fixed broadband access to the Inferfibose two indicators are
not listed as the Digital Agenda targets.

The paper aims at answering following researclstipes: (i) RQ1: Do coun-
tries from different innovative ranking groups aliffer according to the level
of ICT adoption in enterprises?; (i) RQ2: Whicmavation ranking groups are
different according to the level of ICT adoptionenterprises?, and (iii) RQ3:
Which ICT adoption aspects are the most significardreating differences be-
tween innovative country groups?

In order to answer RQ1, MANOVA method was usedider to asses if
there is statistically significant difference amadngovation performance coun-
try groups according to overall impact of ICT adoptindicators. ANOVA
method was used in order to test if there is skedi$y significant difference
among innovation performance country groups acogrtlh specific ICT adop-
tion indicators.

In order to answer RQ2, Tukey post hoc tests veaadplied in order to as-
sess which particular innovative country groupdedifinnovation leaders and
followers, moderate and modest innovators) accgrdin different aspects of
ICT adoption (internal processes support by ICTedgmation with custom-
ers/suppliers and SCM, key technologies for theriwt of things, e-Commerce
and CRM usage, and network infrastructure).
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In order to answer RQ3, the discriminant stepwisalysis will be applied in
order to determine which ICT adoption aspects lagentost significant in creat-
ing differences between innovative country groups.

6. Results

Results of the paper are presented in the follgwiranner. First, since the
MANOVA and the discriminant analysis have been dggtl, assumptions for
both methods have been tested. Second, the MANQ\MAilze ANOVA analy-
sis have been conducted. Third, post hoc analyees een carried out. Finally,
discriminant analyses have been applied to thebks examined.

6.1. Assumptions Achievement

The MANOVA and the discriminant analysis are cotagionally very simi-
lar and common assumptions apply: sample size, alafistribution, homogene-
ity of variances/covariances and outliers.

The sample size allows for unequal sample sizeshiwik not a case with the
data examined. The maximum of independent variables-2, with n being the
sample size. Therefore, in our data, we could llagenaximum of 29 (31 — 2)
independent variables. Since we have 14 independerdbles this could be
considered acceptable.

The normal distribution for all of the independeatiables has been exam-
ined by the use of the Kolmogorov-Smirnov test (&pgix 1). Only three varia-
bles have been proved at the 1% significance levkhve non-normal distribu-
tion (RFID, ECOM1 and INFR1), and two variables é&been proved at the
10% significance level to have non-normal distridt(IP2 and IP3). However,
since most of the variables are normally distridutbe non-normality is caused
by skewness and not outliers, and results of theNKAXA and the discriminant
analysis could be considered reliable (TabachnickFdell, 1996).

Homogeneity of variances/covariances has beeadtdst the Box's M test
that tests the null hypothesis of equal populatomwariance matrices. The test
revealed at the 5% level that population covariamegrices are not equal for
ICT adoption indicators examined (F = 1.342; p-eatu0.013). Since the Box’s
M test is sensitive to non-normality of the varadjlthe Levene's Test of Equali-
ty of Error Variances has also been used (AppeRpirsting the null hypothesis
that the error variance of the dependent variabégjual across the groups. Since
the test proved that this is true for all of theiables except for IS3 and INFR1,
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taking into account the Box’s M test, we could dade that homogeneity of
variances is at the acceptable level.

Outliers have been examined by the use of Box-§Maphs, and only two
countries (Bulgaria and Romania) have been outfi@rghe indicator INFR1.
Therefore, those countries have been left outeftalysis.

6.2. MANOVA and ANOVA Analysis

In order to examine if the differences in mearuealfor ICT adoption indica-
tors (% of enterprises) according to innovationfgremnance country groups in
2010 are statistically significant MANOVA has besonducted. Missing values
for the data in Table 3 have been replaced by &hgevof the same variable and
the same country from the previous year, thus olig theLast value carried
forward approach (Gelman and Hill, 2006).

Four statistics have been observed in order tanea MANOVA results
(Table 4). The most used test is Wilks’ Lambda, amedshall use it for this
study. Since it is statistically significant at th# level (Wilks’ Lambda = 0.049;
p-value = 0.032), we can conclude that ICT adopitmiicators are statistically
different among countries of different innovatioarfermance levels. However,
this conclusion is based on the overall impact@f ladoption indicator, and
further analysis of the impact of particular ICToatlon will be conducted using
ANOVA analysis.

