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Te essential principles in sustainable development are information and communication technology and their infuence on the
country’s economic progress. In essence, in culture, politics, economics, and society, information and communication technology
are the driving force behind globalization. Tis has a signifcant impact on the emergence of the network society and cross-
national awareness, and it is the primary driver behind global markets. A descriptive-analytical method is used in a scrolling
manner, and a scientifc approach is taken from the methodology’s standpoint. ICT companies in a selected region of Iran were
surveyed in a questionnaire survey. “Success” in ICT standard setting is discussed in this study. A fuzzy analytical hierarchy
process (FAHP) and VIKOR methods were used to analyze data and prioritize the benefcial factors that contribute to the success
of ICT companies. Twenty fve ICT companies were evaluated using these methods. Utilizing the expert’s opinion and previous
research, 21 criteria into fve categories were elicited and estimated near Tehran (Qom), Iran’s capital. In this research, native
infuential factors are compared with other countries’ general vital factors, which are distinct from previous studies. Based on the
results, in-company management factors, technological and marketing factors, fnancial costs, government policies, and native
features were the most important critical factors. As signifcant factors that infuence the success of ICT companies, employee
involvement, teamwork, customer focus, the state of the economy, and confict of interest between governmental and private
sectors were selected.

1. Introduction

Te current entrepreneurial environment is characterized by
ever-increasing competition, which is incited by globaliza-
tion and the spread of free markets. Currently, there is an
attempt to recuperate economies and enterprises from the
global economic crisis. Increasing economic efciency and
reducing costs are essential for every business entity. It is
more important than ever for the feld of research, devel-
opment, and innovation to develop new ideas. [1]. In ad-
dition to the efect of information and communication
systems on economic growth, hope can be generated within
the societies that develop this industry even with the limited

resources and a large proportion of the population can use
educational programs by being covered by this industry. In
addition to the perpetuation of innovation, information and
communication system can boost economic, commercial,
and investment opportunities and fnally lead to the welfare
of citizens [2]. In the current world circumstance, there is a
necessity for a better perception of world changes and
selecting the policies in line with the active involvement in
the information and communication community as a
strategic option for the policymakers and planners of all
countries. In this respect, studying the success factors of
companies active in this feld gains more importance and
checking these factors and utilizing them can make a great
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contribution to the countries’ economic growth and in-
creasing employment rate [3]. Information and communi-
cation technology is growing at a rapid pace in the world,
especially in developing countries. For instance, according to
the reported statistics by the international communication
union in 2011 (2000–2010), the number of telephone lines
per 100 people (as an ICT measuring indicator) has in-
creased by 187%, 107%, and 255% for all the countries
around the world, developed, and developing countries,
respectively [4].Te number of Internet users per 100 people
has also increased by 153%, 102%, and 235% for all the
countries around the world, developed, and developing
countries, respectively [5]. Between the years 2002 and 2010,
the ratio of the families that had access to the Internet has
been increased by 75%, 62%, and 123% for all the countries
around the world, developed, and developing, countries,
respectively. To study the success factors of the information
and communication frms in this research, the experts in this
feld were interviewed while the literature was reviewed
about the countries including Iran, South Korea, Malaysia,
Portugal, Tunisia, Romania, and the USA to extract the
critical success factor of companies in this feld.

Firm ranking is a critical activity in the business com-
munity. Firms typically desire to know their relative position
within their segment in order to implement the suitable
strategy. Organizations in developed countries play this role.
Generally speaking, there is no capital market in Iran to rank
enterprises; instead, the Industrial Management Organiza-
tion releases an annual list of the top hundred frms.
Implementing an efective model that makes use of various
factors is crucial due to the ranking’s weaknesses. Te
MCDM model is used in the current study to evaluate
Iranian ICT enterprises. Tis method was known as fuzzy
AHP, which combines both logic and AHP approaches. Te
proposed strategy makes it simple to tackle the challenge of
evaluating performance. In the VIKOR method, in order to
rank and fnd the best alternative, it uses the concept of the
worst alternative, and the degree of compromise between the
distance of the options was compared to the best option, and
for this reason, it is classifed as a compromise planning
method. Compared to the TOPSIS method, this method
takes into account the importance of the optimal distance
compared to the best case and the worst case in calculating
the distances of the options. VIKOR and TOPSIS methods
use diferent types of normalization to remove measurement
units, while the VIKOR method uses linear normalization
and the TOPSIS method uses vector normalization. Te
normalized value in the VIKORmethod does not depend on
the standard measurement unit, while the normalized values
by the TOPSIS method may depend on the standard
measurement unit. Te VIKOR method prioritizes or ranks
alternatives by evaluating options based on criteria. In the
VIKOR technique, the criteria are not weighted, but the
criteria are evaluated through other methods, and then, the
alternatives are evaluated and ranked based on the criteria
and by combining the values of the criteria. In this model,
there are always several diferent alternatives, which are
evaluated independently based on several criteria, and f-
nally, the alternatives are ranked based on value. Te main

diference between the VIKOR technique and the AHP
method is that, unlike those models, pairwise comparisons
between criteria and options are not made in these models,
and each option is independently measured and evaluated by
a criterion. On the contrary, one of the weak points of the
ELECTRE method is the use of the minimum threshold to
calculate the efective coordination and inconsistency ma-
trix. Terefore, the change in the amount of the threshold
limit changes the answers of the problem to a large extent.
Generally speaking, this method does not give us the
complete and fnal ranking and is limited to presenting the
best options.

