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ABSTRACT Though many organizations have turned to developing and using business
intelligence systems, not all have been successful in implementing such systems. These systems
have social-technical dimensions with many elements and are very complicated. Numerous
studies have been carried out on implementation and employment of business intelligence, but
in the past studies only specific aspects and dimensions have been addressed. The aim of this
study is to identify key factors in the implementation process of business intelligence in the
Iranian banking industry. The present research is objectively applied as a survey study in
implementation strategy. Also it is a descriptive study in terms of the research plan and data
collection where two documentary and field study methods have been used for collecting data.
The statistical population of this study comprises experts and professionals in information
technology who are active in implementing solutions for business intelligence in the banking
industry of Iran. In this study, 16 people were chosen based on non-random judgment sampling
combined with targeted and snowball sampling as a statistical sample and their viewpoints
were extracted and refined using the Fuzzy Delphi Technique. First through studying past
research records and reviewing literature of effective factors in implementing business
intelligence process, 37 factors were identified. Then by implementing five rounds of the Fuzzy
Delphi Technique, 39 factors were confirmed as significant among 37 factors affecting the
business intelligence implementation process in past studies and 10 factors proposed by experts.
Also, these 39 factors were classified in nine main groups including organizational, human, data
quality, environmental, system ability, strategic, service quality, technical infrastructure, and
managerial factors. Managers and executives of business intelligence projects in Iran's banking
industry can achieve the given objectives and results by considering such significant factors in
planning and taking measures related to effective implementation of business intelligence.

KEYWORDS Banking industry, business intelligence, fuzzy Delphi technique, implementing
business intelligence, key factors

1. INTRODUCTION in information systems management, mixed
with progressive organization culture and
placed in the forefront of information
technologies in supporting decision making. In

In recent years, business intelligence
technologies have become a significant concept



order to have a quick reaction to the market
changes, organizations need managerial
information systems to make different causal
analyses about an organization and its
environment. Meanwhile, business intelligence
systems, which are the most complicated
information systems, provide a tool based on
which information needs of the organization
are properly fulfilled. In fact, business
intelligence systems provide updated, reliable
and sufficient trade information making it
possible to deduct and understand concepts
lying in trade information through process of
discovery and analysis (Azoff and
Charlesworth 2004).

Gartner (2009), a leading company in
business analysis, carried out research on 1500
information senior managers throughout the
world and identified business intelligence as
the first priority of technology. Thus,
implementation and establishment of business
intelligence systems have turned into a major
priority for organizations’ information senior
managers (Yeoh and Koronios 2010). But
implementation of business intelligence
systems, like other organizational solutions for
information technology, had different results in
different companies. Some organizations have
reported that their business intelligence
systems have been successful while others
reported that they failed in its implementation
(Sangar and Iahad 2013). In fact today many
organizations have adopted  business
intelligence systems for improving decision
making process, however, not all
implementations have been successful despite
being used by so many organizations (Zare-
Ravasan and Rabiee 2014).

Implementation of information systems at
organization level has been a vital step that
can lead to disorder and problems in the
organization, especially regarding
implementation of business intelligence
systems where there are more complications
and problems since such systems relate to
decision making, which is a complex and
abstract task influenced by an environment’s
potential and condition. Implementing a
business intelligence system requires diverse
infrastructure and is financially considered to
be an expensive project implemented
throughout an organization. Research shows
that about 50-70 percent of business
intelligence projects fail at the stage of
implementation (Tagwa and Noori 2014). In
fact, implementing business intelligence
technology is often accompanied by much

