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ABSTRACT

The aim o fthis s tudy is to examine t he e ffect o f I nformation a nd C ommunication Technology ( ICT)
development on country’s scientific ranking as measured by H -index. M oreover, this s tudy ap plies [CT
development sub-indices including ICT Use, ICT Access and ICT skill to find the distinct effect of these
sub-indices on country’s H-index. To this purpose, required data for the panel of 14 Middle East countries
over the p eriod 1 995t 020 09 is c ollected. F indings o f't he c urrent s tudy s how that I CT d evelopment
increases the H-index of the sample countries. The results also indicate that ICT Use and ICT Skill sub-
indices positively contribute to higher H-index but the effect of ICT access on country’s H-index is not
clear.
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1. INTRODUCTION

In the last decades, technology has improved
the lifes tyle and m ade eas iert he human
activities t hrough an ew c ivilization. A new
revolution na med I nformation a nd
Communication Technology (ICT) has occurred
inth e p resent world [1].ICTisdefinedasa
concept including information equipment as well
as computers and software, auxiliary equipment
that isc onnectedto a c¢ omputer ( sucha s
calculators, cas hr egisters,p hotocopiers),
communications equipment, and instruments [2].
In other words, ICT is a technology with the aim
ofco nnectingco mputersan do ther
communication e quipment t o ga ther, p roduce,
process, classify, manage, create, and d istribute
information. After the invention of machines in
1970s, industrial revolution has been started and
machines have been used instead of handworks.

However, I CT r evolution a nd us € o fi nternet
caused many s tructural ch anges [3].As a n
example, the United States productivity has been
revived during the late 1990s and the early 2000s
because o fthe ICT development [4]. T here are
many studies i ntroducing I CT as an important
element to f acilitate e conomic gr owth i n b oth
developing a nd de veloped c ountries [5,6 ]. In
addition, ICT has the potential to increase health
systems t hrough t he d esigning ne w methods to
prevent a nd d etect d isease [7]. O ther s tudies
confirm the dominant role of ICT in improving
and modernizingt hel earning methods a nd
educational systems [8, 9]. The fast progress in
technology in the last two decades has reduced
the cost of ICTs. In this situation, it is easier for
more people to use and enjoy the advantages of
ICTs [10].




Although, the key role of ICT is approved in
different ar eass uch as engineering [11],
education [12], h ealth care [13], a nd e conomy
[6], its effect on the degree of scientific ranking
ofaco untryis yet unexplored. Therefore, t he
aim of this study is to explore the impact of ICT
development as measured by ICT D evelopment
Index (IDI) on H-index as a proxy of scientific
progress of a country.

In addition, in order to shed more lights on
this area, present study applies three components
of ICT development namely, ICT Skill, ICT Use
and ICT Access to examine the distinct impact of
these ¢ omponents o n H -index as ap roxyo f
scientific progress of a country. To this purpose,
this study applies a multiple regression analysis
on apanel of 14 Middle East countries over the
period 1995 to 2009.

The current study suggests the use of H-index
provided by SCImago database [14] to measure
the scientific r anking of ¢ ountry. B ased on
Hirsch [15], a scientistora group of scientists
has H-index of h when h of their papers has at
least h citations. In other words, H-index is the
number of articles with citation number higher or
equal to h [15]. T he H -index, w hich ha s been
invented by Hirsch in 2005, proposes a simple
and ap parently s trong measure t o co mpare t he
scientific productivity and visibility o f countries
and institutions [16].

H-index can measure the quantity and quality
of papers simultaneously since the total number
of published articles and the number of citations
received b y t hat ar ticles ar e co nsidered i n t he
calculation o fH -index. I n addition, t here a re
many s tudies, which r eveal the b enefits o fH -
indexa sa na ppropriatea nd f airt ool f or
evaluating a nd r anking s cientists, la boratories,
scientific j ournals, u niversities, in stitutions a nd
countries [17, 18, 19, 20, 21].

Hirsch [15] proposest hat H-indexc anb e
used to appraise not only the scientists but also
countries a nd in stitutions. H ence, f ollowing
Jacso [22], current study also uses H-index as a
proxy to measure scientific ranking of countries.

