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Abstract. This paper presents analysis of power law
occurrence in the Serbian organizations. Its occurrence in
physics, economics and finance, computer science,
biology, earth and planetary sciences, demography, and
the social sciences has been covered by research, but this
study researches its occurrence in business application of
ICT, where published research is still scarce. Parameter
used in measurement is composite indicator of ICT
adoption, already successfully used as a tool to measure
ICT adoption in organizations in three studies of different
context. It is described in detail in first part of the article,
and compared with other approaches in measurement of
ICT adoption in organizations. We analyzed the
occurrence of power law in three cases: distribution of
values of ICT adoption indicator in 67 selected enterprises,
distribution between values of ICT adoption and size of the
enterprises measured by number of employees, and
distribution between values of ICT adoption and profit per
employee. Thus, we found that ICT adoption in the Serbian
organization is distributed according to Pareto’s power
law distribution, in all cases, with the tail exponent (or
parameter <) smaller than 1, which means that ICT
adoption in the Serbian organizations is undeveloped. This
is the first paper that shows the distribution of ICT
adoption possesses properties of Pareto’s law in the
Serbian organizations.
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1.INTRODUCTION

Power-law states that appearance of small values is
quite common, while large values appearances are rear.
This law is literately regarded as Zipf or Pareto’s law[1].
When the probability of measuring a particular value of
some quantity varies inversely as a power of that value, the
quantity is said to follow a power law, also known the
Pareto’s distribution [2].

Atkinson, Piketty, and Saez wrote that the Pareto’s law
for top ICT index is given by the following (cumulative)
distribution function for ICT indicator z [3]:

1_|:(z)=(ga,(k>0,a>1), 1)

where k and & are given parameters, & is called the
Pareto parameter. The corresponding density function is
given by
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The value of the exponent depends on the value of the
lower ICT indicator bound. Indeed, empirical studies show
that the value of changes across different countries, and is
typically in the range [4].

Further details on the mathematics of power laws can be
found in Newman research [2]. Power laws are common in
the systems that are constituted out of pieces that have no
specific size and in the systems that are constituted out of
self-catalyzing elements. They represent the link between
simple microscopic basic laws on individual level and
macroscopic phenomena that occur collectively [5].

2. LITERATURE REVIEW

Power laws appear widely in physics, economics and
finance, computer science, biology, earth and planetary
sciences, demography, and the social sciences [2]. Pareto’s
law has also been proposed as a model of word frequency
[6], fluctuation in finance [7], firm sizes [8,9], citations of
scientific papers [10,11], web hits [12,13], the cumulative
distribution of the number of telephone calls received on a
single day [14,15], frequencies of family names [16],
turnover [17], income [18,19,20]), wealth [4,21] [22,23] ),
and so on. Clauset, Shalizi, and Newman [24] present
power law distributions in empirical data from a range of
different disciplines. Gabaix [25] surveys empirical power
laws regarding income and wealth, the size of cities and
firms, stock market returns, trading volume, international
trade, and executive pay. He surveyed power laws in
finance and economics, and he showed that Pareto laws
have also been applied in several areas outside of income
and wealth distribution. Atkinson, Piketty, and Saez [3]
surveyed some of these theoretical models.

3. COMPOSITE INDICATOR OF ICT ADOPTION

In order to analyze power law occurrence we first need
to present objective measurement of ICT adoption in the
company, which can also be useful for comparison with
other characteristics of the organization, as a guideline for
changing  processes in  organization, measuring
infrastructure requirements high technology projects or
organizational changes that include information and
communication technologies, or as a benchmarking tool
among different companies. A tool for objective
assessment of ICT adoption has long been needed by the
consulting and scientific community in order to enable
comparison with other characteristics in organizations[26],



benchmarking [27,28] or measurement of existing state of
infrastructure  before implementation of Enterprise
information  system  [29].  Presenting  objective
measurement of ICT adoption level can ease problems of
managing ICT in organization. It could lead to certain
level of formalization and as all control systems could be
misrepresented and distorted to fit subjective, illegitimate
goals, but would nevertheless present benefits of ordered
measurement system in organization. In mentioned and
other studies in the field problems of defining adoption
emerge, and different approaches are applied in different
studies. For the purpose of this study, we will use term
"adoption" as establishing prerequisite ICT infrastructure
in organization, both software and hardware. In such
definition, adoption is different from actual usage by
employees of the organization, which has other,
behavioural dimensions, and introduces humanware
requirements. It describes potential for usage, and is
necessary, but not sufficient condition for actual usage of
ICT by employees, that depends on other, less tangible
factors.