6

suffering of failures leading to waste of time
and resources (Bargshady et al. 2014). Thus,
while the market for business intelligence
seems turbulent, establishment of business
intelligence systems is complicated and
expensive. Generally, development and
implementation of business intelligence has
high risks and hazards for organizations
(Farrokhi and Pokoradi 2012). Therefore,
despite the fact that implementing business
intelligence has become a major priority for
organizations’ information senior managers,
not all have been successful in its
implementation (Yeoh and Koronios 2010).
Though most studies have been carried out
on information systems to increase the
understanding of information technology
implementation and evaluate information
technology, involvement in  improving
organizational performance and effectiveness,
the majority of these studies consider
implementation to be one of the general phases
of technology transfer while for successful
implementation it is required that each phase
is considered and their activities are taken into
account (Lai and Mahapatra 1997). Based on
studies on business intelligence literature,
different studies have been carried out on
different fields including: vital factors of
implementation success (Zare Ravasan and
Rabiee 2014; Hwang et al. 2004; Yeoh and
Koronios 2010; Ariachandra and Watson 2006;
Olsak and Ziemba 2012; Yeoh and Popovic
2015; Hawking 2013; Vodapali, 2009),
application and implementation of business
intelligence (Ramarkrishnan et al. 2012;
Popvic et al. 2012; Seah et al. 2010; Boyer et al.
2010; Wixom and Watson 2001; Grubljesic,
2014; Doodly 2015; Chasalow 2009), system
performance (Lin et al. 2009), business
intelligence system adoption (Ramamurty et
al. 2008; Hwang et al. 2004), capabilities and
applications of business intelligence (Isik et al.
2013; Moro et al. 2015; Isik et al. 2011),
intelligence maturity (Najmi et al. 2010;
Popovic et al. 2009), implementation readiness
factors (Bagshady et al. 2014; Anjariny et al.
2012), and performance evaluation (Lin et al.
2009; Rouhani et al. 2012). But in each of these
studies, implementation and establishment of
business intelligence process has been
examined in a different dimension, angle and
aspect. In fact, in these studies, business
intelligence implementation has not been
inclusively examined by a systemic and holistic
approach. Thus, the present study examines
factors affecting the implementation process of
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business intelligence based on process theory
and approach. Therefore, it has identified and
classified factors through studying related
literature and considering factors affecting the
implementation process of business
intelligence such as organization readiness,
system design and development, project
management, system adoption, system
abilities and intelligence maturity in the
Iranian banking industry environment. In fact,
the main problem in this study is to identify
key effective factors in the implementation
process of business intelligence in the banking
industry of Iran.

2. RESEARCH: THEORETICAL
PRINCIPLES AND BACKGROUND

In this section, given the subject, problem and
methodology, the Iliterature and research

history including business intelligence,
business intelligence in the banking industry,
factors  affecting  business intelligence

implementation, Delphi method and fuzzy sets
are reviewed.

2.1 Business intelligence

Business intelligence is an umbrella term
introduced by Howard Dresner of Gartner
group in 1989 as a series of concepts and
methods which, using fact-based computer
systems, lead to improved decision making
(Rouhani et al. 2012). Business intelligence is
a comprehensive concept through which the
whole organization decides to use information
systems in the most effective manner in order
to acquire timely and high quality information
for decision making so that competitive
advantages are created (Hocevar and Jaklic
2010). In the age of information explosion and
information system formation and
development in organizations, insular or
integrated, the appropriate use and report
making of information is an inevitable
necessity. Thus, due to competitive economy
and business, making organizational data
meaningful and facilitating decision making
process has been at the center of attention of
experts in information technology and
management science and business
professionals (Howson 2008). Since the
introduction of business intelligence,
information systems have witnessed fast
growth of systems and decision support
software applications, as well as business
intelligence systems, while organizations
started moving toward a business intelligent
environment to have a single image of reality

through organizational data presented by the
integrated architecture (Isik 2010).

Companies have increasingly recognized the
significance of information technology as an
enabler to achieve their own strategic
objective. Regarding this, the concept of using
information systems to support decision
making has been companies’ objective since the
introduction of business based computer
technologies. One information system with a
specific purpose is named the “decision support
system”. Decision support systems are
responsible for providing timely, related
information with analytical abilities for
managers’ effective decision making. With
increased demands for information systems for
supporting decision making terms have been
used such as data warehouse, knowledge
management, data mining, participation
systems, online analytical processing and
finally business intelligence systems, which
covers all of the preceding terms (Hawking
2013). Business intelligence systems are an
integrated collection of tools, technology and
programmed products used for -collecting,
integrating, analyzing, and accessing data. In
simple words, the main tasks of business
intelligence systems include intelligent
exploration, integration, storage and multi-
dimensional analysis of data taken from
different information sources (Olszak and
Ziemba 2007).

2.2 Business intelligence in the
banking industry

Banking is a dynamic market with changing
customer demands, intense competition, a need
for strict control and management of risk.
These are only some of the business
environment features where modern banks do
their operations. Better decision making
management and processes in such a market
determine the success or failure of banks.
Thus, it is important to use business
intelligence solutions in banks to provide
decision makers with information sources in all
of the bank’s business sections in order to take
action for solving problems and to have timely,
high quality decision making (Erfani 2013). In
fact banks need related and timely information
to adapt to the new challenges of the
complicated dynamic environment. To do so,
banks collect data from different inside and
outside sources while business intelligent tools
lead to intelligent decision making using
information technologies such as online
analysis and data mining in the complicated



banking environment. Implementation of
business intelligence systems in banks begins
with collection, improvement and refinement of
daily operational data from inside and outside
sources while more low-cost data help banks
use business intelligence possibilities to boost
their relationship with customers, attract
potential customers, and increase growth. In
fact, business intelligence effectively relates
business strategy to information technology to
make use of the present infrastructure of
information technology and skills (Curko and
Bach 2007).

