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Abstract: Methods of ranking and evaluation of the effectiveness of Social Media (SM)
given and applied in this paper are the basis for the selection of online media that the
public administration uses when communicating with citizens. The methodology presented
is based on multicircular decision-making using the Fuzzy Analytical Hierarchical Process
(fuzzy AHP) - Z number model - Fuzzy Multi-Attributive Border Approximation Area
Comparison (fuzzy MABAC), which eliminates the traditional intuitive ratings of PR
services. This resulted in poor use of available channels of communication or ineffective
communication. Positive results of the application of presented methods are especially
evident in increasing the number of channels of communication on the Internet and the
realization of communication goals for greater participation of citizens in public
administration.
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1 Introduction

Governmental institutions, businesses and other legal entities are increasingly
using social media as channels of communication with their target public. Until
recently it was common practice to have PR tools located on the front page of the
site in the form of news, multimedia, contacts, and links, serving as a convenient
way of servicing classic media [1]. More recent research has revealed that the
public is spending an increasing amount of time on social media, and that the
potential of social media is based on interactions, collaboration and cooperation,
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where social media is seen to transform the relationship of public service and the
citizenry [2]. In the process of communication with public, government
institutions and businesses are not able to use the virtually unlimited number of
media available on the Internet with equal efficiency. The selection of social
media to be used as a communication channel ensuring reach amongst the targeted
public online with desired efficiency is one of the challenges faced by these
services in implementing a given communication strategy.

In line with the new trends in the usage of social media for business purposes, a
series of studies have examined the justification of using social media in the
communication of public administration with the citizenry. Some focused on
functional availability [3], benefits and risks [4], and the impact of social media
use [5]. The common trait found in all these studies is the analysis and assessment
of multiple social media according to a single criterion, or the analysis and
evaluation of a single social media based on multiple criteria. However,
communicators are often confronted with the need to choose among available
social media. They have to identify the criteria and the methodology for making
such a choice to reduce the risk of failure in communicating via social media.

Considering the trends in social media usage and the perspective of involving such
media in the activities of public administration as well as that of other
organizations, the aim of this research is:

1. To define the general criteria for choosing social media for
communication between government bodies and the target public; and

2. To develop the methodology for social media ranking in view of the
selection of a particular communication channel suited to a
communication strategy.

This paper examines the various options for rating and ranking social media by
using parameters that influence the efficiency of communication, defined on the
grounds of criteria partially used in the evaluation and ranking of social media, as
well as on expert assessments of the applicability of such criteria.

2 Review of Literature

Although practically all state institutions have websites today, the needs of
citizens using the Internet have not entirely been met. The emergence of Web 2.0
technology prompted the development of new public administration services for
the implementation of eGov 2.0 or Social Government projects [6] [7] which
enable an interactive dimension of public administration through online activities.

The approach most frequently used in the development of eGovernment is the
evolutionary one. Namely, public administration portals evolve from a basic
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presence on the Internet, through interaction and then to collaboration with
citizens [8]. Public relations through the web portal of the institution gradually
evolve from one-way communication, i.e. from providing information on websites
to the use of online services for two-way communication and connections with
institutional sites and profiles on social media (Social Network Room). This
implies a high-level of interaction with the target audience [9]. Social media
enable greater participation of citizens and stakeholders, create a space for
cooperation with government and stimulate innovation in the public sector [10].
For the public sector, communication through social media is more targeted, more
economical and more efficient compared to other communication channels. If the
information is available on social media, reactions can be expected quickly. Such
feedback can help speed up more efficient decision-making and serve as a way of
confirming public support. Feedback also reveals which media should be used as
carriers of specific information in communicating with the public [11]. Citizens
and public authorities have different expectations regarding the use of social
media. Citizens expect their government to use social media as a tool which would
give them a stronger voice in the decision-making process. Conversely, the
administration sees social media as a tool for interacting with citizens, and a way
of promoting services in line with current government policies and strategies. [12].

In using social media to communicate with citizens, the public sector pays
insufficient attention to the "variants among social media tools, i.e., which tools
are appropriate for certain activities and which for others". Although the adoption
of new technologies is important, it is equally important to assess how these
technologies are used and to which purpose. Some technologies are broadly used,
but not with their full potential. The problem faced by the public sector is the
excessive use of social media by employees, as this can generate problems in
managing communications or ensuring that all communications are true and
consistent [13].

2.1 Review of Criteria for Evaluation of Social Media
Efficiency

The initial assumption of this paper was the fact that the use of social media is
determined by a number of factors. Thus, the study recruited 35 researchers
working in the field of public administration and public relations. Based on the
evaluation of their competence, 11 experts were selected. Experts were polled in
more than one round using the Delphi method. Criteria presented in the literature
were offered to the experts, along with the possibility of adding new ones and
eliminating the ones already offered. In this research further criteria for the
assessment of SM efficiency in communication with society were proposed:

Criterion 1 (C1): Functionality. Social media can be evaluated based on available
tools classified into functional blocks: identity, conversation, sharing, presence,
relationships, reputation and groups [14]. The classification of social media in

—45-



Z. Bobar et al. Ranking and Assessment of the Efficiency of Social Media using
the Fuzzy AHP-z Number Model - Fuzzy MABAC

relation to the availability of functional blocks enables us to look at different
levels of presence on the Internet and networking, or how and to what level of
availability can a given social medium be configured. The convenience of
functional classification lies in the ability to compare existing social media and
assess their capabilities in relation to the target audience.