2. METHODOLOGY AND DATA

2.1. Empirical Model

Ino rdert oe xaminet he effecto fIC T
development o n s cientific d egree o f 1 4 M iddle

East c ountries, this study applies the regression
techniques with countries’ H-index as dependent
variable an d I DI as i ndependent variable as
follows:

H, =a,+aIDI, +¢, )

where «'s are parameters to be estimated, H
represents H-index, IDI stands for ICT
development index and subscripts i and ¢ show
thei™ countryint™ year, respectively. &isthe
error term which is assumed to be independent of
IDI. Then, for more inspections, instead of IDI,
which cap tures t he co mposite ef fecto f1 CT
development, t he ¢ urrent study u ses t hree I CT
sub-indices including ICT Access, ICT Use and
ICT S killa se xplanatory variables.I nt his
approach, we can test the distinct impact of each
sub-indexo nt hec ountry’sH -index.
Consequently,i nt hiss tepo ft hea nalysis,
following equation (Equation 2) is used:

H, = u, + i Access, + u,Use, + 1, Skill, + 9,
2

where f'S are parameters to be estimated, H

shows H-index and A ccess, Use and Skill stand
forI CT developments ub-indices. M oreover,
subscripts i and ¢ indicate the i™ countryint™
year, respectively, and O is the error term which
is assumed to be independent of Access, Use and
Skill variables.

2.2. Data and Measurement
2.2.1. ICT development

The IDI, as an indicator of ICT development
is ¢ omputed ba sed on P rincipal C omponent
Analysis (  PCA), whichc ombines various
indicators in order to make single value. For the
first time, IDI is introduced in 2009 by
Measuring the I nformation S ociety [23] and
considers the degree of progress in ICTs in more
than 150 countries. Composition of this indicator
includes ICT Access showing infrastructure and
access, | CT S killr eferringto I CTs killo r
capability and ICT Use displaying the extent of
using I CT. R equired I CT da ta t o c ompute t he
IDI is extracted from United Nations Educational
Scientific and Cultural Organization (UNESCO)
and I TU. N owadays, I CT i s co nsidered as an
important factor i n de velopment of countries,
which are movingt owardsk nowledgeo r



information-based s ocieties. [ ti s as sumed t hat
these countries have experienced the process of
ICT de velopmentt ot urn into an i nformation
society. T herefore, t he I TU [ 23] suggests t he
three-phase model i ncludingl CT r eadiness
(showing the degree of networked infrastructure
and I CT a ccess), I CT i ntensity ( showing t he
degree of ICT use by the society) and ICT
impact ( showing th er esulto fe ffectivea nd
efficient ICT use). IDI is a c omposite indicator
including I CT a ccess, [ CT s killand I CT u se.
Each s ub-index i s ¢ omposed of a number of
indicators explained as follow:

1. Access S ub-Index s hows t he a vailability o f
ICT infrastructure and individuals’ access to
basic ICTs. This sub-index has five indicators
including f ixedt elephone linesp er1 00
inhabitants, mobile ¢ ellularte lephone
subscriptions pe  r 100 i nhabitants,
international I nternet b andwidth ( bit/s) p er
Internet user, proportion of households with a
computer and proportion of households with
Internet access at home.

2. Use Sub-Index shows the real degree of ICTs
strengtho fu seb asedo nt heav ailable
infrastructure a nd acces si  ndicators.
Considering t he li mitation ond ata for I CT
Use at t he g lobal s cale an d r esults o ft he
PCA,t his subgroup ha st hreei ndicators
including I nternet us ers p er 1 00 inhabitants,
fixed broadband Internet subscribers per 100
inhabitantsa  nd mobile br  oadband
subscriptions per 100 inhabitants.

3. Skill S ub-Index cap tures t he d egree o fICT
skill in different countries. Since the required
data for m any de veloping c ountries a re n ot
collected, an appropriate indicator can be the
degree o fliteracy an d ed ucation. E specially
in de veloping c ountries, t he poor 1 evelo f
education is a major obstacle to the effective
use o fi nterneta nd ¢ omputers. W ith t he
inclusion o f1 CT in s chool ¢ ourses, s chool
attendance may offer an appropriate indicator
for s tudents’ e xposuret ot he I nternet or
computers. Therefore, this subgroup has three
indicators i ncluding, a dult lite racyr ate,
secondary gross e nrolment ratio and tertiary
gross enrolment ratio. T he required d ata for
this subgroupa ree xtractedf romt he
UNESCO Institute for Statistics (UIS) [24].
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Figure 1. Three Stages In The Evolution Towards An
Information Society (Source: ITU [25])

2.2.2. h-index

Different sources report the H-index. Some of
these s ources ares ubscription-based s ources
such as Scopus and Web of Science (WoS) and
some o ft hem ar e free acce ss sources suchas
Harzing's Publish or Perish program on the basis
of Google Scholar entries. It should be noted that
these sources r eport d ifferent H -index f or t he
same institution, country and scholar because of
their d ifferent co verage. F or ex ample, W oS
covers a high range of published journals while it
doesn otco verh ighi mpactco nferences.
Although, the coverage of publications in Scopus
is poor prior to 1996, it covers conferences
properly. D ocuments in Google Scholar receive
more ¢ itations in ¢ omparison with those in
Scopus and W oS.1 ti sa rguedt hat G oogle
Scholar has the most c overage o f j ournals a nd
conferences p articularly t hose p ublished af ter
1990 [26].