Banking is an arena where plenty of data is
produced, thus, business intelligence
applications can potentially benefit banks and
increase the validity of this study. On the
whole, banking has been significant as an
active industry in adopting innovations related
to information systems and technologies so
that banking areas such as credit evaluation,
branches’ performance, electronic banking, and
customer retention and classification have
excelled in widely applied concepts of business
intelligence and data mining techniques, data
warehouse, and decision support systems
(Moro et al. 2015).

2.3 Factors affecting business
intelligence implementation

Implementing business intelligence systems
can be very complicated. In addition to common
problems in implementing information
systems, there are other complicated problems
such as integration, security, system
scalability, managing the data warehouse,
analysis tools and dashboards. Generally there
are many problems regarding business
intelligence  implementation, the  most
significant of which include: system
development and need for integration, profit
and cost and its justification, confidentiality
and legal problems, present and future of
business intelligence, business process
management, documentation and security of
support systems, and moralities in failure of
business intelligence projects (Turban et al.
2011). The costly and difficult project of
business intelligence is distinct from other
information technology projects in some
fundamental aspects. The key distinctions
identified between business intelligence
projects and other information technology
projects include: 1) these projects are business
based, 2) support of business and information
technology analysts is required in such
projects, 3) the perfect definition of project
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requirements 1s 1impossible, 4) project
management requires different approaches, 5)
implementing solutions of business
intelligence is the beginning of the work thus,
broad tests are needed for system assessment,
6) due to the connection of users to project tools,
changing management styles is vital, and 8)
establishment of business intelligence in
organizations is a program rather than a
project (Analytics 2010).

Moss and Atre (2003) suggested that 60% of
business intelligence projects have failed due to
inappropriate  planning, weak  project
management, non-fulfillment of business
requirements, undefined tasks, undesirable
data, not understanding the significance of
some parameters such as meta data, and those
that have been implemented were of low
quality (Moss and Atre 2003). In general, many
business intelligence application programs
have failed due to infrastructure, cultural,
organizational and technical problems. Also,
many business intelligence solutions have
failed due to the final users’ lack of access and
not effectively meeting the final users’ needs.
Business intelligence projects have also failed
due to not considering activities at the
organizational level, non-commitment of
business supporters, disinclination or lack of
access of business representatives, lack of
skillful and trained staff, lack of business
activity analyses, lack of understanding of the
impact of acquired information on business
profitability, and lack of using information by
users and staff (Chuah and Wong 2013).

As a whole it can be said that organizations
implement decision making support systems to
improve and deliver information required by
decision makers and to support decision
making activities. But results of studies
indicate that all these systems are not
successfully implemented, and predicted
interests are not always realized. Thus, it is not
surprising that business researchers and
experts have become sensitive about
determining key factors affecting
implementation (Hartono et al. 2007). In this
regard, it is said that the interventions to
improve the success of information technology
implementation is rooted in behavioral science,
which using theories and models determines
conditions and factors effective in its successful
use (Kukafka et al. 2003). Also, in the past
decades, contingency theory has become a
stabilized basis in information systems and
seven success variables in information systems
have been determined as basic factors
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including  size, environment, strategy,
structure, technology, duty and individual
characteristics. Size refers to the volume
indices, such as the number of employees or
amount of income. Environment refers to the
space around the system such as related
industries. Strategy refers to the information
property and quality of explaining the
company’s strategy. Structure refers to an
organization’s proportion to information
system structure. Technology refers to the type
of technology or complication of the
implemented technology. Duty refers to
various activities and their features, and
finally individual characteristics refers to
individual differences and their proportion to
information system activities (Raber et al.
2013).