Criterion 2 (C2): Presence. Social media can be present in a certain geographical
area to a greater or lesser extent. If the targeted public is in that area, the influence
of such presence on the selection of whether and to what extent these particular
social media platforms be used is related to the share of the targeted public using
that medium. Presence, measured by the number of users of the social network,
also affects the level of reach of the targeted public, although it does not have to
be directly proportional to the number of users of that platform. Quantitative data
for this criterion are reliable and are found as statistical data for each social
medium [15].

Criterion 3 (C3): Purpose. Social media can also be evaluated according to their
purpose because the functional richness of a social medium is not sufficient to
assess the effectiveness of that medium in relation to individual social groups. In
general, once social media find their own community their true purpose is
revealed. The information offered and the way of communicating are most often
suited to a particular type of media. Kaplan et al. categorized social media by their
purpose as follows: Collaborative Projects, Blogs and Microblogs, Content
Communities, Social Networking Sites, Virtual Game Worlds, Virtual Social
Worlds [16].

Criterion 4 (C4): Richness of content. The effectiveness of social media can also
be viewed through the richness of media content described in Media Content
Theory [17]. Modern public relations theory is based on two-way communication
with the target audience, which implies the use of social media precisely because
of its interactive nature. Social media research suggests the need to expand Media
Content Theory, taking into account the phenomenon of social networking and
communication efficiency achieved through massive networking and the
collaboration of communicators through those media [18].

Criterion 5 (C5): Target audience. It is customary for the same target group to use
several social media platforms. One of the ways in which the target audience is
determined is to rely on available statistics of a social media platform or on
relevant databases offering information on the use of social media. Media
coverage and target audience do not need to be directly linked, and significant
deviations in social media are possible. For example, although Facebook is used
by more than 47.6% of the population of the Republic of Serbia, the percentage of
those aged over 60 is only 10%, and male population percentage is higher [19].
Therefore, the target audience on a social media platform must be segmented, in
order to assess its suitability for communication with the public.
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Criterion 6 (C6): Engagement., Despite the functional availability of various tools
of social media, the public recognizes some as more or less effective or credible
regarding the content provided. Surveys covering social network users indicate
multiple levels of engagement (liking, sharing, comments), which is directly
related to the level of trust in that media [20].

Based on available literature and the positions agreed on by the expert group, an
overview of the criteria that influence the choice of a social media platform for
public administration communication with the citizens has been formed, as
indicated in Table 1.
Table 1
Criterion — basic characteristics

Criterion Description Type Value trend  Range
C1 Functionality Quantitative Growing lto7
Cc2 Presence Quantitative Growing 1to5
C3 Purpose Qualitative Growing 1to5
C4 Content richness Qualitative Growing 1to5
C5 Target audience Quantitative Growing 1 to 100%
C6 Engagement Qualitative Growing 1to5

3 Method Description

A specific research method has been developed to evaluate and rank the
effectiveness of social media. The model is defined based on examination of the
literature related to selection of social media platforms and mulitple-criteria
decision making implemented in other research fields. The authenticity of the
criteria based on which the ranking is made, as well as the inter-relations of the
criteria, conditioned the implementation of AHP method, as a method frequently
used in research. During the construction of the model, the experts showed
certainin accuracy when comparing pairs which is the requirement of the AHP
method. With that regard the fuzzyfication of the method was performed. Similar
output occurred with the MABAC method, which is emphasized as one of the
methods which yields highly significant results. However, the course of
examination showed that the experts are often hesitant when assigning the values
to those criteria where there is no exact data. Hence, the degree of confidence was
introduced in the ranking process, which was later mathematically processed.

When defining the method which should be used, the main criteria were the
method stability and the ease of confirming the results. The stages and steps of the
model are defined in Figure 1. When defining the method which should be used,
the main criteria were the method stability and the ease of confirming the results.
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FAHP

Phase 1:
Criteria identification

and calculation of
welght coefficients of

criteria

Step 1: Defining comparison matrices /comparison of criteria and
thedegree of certainty of experts in given claims/comparisons

Step 2: Calculation of the fuzzified matrices of the criteria comparison
Step 3: Calculation of weight fuzzy coefficients of criteria for
eachexpert separately

Step 4: Calculation of aggregated fuzzy weight coefficients of criteria
Step 5: Calculation of final (non-fuzzy) weight coefficients of criteria

g~

Phase 2: Z-number and

FMABAC

Ranking alternatives

Step 1: Forming initial decision making matrix

Step 2: Reduction of initial decision making matrix values to standard
fuzzy numbers using Z-number

Step 3: Normalization of initial decision making matrix elements
Step 4: Calculation of weighted matrix (V) elements

Step 5: Determination of border approximate area matrix (G)

Step 6: Calculation of the distance between alternatives and border
approximate areas

Step 7: Ranking alternatives

Figure 1
The stages and steps of the model

The used methods are described in the next part of the paper.

3.1 Fuzzy AHP

An Analytical Hierarchical Process (AHP) is a method often used in multi-criteria
decision-making. This method was developed by Thomas Saaty. It is based on the
explanation of a complex problem in the hierarchy, with the aim at the top,
criteria, sub-criteria, and alternatives at the levels and subjections of the hierarchy
[21]. Apart from the hierarchical structuring of the problem, AHP differs
methodologically from other multiple-criteria methods, due to its comparisons of
elements in pair on the given level of hierarchy with the elements on the higher

level of hierarchy. For each of the elements at the higher level n(nfl)/Za

comparison of semantic or numerical type, as defined with Saaty scale is needed,

Table 2. Saaty's scale is used to determine the weight coefficients of the criteria, as
well as to rank the alternatives.
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Table 2
Saaty's scale for comparison in pairs

Standard Values Definition Inverse values
1 The same importance 1
3 Week dominance 1/3
5 Strong dominance 1/5
7 Very strong dominance 1/7
9 Absolute dominance 1/9
2,4,6,8 Intervalues 1/2,1/4, 1/6, 1/8

The comparison of elements on the given level of hierarchy yields the matrix of

comparisons A:

8 &, ... &,
dy Ay ... 9y,
A=
_anl anl ann i

1)

The calculation of the weight coefficients, or in other words the ranking of
alternatives, is related to different prioritizing approaches. Respectively, the most
common approaches are the Eigenvector method (EV), Logarithmic Least Squares
method (LLS), and Additive Normalization method (AN). In that regard, this

research used the Additive Normalization method (AN).