Te structure of this study is as follows: literature and the
research history are done in Section 2, the research model
and assumptions are done in Section 3, research method-
ology and the fuzzy method are discussed in Section 4, a
numerical example and the province understudy are in-
troduced in Section 5, research results are analyzed and
compared with similar research studies in Section 6, and a
conclusion is performed in Section 7.

2. Literature Review

Similar research studies about the success of ICT companies
in countries such as Malaysia, South Korea, Romania, the
Czech Republic, Sweden, Portugal, and the USA are studied
in this section. Not only success factors of ICT companies
have been studied in many of the research studies but also
the relation between those factors and economic growth and
efciency of the countries have been surveyed. In some
papers, internal factors of companies including managerial
and technical factors have been studied too. In some other
papers, external factors such as governmental policies, rules,
regulation, and government confdence have been analyzed
too [3]. Chong studied 11 success criteria for ICTcompanies
in Malaysia based on knowledge management and stipulates
that all these are efective on corporations’ success with
diferent values of efect. Te criteria are the education of
employees, involvement in activities, teamwork, empower-
ment of employees, top management leadership and com-
mitment, employees’ trust, information system
infrastructure, performance measurement, benchmarking,
and elimination of organizational constraints [6]. Marinescu
et. al. have mentioned major fnancial criteria of net working
capital, total asset, turnover, and total owner’s equity as the
four important and efective factors for the growth of the
ICT frms in Romania. Tey have used mixed innovative
econometrics to prioritize some strategies that will lead to
the success of ICT frms [7]. Hong has performed a study
similar to the previous study in South Korea and has pointed
out that investment and ICT industry development in the
private sector is more powerful in comparison to the public
sector [8]. Igari conducted a comparative examination of
Denmark and Japan, citing aspects such as the growth of
user-oriented services, among others. Strong government
initiatives (clear national strategies focusing on ICT usage/
utilization and ICT-promoting mechanisms and policies),
technologies that contribute to societal infrastructure
(personal ID and digital signature systems), conficts of
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interest between the private and public sectors, and frm
founders’ awareness of country regulations are important
and efective factors for the development of the ICT industry
in society among the people. Because of cultural, social, and
political considerations, he has selected Denmark as the
more successful country [9].

Alreemy et. al. have proposed fve critical success factors
in ICT including strategic alignment, environmental efects,
organizational efects, executive management, and fnancial
resources management. Analysis, futurology, and detection
of existing potentials within the current and future market
for ICT development are the important factors, which are
studied in this research [10]. Jacobs has focused on the
importance of teamwork and marketing development in
diferent situations of ICT frms and found teamwork, at-
titude, and personal behavior of group members necessary
for achieving success [9]. Njoh has studied connection
between modern technologies of ICTand their development
in African countries using linear regression. In this research,

the efect of telephone, cell phone, Internet, wireless tech-
nology, etc., on development of this industry and its relation
with economic growth of developing and developed
countries has been studied [10]. Parka et al. had evaluated
low costs, competiveness, social support, focus on services
required by the customer, and marketing to present new
products as the success factors in ICT [11]. Edquist and
Henrekson have surveyed the efect of research and devel-
opment units on ICT frm’s performance in increasing
Sweden’s added value and economic growth [12]. Carnarella
and Miller have introduced country’s economic status,
initial investment value, and corporation size as the efective
factors of their research in the USA. By a nonlinear model,
they have claimed that the growth of ICT frms is directly
related to their size [13]. Finally, Zhang and Li have in-
vestigated local access to the Internet, telephone, cell phone,
and their direct efect on private businesses [14]. Rouyen-
degh has employed B-FAHP and fuzzy TOPSIS to identify
the best option among three competing farming methods

Corporation Size

Market Volume

Interaction with 
universities

neighborhood to the 
capital city

Industrialization of the 
province

Presence of religious 
and educational centers

Conflict of interest between 
private and public sectors

Governmental rules and 
regulations

Firm’s managers’ awareness with 
observing regulation and countries 

policies

Government supporting
Domestic softwares and applications

Trust and creativity of 
group members

High creativity and executive 
power

Employing 
multidisciplinary staff

Employee involvement
and teamwork

Budget allocation for 
R&D

Initial investment for founding the 
corporation

Country’s economic status

Increasing facilities for 
providing technological 
services for the end users

Focus on customer’s needs and 
marketing to present new 

products

Research and futurology for 
discovering existing potentials in 

present and future market to develop 
this industry

In-company 
managerial 

factors

Economic 
and 

financial 
cost

Technologic
al and 

marketing 
factors

Native features

Government’s
Policies 

ICT

Employee empowerment by 
training

Figure 1: Research conceptual model.
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[15]. Based on the performed literature review, documents,
and interviews with experts, efective factors for business
development of information and communication technol-
ogy corporations are extracted as seen in conceptual Fig-
ure 1. Five factors in form of managerial and internal factors,
technological and marketing factors, fnancial and economic
factors, governmental policies, and local indicators about the
region under study (Qom) were studied as the main success
factors for the ICT frms. According to the opinions and
experience of the experts, 21 subcriteria in these fve groups
were identifed, as shown in Figure 1.

