





Abstract

Work in Progress # 140

Composite Indices for the Evalu-
ation of a Country’s Information
Technology Development Level:
Extensions of the IDI of the ITU

Avalid assessment of the development status
ofinformation and telecommunication tech-
nologies (ICT) at the country level is of vital
importance because a nation’s ICT achieve-
ment level is a significant driver of its socio-
economic change. A widely used means for
such assessmentsisthe ICT development index
(IDI) ofthe International Telecommunication
Union (ITU). Itis a composite measure, which
generates country scores from the weighted
addition of 11 indicators. Unfortunately, the
IDI and many other proposals for similar com-
posite measures suffer from two shortcomings.
First, theytaketheindex scoringasanendin
itself and do not construe an index in a way
which maximizes its capability to predict a
specific outcome criterion that translatesinto
socio-economic achievements of a nation.
Second, individual indicator and sub-index
weights are frequently subjective estimates
orare based oninadequate quantitative mea-
surement models. The present work addresses
both issues. It applies partial least squares
(PLS) structural equation modeling (SEM) to
compute aggregation weights for the 11 indi-
vidual indicators and the three sub-indices
of the ITU’s IDI in a way that the association
between the modified IDI and a chosen socio-
economic target criterion - gross domestic
product per capita change - is maximized.

Both formative and reflective measurement
models are used in calculating target-related
indicator and sub-index weights and resulting
total modified IDI scores for 137 countries
for 2012. Whereas indicator and sub-index
weights of the reflectively measured modified
IDIare similarto the weights proposed by the
ITU, substantial weight deviations are detec-
ted for the formatively measured modified IDI.
Atthe sub-indexlevel, the access subscale had
a considerably lower and the use subscale a
considerably higher weight in the formative
specification than in the reflective model. At
the indicator level, much higher formative
weights are assigned to “percentage of hou-
seholdswith Internet access” and “percentage
of individuals using the Internet”. The two
different measurement specifications are ta-
kento calculate and compare modified overall
IDI scores and resulting ranks for the sampled
137 countries. We conclude that weights of the
individual indicators and the sub-indices in
the IDI as suggested by the ITU may not be
ideal if the target is to construct an index
which is as closely as possible related to GDP
per capita growth.
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The growing availability of efficient
telecommunication networks and the
increasing usage of information and com-
munication technologies (ICT) services
are major driving forces of a country’s
economic productivity and broader so-
cietal change and, hence, fundamental
for the development of nations (Ishida,
2014; Kyriakidou, Michalakelis, & Sphico-
poulos, 2013; Shahiduzzaman & Alam,
2014;Vu, 2013). The measurement of this
availability and usage at the countrylevel
is mostly conducted by aggregating dis-
tinct facets ofa country’s ICT capabilities
(e.g., percentage of households with a
computer) and service adoptions (e.g.,
percentage of individuals using the In-
ternet) into a single composite index (ICT
developmentindex, IDI). From a practical
perspective, suchindices areintended to
assessanation’stelecommunication sec-
torin order to identifyits strengths and
weaknesses compared to other nations.
The indices are typically taken by policy
makers and ICT managers to justify public
interventions as forinstance, state sub-
sidies to increase network coverage (Al-
mutawkkil, Heshmati, & Hwang, 2009;
Barzilai-Nahon, 2006). Furthermore,
scholars from various disciplines inves-
tigate distinct methodological aspects
of IDI measures.

Numerous IDI-based evaluations have
been carried out by governmental or su-
pranational organizations and scholars
over the past years (see Section 2). The
common first step in such analyses is
to select a set of indicators which are
subsequently transformed to the same
unit of measurement, e.g. by using the
distanceto areferencevalue. Inasecond
step, normalized indicators are weigh-
ted and merged into a composite index
- eitherin asingle step or by calculating
sub-indices that in turn form a higher-

level IDI (Munda & Nardo, 2005; Saisana
& Tarantola, 2002).