The calculation of the priority vector W is gained through 3 steps:

Step 1: each element from the given matrix column A is divided with the sum of

elements of that column;
Step 2: all elements in each column are gathered

Step 3: each of the given sums is divided with the range of matrix n

This procedure is described with visuals (2) and (3):

a

n

S,
w="—i=12..,n
n

Very often Saaty's scale is being modified with the application of fuzzy sets.

2

®)
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The basic items of the fuzzy logic were given by Lotfi Zadeh [22], [23], [24]. The
basics that L Zadeh gave were sufficient to continue to develop fuzzy logic and to
be increasingly applied in practice. In this paper, we use the triangular fuzzy
numbers T = (11, tp, t3), Figure 2, where t; represents the left, and t; the right
distribution of the confidence interval of the fuzzy number T and t, where the
function of fuzzy number membership has a maximum value, one.

Hr ()
! e =1 X=t,
X—t, t,— X
- Jt<x<t =2~ t,<x<t
,llT(x) tz _t1 tl 2, /uT(x) tg_tz 2 3
a
yT(x)=0 X< (X)=0 Xt
0
ty T t, TS ts
Figure 2

Triangular fuzzy number T [25]

At the end of the application, the fuzzy number is converted to a real number. A
number of methods are used for this procedure [26]. Some of the known
defazification expressions are [27] [28]:

A=((t,—t)+(t,—t))/3+t, 4)
A=[2t,+t, +(1-A)t, ]/ 2 (®)

where A represents an index of optimism, which can be described as a
belief/decision maker's relationship to decision-making risk [29]. The most
common optimism index is 0, 0.5 or 1, which corresponds to the pessimistic,
average or optimistic view of the decision maker [29].

There are different approaches to fuzzification of Saaty's scale. In principle, they
can be divided into two groups: sharp (hard) and soft fuzzification [30]. Under the
"sharp" fuzzification, it is assumed that for a fuzzy number T= (t1,t2,t3) confidence
interval is predetermined, i.e., it is defined in advance that the value of the fuzzy
number will not be greater than t3 nor less than t; [30]. In soft fuzzification, the
confidence interval is not predetermined, but it is defined during the decision-
making process, based on additional parameters.

A common occurrence is the definition of a scale with a smaller number of
comparisons than Saaty’s Six-step scale [31] [32] [33], while a five-step scale is
used in Mandic et al, [34], Junior et al. [35] and Ruiz-Padillo et al. [36]. Most of
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these scales use the model of the fuzzy number T = (t3,t,t3) = (X-1,x,x+1), where x
represents the standard value of Saaty’s scale. Some authors modifies the Saaty
scale use the model of the fuzzy number T=(x-5,x,x+0), where & is taken from the
interval 0.5<6 <2 [37] [38] [39] [46]. In part of works [40] [41] instead of
classical intervals, interval fuzzy numbers are used.

In some works, in addition to triangles, other forms of functions, trapezoidal,
gauge curves and the like are used. Unlike the previous one, there are different
"softer" approaches in the Saaty scale fuzzification, where the confidence interval
of the fuzzy number is defined after the completed pairing. Such an approach is
shown in Kahraman et al. [42] and Pamucar et al. [43]. The fuzzification shown in
these works takes into account the degree of uncertainty ( £ ). Based on this, the

new fuzzification, also used in this paper, is shown in Bozanic et al. [44], Pamucar
et al. [45], Bozanic et al. [46] and Bojanic et al. [47]. The starting elements of this
fuzzification are: 1) the introduction of fuzzy numbers instead of the classical
numbers of the Saaty scale, 2) the introduction of the degree of conviction of
decision makers/analysts/experts (DM/A/E) in the statements they give when
compared in pairs - y. The degree of conviction y is defined at the level of each
pairing, Table 3.

Table 3
Fuzzification of Saaty's scale using the degree of confidence
Definition Standard Fuzzy number Fuzzy number inverse
values values

The same importance 1 (1,1,1) 1,11
Weak dominance 3 (3y3i,3,(2- 7ji)3) (2/3y5i,2/3,1/(2- yi)3)
Strong dominance 5 (5ii,5,(2- 7i)5) (2/59;i,1/5,1/(2- yji)5)
Very strong dominance 7 (7yii, 7,(2- 7ii)7) A/ 75,207,21(2- yii)T)
Absolute dominance 9 (99ii,9,(2- 7ii)9) (2/9y;i,1/9,1/(2- yii)9)
In between values 2,4,6,8 (xy)ii,:><2,l(i:63j18i)x) (1/ij;]:-lleilé,28- i)

Left and right distributions differ from one comparison to another when different
degrees of confidence are introduced. They are changed according to the
expression:

t, = yt,, t<t, t,t,e[1/99]
T=(t,t,t)=1t,=t,, t, e[1/9,9] (6)
t,=(2-7)t,, t,<t, t,t,e[1/9,9]
where the value t, represents the value of the linguistic expression from the
classical Saaty scale, which in the fuzzy number has the maximum affiliation t,=1.