Table 4

Results of MANOVA Tests for Overall Difference amoug Innovation Performance
Country Groups According to ICT Adoption Indicators

Value Sig.
Pillai's Trace 1.726 0.072*
Wilks' Lambda 0.049 0.032**
Hotelling's Trace 6.833 0.013**
Roy's Largest Root 5.073 0.001***

* Statistically significant at 10% level. ** Statisally significant at 5% level. *** Statisticallgignificant at
1% level.

Source:Own calculation.

The ANOVA tests have been conducted in order o fix which particular
ICT adoption indicators there are statisticallyngfigant differences among
countries of a different innovation performancecleWable 5 presents the results
of the ANOVA test. It has been proved that all lné internal process ICT sup-
port indicators are significantly different amorguatries of different innovation
performance levels at the 5% level (IP1 and IP3tdhe 10% level (IP2). Also,
e-Commerce and CRM indicators are statisticalljeddint among countries of
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different innovation performance levels at the Exel (ECOMb), the 5% level
(ECOM2 and ECOM3) or at the 10% level (ECOM4). Buotfrastructure indi-
cators are statistically different among countéglifferent innovation perfor-
mance levels, INFR1 at the 1% level, and INFRZhat10% level. Which par-
ticular country groups differ among each other adicgy to the level of ICT
adoption in enterprises will be tested in the reep by using post hoc tests.
From the results presented, we can conclude tleafalfowing group of ICT
adoption indicators differ among innovation perfamoe country groups: Inter-
nal process ICT support, e-Commerce & CRM, andakifucture. On the other
hand, integration with customers/suppliers & SCMI &RFID do not differ
among innovation performance country groups. Sumifclasion could be the
result of the fact that enterprises across EU-2mtees still rarely use RFID,
and also integration with customers/suppliers & SGMce both are examples
of higly-advanced technologies, that are still motiely used (Spekman and
Sweeney Il., 2006; Pedroso, Zwicker and de Sou@89;2Closs, Speier and
Meacham, 2011).

Table 5

Results of Anova Tests for ICT Adoption Indicatorsamong Innovation
Performance Country Groups

Adoption dimensions ICT adoption indicators F-test Sig.
Internal process ICT support (2010) IP1 3.898 0020
P2 2.410 0.089*
IP3 3.063 0.045**
Integration with customers/suppliers & SCM IS1 0.215 0.885
(2010) IS2 0.481 0.698
IS3 0.452 0.718
Key technologies for Internet of things (2011) RFID 0.522 0.671
e-Commerce & CRM (2010) ECOM1 1.884 0.156
ECOM2 3.139 0.042**
ECOM3 4.335 0.013**
ECOM4 2.883 0.054*
ECOM5 10.055 0.000***
Infrastructure (2010) INFR1 6.153 0.003***
INFR2 2.840 0.057*

* Statistically significant at 10% level. ** Statisally significant at 5% level. *** Statisticallgignificant at
1% level.

Source:Own calculation.
6.3. Post hoc Analysis

The post hoc analysis has been deployed in oodirst for which particular
innovation performance country groups are adoptionensions statistically
different. For this purpose, the post hoc Tukey asbrsignificant difference
(HSD) multiple comparison is used. Only those pthieg are statistically different
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at least at the 10% level are reported in the té0lepairs). Mean difference

in % between groups is also presented in the tadecan observe that in most
of the cases the biggest difference occurs betiammvation leaders and modest
innovators (8 pairs), then between innovation fgos and modest innovators

(5 pairs). A smaller number of pairs is present mgnthe following combina-
tions: innovation leaders and moderate innovat8rpgirs), innovation leaders
and innovation followers (2 pairs), and moderated anodest innovators
(2 pairs). We can conclude that innovation leadegsthe fastest group in utiliz-
ing ICT for innovation, and that other countriee &gging behind. This conclu-
sion indicates that the gap in development amongREWdountries will remain
the same or even increase, if strong action willbeconducted in order to in-
crease ICT adoption in enterprises.