Taghipour has used two diferent methodologies for
selection of suppliers for speech recognition products in IT
projects, IF-VIKOR, and q-ROF TOPSIS for speech rec-
ognition software supplier selection and then he compared
these methods [16]. Moreover, Piya has shown us that the
green score is calculated based on the integrated fuzzy AHP-
TOPSIS method, which is an efective approach in MCDM
[17]. Daneshvar Rouyendegh has tackled the process of
efciency measurement using multiattribute decision-
making (MADM) processes where a sequential algorithm is
proposed [18].

Te process of efciency measurement is tackled using
multiattribute decision-making (MADM) processes where a
sequential algorithm is proposed.

3. Research Model and Assumptions

Te main goal of this research is to detect and prioritize
efective criteria for success of information and communi-
cation technology company, categorizing and ranking them
by utilizing the fuzzy AHP method. Main questions asked in
this research are as follows:

What are criteria and subcriteria that are efective in the
success of the ICT frms? What is the weight of each de-
termined criteria? How is the prioritization of the success
factors based on determined criteria? How is the executive
model of quality level evaluation of the frms active in this
feld?

Te main assumption is “there is a meaningful rela-
tionship between determined criteria in quality level eval-
uation of ICT’s frms and the efective factors on their
success.” Hence, regarding the determined criteria and
conceptual model, this research looks for determination of
the relation between the criteria detected to be efective on
the success of corporations in this feld. Highlighting the
efective factors on the success of the businesses related to
information and communication technology especially for
the people who tend to trigger these types of company is the
main goal of this research. If the founders of the corpora-
tions know that consuming energy in which sections can
take them closer to success and prevent dissipation, pro-
fusion and allocation of resources to the sections with lower
levels of importance will have a signifcant role in sustainable
success of the frms in the long term. From the point of view
of the purpose, this research is classifed as “applied” in the
sense that we can discover the efective elements on the
success of ICT enterprises by employing its fndings. In this
research, information was collected by the two methods of

feld study and library study. In the feld study method,
relation between the variables was detected by the experts’
opinion. To collect information by library, methods such as
reading diferent books on information and communication
technology to fnd similar papers, studying multicriteria
decision-making methods, and scrolling methods such as
questionnaires, interviews, and using experts opinions were
used and success factors were ranked using fuzzy AHP. Tis
method has advantages such as a comprehensible unit
pattern, procedure repetition, consensus and integration of
judgments, interaction between factors forming options,
combining the utility of options, analytical and systematic
approach, noninsistence on linear thinking, hierarchical
structure, and measuring nontangible items in the conduct
and determination of priorities. To convert qualitative criteria
to quantitative ones and couple comparison of each sub-
criterion with others, selected solutions can describe by two
types of criteria, namely, quantitative criteria (such as price,
income, and distance) and qualitative criteria (such as social
image, hardness, security, and beauty). Tere are diferent
methods to convert qualitative criteria to quantitative ones.
One general method to measure qualitative criteria is interval
scale (bipole interval scale) as described in Table 1.

Tis measurement is based on an eleven-point mea-
surement, where zero has the least value and 10 has the most.
Tis measurement is used for criteria with positive aspect and
the more the desirability, the more the numerical value. It is
necessary to note that the numbers 2, 4, 6, and 8 have the
values between two values. In addition, 0 and 10 are the least
used because they give absolute quantity to a variable. Tis
type ofmeasurement is done based on the assumption that the
interval between two consecutive value (e.g., the interval
between low and very low and the interval between high and
very high) is equal. It is assumed that the score nine is triple as
much as score three. Combination of values (addition, sub-
traction, multiplication, and division) is allowed for diferent
values because the diferences between two values are the
same for each criterion. To determine the importance of each
subcriterion in comparison to others, paired comparison
questionnaire was created using the restorative method, and
the importance of each criterion was determined in com-
parison to others based on the opinion of experts, university
professors, and corporate executives. Te tables with con-
sistency higher than 0.1 were evaluated and checked again.
Finally, numbers’ consistency and fnal results of less than 0.1
were obtained. Research steps are shown in Figure 2.

Te purpose of this study is to assess the performance of
18 ICT enterprises in a selected region of Iran (QOM).
Consequently, each year the enterprise with the best per-
formance is determined. To this end, an integrated method
based on fuzzy AHP and VIKOR is presented for evaluating
the performance of Iranian ICTcompanies. Te frst step for
decision makers is to establish the relevant criteria with

Table 1: General method of measurement.

0.1 2, 3 4, 5 6, 7 8, 9
Very low Low Medium High Very high
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which to evaluate the various ICT companies. Te perfor-
mance evaluation problem should be able to be described by
the criteria and alternatives (Iranian ICT frms). Te per-
formance of Iranian ICT frms must be evaluated, so it is
crucial that the evaluation committee carefully consider the
abovementioned criteria. Determining the criteria and al-
ternatives should be followed by setting up the problem as a
hierarchical structure for decision makers. Te complex
decision-making problem that is currently in existence must
be broken down into more manageable components at
various levels by the hierarchical structure. Te levels of the
hierarchical structure can be determined by the chosen
criteria. Te target level addresses “evaluating the perfor-
mance of Iranian ICT frms.” Diferent criteria that have an
impact on performance evaluation are addressed at Level 2
(the criteria level).