This approach to fuzzification also requires an altered initial matrix of decision-
making, that is, a matching matrix in pairs (and in cases where the weighting
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coefficients of the criteria and the ranking of the alternatives are defined). The
modified matrix would have a new element - the degree of DM / A / E conviction
that they would define in addition to the performed comparison:

K, K, K,
Ki aui7n @pitn o @457
A=K, |ayui¥n 8piYyn - 837 (7
Kn a'nl;;/nl an2;7n2 a‘nn;7nn

where y;i=yii. Coming to the final results implies the further application of the
standard steps of the AHP method.

3.2 Z Number

The concept of Z-number was proposed by Zadeh [48]. Kang et al. [49] [50]
elaborate in detail the application of Z-number in an uncertain environment.
Krohling et al. [51] show the application of Z-number with phasified methods
TOPSIS and TODIM. Sahrom and Dom [52] elaborate a hybrid model using the
AHP-Z-number-DEA method, while Azadeh and Kokabi [53] use the DEA
method with Z-number. Azadeh et al. [54] use Z-number with the AHP method.
Yaakob and Gegov [55] Z-number uses the TOPSIS method. Salari et al. [56]
elaborate a novel earned value management model using Z-number. Z-number

represents an ordered pair of fuzzy numbers that appear as Z=( A , B) [48]. The
first component, fuzzy number A, represents the fuzzy limit of a particular
variable X, while the second component fuzzy number B represents, the reliability

of the first component (A ). The appearance of the Z-number with triangular fuzzy
numbers is shown in Figure 4 [48].

1A HA(X) - A Z = (A’ B
|
1
|

| B
| B

Figure 4
A-Simple Z-number [49]
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The general record of triangular Z-numbers can be displayed as
Z={(a,,8,,a5;w, ), (b;, b, by, (8)

where the values w; iw, represent weight factors of fuzzy numbers A referring
toB, which for the initial Z-number the majority of authors defines
asw; =w, =1,w;,w; €[0,1] (w, is the height of the generalized fuzzy
number and 0<w, <1) [57]. Defining valuesw; <1 would introduce a greater
degree of uncertainty in defining Z-number Whenw; =w, =1, then Aand B is a

normal fuzzy number; otherwise it is said to be a non-normal fuzzy number [58].
The transformation of the Z-number into the classical fuzzy number, with the
presented evidence, is shown in Kang et al. [50]. This transformation consists of
three steps:

Convert the second part ( B) into a crisp number using the centered method [50]:

Xt (X)dx

o= IB— 9)
J 15 (x)ax

where | denotes an algebraic integration.

For triangular fuzzy numbers, the centroid is calculated by [59]:

o= a, +a, +a, (10)

3

Add the weight of the second part (B) to the first part (A). The weighted Z-
number can be denoted as [50]

2 = {(x, gz (|11 () = ez, ()} (11)

which can be denoted by the Fig. 5a.

#a(X) § H“a(X) §
1 1

Vaa,  Naa,  aa,

a) b)
Figure 5
Z-number after multiplying the reliability (a) and the regular fuzzy number transformed from Z-
number (b)
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This can be written as [54]: 2% = (a,,a,,a5;0)

Convert the weighted Z-number into a regular fuzzy number. The regular fuzzy
set can be denoted as [50]

2’ = {(Xv ,le (X)>

1, () = 11 (%)} (12)
Z =Ja*A=(a*a,Ja*a, Ja*a,) (13)

and it can be present as Fig. 5b [50].

3.3 Fuzzy MABAC Method

The MABAC method is developed by Pamucar & Cirovic [60]. The basic setting
of the MABAC method consists in defining the distance of the criteria function of
every observed alternative from the border approximate area. The method was
later used in several papers [44], [46], [47] [61]. The Fuzzy MABAC method
consists of 6 steps [46]:

Step 1. Forming of the initial decision matrix ( X ). Matrix is formed with a grade

of alternatives based on criteria A = (%, %,..., %, ), where X;; represents the value

of i-th alternative (i=1,2,...m), based on j-th criteria (j=1,2,...,n).

K, K, .. K,
AlX %, X1y

)Z — AZ Xll XZZ XZn (14)
An le X2m an

Step 2. Normalization of the initial matrix elements ( X).

The calculation of the elements of normalized matrix ( N ) depends on the type of
criteria. For beneficial criteria this calculation is executed according to the
expression:

c XX )
R

For detriment criteria the calculation is executed according to the expression:

e X - (16)
X=X
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Values x., x",x represent elements of the initial matrix of decision-making

ij ? i N

(X). The values x*,x are defined as explanied bellow

- X =max(X,, X, ,.., X, ) - represent maximal values of the right distribution of
fuzzy numbers of the observed criteria alternatives

=X =min(X,, Xy -, X,y ) - represent minimal values of the left distribution of
fuzzy numbers of the observed criteria alternatives.

Consequently, the normalized matrix (N) is calculated

K, K, .. K,

AlL G -
N~:A2 1:11 t22 th (17)

Aﬂ flm me " fmn

Step 3. Calculation of the weighted matrix (V) elements.
Elements of this matrix are calculated based on the following expression:

Vi :Vvi[fij +W, (18)

In the previous expression fij represents elements of the normalized matrix( N ),

whereas W, epresents weight coefficients of the criteria. Weighted matrix (V) is
visualized in the following way

2
2

11 12 Vln
\7 — 21 22 o 2n (19)
le VmZ e an

Step 4. Determination of the approximate border area matrix (G ). The bordering
approximate area for each criteria is determined based on the expression:

g = (ﬁvij J (20)

The matrix of approximate area (G) has a format n x 1, where n presents overall
sum of criteria number and is represented in the following way

K, K, .. K,
G=[6, G, - G.] (21)
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Step 5. Calculation of the matrix elements of alternatives distance from the border
approximate area (Q ). The distance of alternatives from the border approximate

area (qij ) is defined with the expression:

O=V-G (22)
Afterwards the matrix is calculated (5
Or O - O
G- O Oy 0zn (23)
Ong Oz Qo

Step 6. Ranking of alternatives. The value estimation of criteria functions of
alternatives is gained from the sum of the distance of alternatives from the border
approximate areas (¢, ). The ultimate values of criteria functions of alternatives

are gained from the sum of elements of the matrix Q in rows:

S=>0;j=L2..ni=12..,m 24)
j=1

Defuzzification of the extracted values §i yields the ultimate rang alternatives.