Averyprominent example for a composite
ICT development index is the IDI publis-
hed by the International Telecommuni-
cation Union (ITU) in 2008 (ITU, 2013b).
It is updated annually and contains 11
indicators, which are merged into three
sub-indices, namely (1) access (5 indica-
tors), (2) use, and (3) skills (3 indicators
each). Within the sub-indices, individual
indicators have the same weight. The
access and use subscales are weighted
with a factor of 0.4 each and the skills
composite has a weight of 0.2.

However, in addition to the question of
whether the “right” indicators are selec-
ted, the ITU IDI and many other ICT indi-
ces exhibit two interlinked shortcomings:
First, they seem to take the computation
ofanIDI asanendinitself because they
fail to explicitly account for an IDI's po-
wer in predicting specific outcome cri-
teriathat translateinto socio-economic
achievements of countries. Consequently,
many studies miss the opportunity to
gain new insights on how socially and
economically desirable conditions at
the state level may be improved through
targeted strengthening of ICT areas in-
dicating room for development. Second,
regardless of the hierarchical design of
the IDI the relative importance of each
indicator and sub-index (= weight), and
thus a major driver of the results of the
analysis, is either left to the discretion
oftheindex builder orisbased oninade-
quate measurement models in case that
itis derived with the help of quantitative
statistical data analysis. Hence, thereis
(still) room for improvement in construc-
ting ICT development indices.

Consequently, the present paper addres-
ses earlier construction problems through

amodification of the ITU’s IDI by linking
its computation to gross domestic pro-
duct (GDP) per capita change as a socio-
economic target criterion. In order to
maximize the explanatory power of the
studyvariables with regard to this ultima-
te criterion, werefrain from setting sub-
jective weights and instead model them
asthe linear combination, which is best
suited to predict the outcome measure
under study. In this context, the partial
least squares (PLS) structural equation
modeling (SEM) technique is a suitable
statistical method because it estimates
indicator and sub-index weights which
maximize the explained variance of a
target criterion (Chin, 1998; Hair, Sar-
stedt, Ringle, & Mena, 2012; Henseler et
al., 2014; Kyriakidou et al., 2013).

Incontrast to previous IDI investigations
using SEM, we additionally emphasize
the choice of an appropriate measure-
ment model which establishes the rela-
tionship between the latent constructs
(i.e., sub-indices) and the observed in-
dicators. From a general methodological
perspective, two measurement options
are available. A formative measurement
model assumes that indicators capture
distinct facets (e.g., fixed versus mobile
subscriptions) of a construct. Thus, each
individualindicatoris a driver of the score
ofan (sub-)index. Inturn, reflective speci-
ficationsimply that the sub-index causes
variations of its indicators which share
a common cause and are exchangeable
manifestations of the same underlying
dimension (Chin, 1998; Weiber & Miihl-
haus, 2014). The few investigations that
applied SEM to advance the IDI of the
ITU have implicitly opted for areflective
measurement model (e.g., Grigorovici,
Schement, & Taylor, 2004; Kyriakidou et
al., 2013). However, the ITU IDI claims to
cover distinct facets. Thus, the specifica-
tion of a formative measurement model



may be more suitable. Nevertheless, no
earlier work has estimated the extent to
which indicator weights and resulting
total country scores of an IDI vary depen-
ding on whether the index is specified
reflectively or formatively. Consequently,
the present study intends to contribute
toward closing this research gap.

Against thisbackground, the remainder
ofthisarticleis organized as follows. Sec-
tion 2 lays the foundation for our empi-
rical analysis by reviewing the literature
on existing IDIs with a focus on earlier
studies’ approaches concerning variable
weighting and measurement model spe-
cificationissues. Section 3 describes the
data sources and the statistical methods
applied in our modification of the original
IDI. Section 4 first presents results of
PLS-based estimations of indicator and
sub-index weights of the modified IDI
(mIDI), comparing formative and reflec-
tive measurement models along with the
resulting countryrankings. Furthermore,
regression findings regarding the contri-
bution of each indicator in explaining
differencesin countryranks derived from
the overallmIDI scores resulting from the
two fundamentally different measure-
ment models are reported. Implications
and areas requiring further research are
highlighted in the last Section.