4. Research Methodology

In multicriteria decision-making issues, Saaty’s AHP [19]
solely employs the pairwise comparison matrix to analyze
ambiguity. Tere is a condition in some problems that some
experts are used to evaluate some options regarding the
certain criteria or subcriteria to achieve a correct selection
between the options and achieve the goal. Te hierarchy
analysis method that is described in this section was pre-
sented by Chang et al. [20]. To describe a specifc decision

situation completely, an AHP can have the same number of
levels as expected. Tere are a number of practical attributes
that make AHP a useful system. A decision maker needs to
be capable of assessing subjective judgments, various deci-
sion makers, and the consistency of their inclinations in
diferent situations [21]. We assume that each expert is asked
to assess two criteria on a scale of one to ten in terms of the
importance of the alternatives in contrast to one another and
to choose the more signifcant option. Tis number is classic
and does not have a fuzzy nature; hence, the paired com-
parison matrix is created in the form of

A � aij􏽨 􏽩 �

1 a12 · · · a1n

1
a12

1 · · · a2n

⋮ ⋮ ⋱ ⋮

1
a1n

1
a2n

· · · 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (1)

We assume that there are n experts. As shown in
equation (2). L,M, and U show the minimum possible, most
likely, and the maximum possible value of a fuzzy number,
respectively.
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Figure 2: Te proposed methodology.
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We assume that there are n experts and Bijk is the
judgment of the expert number k about the relative im-
portance of two criteria. Equations (2) and (3) are used to
establish fuzzy numbers as follows:

􏽥uij � Lij, Mij, Uij􏼐 􏼑,

Lij ≤Mij ≤Uij,

Lij,

Mij,

Uij ∈
1
9
, 1􏼔 􏼕∪ [1, 9],

(2)

Dummy

Lij � min Bijk􏼐 􏼑,

Mij � n

������

􏽙

n

k�1
Bijk

􏽶
􏽴

,

Uij � max Bijk􏼐 􏼑.

(3)

Now, paired comparison matrix is formed as equation
(4). Tis matrix contains fuzzy numbers as expressed as
follows:

􏽥A � 􏽥aij􏽨 􏽩 �

1 􏽥a12 · · · 􏽥a1n

1
􏽥a12

1 · · · 􏽥a2n

⋮ ⋮ ⋱ ⋮

1
􏽥a1n

1
􏽥a2n

· · · 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (4)

Ak is the fuzzy judgment matrix of expert k and aij is the
fuzzy evaluation between criterion i and criterion j of expert
number k which shows the relative importance of criteria Ci
and Cj given by expert k.

So, the fuzzy number is related to the comparison be-
tween C1 and C2.Te judgments of all experts are considered
in calculation of this number. Fuzzy numbers are shown in
form of intervals after the establishment of of paired
comparison matrix using triangular fuzzy numbers or using
the concept of α cut. If α� 0, meanwhile, there will be the
largest interval or the highest level of uncertainty. If α� 1,
the desired interval will be a number that shows the smallest
level of uncertainty. In this method, if α� 1, the fuzzy
number will be a classic one that is the middle number of two
triangular fuzzy numbers. As mentioned before, Mij is the
geometric mean of the expert about comparison of com-
ponent i and component j. Now, we assume that α� 0 and

the relative fuzzy number will be calculated as [lij, lij]. To
convert this interval to a classic number, λ can be viewed as
the degree of a decision-maker’s pessimism [22], which is
calculated using the following formula:

a
α
ij􏼐 􏼑

λ
� λl

α
ij +(1 − λ).u

α
ij􏽨 􏽩, 0≤ λ≤ 1, 0≤ α≤ 1. (5)

Saaty [19] suggests a consistency test to verify conformity
of the calculation results. To calculate consistency rate (CR),
eigenvalue λmax of the single pairwise comparison matrix
should frstly be determined. After fnding λmax values of
consistency index, (C.I.) and CR can be obtained as follows:

Cons.lnd �
λmax − m

m − 1
, (6)

Dummy

cons.Ratio �
Cons.lnd

RI
. (7)

If the relative matrix is n� 3, CR has to be less than 0.05,
and if it was n� 4, CR must be less than 0.08, and generally
speaking, if the matrix is n> 5, CR must be less than 0.1 in
order to allow us to declare appropriate consistency for the
matrix. After checking the matrix consistency, the weights
must be calculated. To do so, the mean for each row (Mi) has
to be extracted:

A
α

( 􏼁
λ

� a
α
ij􏼐 􏼑

λ
􏼔 􏼕 �

C1

C2

⋮

Cn

1

a
α
21( 􏼁

λ

· · ·

a
α
n1( 􏼁

λ

a
α
12( 􏼁

λ

1

⋮

a
α
n1( 􏼁

λ

· · ·

· · ·

⋱

· · ·

a
α
1n( 􏼁

λ

a
α
2n( 􏼁

λ

1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

M1

M2

⋮

Mn

. (8)

Dummy
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Mi � n

��������

􏽙

n

j�1
a
α
ij􏼐 􏼑

λ

􏽶
􏽴

,

S � 􏽘

n

i�1
Mi.