In general, in this study with regard to
business intelligence system implementation
as a process, it can be noted that choosing
appropriate methodology for the system
development, project team formation, project
correct management and development
requirement identification are topics raised in
the system implementation stage. Success of
the implementation stage depends on previous
stages. When pre-implementation actions are
fully done and there is enough readiness, the

design and implementation stage begins. Post-
implementation actions for business
intelligence systems are summarized in topics
such as Dbusiness intelligence maturity,
continuous improvement, performance
management, and profitability of business
intelligence. This stage indicates that system
implementation in the organization is not
periodical (Tagwa and Noori 2014). Thus,
effective factors in implementing process of
business intelligence include different factors
in the implementing stage such as an
organization’s readiness, designing and
methodology of development, project
management, performance assessment and
system maturity, system adoption, system
capabilities, business and beneficiaries needs,
and environmental factors. Therefore, in the
present study, effective factors in
implementing processes of business
intelligence are reviewed through deep
examination of the theoretical and empirical
history related to the aforementioned
dimensions and aspects. Based on this study’s
results, a list of factors affecting
implementation of the process of business
intelligence with the most popularity in the
literature and research background 1is
presented in Table 1.

Table I List of factors affecting the business intelligence implementation process.

Factors References
Flexible and extensible technical (Ansari et al. 2014) ; ( Olbrich et al. 2012) ; (Yeoh and Koronios 2010) ; (Bargshady et al.
F1 infrastructure 2014) ; (Vodapall 2009) ; (Anjariny et al. 2012) ; (Sangar and lahad 2013) ; (Yeoh et al .

2008) ; (Watson and Wixom 2007)

Clear vision and objectives for (Bargshady et al. 2014) ; (Zare Ravasan and Rabiee 2014) ; (Ansari et al. 2014) ; (Hoseini et

2 business intelligence al. 2015) ; (Raisivanani and Ganjalikhan Hakemi 2015) ; (Yeoh and Koronios 2010) ;
(Vodapall 2009) ; (Anjariny et al. 2012 ) ; (Sangar and lahad 2013) ; (Yeoh et al. 2008) ;
(Dawson and Van Belle 2013)

F3 Planning and effective project (Bargshady et al. 2014) ; (Zare Ravasan and Rabiee 2014) ; (Hoseini et al. 2015) ;

management (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking 2013) ; (Vodapall 2009) ;

(Anjariny et al. 2012) ; (Sangar and lahad 2013) ; ( Yeoh et al . 2008) ; (Ojeda and
Ramaswamy 2014) ; (Ojeda-Castro et al. 2011) ; (Mungree et al. 2013)

F4 Senior manager’s commitment (Bargshady et al. 2014) ; (Piri,2014) ; (Zare Ravasan and Rabiee 2014) ; (Ansari et al. 2014)

; (Hoseini et al. 2015) ; ( Ramamurthy et al. 2008 ) ; (Hawking 2013) ; (Grubljesic 2014) ; (
Olbrich et al. 2012) ; (Yeoh and Koronios 2010) ; (Vodapall 2009) ; (Anjariny et al. 2012) ;
(Wixom and Watson 2001) ; (Hwang et el. 2004 ) ; (Seah et al. 2010) ; (Sangar and lahad
2013) ; (Dawson and Van Belle 2013) ; (Yeoh et al. 2008) ; ( Foshay and kuziemsky 2014) ;
(Yeoh and Koronios 2010) ; (Howson 2008) ; (Watson and Wixom 2007)
(Haqiqatmonfared and Rezaei 2011) ; (Ramamurthy et al. 2008) ; (Grubljesic 2014) ;
(Anjariny et al. 2012) ; (Sangar and lahad 2013) ; (Almabhoud and Ahmad 2010) ;
(Dawson and Van Belle 2013)

(Ronaqi and Feizi 2013) ; (Zare Ravasan and Rabiee 2014) ; (Hoseini et al. 2015) ;
(Haqiqatmonfared and Rezaei 2011) ; (Ronaqi et al. 2014) ; (Raisivanani and Ganjalikhan
Hakemi 2015) ; (Dooley 2015) ; (Yeoh and Koronios 2010) ; (Isik et al. 2011) ; (Sangar and
lahad 2013); (Almabhoud and Ahmad 2010 ) ; (Dinter et al. 2011) ; (Howson 2008)

and support

Usefulness and easy use of
F5 business intelligence system

The flexibility and speed of
response to changes in the
6 business intelligence system

F7 Strong and suitable framework (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking,2013) ; (Yeoh et 1. 2008)

for data governance and quality

(Babamoradi 2012) ; (Zare Ravasan and Rabiee 2014) ; (Ansari et al. 2014) ; (Hoseini et al.
2015) ; (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking 2013) ; (Grubljesic 2014) ;
(Vodapall 2009) ; (Anjariny et al. 2012 ) ; (Sangar and lahad 2013) ; (Almabhoud and
Ahmad 2010)

F8 User training
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(Zare Ravasan and Rabiee 2014) ; (Ronaqi and Feizi 2013) ; ( Ansari et al. 2014) ; (Hoseini
et al. 2015) ; ( Boyer et al. 2010) ; (Vodapall 2009) ; (Almabhoud and Ahmad 2010)

