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Abstract— A way based on so-called information entropy has 

been used for getting data in designing any research. In 
information theory, entropy is a measure of the average 
uncertainty of a random variable. These indicators, which are 
called core information and communication technology (ICT) 
indicators of the information society, are extracted by studying 
and analyzing and using content analysis, the entropy method, 
and the entropy weight coefficient method. The proposed 
methodology is developed as a reaction to the restriction of the 
non-existence of numerical values for some indicators in the 
provinces of our country. In this paper, we firstly investigate 
availabilities of use determining the weight based on Shannon 
entropy theory. Secondly, we determine the importance 
coefficients of the indicators, based on the stages of diffusion of 
ICTs and synthesize importance coefficients of indicators. 
Finally determining results of the core ICT indicators are 
presented. 

Keywords—Information entropy, Entropy Weight, ICT 
indicators 

I.  INTRODUCTION  
Information theory is a powerful tool in communication 

that provides the basis for designing efficient and reliable 
communication systems [1]. Today, information and 
communication technologies (ICT) have the potential to 
provide new solutions to the many challenges facing 
modernization societies worldwide. 

In this study, definition was extracted from the statistical 
data of Communications and Information Technology 
Authority, National statistics office of Mongolia and 
Communication Regulatory Commission of Mongolia and in 
the existing data [2][3]. To this end, after extracting the 
indicators from the samples, those indicators that were used in 
more samples and where consensus was obtained from more 
data on these samples were given higher priority for selection 
as the core ones. The revised core list and two reference 
indicators have 46 ICT indicators. In comparison, in the 2005 
list, there were 41 ICT indicators (and one reference 
indicator) [4] [5]. ICT today more than ever offer the potential 
to find new solutions to the many challenges facing the 
modernization of societies worldwide. The development of 
ICT indicators is an ongoing process and this list will be 
reviewed periodically. When countries get experience in ICT 
data collection and along with the development of policy 

needs, indicators can be changed, canceled or added. There is 
no doubt that the rapidly developing information society 
requires statistics and indicators to monitor and tracking the 
access and use of ICT. 

II. ENTROPY METHOD 
A. Information entropy 

The average volume of information received by a 
stochastic data source is determined by information entropy. 
The negative logarithm of pmf for value is the information 
entropy measuring. Random variables expected value are the 
information entropy, in way became the amount of information 
carried. The clarity of entropy used in information theory is 
directly analogous to the clarity used in statistical 
thermodynamics. In 1948 paper named "A Mathematical 
Theory of Communication The concept of information 
entropy‖ was submitted by Shannon [6]. Primary model of a 
data communication system is focused of main elements, such 
as source of data, a channel, and a receiver [7].  
 Entropy provides an absolute limitation on the shortest 
possible average compression length without loss of data 
generated by the source, and if the source entropy is less than 
the channel capacity of the communication channel, the data 
generated by the source can (at least theoretically, perhaps 
neglecting some practical considerations such as complexity 
system, necessary for data transmission, and the amount of 
time that may be required for data transmission). The 
logarithm of the probability distribution is useful as a measure 
of entropy, because it is additive for independent sources. For 
example, the entropy of a fair toss of a coin is 1 bit, and the 
entropy of m- tosses is m bits. Information entropy is 
measured in bits. The unit of the measurement depends on 
base of the logarithm that is applied to determine entropy. 
Entropy is zero when one result is determined. Entropy 
quantifies these considerations when the probability 
distribution of the original data is known.  

B. Entropy Weight Coefficient Method 
Shannon presented the information theory of entropy, 

based on the thermodynamic principle, where entropy is the 
degree of molecular breakage in matter for the first time. It 
was used as a measure of disorder, uneven distribution, 
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dependence degree or complexity of the system [8]. Entropy 
weighing is a method that consists of monitoring values of the 
evaluation index under objective conditions, can determine the 
purpose and order degree and efficiency, referring to the 
information entropy estimate. The weight from Entropy 
weighting method make ranks lists more objective [9]. This 
avoids the subjectivity of the weights of the various criteria, 
and therefore the results of the evaluation may better reflect 
the real situation [10].  