4 Application of the Model to the Ranking of Social
Media Platforms

Based on previous experience and with regard to the fact that the surveyed experts
are from the field of public relations, and available data from various sources, for
example data from institute for statistics, relevant analytical websites, academic
and expert literature which covers the field of social media for commercial
purposes. The first experts summary of all data classified according to the criteria
from available resources is presented in Table 4.

Table 4
Summary of all data classified according to the criteria
Alternative |Functionality Ta_r get (_Zontent Purpose |Precence | Engagement
audience | richness
Blogs 5 100 4 5 0,1 3
Facebook 7 56 5 4 1721 5
Youtube 4 63 3 4 1325 3
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Twitter 5 33 4 4 342 4
LinkedIn 3 12 4 4 380 2
Pinterest 5 8 3 3 73 4

Flicker 4 3 3 3 120 3
Instagram 7 63 3 3 500 4

Wikipedia 1 23 1 2 1500 1

Vimeo 4 3 3 4 40 3

The experts performed a comparison of the significance of the selected criteria,
using the Saaty scale, and defined the degree of conviction in the comparisons
they gave. This defined the initial decision matrices for each expert. Defining the
degree of conviction was done using the fuzzy linguistic scale shown in Figure 6.

A
Ve{ysmall Small Medium High Very high

0.8

BINAWANAY.
MAYARVARVARY.
NEER R
ANAANIVANN

T T T T T T T
0 0.2 0.4 0.6 0.8 1

Figure 6
Fuzzy linguistic descriptors for evaluating the degree of conviction of experts

Table 4 shows the comparison of the criteria of the first expert, with degrees of
confidence in data comparisons (degrees of conviction are shown in brackets). The
implementation of the fuzzy AHP method will only be performed on the initial
decision-making matrix of an expert.

Table 5
The initial matrix of deciding the expert 1 for defining the weight coefficients of the criterion
Criteria Ci (07) Cs Cs Cs Cs
Ci 1 3 (VH) 5 (H) 4 (H) 2(H) 4 (VH)
Cz 1/3 (VH) 1 3(H) 3 (VH) 1/3 (VH) 2(S)
Cs 1/5 (H) 1/3 (H) 1 1/2 (VS) 1/6 (VH) 1/3 (M)
Cs 1/4 (H) 1/3 (VH) 2 (VS) 1 1/5 (M) 1/2 (VH)
Cs 1/2 (H) 3 (VH) 6 (VH) 5 (M) 1 6 (VH)
Cs 1/4 (VH) 112 (S) 3 (M) 2 (VH) 1/6 (VH) 1
C,

1 =(3*0.933,3,(2-0.933)*3) = (2.8,3,3.2)

2

In the next step, the initial decision matrix was initialized using the terms given in
Table 5. The Fuzzy comparison C1 / C2 was obtained as follows:
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Where value v;;=0.933 represents the degree of conviction obtained using the
expression (5), the displayed linguistic descriptors in Figure 6 and based on the
expert's test that the degree of conviction in his claim is "very high". The given
value was obtained as follows:

7 = (L-0.75) + (L~ 0.75))/3+0.75 = 0.933

All values of the fuzzified initial decision matrix are shown in Table 6. Next, the
standard steps of the AHP method are applied. First, column addition is done. The
results in the first column were done as follows:

ZC} =(1+0.31+0.16,+0.2+0.4+0.23,1+0.33+ 0.2+ 0.25+ 0.5+ 0.25,

=1

1+0.36+0.27+0.33+0.67+0.27) = (2.3,2.53,2.9),n =1,2...6;

Table 6
Fuzzified initial decision matrix for expert 1
Criteria C1 C2 Cs Ca Cs Cs
(2.8,3, (3.75,5, (152, (3.73,4,
Gt | LD 3.2) 6.25) (3:45) 2.5) 4.27)
(0.31,0.33, (2.25,3, (283, | (0.31,0.33, (1,2,
C 0.36) (L1 3.75) 3.2) 0.36) 3.5)
(0.16,0.2, | (0.27,0.33, (0.16,0.17, | (0.22,0.33,
Cs 0.27) 0.44) (LLD) 1 (026051) | 74 1g) 0.67)
(0.2,0.25, | (0.31,0.33, (0.13,0.2, | (0.47,0.5,
Ca 0.33) 0.36) (1,2387) | (1LY 0.4) 0.54)
(04,05, (2.8,3, (5.6,6, (2.5,5, (5.6,6,
Cs 0.67) 3.2) 6.4) 7.5) (110 6.4)
(0.23,0.25, | (0.29,0.5, (0.16,0.17,
Cs 0.97) D (15345) |(1872213) © ¢ 18) (1,1,1)
i cj | 3253, ((7.478169.| (15120, |(11.43155, | (3.263.87, |(13.021383,
= 2.9) 20) 25.77) 19.83) 4.62) 16.38)

Next, the fuzzy numbers were divided by a collection of columns, using standard
fuzzy arithmetic:

. 1 1 1
23 = (===, =) =(0.35,0.4,043
(CJ 266525323 " )

Then column addition is done:

Zéil =(0.35+0.3+0.15+0.15+0.33+0.23,0.39+0.37+0.25+ 0.26 + 0.52 + 0.29,

i=1

0.43+0.43+0.41+0.44+0.77+0.35) = (1.5,2.08,2.84),n =1, 2...,

The other values are shown in Table 7.
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Table 7
Values of AHP methods
n
Criteria | Cu C Cs o Cs Ce >C
i=1
C. (0.35,0.39,/(0.30,0.37,|(0.15,0.25,|(0.15,0.26,|(0.33,0.52,|(0.23,0.29,|(1.50,2.08,
0.43) 0.43) 0.41) 0.44) 0.77) 0.35) 2.84)
Cs (0.11,0.13,/(0.11,0.12,|/(0.09,0.15,|(0.14,0.19,|(0.07,0.09,|(0.06,0.14,|(0.57,0.83,
0.15) 0.13) 0.25) 0.28) 0.11) 0.29) 1.22)
Cs (0.06,0.08,|(0.03,0.04,|(0.04,0.05,{(0.01,0.03,|(0.03,0.04,|(0.01,0.02,|(0.18,0.27,
0.12) 0.06) 0.07) 0.09) 0.05) 0.06) 0.44)
Cs (0.07,0.1, |(0.03,0.04,| (0.04,0.1, |(0.05,0.06,|(0.03,0.05,/(0.03,0.04,|(0.25,0.39,
0.14) 0.05) 0.26) 0.09) 0.12) 0.04) 0.7)
Cs (0.14,0.2, |(0.30,0.37,| (0.22,0.3, |(0.13,0.32,{(0.22,0.26,((0.34,0.43,|(1.34,1.88,
0.29) 0.43) 0.42) 0.66) 0.31) 0.53) 2.64)
Cs (0.08,0.1, |(0.03,0.06,((0.06,0.15,|(0.09,0.13,{(0.03,0.04,{(0.06,0.07,|(0.36,0.55,
0.12) 0.13) 0.3) 0.19) 0.05) 0.08) 0.87)

The final values of the weight coefficients were obtained by dividing the sum of
the rows with the number of criteria (n):

SGn=(2 298 288 250346,0473)
2 6 6 6

The steps shown are the standard steps of the AHP method, which resulted in the

fuzzy weight coefficients of the criteria for the first expert
(W,,j=1,..6,e=12,..11), Table 8.

Table 8
Fuzzy weight coefficients obtained using expert data 1
Criterion W,,e=1
C1 (0.25, 0,346, 0.473)
C2 (0.096,0.138,0.203)
Cs (0.031,0.045,0.073)
Cs (0.042,0.065,0.017)
Cs (0.224,0.313,0.44)
Cs (0.06, 0.092,0.145)

In order to compare the obtained results, the defuzzification of the obtained values
was performed for the first expert and the normalization of value was done. The
values of weight coefficients obtained from the comparison of the first expert are
shown in Table 9.
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Table 9
Comparative overview of weight coefficients obtained by classical and fuzzy AHP method
Fuzzy AHP
g gﬁspsical Defuzzification Ds;uz:ifilca_tion De~fuzzifilca_tion De~fuzzifilca_tion
£ W, applying 1japplying | Wy applying | W,;applying Rank
G |method i, . expression 5, | expression 5, | expression 5,
expression 4 2=0 1=0.5 =1
Cy | 0.346 0.339 0.350 0.341 0.334 1
C, | 0.138 0.139 0.138 0.138 0.140 3
Cs | 0.045 0.047 0.044 0.046 0.048 6
C4 | 0.065 0.071 0.063 0.070 0.074 5
Cs | 0313 0.310 0.316 0.311 0.307 2
Cs | 0.092 0.094 0.089 0.094 0.097 4

The differences observed between the application of classical AHP method and
the fuzzy AHP methods are not large. Essential differences are noticed on the
second and third decimals of weight coefficients, even though they represent
minor differences. These differences also depend on the approach to fuzzification
of the fuzzy weight coefficient of the criteria. The table provides two approaches
or four budgets. As seen from the table, classical comparison in pairs is still
dominant in the application of the method, while the degree of conviction is only
an ancillary. These differences increase when multiple researchers use the
analysis.

In further work, we calculated the weight coefficients for each expert. The
obtained results were aggregated so one fuzzy number was obtained, which
describes the weight coefficients, and which by using expression (5) is
defuzzified. The final values of weight coefficients are given in Table 10.

Table 10
Final weight coefficients of the criterion
Criterion | Final weight coefficient (W) Rank
C1 0.351 1
(07) 0.113 3
Cs 0.063 6
Cs 0.074 5
Cs 0.318 2
Ce 0.081 4

After defining the weight coefficients, using the fuzzy MABAC method ranking
of the alternative was performed. Ten alternatives are ranked. The values for the
criteria C1, C2 and C5 are precisely defined, while the values for the criteria C3,
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C4 and C6 are defined with two fuzzy or Z numbers: A - which represents the
value of the fuzzy number and B - which represents the degree of the conviction

of the experts in the described values. The initial matrix of decision-making (X )
is shown in Table 11.