Formula of composite indicator used for the purpose of
this research was the result of several years of
experimentation  during consulting  experience in
companies, where authors searched for different tools to
objectively quantify adoption of ICT in the organization. It
was developed as a tool, basically for the purpose of
scientific research, to the point subjective assessment of
business consultants was that it describes adoption of ICT
accordingly to the qualitative assessment observed in
organizations that were included in the research. In
practice, organizations with low level of index were
estimated with low level of adoption of ICT and
organizations with good or excellent adoption of ICT had
higher levels of this indicator. For example, if indicator
was low in value, computers were rarely or even not at all
used, core processes in organization were driven without
ICT and at best ICT was used below its potential — e.g.
computers were used as typewriters and calculators. In
contrast, companies with advanced practices of ICT usage,
like ERP systems application, active internet presence,
TEL programs or electronic office collaboration had high
levels of this indicator. In this form, formula has been
applied successfully used in studies that compared levels

NoC
NoE

CIlICT =

i=1

Where mentioned factors represent: CIICT = composite
indicator of ICT adoption in company in its original form;
NoC = Number of computers in the company; NoE =
Number of employees in the company; NoCC = Number
of computers connected to internal network in the
company; Cf; = Coverage of enterprise function by ICT,
where for different values of i functions are: 1 — human
resources, 2 — accountancy, 3 — financial, , 4 — technical, 5

First addend in the formula was given as ratio between
number of computers and number of employees. By using
the ratio this factor becomes relative to organization's size.
Second addend was introduced as extension of the first to

NoCC =
+ NOE ZCfl +H
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of ICT adoption in organizations with autocratic,
democratic and liberal management styles [30],
organization size [31] and dominant management
orientation [32]. Currently, efforts are given into further
improvement of the formula, which is in its original
formula given below.

For the purpose of calculation of this formula data from
wider research of 71 organizations in transitional countries
in Southern and Eastern Europe was used. During
mentioned wider research each organization was analyzed,
resulting in reports covering wide range of data extracted
into more than 40 indicators that served as a basis for
several different research papers. Problems with difference
of estimated values by different personnel or
misunderstanding of questions by interviewed personnel
were solved by asking for clarification and second
estimation, common to simplified application of Delphi
method used in articles of De Icaza et al. [33] and
Radauceanu et al. [34]. Written reports from companies
were used to detect inconsistencies in data, comparing
qualitative with quantitative descriptions.

There are other approaches in measuring ICT adoption,
besides by development of composite indicator as used in
this paper:

e Subjective assessment by users on a questionnaire
scale, e.g. "yes/no" or "1-10" scale (Thong and
Yap [35]; Thong et al. [36]; Yang et al. [37])

e Subjective categorization by users or external
party into defined qualitative categories, usually
by intensity of adoption and usage (Howard [37];
Redoli et al. [38])

e Calculation of ICT adoption by single factor, like
number of computers per employee, (Moore and
Benbasat [39]; Golubeva and Merkuryeva [40];
El-Mashaleh [41])

e Quantitative assessment of ICT adoption, similar
to composite indicator of ICT adoption is more
usual in studies that measure trends in national
economies, like Kauffman and Kumar [42] and
Hanafizadeh et al. [43], who mainly utilize
statistics on population usage of ICT to develop
quantitative assessment of ICT adoption.
However, there has not been much research with
measuring similar indicator on national level.

®)

commercial, 6 — administrative, 7 — legal, 8 — protection;
Coverage of business function was estimated by IT staff,
functional staff and top manage-ments as percentage of
usual job in that function supported by ICT existing in the
organization; DB = Existence of integrated company
database (0=no, 1=yes); DBA = Database administrator
present (0=no, 1=yes).

emphasize importance of computer networks in a
company. This factor will probably make first factor of the
formula obsolete in several years, and replace it
completely. First factor will not be as fit to measure ICT
adoption in future companies as the second, because only



computers that have ultimate security demands or
otherwise special status will not be in network, even in
small enterprises. Today, however, especially in small and
medium enterprises we have a large number of
unconnected computers so both addends were used. Third
addend is a simple sum of coverage of business functions
by information system. It has more impact on the final
value, because practice and literature review like in Scheer
and Habermann [44] or Scheer and Schneider [45]
connects coverage of business functions by ICT and ICT
adoption in organization. Fourth addend emphasizes
importance of synergetic effect of ICT appliance in the
company. Since business can be seen as chain with several
interconnected functions, its strength is determined by the
weakest link, and when all major business functions are
fully covered, ICT adoption is much better than when one
function is omitted, leaving weak link that will slow down
other functions. In other words, adoption increase does not
follow coverage of business function linearly, company
with half of main business function covered by ICT
compared to company with all main functions covered by
ICT should be valued as much less than half successful as
the second example in ICT adoption, because of the lack
of synergy. Coverage of all functions in the organization
by ICT, usually realized by implementation of all or most
necessary ERP modules gives synergetic benefits. Fifth
addend was treated as binary in original formula,
representing existence of integrated database (O if it does
exist and 1 if it exists). The problem of integrating separate
databases in organization is important in business adoption
of ICT, and this factor values contribution to its solution.
Sixth factor in used formula represented employment of

worker with database administrator duties, again as binary
value, O if none exists, and 1 if there are one or more
employees. Tarafdar and Vaidya [46] compared companies
with "Pioneer”, "Advanced"”, "Late" and "Laggard" roles
of ICT adoption, and indicative is that in Laggard case
roles of database administrators were performed by staff
from other functions, subsequently trained for those tasks.
Importance of database administrator role for ICT
adoption was also observed by Vogel et al. [47] and Van
den Hoven [48].