F9 User support
Fi10 Project leader and championship (Hawking 2013); (Seah et al. 2010); (Chasalow 2009); (Ansari et al. 2014); (Hwang et el.
to lead and facilitate 2004 ) ; (Yeoh et al. 2008) ; (Grubljesic 2014)
participation
Organization’s ability to provide (Piri 2014) ; (Zare Ravasan and Rabiee 2014) ; (Ansari et al. 2014) ; (Hoseini et al. 2015) ;
Fi1 sufficient resources (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking 2013) ; (Grubljesic 2014) ; (
Olbrich et al. 2012) ; (Anjariny et al. 2012) ; (Wixom and Watson 2001) ; (Watson and
Wixom 2007) ; ( Brooks et al. 2015)
Integration capability of (Nazari 2014); (Rouhani et al. 2012) ; (Ronaqi and Feizi 2013) ; (Ansari et al. 2014) ;
F12 business intelligence system (Hagiqatmonfared and Rrezaei, 2011) ; (Ronaqi et al., 2014) ; (Isik et al. 2013) ; (Dooley
2015) ; Mahlouji 2014) ; (Yeoh and Koronios 2010) ; ; (Isik et al. 2011) ; (Vodapall 2009)
Fi13 Analysis capability of business (Najmi et at. 2010) ; (Ronaqi and Feizi 2013) ; (Hoseini et al. 2015) ; (Ronaqi et al.,2014) ;
intelligence system (Mahlouji 2014)
Fi14 Role of organizational (Babamoradi 2012) ; ( Olbrich et al. 2012) ; (Almabhoud and Ahmad 2010 )
communications
Fi15 Level of automation and maturity (Ansari et al. 2014) ; (Hawking 2013) ; ( Olbrich et al. 2012) ; (Grubljesic 2014) ; ( Brooks
of organizational processes et al. 2015)
Fié6 Involvement of end users (Piri 2014); (Zare Ravasan and Rabiee 2014); (Hoseini et al. 2015); (Hagiqatmonfared and
Rezaei 2011); (Raisivanani and Ganjalikhan Hakemi 2015); (Hawking 2013); (Grubljesic
2014); (Olbrich et al. 2012) ; (Vodapall 2009); (Anjariny et al. 2012); (Sangar and lahad
2013); (Dawson and Van Belle 2013) ; (Lupu et al. 2007); (Watson and Wixom 2007)
Interaction and collaboration (Zare Ravasan and Rabiee 2014); (Ansari et al. 2014); (Khodaei and Karimzadehgan
F17 between business and Moqad.ar.n 2014); (Vodapall 2009); (Thamir and polis 2015); (Dinter et al. 2011) ; (Williams
information technology units and Williams 2004)
Fi18 Culture of continuous process (Khodaei and Karimzadehgan Mogadam 2014) ; (Lonnqvist and Pirttimaki 2006) ;
improvement (Williams and Williams 2004)
Engineering culture of decision (Khodaei and Karimzadehgan Mogadam 2014) ; (Popvic et al. 2012) ; (Williams and
F19 making process Williams 2004)
Culture of using information and (Najmi et at. 2010) ; (Khodaei and Karimzadehgan Mogadam 2014) ; ( Popvic et al. 2012) ;
F20 analytics (Grubljesic 2014) ; (Chasalow 2009) ; (Foshay and kuziemsky 2014) ; (Lonngvist and
Pirttimaki 2006 )
The use of iterative development (Ansari et al. 2014) ; (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking, 2013) ;
F21 approaches in business (Grubljesic 2014) ; (Derarpalli 2013) ; (Yeoh and Koronios 2010) ; (Anjariny et al. 2012) ;
intelligence projects (Castra and Ramaswamy 2014) ; (Howson 2008)
The alignment of business (Zare Ravasan and Rabiee 2014) ; (Khodaei and Karimzadehgan Mogadam 2014) ;