C. Evaluation Model 
 To avoid subjective opinion, the model is built from 
measured index, where the entropy weights were determined 
from Shannon's theory of entropy [11]. There are the 
following specific steps: 

1. Suppose that there are some things that need to be 
evaluated, their number is m. There is an object of 
evaluation n objects. The determining matrix of the evaluation 
model must be established. 

mxnrR ijij )(                              (1) 
Where R is the matrix, Xij is the matrix elements.  x is the 
value of the jth sample of the ith indicator. 

2. This requires normalization. Actual operations: 
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The new space matrix: 

mxndD ijij )(                         (3) 
 

3. The relative weight of xij is: 
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4. Assume that there are estimating factors by m, 
estimating objects counted n, then forms an element matrix 
Rij=(rij)mxn, Since entropy has an extreme property [1] [12], the 
smaller the value of rij deviates from the equal, the more 
entropy there is, and the greater the uncertainty of the 
estimate. Shannon was submitted theory of information 
entropy, which is represented a measure of the average 
information value of a stochastic system, in his paper named 
―A Mathematical Theory of Communication‖ in 1948. 
Information entropy, which is based of the definition of 
entropy of the ith indicator of the evaluation matrix Y is 
defined by Equation (5): 
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In addition, k-positive constant, determining k=1/ln(n), which 
is a normalizing positive constant for maintaining 0 ≤ Hi ≤ 1. 

5. The weight is calculated from the utility value of the 
index information defined by the EWCM. The utility value is 

the largest, the largest value of the estimate. The weight of ith 

index is determined by Equation (6): 
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Computing results of equation (6) are used for extraction 
indicators. 

III. WEIGHT DEFINITION  BY  SHANNON ENTROPY  

The model built from measured index data is following 
specific series of steps for calculation. The evaluation criterion 
can be classified as an increasing or decreasing type depending 
on its attributes.  

1. Assume there are some things need to be evaluated, 
their number is 48 ICT indicators. There are 22 objects of 
evaluation [13] and there are presented 21 provinces and the 
capital of Mongolia [2][3]. The determine matrix of the 
evaluation model is to built.  

22,..,1,48,..,1)(  jimxnrR ijij            (7) 

2. The new space matrix is: 

   22,..,1,48,..,1)(  jimxndD ijij          (8) 

3. The relative weight of xij is: 

22,...,1,48,...,1)(  jimxnyY ijij         (9) 
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4. The information entropy is: 
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These equations calculations are used for extraction of core 
ICT indicators. 

IV. EXTRACTION OF CORE ICT INDICATOR 

A. First step  
 At this step, we first create a sample indicator matrix and 
calculate the importance coefficients of the indicators using the 
entropy method [14]. The main idea of making entropy very 
important in probabilistic and algorithmic theory of 
information is to convert the probabilities of events into values 
that can be used for their ranking [15]. Regarding the lack of 

218

International Conference on Advanced Communications Technology(ICACT)

 
ISBN 979-11-88428-03-8

 
ICACT2019 February 17 ~ 20, 2019

International Conference on Advanced Communications Technology(ICACT)

 
ISBN 979-11-88428-02-1

 
ICACT2019 February 17 ~ 20, 2019

https://en.wikipedia.org/wiki/Provinces_of_Mongolia


numerical values of most indicators, entropy can be a suitable 
method to define the importance coefficient of the indicators.  

The importance coefficient of ICT indicators was 
computed applying the formula (12):  

)(
1



 m

i
i

i
i

w

w
                            (12) 

Table 1 shows the importance coefficients  of each indicator 
based on entropy weight.  

B. Second Step 
Measuring ICT is appropriate and accurate, the cost 

effectiveness of ICT over time, affecting other aspects of the 
country, economic growth and development, technical 
preparation to achieve further steps forward [16]. 
Figure 1 shows, according to [16], at the country level of 
analysis there are three stages in the dissemination of ICT. 

1. Stage of readiness for ICT: when technology is new 
to a country or region, the question of the willingness of its 
people to adopt a new technology is a decisive issue. Related 
measures should also ensure readiness in terms of business, 
infrastructure and the economy of the country. The types of 
measurements that need to be supported are primarily a search 
query and a preliminary assessment, as well as a comparative 
analysis.  