Main goal of this indicator is to satisfy following
requirements:

a) To take into consideration various different factors of
ICT adoption in organization described in literature and
observed during our consulting experience.

b) To maximize practical usability of the formula for
other consultants and researchers, it should consist of data
which can usually be easily collected during interview in a
company, and be as simple as possible, but not simpler,
according to famous Einstein recommendation — still
retaining power to accurately describe level of ICT
adoption;

¢) To be as objective as possible, because of perceived
tendency that in different organizations individuals have
different criteria of subjective assessment of ICT adoption.

4, RESULTS

The occurrence of power law was measured in
comparison with size of enterprises measured by number of
employees, and profit per employee.
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Source: Data from primary source, Authors’ estimation of Pareto’s parameters.
Fig.1. Power law distribution of values of ICT adoption indicator in 67 selected enterprises.

The corresponding density function, from Figure 1, for
ICT indicator is:

f(z)=1194.77°%, (4)

An estimate of the expected statistical error on the
exponent « is given by http://www-personal.umich.edu/~
mejn/courses/2006/cmplxsys899/


http://www-personal.umich/

a
o=—=0.08 Power law has been checked between ICT adoption and

\ﬁ (5) size of the enterprises measured by the number of the
where n is number of observation. employees.
The Pareto parameter is:
a =0.68 + 0.08.
(6)
y =963.7x163
B |[CT ——Power (ICT) R2=0.919
300.10
250.10
200.10 \\
150.10

anso I
i\

<t 4 M O O~ OO M~ 1LO 00O MNMOOOSWWMOWO O JdO0OO~N MW MN~NLLON A M~
I M~ (o)) AN - [e 0] — 00 M N A - 10 - N — N D M~ M~ NN —
- S — i [{e] [V |

50.10

Source: Data from primary source, Authors’ estimation of Pareto’s parameters.

Fig. 2. Power law distribution between ICT adoption indicator and the size of enterprises measured by number of employees.
where the expected statistical error on the exponent o

The corresponding density function, from Figure 2, for . .
P g y g is calculated by equation (5).

ICT indicator is: Power law between ICT adoption measured by
f (z) =063.7. 771063 composite indicator and profit per employee has also been
. o (_7) analyzed. Results are given in Figure 3.
The Pareto parameter with the expected statistical error is:
a =0.63+0.07 (8)
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Source: Data from primary source, Authors’ estimation of Pareto’s parameters.

Fig.3. Power law distribution between ICT adoption indicator and the size of enterprises measured by profit per employee.
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The corresponding density function, from Figure 3, for
ICT indicator is:

_ . 5-1-0.79
f(z)=1148-z ©

The Pareto parameter is:

a = 0.79 +0.10. (10)

From equations (6), (8), and (10), we can observe that
the tail exponents of Pareto’s distributions are smaller than
1, in all cases. Generally, empirical studies show that the
value of « changes across different countries, and is

typically in the range 1<a <2. In our three cases

a <1, which means that ICT adoption in the Serbian
organizations is undeveloped. In all cases the coefficient of
determination (R?) is pretty high (92% and 94%). These
values indicate that the interpolation line very well fits the
real ICT data.

5. CONCLUSIONS

This paper has two distinctive parts. After introduction
remarks and explanation of power law and its occurrences
outside physics, mostly in economy, sociology and
business sciences, indicator which properties are tested is
described. Formula proposed as composite indicator of
ICT adoption is proposed as advancement over usual,
mostly subjective methods of measuring ICT adoption in
organization. It has already been successfully used in three
studies, and in this study power law properties have been
tested. The paper presents the occurrence of power law
distribution of values of ICT adoption indicator in 67
selected enterprises. Described ICT indicator has been
compared with firm size measured in number of
employees, and profit per employee. In both cases, we
found that the distribution of ICT adoption possesses
properties of Pareto’s law in the Serbian organization.
Therefore, in all cases, ICT adoption is distributed
according to Pareto’s distributions with the tail exponent
smaller than 1, which means that ICT adoption in the
Serbian organizations is undeveloped. In all cases the

coefficient of determination (RZ) is pretty high (above
90%), which indicates that the interpolation line very well
fits the real ICT data. This is the first paper that shows the
distribution of ICT adoption possesses properties of
Pareto’s law in the Serbian organizations.
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