Table 6
Multiple Comparisons of Groups (Tukey HSD)
Adoption ICT Pairs of innovation performance | Mean difference Sig.
dimension adoption country groups with statistically (%)
indicators | different means (at 10% or lower)
Internal IP1 Leaders — Followers 10.9 0.094*
process ICT Leaders — Modest 17.5 0.011***
support P2 Moderate — Modest 12.9 0.086*
(2010) Followers — Modest 12.8 0.092*
IP3 Leaders — Modest 19.3 0.040**
Followers — Modest 13.3 0.095*
e-Commerce | ECOM2 Leaders — Moderate 13.6 0.057*
& CRM Leaders — Modest 16.6 0.039**
(2010) ECOM3 Leaders — Modest 12.2 0.010%*
Followers — Modest 7.9 0.044**
ECOM4 Leaders — Modest 14.9 0.035**
ECOM5 Leaders — Followers 21.7 0.033**
Leaders — Moderate 30.6 0.002***
Leaders — Modest 44.8 0.000***
Followers — Modest 23.1 0.012**
Infrastructure | INFR1 Leaders — Modest 19.7 0.010**
(2010) Followers — Modest 18.4 0.002***
Moderate — Modest 12.5 0.052*
INFR2 Leaders — Moderate 12.1 0.051*
Leaders — Modest 12.3 0.099*

* Statistically significant at 10% level. ** Statisally significant at 5% level. *** Statisticallgignificant at

1% level.

Source:Own calculation.

6.4. Stepwise Discriminant Analysis

In order to test which ICT adoption indicators tdiute the most to the
innovation performance of the European countries, dtepwise discriminant
analysis has been deployed (Hair et al., 2009).
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The dependent variable for the discriminant anslysas been formed
as a binominal variable that consists of two pdestalues: (1) innovation lead-
ers and followers, and (2) modest and moderatevatnos. The reason for tak-
ing into account the binominal variable insteadadfour-level variable is that
the post hoc test revealed that the biggest diffaxdés among those two sub-
groups. All of the ICT adoption indicators have besed as independent varia-
bles. Wilks’ Lambda has been calculated in ordetest the statistical signifi-
cance of the discriminant function and it has bpeaved that it is statistically
significant at the 1% level (Lambda = 0.620; Chitsge = 13.386; p-value =
0.001).

As the result of the stepwise discriminant analySICOM5 (Enterprises hav-
ing purchased via computer-mediated networks),|Hf@R1 (Enterprises having
fixed broadband access to the Internet) are digtaiting countries according to
their innovation performance (innovation leaders &milowers; moderate and
modest innovators). None of those two indicatorgehaeen listed as the Digital
Agenda targets.

Table 7 presents classification results of thewige discriminant analysis.
The correct classification rate is calculated to78e4%. In order to estimate
whether this particular discrimination rate is datir not, the maximum chance
criterion has been used. The maximum chance anités calculated using the
group with the maximum number of cases as a bamgpgin our study, two
groups are almost the same size. The group of atiwvleaders and followers
contains 15 countries, and group of moderate andkestdnnovators contains 16
countries. Thus, the maximum change criteria i$186+ 15) = 0.52. Hair et al.
(2009) depict that, in order to have a valid cligssiion rate, the correct classifi-
cation rate should be higher than the maximum oharaculated. In Table 7,
the correct classification rate is 77.4%, whichigher than the calculated max-
imum change of 52%, which leads us to the conaluttiat the classification is
successful.

Table 7
Summary Table of Classification
Original Predicted group membership Total
Innovation leader§ Moderate and modes
and followers innovators
Count Leaders and Followers 12 4 15
Moderate and Modest 3 12 16
Percent (%) Leaders and Followers 75.0 25.0 100.0
Moderate and Modest 20.0 80.0 100.¢

Note: 77.4% of original grouped cases correctly clasdifi
Source:Own calculation.
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Table 8

Country Classification According to the IUS Rankingand the Stepwise Discriminant
Analysis (in %)

. Stepwise discriminant analysis .
Countries probabilities of group membership to Actual group Predicted group
(IUS ranking) | (stepwise discriminant
Moderate/Modest| Leaders/Followers analysis)
(MM) group (LF) group