Table 11
The starting matrix of decision-making in ranking alternatives

Alternative'A‘It.emative Ci|C ~ = - ~ = ~ | Cs ~ G -
index A B| A |B A | B

Blogs AL 5 | 4 |(455055)| VM | (4555) | M | 0.1 |(25,3,35)] M
Facebook A 7 | 5 ((859095)| M ((354,45)| V [1721| (4555) | M
Youtube As 4 | 3 |(90,95,100) S ((3.5,4,45)| VV |1325|(2.5,3,3.5)| VV
Twitter Ay 51| 4 ((283338)| S |(354,45) S |342((35445) S
LinkedIn As 3 | 3 |(29,34,40)| VM |(3.5,4,45)| M | 380 |(1.5,2,2.5)| VM
Pinterest As 5 | 3 |(22,27,32)| VV |(25,3,3.5)| VV | 73 |(3.5,445) V
Flicker Ar 4 | 3 |(71217) | V |(25335) S |120((25,3,35) S
Instagram As 7 | 31(81,8691)| S |(2.53,3.5)| VM | 500 | (455,5) | VM
Wikipedia Ao 1|1 ((5156,61)| VV |(1.5,2,2.5)| VM |1500| (1,1,1) \Y
Vimeo Ao 4 13 0,4,9) M [(354,45) V | 40 ((2.53,35) VV

In the next step, the phasing of linguistic expressions was performed using the
scale shown in Figure 6. The display of the obtained values is given in Table 12.

Table 12
Fuzzified initial decision matrix by application of Z numbers in the ranking of alternatives

Alter- Cs Cs Cs
Alternative | native| C1 | C2 = = = = Cs - -
index A B A B A B
Blogs A | 5| 4 | (4550,55) |0.067| (4.555) |0.25| 0.1 |(2.5,3,3.5)| 0.25
Facebook | A2 | 7 | 5 | (85,90,95) |0.25|(3.5,4,4.5)|0.75 |1721| (4.5,5,5) | 0.25
Youtube | As | 4 | 3 |(90,95,100) | 0.5 |(3.5,4,4.5)|0.933|1325|(2.5,3,3.5)| 0.933
Twitter As | 5| 4| (28,3338) | 0.5 |(3.54,45)| 0.5 | 342 |(3.5/4,4.5)| 05
Linkedln | As | 3 | 3 | (29,34,40) |0.067|(3.5,4,4.5)| 0.25 | 380 |(1.5,2,2.5)| 0.067
Pinterest | As | 5 | 3 | (22,27,32) |0.933|(2.5,3,3.5)|0.933| 73 |(3.5,4,4.5)| 0.75
Flicker Ar | 4| 3| (7,12,17) |0.75((2.5,3,3.5)| 0.5 | 120 |(2.5,3,3.5)| 0.5
Instagram | As | 7 | 3 | (81,86,91) | 0.5 |(2.5,3,3.5)[0.067| 500 | (4.5,5,5) | 0.067
Wikipedia| As | 1 | 1 | (51,56,61) |0.933|(1.5,2,2.5)|0.0671500| (1,1,1) | 0.75
Vimeo Aw | 4| 3 (0,49) ]0.25|(3.54,45)[0.75| 40 ((2.5,3,3.5)| 0.933

Using the expression for transferring Z-numbers into standard fuzzy numbers, a
new fazified initial matrix of decision-making is obtained, Table 13.
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Table 13
Fuzzified initial matrix of decision making using classic fuzzy numbers

Alternative Altiilrg:)t(ive Ci|C Cs Cs Cs Cs

Blogs | A1 |54 (0'910.‘;'612'?33' (Zgi_j"r" 0.1 (1f§$'5'
Facebook| A. | 7|5 (2'2255' (3'052537';‘64' 1721 (222?5'
Youtbe | As | 4|3 (1'7;i'725';21' (3'3ﬁéf7'§64' 1325 (2'4;§§i§398'
Twitter | A« |5 | 4 (2'4; .::,822.?28, (2'437_ 51’52'3328' 342 (2'4; i’822'§28'
Linkedin | As | 3| 3 (0'910.1612'?33' (1.75,2,2.25) | 380 (0'352;%?16’
Pinterest | As | 5 | 3 (2'4;2'821?98' (2'431_2;398' 73 (3'05;5’7';‘64'
Flicker | A |43 (2'13?3;1';-’98' (1'726_3'725')121' 120 (1'7;?1’725';21'
Instagram | As | 7 | 3 (1'7262'72521' (0'632;?4;75' 500 (O'gﬁgz'()m’
Wikipedia| As | 1|1 (0'9(5257'?66' (O'?’géfé‘;’m' 1500 (0'852&3566'
Vimeo | Aw | 4 | 3 |(12515175) (3'033_;537';‘64' 40 (2'4;2’;'1898'

After defining the initial decision matrix with standard fuzzy numbers, the
application of the fuzzy MABAC method is performed. The final rank of the
alternative is shown in Table 14.

Tablel4
Final rang of alternatives

Defuzzification DeNfuzzifica_tion Deifuzzifica_tion Deifuzzifica_tion
Alternative /e W; applying Wyjapplying | W,;applying | W,;applying |-
index. . expression 5, | expression 5, | expression 5,
expression 4 =0 =0 5 =

Blogs A1 -0.063 -0.072 -0.063 -0.055 6
Facebook | Az 0.476 0.467 0.477 0.486 1
Youtube Az 0.182 0.164 0.181 0.199 2
Twitter As 0.084 0.069 0.084 0.098 4
LinkedIn As -0.169 -0.177 -0.169 -0.161 10
Pinterest | As 0.024 0.005 0.023 0.042 5
Flicker A7 -0.079 -0.095 -0.080 -0.064 8
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Instagram | As 0.104 0.094 0.104 0.114 3
Wikipedia | Ao -0.157 -0.161 -0.157 -0.153
Vimeo A1o -0.079 -0.095 -0.079 -0.064 7

Regardless of which model of defadification is taken, the ranking alternative has
not changed. However, a deeper analysis suggests that there are differences from
one to another defadification, and that under certain circumstances the ranking of
the alternative could be altered, primarily when it comes to the close values of the
output parameters. The ranking of the first four alternatives were approved by the
experts, who were interviewed independently of the application of the method.
Matching expert views suggest that the model accurately depicts real world. On
the other hand, the significance of the model is reflected in the ranking of other
alternatives, as for other alternatives experts had very different views.