(9)

As it is observed, the summation of Mi is called S and
Equation (10) is used for calculation of the compared ele-
ment i. Ten, weight vector for paired comparison matrix is
determined in Equation (11):

wi �
Mi

S
, (10)

Dummy

W � w1, w2, . . . , wn( 􏼁. (11)

4.1. VIKORMethod. Te VIKOR approach was designed as
a multiattribute decision-making method to tackle a discrete
decision-making issue with noncommensurable (diferent
units) and competing criteria, and it was introduced as one
appropriate strategy to be used inside the MCDM problem
(Opricovic and Tzeng [23] and Opricovic Tzeng [24]) Tis
method was developed based on Lp-metric [25]:

Lpi � 􏽘
n

j�1

f∗j − fij􏼐 􏼑

f∗j − f−
j􏼐 􏼑

⎡⎢⎣ ⎤⎥⎦

p⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭

1/p

, 1⩽p⩽∞; i � 1, 2, . . . , m.

(12)

Te ranking metrics are composed of L1, I, and L∞. Te
VIKOR technique is broken down into the following steps
[26].

Step 1 : we calculate normalized quantities utilizing
Equation (13).

Suppose there are m alternatives and n criteria:

fij �
xij

�������
􏽐

v
j�1 x

2
ij

􏽱 . (13)

Step 2 : we fnd the best, f∗, and worst, f –j, quantities for
each criterion.

If we suppose the jth function illustrates a beneft, af-
terwards, f ∗j �max fi (or setting an aspired level) and
f–j �min fij (or setting a tolerable level). On the contrary, if
we suppose that the jth function illustrates a cost/risk, so
f∗j � minfij (or setting an aspired level) and f−

j � maxfij
(or setting the tolerable level).

Step 3 : we determine the relative importance of each of
the criteria.

We compute the weights of the criteria to represent their
relative importance. In this study fuzzy AHP was employed.

Step 4 : we compute the values Si and Ri, i� 1,2,. . .,m, by
the following equations:

Si � 􏽘
n

j�1
wj

f
∗
j − fij􏼐 􏼑

f
∗
j − f

−
ij􏼐 􏼑

,

Ri � max wj

f
∗
j − fij􏼐 􏼑

f
∗
j − f

−
j􏼐 􏼑

⎡⎢⎢⎣ ⎤⎥⎥⎦,

(14)

where wj are the weights of criteria, expressing their relative
importance.

Step 5 : we compute the values Qi, i� 1, 2,. . .,m, by the
following relation:

Qi � v
Si − S
∗

( 􏼁

S
−

− S
∗

( 􏼁
+(1 − v)

Ri − R
∗

( 􏼁

R
−

− R
∗

( 􏼁
, (15)

where

S
∗

� min
i

Si,

S
−

� max
i

Si,

R
∗

� min
i

Ri,

R
−

� max
i

Ri.

(16)

Using V as the weight for “the majority of criteria” (or
“the maximum group utility”), let us assume that it equals 0.5.

Step 6 : we sort the alternatives by values S, R, and Q in
decreasing order and rank them. Tree ranking
lists emerge from the research.

Step 7 : if the following two conditions are met, we
consider alternative A′, which is ranked as the
best alternative by the measure Q(Minimum), as
a compromise solution.

First condition: acceptable advantage is given as follows:

Q A″( 􏼁 − Q A″( 􏼁≥
1

m − 1
, (17)

where A″ is the alternative ranked second in the ranking list
by Q and m is the number of alternatives.

Second condition: acceptable decision-making stability is
that the alternativeA″must also be the best ranked by S or/and
R. Within a process of decision-making, this compromise
solution is stable. Tis compromise resolution is stable inside a
decision-making process such as “vote bymajority rule” (where
v> 0.5 is required), “by consensus” (v 0.5), or “with veto” (v
0.5). Te weight of the decision-making method “the majority
of criteria” (or “the largest group utility”) is v in this case.

A set of compromise solutions are suggested if one of the
conditions is not met, and they are as follows:

If only condition 2 is not met, then alternatives A′ and
A″ are available oralternatives A′, A″, A(M); if condition 2 is
not satisfed, A(M) is determined by the relation Q(A(M)) −

Q(A′)< 1/m − 1. For maximum M, the positions of these
alternatives are ‘‘in closeness” [27, 28].
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5. Information on the Information Technology
Businesses in Qom

Te fuzzy AHP method is now used to quantify the im-
portance weight of the criteria that will be used in VIKOR
after the criteria for evaluating the performance of Iranian
cement frms have been established. Qom province includes
one county and fve cities. Information technology has no
role in occupation and employment in this province (or
equal to 0.1%, that is about 10 to 15 people in whole fve
cities). Te total trade of this feld of technology is related to
the city of Qom, and it was formed after the year 1990 with
the foundation of the Islamic sciences computer research
center and was giving out lots of computers to the students
of Islamic sciences to buy, sell, and establish software and
content in Qom. About fve institutes and shops were ac-
tivated from 1990 to 1992 in hardware and software services.
Te establishment of more job opportunities was accelerated
by the activities of these organizations and the investment of

Islamic science centers. Regarding the importance of Qom
province in information and communication technology, 21
subcriteria were identifed in fve critical criteria. Criteria
and subcriteria importance comparisons were made by
questionnaire. Answers to the questionnaire are inputs of
the fuzzy AHP model. Fuzzy AHP combines the input
comparison data and uses the mean answers to analyze the
criteria. Te normalization and calculation of weight vectors
follow this approach. To establish paired comparisonmatrix,
45 questionnaires were distributed among the university
professors, corporate managers, and their marketing man-
agers and 34 questionnaires were flled and sent back by
them.Te weight of all criteria and subcriteria are calculated
the same. To create paired comparison matrix from 34
questionnaire flled by senior experts of information and
communication technology, all elements of the matrix were
calculated using equation (5). Tis matrix is the same as
matrix 4:

A �

(1, 1, 1) (0.11, 1.53, 8) (0.11, 1.34, 8) (0.11, 0.85, 9) (0.25, 2.26, 9)

(0.125, 0.64, 9) (1, 1, 1) (0.14, 1.86, 8) (0.11, 0.95, 6) (0.2, 292, 8)

(0.12, 0.73, 9) (0.12, 1, 7) (1, 1, 1) (0.12, 1.76, 9) (0.12, 1.73, 9)

(0.11, 1.15, 9) (0.16, 1.16, 9) (0.11, 1.25, 6) (1, 1, 1) (0.12, 1.12, 9)

(0.11, 1.15, 4) (0.12, 1.076, 5) (0.11, 1.15, 8) (0.14, 0.63, 8) (1, 1, 1)

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

. (18)

Tis matrix is then converted to interval fuzzy numbers
using α_cut concept (α was assumed 0.5 in this example):

A �

(1, 1) (0.82, 4.76) (0.72, 4.67) (0.48, 4.92) (1.25, 5.63)

(0.34, 4.82) (1, 1) (1, 493) (0.53, 3.47) (2.74, 5.46)

(0.42, 4.86) (0.56, 4) (1, 1) (0.94, 5.38) (0.92, 5.36)

(0.63, 5.075) (0.61, 5.08) (0.68, 3.62) (1, 1) [0.06, 2.06]

(0.58, 2.52) (0.6, 3.03) (0.63, 4.57) (0.38, 4.3) (1, 1)

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

. (19)

A p coefcient λ is defned in this stage regarding
equation (5) to convert the matrix containing fuzzy

information to a paired comparison matrix with classic
numbers λ, which was assumed to be equal to 5 in this
example:
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2.79 � [4.76(0.5 − 1) + 0.82∗ 0.5],

2.69 � [4.67(0.5 − 1) + 0.72∗ 0.5].
(20)

All matrix elements are calculated the same to create
matrix 6. Te calculation result is as follows:

A � aij

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌 �

1 2.79 2.69 2.70 3.44

2.60 1 2.96 2.03 4.1

2.64 2.28 1 3.16 3.14

2.85 2.84 2.15 1 2.06

1.55 1.81 2.60 2.34 1

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

. (21)

CR � 0.135 and it has an acceptable consistency.
Now, the weights of the criteria are calculated using
the obtained paired comparison matrix from Equation
(6):

M1 �

��������������������
1∗ 2.79∗ 2.69∗ 2.703.44

√

1
� 2.89,

w1 �
2.89
12.95

� 0.223,

M2 �

�������������������
2.60∗ 1∗ 2.96∗ 2∗ 4.1

√

1
� 2.81,

w2 �
2.81
12.95

� 0.216,

M3 �

����������������������
2.64∗ 2.28∗ 1∗ 3.16∗ 3.14

√

1
� 2.78,

w3 �
2.78
12.95

� 0.214,

M4 �

����������������������
2.85∗ 2.84∗ 2.15∗ 1∗ 2.06

√

1
� 2.44,

w4 �
2.44
12.95

� 0.188,

M5 �

���������������������
1.55∗ 1.81∗ 2.6∗ 2.34∗ 1

√

1
� 2.03,

w5 �
2.03
12.95

� 0.156.

(22)

Table (2) shows the weight of the criteria and the priority
of the main factors, and Figure 3 represented the weights of
the criteria and subcriteria:

Wc � W1, W2, W3, W4, W5( 􏼁 � (0.223, 0.216, 0.214, 0.188, 0.156).

(23)

5.1. Implementation of VIKOR. Te VIKOR method eval-
uates ICT frms after the criteria weights have been deter-
mined. Special attention should be paid to the sizing of the
companies ranked in the ICT industry [31]. Following this,
the values of Si and Ri, which represent the distance with the
best and worst solutions, are computed in Table (3) using
Equations (12) and (13), respectively.

As can be seen in Table (4), VIKOR values are calculated
for other alternatives.

Value of VIKOR for (FA) frm with V� 0.5 will be
computed as follows:

Q1 � 0.5 ×
0.7361 − 0.8435
0.4100 − 0.8435

+(1 − 0.5) ×
0.1479 − 0.1846
0.1202 − 0.1846

� 0.404.

(24)

Similarly, the values of VIKOR are calculated for other
alternatives and are shown in Table 5.

Te best (F∗) and the worst (F−) values for all criteria are
shown in Table (4). Similarly, the values of VIKOR are
calculated for other ICT frms and are shown in Table (5)

Te best rank can be provided as a compromise solution
if acceptable advantages and stability are met. Because it was
rated top in Si and Ri, FQ company was more signifcant
than the average distance and met both the criterion of
“accepted advantage” and “acceptable stability,” as shown in
Table (6). Te weight of the “majority of characteristics”
strategy has been introduced as the parameter v [30]. Te
value of V is assumed to be 0.5. It is vital to note thatm has a
signifcant impact on business rankings [23]. To validate the
obtained results, a sensitivity analysis on v is performed in
the interval [0,1]. Table 1 shows the consequences of varying
the value of v (6). According to the results, FQ and FR are the
best-ranked frms, and FJ and FK are the worst-ranked frms
for all values of v.