Belgium 14 86 LF LF
Bulgaria 98 2 MM MM
Czech Republic 43 57 MM LF
Denmark 7 93 LF LF
Germany 10 90 LF LF
Estonia 62 38 LF MM
Ireland 31 69 LF LF
Greece 86 14 MM MM
Spain 42 58 MM LF
France 43 57 LF LF
Italy 47 53 MM LF
Cyprus 61 39 LF MM
Latvia 94 6 MM MM
Lithuania 70 30 MM MM
Luxembourg 19 81 LF LF
Hungary 69 31 MM MM
Malta 53 47 MM MM
Netherlands 22 78 LF LF
Austria 38 62 LF LF
Poland 94 6 MM MM
Portugal 63 37 MM MM
Romania 99 1 MM MM
Slovenia 62 38 LF MM
Slovakia 89 11 MM MM
Finland 18 82 LF LF
Sweden 5 95 LF LF
United Kingdom 15 85 LF LF
Iceland 35 65 LF LF
Norway 9 91 MM LF
Croatia 69 31 MM MM
Turkey 70 30 MM MM

Source:Own calculation.

Table 8 presents actual and predicted groups afdean countries. The fol-
lowing countries have not been properly classified: Czech Republic, Estonia,
Slovenia, Cyprus, Span, Italy and Norway. Howef@rmost of those countries
the probability of group membership to both groigospproximately 60 : 40,
with the exception of Norway, which was wronglysddied within the leaders —
followers group with the probability of 91%.

Conclusions

In this study, we explore the level of ICT adoptim European countries
by using indicators (EC, 2009a) oriented towardssUpport of internal pro-
cesses, integration with customers/suppliers an®l S@ernet of things;
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(4) e-Commerce and CRM, and (5) broadband and L#Nhet/extranet ac-
cess. The research revealed following answersseareh questions.

By using MANOVA we explore if the level of ICT agtion is different in
four groups of countries ranked according to thmiovation performance (in-
novation leaders and followers, and moderate andestannovators). As a re-
sult of MANOVA, it has been revealed that there basn a digital gap between
innovation performance country groups accordinght level of ICT adoption
in their enterprises. The ANOVA analysis uncovethdt discriminating ICT
indicators belong to the following areas of ICT pitilon: Internal ICT support,
e-Commerce and CRM, and infrastructure (broadbadd.AN/intranet/extranet).
Therefore, we conclude that countries from diffénenovative ranking groups
also differ according to the level of ICT adoptionenterprises, thus giving the
positive answer to RQ1. As a result of the post dalysis it has been proved
that the biggest difference in the level of ICT piilon is between two sub-
groups of countries: innovation leaders — folloneams modest/moderate innova-
tors, thus giving the positive answer to RQ2. Hinahe stepwise discriminant
analysis has been conducted in order to test wki¢hadoption indicators con-
tribute the most to the difference among Europeamtries according to their
innovation performance, and two indicators havenldeand significant: ECOM5
(Enterprises having purchased via computer-mediatga/orks), and INFR1
(Enterprises having fixed broadband access torttegriet), thus giving the posi-
tive answer to RQ3.

Some of the results needs further clarificationfiist sight it may seem sur-
prising that adoption of purchasing via computediagd networks is an im-
portant indicator for discriminating countries aaing to their innovation per-
formance. However, this indicator could be usedh gsoxy for using e-Com-
merce as a decreasing cost factor (Rabinovich, K€gemand Mayer, 2007),
which is especially important since, due to thecpss of globalization, in the
few last decades production has moved to countvitslower costs (Mahutga
and Smith, 2011). This is especially importanthe time of crises when e-Com-
merce has been proved to be an efficient leveragedcaping from recession
(Savrul and Kihg, 2011). Broadband adoption has @lkeen proved as one of the
important contributors to the economic growth (Hoitd Jamison, 2009).