F22 intelligence strategy with (Hawking 2013) ; (.Bgyer et al. 2010 )‘; '(Yeoh and Koronios 2010) ; (Dinter 'ep al. 2011) ;
organization’s strategy (T?r.okh and Mohajeri 2012) ; (Esmaeili 2015) ; (Mungree et al. 2013) ; (Williams and
Williams 2004)
Laws and regulations related to (Ramarkrishnan et al. 2012) ; (Olbrich et al. 2012) ; (Sangar and lahad 2013)
F23 business requirements and
limitations
Quality and reliability of data (Olbrich et al. 2012) ; (Isik et al. 2011) ; (Vodapall 2009) ; (Anjariny et al. 2012) ; (Wixom
Fo4 resources and Watson 2001) ; (Almabhoud and Ahmad 2010); (Dawson and Van Belle 2013) ; (Ansari
et al. 2014) ; ( Thamir and polis 2015)
F25 Sharing and presentation of (Dooley 2015) ; (Hawking 2013) ; ( Popvic et al. 2012)
Information
Choosing technology and tools (Zare Ravasan and Rabiee 2014) ; (Hawking 2013) ; (Grubljesic 2014) ; (Vodapall 2009) ;
F26 appropriate to organization’s (Wixom and Watson 2001) ; (Sangar and lahad, 2013) ; ( Castra and Ramaswamy 2014) ;
conditions (Ojeda-Castro et al. 2011)
Effective change of management (Zare Ravasan and Rabiee 2014) ; (Ansari et al. 2014) ; (Hawking 2013) ; (Yeoh and
Fo7 Koronios 2010) ; (Vodapall 2009) ; (Almabhoud and Ahmad 2010 ) ; (Olsak and Ziemba
2012) ; (Williams and Williams 2004)
F28 Using outside consultants (Raisivanani and Ganjalikhan Hakemi 2015) ; (Hawking 2013) ; (Anjariny et al. 2012) ;
(Yeoh et al. 2008) ; (Yeoh and Koronios 2010) ; (Sangar and lahad 2013)
F29 Interaction with vendors and (Hawking 2013) ; (Sangar and lahad 2013)
choosing suitable suppliers
Balanced and strong (Ansari et al. 2014) ; (Hoseini et al. 2015) ; (Olbrich et al. 2012) ; (Yeoh and Koronios
F30 combination of project team 2010) ; (Vodapall 2009) ; (Anjariny et al. 2012) ; (Yeoh et al. 2010) ; (Almabhoud and
Ahmad 2010) ; (Ojeda - Castro and Ramaswamy 2014) ; (Ojeda - Castro et al. 2011)
F31 Competition setting in business (Grubljesic 2014); (Olbrich et al. 2012); (Yeoh and Koronios 2010); (Hwang et el. 2004)
F32 Skills of information technology, (Hawking 2013); ( Foshay and kuziemsky 2014 ); (Sangar and lahad 2013); (Friedman et
business and analytical al. 2003); (Cuza 2009); (Watson and Wixom 2007); (Tabarsa and Nazari poor 2014); (
Olbrich et al. 2012)
F33 Quality of access to information (Ronaqi and Ronaqi 2014); ( Popvic et al. 2012); (Dooley 2015 ); (Isik et al. 2011); (Isik et al.
2013)
F34 Quality of information content (Ronaqi and Ronagi 2014); ( Popvic et al. 2012); (Dooley 2015); ( Lin et al. 2009)
F35 The precision, accuracy, and (Ansari et al.,2014); (Hoseini et al. 2015); (Sangar and lahad 2013); (Almabhoud and Ahmad
perfectness of data 2010)
F36 User friendliness and easy (Hoseini et al. 2015); (Raisivanani and Ganjalikhan Hakemi 2015); (Sangar and lahad 2013)
learning of business intelligence
tools
F37 Precision of information at (Haqgiqatmonfared and Rezaei, 2011); (Dooley, 2015); (Isik et al., 2011); (Sangar and lahad