An unavoidable step in modeling is the assessment of its sensitivity. The
sensitivity assessment was done by changing the weight coefficients of the
criteria, using different scenarios, wherein each scenario the second criterion was
favorable [62]. The display of weight coefficients according to the scenarios is
given in Table 15.

Table 15
Weight coefficient in a different scenario
Criterion So S1 S2 S3 Sa Ss Se
C1 0.351 0.5 0.1 0.1 0.1 0.1 0.1
C2 0.113 0.1 0.5 0.1 0.1 0.1 0.1
Cs 0.063 0.1 0.1 0.5 0.1 0.1 0.1
Ca 0.074 0.1 0.1 0.1 0.5 0.1 0.1
Cs 0.318 0.1 0.1 0.1 0.1 0.5 0.1
Ce 0.081 0.1 0.1 0.1 0.1 0.1 0.5

The values obtained by applying different scenarios are given in Table 16.

Table 16
Ranking of alternatives by applying different scenarios

Altern. So S1 S2 S3 Sa Ss Se

index | w WO W T W W ] W k] W |k
A1 |-0.063|6|0.002 (6] 0.046 | 5-0.178 | 8 |-0.034| 7 |-0.164 |10{-0.094| 7
Az 0476110402 (1{0413 1| 0312 {1|0.339|1|0503|1|0.277|1
As 0.182{2(0.091|5|0.102 | 3| 0.154 |4]|0.268 | 2 | 0.300 |2 (0.221 | 3
Ay 0.084 {4|0.143 |3 0.187| 2| 0.253 |2|0.149| 3 | 0.056 | 4 ({0.198 | 4
As |[-0.169(10|-0.206|9|-0.128| 9 | -0.253 | 9 |-0.150| 8 |-0.150 | 9 {-0.281| 9
As 0.024 {5(0.125|4| 0.069 | 4| 0.246 |3|0.138 | 4 |-0.024 | 6 |0.252 | 2
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A7 |-0.079(8|-0.026(8|-0.015| 7 | 0.114 |5|-0.025| 6 |-0.097 | 7 |0.015 | 6
As |0.104(3|0.162 |2|-0.027|8 | 0.025 |6|-0.173| 9 |-0.021 | 5 |-0.121| 8
Ao |-0.157|9 [-0.388|10(-0.377 |10| -0.312 ({10|-0.349 (10| 0.061 | 3 {-0.290| 10
A |-0.079|7|-0.019|7|-0.008| 6 |-0.056|7|0.118 |5 |-0.109 |8 |0.111 |5

By analyzing the obtained results, it can be determined that there are differences in
ranks when applying different scenarios, which indicates that the model is
sensitive to changes. It is noted that alternative A2 is always ranked as the first
one, which can indicate the insensitivity of the model, but the specific values of
the output results are in favor of the sensitivity of the system. In support of this,
the results obtained with scenario number 6, where the values of the first three
ranged alternatives are very close. A constant rank of Alternative A2 indicates the
dominance of the input parameters of this alternative relative to others by all
criteria. The highest ranking range is present in the alternative A8, where the
ranges go from 2 to 9, and alternatives A9 where the ranges go from 3 to 10. In
other alternatives, this ranking range is much lower. All of the above indicates that
the model can tolerate even minor errors in defining the weight coefficients of the
criteria.

For the mathematical determination of the correlation of ranks, the values of
Spirman's coefficient were used:

6 D?
S=1-—\=— (11
n(n“-1)

where is:
S - the value of the Spirman coefficient,

Di - the difference in the rank of the given element in the vector w and
the rank of the correspondent element in the reference vector,
n - the number of ranked elements.

The rank of each criterion - the alternative is determined based on the weight
coefficient vector w=(wz, Wy, ..., Wp).

Spirman's coefficient takes values from the interval [-1,1]. When the ranks of the
elements completely coincide, the Spirman coefficient is 1 ("ideal positive
correlation™). When the ranks are completely opposite, the Spirman coefficient is -
1 ("ideal negative correlation"), that is, when S = 0 the ranks are unregulated.

Table 17
Spirman's coefficient values
So S1 S2 S3 Sa Ss Se
So - 0.915 0.782 0.782 0.685 0.636 0.721
S1 - - 0.733 0.806 0.588 0.455 0.673
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S - - - 0879 | 0939 | 0418 | 0.915
Ss - - - - 0.867 | 0539 | 0.903
S - - - - - 0455 | 0.952
Ss - - - - - - 0.430
Ss - - - - - - -

As seen from the table of Spirman's coefficient values, they are very high in a
large number of cases. It can be said that there are no unordered ranks, which
leads to the same conclusion as after the analysis of the previous picture, i.e., that
the model can tolerate even minor errors in defining the weight coefficients of the
criteria.

Conclusion

The Ministry of Defense of the Republic of Serbia uses a criteria selection and
ranking methodology in choosing the social media platforms it uses in
communication with the public. Statistical indicators and analyses of the usage of
social media by the public administration of the Republic of Serbia, which are
conducted annually by the Office for Electronic Administration of the Republic of
Serbia and the Faculty of Organizational Sciences of the University of Belgrade
[63], identify the Ministry of Defense as the most efficient governmental
institution in the application of social media.

Further development of social media ranking methodology can be articulated in
two directions: Firstly, the development of an application using set criteria and
weight factors for automatic ranking according to the described methodology, thus
speeding up data calculation and giving the experts the opportunity to correct
errors in criteria and weight factors assessment. Secondly, the selection process
and the number of criteria affecting ranking can be further improved in direct
dependence on future development and usage of social media on a global level.
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