The current study co llects the required d ata
on H -index f or t he pa nel of 14 M iddle E ast
countries o ver t he pe riod 1995t o 2009, f rom
SCImago d atabase [14]. The S CImago J ournal
and C ountry Rank website p resents t he j ournal
and c ountry s cientific indicators ba sed on t he
information included in the Scopus database.

3. FINDING AND DISCUSSION

In this section, we first estimate Equation 1,
which e xplores the impact of I CT de velopment
on H -indexasa proxyo f country’s scientific
ranking. T hen, a pplyingt het hree I CT s ub-
indices, this study presents the estimation results
for E quation 2, which i s c orresponding t ot he
effecto f1 CT development s ub-indices o n H-
index.




Table 1. Regression Results For The Impact Of ICT Development On H-Index

Dependent Variable: H-index

Variables Coefficient Standard Error T
IDI 31.69 4.67%** 6.79
Constant 24.16 13.35% 1.81

Observation =210

F(1, 208) = 46.07***
R-squared = 0.1813

Adjusted R-squared = 0.1774

Note:

*** ** and * denote statistically significant at 1%, 5% and 10%, respectively.

Standard errors are heteroskedasticity consistent.

Table 1 shows the effect of ICT development
one achc ountry’s H -index. T he estimation
results indicate a p ositive and significant e ffect
of I CT d evelopmento nc ountry’s scientific
ranking as proxied by H-index. This finding
suggests that suitable policies aim at i mproving
the level o f I CT d evelopment c an s ignificantly
increase the scientific rankings of a country. The
results also assert that if a country raises its ICT
development index by one unit, the H-index will
increase by 31 units. As canbe seenin Table 1,
the adjusted R-squared is equal to 0.1774, which
means that ICT development can explain 17.74%
of variations in country’s H-index.

Table 2e xhibitst hei mpacto fI CT
development s ub-indiceso nH -index o f 14

sample co untries. T he es timated co efficients
show a positive and significant effect of ICT Use
and I CT S kill o n ¢ ountry’s s cientific r anking.
This finding asserts thati ncreasing the
application of ICTs and improving the ICT skills
might significantly increase the scientific degree
of'a co untry. T he results al so indicate thatifa
country increasesthe I CT Usean dICT S kill
indices by one unit, its H-index will raise by 133
and 4 07 units, respectively. Ascanbeseenin
Table 2, the coefficient explaining the e ffect of
ICT A ccess o n H-indexi s negative but not
significant. F inally, b ased o nt he a djusted R-
squared, ICT sub indices can explain 27.11% of
variations in country’s H-index.

Table 2. Regression Results For The Impact Of ICT Development Sub-Indices On H-Index

Dependent Variable: H-index

Variables Coefficient Standard Error t
ICT Access -25.46 49.80 -0.51
ICT Use 133.23 64.64** 2.06
ICT Skill 407.28 64.86%** 6.28
Constant -151.10 35.82%** -4.22

Observation =210

F(3,206) =26.91%**
R-squared = 0.2816
Adjusted R-squared = 0.2711

Note:

**x %% and * denote statistically significant at 1%, 5% and 10%, respectively.

Standard errors are heteroskedasticity consistent.




4. CONCLUSION AND IMPLICATIONS

This paper focuses on examining the effect of
ICT d evelopment o n the s cientific degree o f 1 4
Middle East countries as proxied by H-index. The
results o f't he r egression a nalysis s how that I CT
development has a positive and significant effect
on the H-index of these countries. Moreover,
applying t he I CT d evelopment s ub-indices, t his
study finds that ICT Use and ICT Skill might have
positive e ffects on H-index but the effect of ICT
Accessi s notcl ears incei tsco rresponding
coefficient is not statistically s ignificant.
Therefore, we can conclude that ICT induces
outcomes that leads to higher H-index values and
raises the scientific level of sample countries. In
this situation, policy makers should aim
increasing the level of ICT development through
increasing i tsi ndicators i ncluding fixed an d
mobile te lephone | ines, i nternational I nternet
bandwidth, pr oportion of  households with a
computer and Internet access, Internet users, fixed
and mobile broadband I nternet subscribers, adult
literacy r ate, s econdarya ndt ertiary gross
enrolment ratios.
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