system output

2013)
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24 An overview of the Delphi
method

The Delphi technique is one of the
qualitative research methods used for
reaching consensus in group decision
making. Practically, the Delphi method is
a series of questionnaires or consecutive
rounds with controlled feedback
attempting to reach consensus among a
group of experts on a particular subject
(Hasson and Mckenna 2000). This method
relies on the supposition that consensus
among experts is stronger than individual
viewpoints. Thus, unlike survey research
methods, the Delphi method’s credit
depends not only on the number of
participants but on the scientific credit of
expert participants. Thus, a number of
participants between 5 and 20 would be
enough (Rowe 2001).

The classic Delphi technique has always
suffered low convergence of experts’
opinions, high implementation cost and
potential exclusion of some individuals’
viewpoints. Thus, the traditional Delphi
method concept of integration with Fuzzy
theory was raised and in this regard, fuzzy
Delphi method was invented by Kaufman
and Gopta in 1990s (Cheng and Yin 2002;
Hsu and Yang 2000). The Fuzzy Delphi
method application for decision making
and consensus on problems where
parameters and objectives are not defined
leads to valuable results. The significant
feature of this method is presenting a
flexible framework covering many
obstacles related to imprecision and
inaccuracy. Many problems in decision
makings are related to imperfect and
inaccurate information. On the other hand,

u(x) 4
1

O a b c x

Figure 1 Triangular fuzzy number.

decisions taken by experts are based on
their individual qualification and are
strongly subjective. Thus it is better for the
data to be displayed by fuzzy numbers
rather than definite numbers. The Fuzzy
Delphi method’s implementation rounds in
fact is a combination of Delphi method
implementation and analyses of
information using definitions of fuzzy sets
theory (Toy and Garai 2012).

2.5 Fuzzy sets

In order to deal with the vagueness of
human thought, Zadeh (1965) first
introduced the fuzzy set theory. A fuzzy set
is a class of objects with a continuum of
grades of membership. Such a set is
characterized by a membership function
which assigns to each object a grade of
membership ranging between zero and
one. Fuzzy sets and fuzzy logic are
powerful mathematical tools for modeling.
Fuzzy sets theory provides a wider frame
than classic sets theory, and this has
contributed to its capability of reflecting
the real world. Modeling using fuzzy sets
has proven to be an effective way for
formulating decision problems where the
information available is subjective and
imprecise (Kahraman et al. 2003b). It is
possible to use different fuzzy numbers
according to the situation. In applications,
it i1s often convenient to work with
triangular fuzzy numbers (TFNs) because
of  their = computational simplicity;
moreover, they are useful in promoting
representation and information processing
in a fuzzy environment. Therefore, in this
paper, we use triangular fuzzy numbers.
Triangular fuzzy numbers are a special
kind of fuzzy set. A triangular fuzzy
number can be denoted as: N = (a, b, c).
Figure 1 1is an illustration of the
membership function of a triangular fuzzy
number.

The membership function of triangular
fuzzy numbers is:

s if a<x<b;
b—a

u) =4 =X f p<x<gc
c—b
0 else

Particularly, when a = b = ¢, triangular
fuzzy numbers become crisp numbers.



That is, crisp numbers can be considered to
be a special case of fuzzy numbers
(Daghighi Masouleh et al. 2014). In this
paper, after the data were collected, the
fuzzy triangular numbers were converted
into absolute fuzzy numbers by means of
Minkowski.

3. RESEARCH METHODOLOGY

Since the results of the present study have
the potential of being applied to planning
and actions taken to implement business
intelligence in the banking industry of
Iran, this study 1is applied objective
research and a survey in implementation
strategy. Also, based on the research plan
and method of data collecting, it is a
descriptive study which uses two methods
of documentary and field studies for
collecting information. The statistical
population of this study comprises experts
and professionals in the field of
information technology who are active in
implementing solutions for business
intelligence in Iran's banking industry. In
the present study, 16 people were chosen in
a nonrandom judgment sampling combined
with targeted and snowball samplings as a
statistical sample. Using the fuzzy Delphi
method their opinions were extracted and
refined. Experts’ information was collected
using a questionnaire so that each expert
using the fuzzy approach expressed his/her
opinion on the level of significance of
factors affecting business intelligence
implementation as well as on how to
classify such factors in Liker fivefold
spectrum and through verbal variables
(very low, low, average, high and very
high).

Following the initial framework
preparation resulting from the research
literature review, a questionnaire was set
and designed. Then, 6 experts’ opinions
were used to evaluate the questionnaire.
They were university professors and
experts in information technology. Thus
following the review of the questionnaire
by these experts, their proposed ideas were
exerted. Also given the fact that their
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factors and dimensions have been verified
by experts using the Delphi technique,
nominal and content validity of the
measuring tool was confirmed by experts
with a high score. To determine the
questionnaire’s reliability, the Cronbach
alpha method was used with an alpha
coefficient of 0.91 obtained for the
questionnaire indicating an acceptable
reliability.

3.1 Research
process

implementation

In this study, first a recognition of the
present condition of this field was attained
through examining the past research
history. Then the research literature
background related to factors affecting the
implementation process of business
intelligence was closely reviewed. As a
result of this review, 37 factors affecting
the implementation process were identified
that are shown in Table 1. Then, using the
initial framework of factors and running
five rounds of the fuzzy Delphi technique,
key factors affecting the implementation
process of business intelligence in the
Iranian banking industry were identified
then classified. The method for running the
fuzzy Delphi technique in the present
study is explained in the following.