Tere are diferences in the ranking of ICT enterprises
when v is modifed. Tis investigation revealed that the
recommended methodology’s acquired fndings are
trustworthy.

6. Results’ Analysis

Te results of this research show factors that can be helpful
in the success of the ICT frms if we invest in them. Focusing
on internal organization management and establishing a
cordial atmosphere among the employees to enhance
teamwork and increase trust between them are the most
basic and essential factors in the critical success of a com-
pany. As shown in Table 6, the confdence and creativity of
the team members have the second rank among the critical
factors which approve the result of the work done by Jo et al.
[31]. In their research of Chong in Malaysia, he also pointed
out organizational and internal factors as important factors

Table 2: Weights of criteria and global priority.

Rank Weight Criteria
1 0.223 Managerial and internal factors
2 0.218 Technological and marketing factors
3 0.214 Financial costs
4 0.188 Government policies
5 0.156 Local features
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efective on the success of ICT frms [6]. Igari mentioned two
factors, namely, managerial and internal factors and gov-
ernment policies, as the top critical success factors in his
comparison study. Studying the results of this research

shows that organizational factors and the inner potentials of
a corporation have the leading role in its success. Broadly
speaking, development from the technical, high fnancial
income, and marketing aspect are the consequences of

Final 
priorities 
of success 
factors of 

ICT’s 
firms

In-company and managerial factors
W=0.223

(C1)

Technological and Marketing factors
W=0.218

(C2)

Financial and Economic Costs
W=0.214

(C3)

Government Policies
W=0.188

(C4)

local features W=0.159
(C5)

Employee involvement and teamwork w=0.245

Trust and creativity of group members w=0.216

High creativity and executive power w=0.209

Employing multidisciplinary staff w=0.201

Employee empowerment by training w=0.207

Focus on the customer’s needs

Research and futurology to discover the exiting potentials in present 
and future market 

Increasing facilities to provide technological service for the end users

Economic status of the country 

Budget allocation for R&D 

Initial investment for founding the corporation

Conflict of interest between private and public sectors 

Governmental rules and regulation 

Firm’s managers’ awareness with observing regulation and countries 
policies 

Government supporting Domestic software and applications 

Industrialization of the province 

Market volume 

Corporation Size 

Neighborhood to the capital city 

Interaction with university 

Presence of educational and religious centers 

w=0.370

w=0.331

w=0.305

w=0.423

w=0.343

 w=0.223

w=0.293

w=0.263

w=0.185

w=0.257

w=0.198

w=0.186

w=0.168

w=0.164

w=0.160

w=0.119

Figure 3: Final prioritizing of the criteria and subcriteria.
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correct organization and management of a corporation and
its employees that, if focused, can be helpful for the business.
A country’s economic status acts as the suitable infra-
structure for activities of the corporations that are on top of
fnancial and economic factors. Canarella and Miller [13]
stated the USA economic recession in 2007 as a factor of
beneft reduction of the ICT frms and mentioned the
country’s economic status as the most efective success factor
of the corporations. Furthermore, the corporation’s tech-
nical development and provision of better services is

attention to the research and development unit and allo-
cation of proper budget to it. Next to this factor, increasing a
frm’s technical capability in line with suitable marketing for
service provision in this feld will lead to the growth of
corporations’ business environment and dynamic of the
corporation. Edquist and Henrekson [12] also mention the
founding and performance development of this unit within
the corporation as one of the main preconditions of
founding the frms. General status of the country’s economy
and attention to performing researches to achieve more

Table 3: Values of Si and Ri.

Alternatives Si Ri

FA 0.7361 0.1479
FB 0.4951 0.1581
FC 0.5932 0.1778
FD 0.7648 0.1621
FE 0.5253 0.1235
FF 0.5742 0.1524
FG 0.4653 0.1275
FH 0.6792 0.1832
FI 0.6491 0.1553
FJ 0.6293 0.1846
FK 0.8435 0.1642
FL 0.6452 0.1702
FM 0.7276 0.1413
FN 0.6923 0.1623
FO 0.7373 0.1453
FP 0.7645 0.1632
FQ 0.4092 0.1412
FR 0.5212 0.1202

Table 4: Best and worst value of criteria.

C1 C2 C3 C4 C5

C11 C12 C13 C14 C15 C21 C22 C23 C31 C32 C33 C41 C42 C43 C51 C52 C53 C54 C55
F∗ 2.91 1.88 0.41 0.18 0.52 0.81 0.32 5.23 0.87 0.76 1.23 5.21 1.34 0.64 0.94 1.66 0.67 0.87 1.23
F− 0.28 0.07 0.003 0.79 0.12 0.20 3.98 1.47 0.16 0.10 0.17 0.09 0.07 0.01 0.03 0.35 0.17 0.18 0.21

Table 5: VIKOR method result.

Alternatives Qj Rank
FA 0.406 11
FB 0.227 5
FC 0.409 10
FD 0.491 15
FE 0.141 4
FF 0.283 6
FG 0.089 2
FH 0.495 16
FI 0.310 7
FJ 0.463 14
FK 0.583 18
FL 0.421 12
FM 0.379 8
FN 0.437 13
FO 0.397 9
FP 0.498 17
FQ 0.084 1
FR 0.103 3

Table 6: Firms are ranked according to their V values.