2. The stage of the intensity of ICT: as acceptance 
increases, the intensity of acceptance, the intensity with which 
ICT-related activities (for example, e-commerce from 
business to business and e-government, initiatives, etc.) are 
becoming more urgent. Measuring ICT is likely to be 
important when ICT becomes more widespread in the 
country, but it has not yet reached the point where it is fully 
deployed and accepted, and when there is a perception of a 
digital divide. The type of measurement activity that is likely 
to be appropriate at this stage will formalize the request and 
analysis of the main effects.  

3. This stage reflects the maturation of investments in 
ICT and their implementation. This is the stage when it 
becomes possible to assess the range of impacts that ICT can 
have for national economies and the business activities carried 
out in these countries. The most frequently observed 
approaches to measurement will be refinement of formal 
analysis, as well as retrospective analysis. Measuring the 
impact of ICT is likely to be of greatest interest in countries 
where ICTs are very well developed, but it is unclear whether 
the environment receives their greatest benefits.  These stages 
of dissemination help us to measure the different needs for 
measurements for ICT. Based on our notion of S-shaped 
diffusion of ICT, we also classified the metrics for ICT in 
terms of the three observable stages. Most transnational 
differences in the digitization process are explained by the 
basic infrastructural conditions, which in turn lead to different 
intensity levels of acceptance in the digitization process. As 
far as the third aspect is concerned, namely the 
transformations in the economic and social systems, the 

consequences have just occurred; therefore, an analysis of this 
would be inappropriate [17]. 
 
 

 
Figure 1. Different stages of ICT dissemination 

 
Against this background, we have given the progress 
indicators the highest priority, and impact indicators have the 
lowest priority in measuring digitization. Since the exact 
value of the indicators can not be calculated at each stage of 
ICT dissemination, the use of nonparametric statistics is the 
most appropriate-the use of ranks instead of numerical values 
[18]. Nonparametric statistics suggest that the population is 
suitable for any parametrized distributions and is usually 
applied to populations that occupy a ranked order [19]. In this 
case, nonparametric statistics were used, because quantitative 
values of available indicators were not available, which would 
provide knowledge of their basic data distribution [20].  
 On the basis of the arguments just described, we assigned 
the highest rank to the readiness indicators and the lowest 
rank to the exposure level indicators, following the S-shaped 
diffusion of ICT. And also the importance coefficients μi of 
ICT indicators, determined by the S-shaped diffusion of ICT. 
Classification of indicators for the three aspects of digitization 
is based on the following definitions [21].  

Readiness: preparation of technical, commercial and social 
infrastructure necessary to support digitization. The readiness 
indicators allow each country to compile a statistical picture 
of the availability status of the infrastructure needed for 
digital digitization.  

Intensity: the use of ICT, the scope, value and use of ICT. 
The intensity indicators allow countries to determine who 
uses ICT and who does not, and identify leading sectors and 
applications.  

Impact: added value, potentially created by ICT. Statistics 
are needed to assess whether ICTs are relevant in terms of 
efficiency and /or creating new sources of wealth.  
The importance coefficients μi of core indicators based on S-
shaped diffusion with the stages of readiness, intensity and 
impact are shown in Table1.  

C. Third Step  

 In this section, λi and µi are synthesized by the following 
equation to determine final importance coefficients of ICT 
indicators [14]: 
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Table 1 shows the final importance coefficients i of the 
indicators.  
 