The Digital Agenda is one of the seven flagshipatives of the Europe 2020
Strategy, with the goal to increase the level of &loption. The goals of the
Digital Agenda focus on Broadband targets, Dig#ilge market and Digital
inclusion, while ICT adoption in enterprises has Im@en given a strong empha-
sis. However, based on the results of our studycevdd suggest incorporating
more e-Commerce indicators and broadband adoptidicators in enterprises
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into the Digital Agenda targets, especially takintp account the fact that less
than half of employees in European countries ussop@l computers that have
access to the World Wide Web at their workplacess®le activities for encou-
ragement of ICT adoption in enterprises should &lsgproposed for e-Com-
merce activities and broadband access in entesprise

The focus of previous research in this area wasgpily on ICT adoption
impact on the innovation activities at the entesgrievel, taking into account
a limited sample of countries and industries andhat same time examining
usually only one form of ICT, for instance ERP sys$. Furthermore, none of
the research focused on the level of ICT adoptioorag enterprises in countries
ranked according to their innovation performancs. & proxy for innovation
performance of countries, the IUS ranking, whichstérs countries into four
groups (innovation leaders and followers, modesatg modest innovators) has
been used. Therefore, the contribution of thisysstdms from the fact that this
is one of the first researches that explore thstemce of a relationship between
the ICT adoption among enterprises and the ran&ingountries according to
their innovation performance.

Limitations of this study stems from following soas. First, availability of
the data was incomplete. For some indicators a latgmber of data were miss-
ing, and one year ahead data was used for thesaalyhen a small number of
data was missing, the ‘last value carried forwgsgraach’ was used. Second,
our analysis was conducted only for 2010 (and fiit12for some indicators of
ICT adoption in enterprises). Therefore, only oearyhas been chosen for the
analysis, but this is due to the fact that the oleskindicators have been collect-
ed in 2010 for the first time since the Benchmagkidigital Europe Framework
was adopted (EC, 2010a). Third, limited metrics wasd for measuring both
the enterprise digital divide and innovation pariance of the countries. Litera-
ture review suggests many different metrics for sneag ICT adoption in en-
terprises, as well as there are many approacheg#&suring innovative perfor-
mance of the countries. On the other side, mefbickKCT adoption are not avail-
able for all of the countries and all of the yemsEuropean countries. Fourth,
our analysis is exploratory in its nature and dod tny to find any casual rela-
tionships between ICT adoption in enterprises amtbvative performance of
countries. For such approach different more cormgnsive data sources should
be used, and a different approach should be deglogieg dependent variables
and its regressors. This is also a possible futareie for other research on this
subject. Nevertheless, this study provides a st insight into the level of
ICT adoption in enterprises and its possible infiieeon innovation performance
of European countries. Finally, while taking acdotire results of this research
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it should be understood that ICT adoption is pdrinaovation performance.
Hence, our opinion is that the findings of the gtudight be useful in making
decisions regarding supporting ICT adoption inEtkand other countries.
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Appendix 1

Kolmogorov-Smirnov Test for Normal Distribution Cal culated for ICT Adoption

Indicators

ICT adoption indicators

Kolmogorov-Smirnov

Statistic df Sig.

IP1 0.109 31 0.200
P2 0.156 31 0.052*
IP3 0.150 31 0.075*
I1S1 0.104 31 0.200
IS2 0.106 31 0.200
IS3 0.121 31 0.200
RFID 0.225 31 0.000***
ECOM1 0.191 31 0.006***
ECOM2 0.141 31 0.120
ECOM3 0.107 31 0.200
ECOM4 0.132 31 0.181
ECOM5 0.143 31 0.105
INFR1 0.212 31 0.001***
INFR2 0.128 31 0.200

* Statistically significant at 10% level. *** Statically significant at 1% level.

Source:Own calculation.

Appendix 2

Levene's Test of Equality of Error Variances(a)
ICT adoption indicators F dfl df2 Sig.
IP1 1.022 3 27 0.398
P2 0.283 3 27 0.837
IP3 1571 3 27 0.219
I1S1 2.288 3 27 0.101
1S2 1.782 3 27 0.174
IS3 2.382 3 27 0.092*
RFID 0.744 3 27 0.535
ECOM1 0.766 3 27 0.523
ECOM2 0.595 3 27 0.623
ECOM3 1.542 3 27 0.226
ECOM4 1.248 3 27 0.312
ECOM5 0.641 3 27 0.595
INFR1 4.039 3 27 0.017**
INFR2 1.983 3 27 0.140

* Statistically significant at 10% level. ** Statically significant at 5% level.

Source:Own calculation.