V� 0 V� 0.25 V� 0.5 V� 0.75 V� 1
FR FR FQ FQ FQ
FE FG FG FG FG
FG FE FR FR FB
FM FQ FE FE FR
FQ FB FB FB FE
FO FF FF FF FF
FA FI FI FI FC
FI FM FM FC FI
FF FO FO FL FJ
FB FA FC FJ FL
FD FN FA FN FH
FP FD FL FM FN
FN FL FN FH FM
FK FP FJ FO FA
FL FC FD FA FO
FC FK FH FD FP
FH FH FP FP FD
FJ FJ FK FK FK
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technical knowledge and initial investment are also the next
factors of growth and development of corporations. One of
the diferences of this research with others is covering most
of the important criteria that are important in success of
companies. In most research studies, managerial factors,
fnancial costs, and governmental policies are studied sep-
arately. Considering these factors all together can provide
more suitable overview for prioritizing the criteria. Results
of this research proved that selected policy for facilitating
business environment is the fourth efective factor on ICT
frms. Conficts of interest between private and public
sectors, approved laws of this feld, government supporting
domestic products, and managers’ awareness of the rules of
business environment are the subset factors of govern-
ment’s policies. For example, Igari conficts of interest
between private and public sectors with governmental rules
are on the top of factors related to the government’s policy
about success of these companies. However, an important
achievement of this research is the evaluation of role and
position of native features and characteristics in devel-
opment of business environment in ICT that is well shown
and has lower role and position in comparison to four other
factors. In this study, it is worth to point out that a factor
that has been especially focused on is native features that
are not found in other research studies. Results of this
research clearly show that success in this feld is largely
independent of geographical and local factors. Despite
important characteristics such as neighborhood to the
capital city and presence of religious centers, these factors
have low ranks among the factors efective on the success of
an ICT’s frms. Generally speaking, managerial factors and
organizing the company, high technical capability for
provision of new products, and services and powerful
marketing are the most growth factors of a corporation
active in the feld of information and communication
technology. Te most signifcant subcriteria among the
primary elements are employee engagement and collab-
oration; we focus on customer demands, country’s eco-
nomic position, conficts of interest between private and
governmental sectors, and the province’s industrializa-
tion. In other words, internal variables such as govern-
ment policies, rules, and natural characteristics are more
essential than exterior elements such as government
policies, rules, and native features. It is necessary for ICT
business managers and founders to evaluate and prioritize
these criteria in order to achieve success.

 . Conclusion

Information and communication technology points to the
technology that facilitates remote access to information. It is
a technology that is correlated with human life. Information
technology includes processes such as production, pro-
cessing, saving, data recovery, transfer, and rate. In addition,
it consists of elements such as software, hardware, computer
systems designers, producers, electronic components, and
computer device suppliers. Innovation and creativity caused
change or improvement of these elements. Technology has

caused workforce development in the society, innovation
development global education infrastructure change, and
improvement of human and mechanical connections
throughout the world. Hence, research on the success factors
of the active corporations in this feld gains importance. Te
study presents the phases of development and application of
multicriteria decision-making models. Te defnition of
criteria of importance for selection of the most efcient ICT
frm’s using the hybrid MCDM method was performed.
Utilizing an integrated fuzzy AHP–VIKOR method and the
FMCDM method, 21 factors across fve categories were
evaluated and prioritized based on literature review and
interviews. In the case of ICT companies, the investigation
and evaluation of their performance can be simplifed by
using the FMCDMmethod. Results showed that managerial
and interorganization factors have the most important roles
in the success of ICT frms. Economy, fnancial costs, and
technological factors are in the next levels. Te infuence of
the components on each other may be examined using ANP
in the future, and comparing various additional MCDM
approaches such as SAW, TOPSIS, ELECTRE, PROM-
ETHEE, and ORESTE in a fuzzy environment can be used to
prioritize the criteria, with the results being compared.
Examining the impact of local characteristics in various parts
of the nation can provide similar conclusions. Additionally,
the proposed method can be applied to assess other seg-
ments [34–36].
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[31] P. Marešová and J. Kacetl, “Innovations in ICT in the Czech
republic with focus on a chosen region,” Procedia - Social and
Behavioral Sciences, vol. 109, pp. 679–683, 2014.

[32] P. Sadorsky, “Information communication technology and
electricity consumption in emerging economies,” Energy
Policy, vol. 48, pp. 130–136, 2012.

[33] P. L. Yu, “A class of solutions for group decision problems,”
Management Science, vol. 19, no. 8, pp. 936–946, 1973.

[34] P. Ruivo, J. Rodrigues, M. Neto, T. Oliveira, and B. Johansson,
“Defning a framework for the development of ICTservices
nearshoring in Portugal,” Procedia Computer Science, vol. 64,
pp. 140–145, 2015.

[35] M. Sadok, R. Chatta, and P. Bednar, “ICT for development in
Tunisia: “Going the last mile,” Technology in Society, vol. 46,
pp. 63–69, 2016.

[36] T. Niebel, “ICT and economic growth – comparing devel-
oping, emerging and developed countries,” World Develop-
ment, vol. 104, pp. 197–211, 2018.

Mathematical Problems in Engineering 13