TABLE1. CORE INDICATORS, IMPORTANCE STEP COEFFICIENTS  
 

 
 

No 

Index of 
ICT 

Indicators [5] 


 
µi i

1 A1 0.01119 0.0112 0.006184 
2 A2 0.03277 0.02715 0.043907 
3 A3 0.02614 0.02715 0.035019 
4 A4 0.02822 0.02715 0.037805 
5 A5 0.02119 0.02169 0.02268 
6 A6 0.03277 0.02715 0.043907 
7 A7 0.02822 0.02715 0.037805 
8 A10 0.01822 0.02169 0.019501 
9 B1 0.02237 0.02715 0.029978 

10 B2 0.02237 0.02715 0.029978 
11 B3 0.02237 0.02715 0.029978 
12 B4 0.02119 0.02169 0.02268 
13 B5 0.02119 0.02169 0.02268 

    14 B6 0.02119 0.02169 0.02268 
15 B7 0.0198 0.02169 0.021197 
16 B8 0.0198 0.02169 0.021197 
17 B9 0.0198 0.02169 0.021197 
18 B10 0.01822 0.02169 0.019501 
19 B11 0.01634 0.02169 0.017487 
20 B12 0.01634 0.02169 0.017487 
21 ED3 0.01406 0.02169 0.01505 
22 ED4 0.01406 0.02169 0.01505 
23 ED5 0.01406 0.02169 0.01505 
24 ED6 0.01406 0.02169 0.01505 
25 EDR1 0.03099 0.02715 0.041519 

 
 

Each stage displays, depending to different value of 
importance coefficients core ICT indicators. As well different 
stages of readiness, intensity and impact requires different 
core ICT indicators. 

D. Fourth Step 
In this step, analysis of the 22 provinces used shows that 

the indicators mean number with a 95% confidence level is 
from 25 to 35: 

).
.
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),( ..
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     (14) 

 
Thus, 35 indicators with importance coefficients were 
selected as the core ICT indicators for our country. The 25 
core ICT indicators, which have highest value of the selected 

35 core indicators and importance coefficients of steps 1 and 
2, and final importance coefficients are shown in the Table1. 
Also at this stage, two curves are shown when analyzing the 
core ICT indicators of countries compared to S-shaped 
diffusion with 3 stages. 
Figure 2 shows, according to importance coefficients value of 
core ICT indicators based on the stages of readiness, intensity 
and impact, with exponential trend lines equations for 
developing country and developed countries [21].  
 

 
 

Figure2. Importance coefficients for core ICT indicators 
 
The ICT indicators index is divided  
- core indicators on infrastructure and access of ICT,  
-core indicators of access to ICTs for households and 
individuals and their use,  
- core indicators use ICT enterprises,  
- core indicators in the sector ICT (production) and  
- core indicators for international trade in goods ICT [4] [5].  
 

V. CONCLUTIONS  
 

 Core ICT indicators introduce a convergence of 
information society indicators and digital divide models. It 
presents them as a standard set and those indicators are 
considered to be the basis for benchmarking, which are of 
paramount importance for information society metrics. 
However, not all countries are doing the same level of ICT 
development and they do not have well developed statistics 
collection and analysis systems. Thus, countries differ in 
terms of their needs and interest in measuring the level of 
digitalization, so for some of them-developing countries-
measuring the level of infrastructure and access to ICT can be 
satisfactory, and for other developed countries they are 
interested in using ICT and the ensuing implications for the 
economic and social aspects of society [24]. These studies 
include determining the importance coefficients of indicators 
based on the method of entropy weighting coefficient and 
based on the stages of ICT distribution, the synthesis of the 
importance coefficients of indicators and determining the core 
ICT indicators. 
 This method is more efficient and practical. This paper 
describes the methodology for extracting the core ICT 
indicators of our country for 21 provinces (aimags) and the 
capital. In extracting the core indicators of information and 
communication technology, the fact that there are some 
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indicators of data in our country is the main limitation. 
However, core indicators, this method was practically feasible 
here. Therefore, the list of core indicators provided in the ITU 
index is not critical and the country should change and adjust 
it depending to its internal conditions [21]. 
 The analysis on 22 selected objects shows that the mean 
number of core ICT indicators with 95% confidence level is 
between 25 and 35.Thus, the 35 indicators with the highest 
value of importance coefficients from the 48 ICT indicators 
were selected as the core ICT indicators for Mongolia. ICTs 
can play a significant role in the socio-economic development 
of a developing country [24]. The core ICT indicators curve 
consists of 3 different stages. Each stage is defined by 
different core ICT indicators. We have defined core ICT 
indicators for developed and developing countries.  
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