As pointed out, the Delphi panel
members in this study were chosen in a
non-random sampling and a combination of
targeted (judgment) and chain (snowball)
methods. In order to select experts and
professionals, criteria such as sufficient
knowledge and experience on the subject,
inclination and enough time for
cooperation in the research, and effective
communication skills were considered,
based on which 16 people were nominated
as qualified by researchers for this study.
These people were involved in
implementing solutions, and plans and
projects of business intelligence in the
Iranian banking industry. The
demographic situation and features of the
Delphi panel experts in this study is
presented in Table 2.
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Table 2 Frequency distribution and percentage of respondents based on demographic characteristics.

Activity Education Age Sex
background
+10 6-10 -5 PhD | Master | Bachelor | 445 36- 26- -25 F M
yrs yrs yrs 45 35
Frequency | 2 9 5 8 5 3 4 5 6 1 5 |11
Percent | 12.5|56.25 | 31.25| 50 | 31.25| 18.75 | 25 | 31.25|37.5|16.25|31 |69

In this study all experts expressed their
opinions through a questionnaire on the
significance and classification of factors
affecting the implementation process of
business intelligence on a Likert fivefold
spectrum and trough verbal variables (very
low, low, average, high and very high)
using a fuzzy approach. Given Table 3 and
Figure 2, the mentioned factors and
variables are defined as triangular fuzzy
number (Mousavi et al. 2015; Mirsepasi et
al. 2013; Cheng and Lin 2002; Daghighi
Masouleh et al. 2014). In the present study,
absolute fuzzy numbers (x ) in Table 3 are
calculated using a Minkowski equation as
the equation (1) .

Equation 1

In the above formula (a) is expressed as
the lower limit (bound), (B) is expressed as
the upper limit (bound) and (m) is the
biggest membership degree. Also, each
variable in the rounds of the fuzzy Delphi
technique was obtained using equations (2)
and (3):

Al = (al(l)’az(l)’ a3(l))’ l = 1’2'3’ ".’n

Equation 2

Agpe=(my, my,m3)
v v v
= <—Z al(i),—z a2(i),—z a3(i)>
n4 n4 n 4
) i=1 i=1

Equation 3

Where Ai stands for the expert’s opinion,
ith and Aave stand for the experts’ opinion
fuzzy mean. In this study, if in running
Delphi technique rounds, the difference of
opinions between experts (Xi - Xj ) on the
rate of significance and/or their agreement
on their classification is lower than 0.1,
consensus is reached and the opinion poll
process stops (Cheng and Lin 2002). It is
noteworthy that conditions for reaching
consensus in the Delphi method are
determined by the experts of the research
and there isn’t any particular rule for that,
but the higher the number of procedures
and the stricter the consensus condition,
the more valid the Delphi results are (Fink
1984). Also to screen improper factors, a
threshold must be chosen. Usually, the
threshold is determined by the experts’
subjective deduction and there is no
general way or rule for determining that
value. Threshold values affect the number
of factors to be screened. Thus, given the
objective of this study for identifying key
factors affecting the implementation of
business intelligence, threshold value for
accepting factors was determined to be
0.75, i.e. equal to crisp value “high” for
verbal variables in Table 2. In fact, in case
of expert consensus, if the experts’ final
opinions mean (Xj) on the rate of
significance of factors and /or classification
of factors reaches 0.75, then that factor is
considered to be significant and/or the
factors’ classification is approved by
experts. But if the experts’ final opinions
mean is lower than 0.75, then that factor is
not considered to be significant and/or the
factors’ classification is rejected by them.



Table 3 Triangular fuzzy numbers of verbal variables.
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Linguistic variables Symbols Fuzzy triangular Absolute fuzzy
numbers (m , a ,B) numbers (y)
Very high VH (1,0.25,0) 0.9375
High H (0.75,0.15,0.15) 0.75
Medium M (0.5,0.25,0.25) 0.5
Low L (0.25,0.15,0.15) 0.25
Very low VL (0,0,0.25) 0.0625

Table 4 Mean expert opinions on the significance of factors affecting implementation of business intelligence in the first

round of the opinion poll.

Factors Triangular fuzzy Factors Triangular fuzzy Factors Triangular fuzzy
mean mean mean
(m,qa, B) (m,a, B) (m,qa, B)

F m a B F m a B F m a B
F1 0.86 | 0.21 | 0.07 F14 0.61 | 0.22 | 0.20 F27 0.63 | 0.19 | 0.19
F2 0.77 1 0.19 | 0.12 F15 0.64 | 0.21 | 0.19 F28 0.48 | 0.20 | 0.22
F3 0.78 | 0.20 | 0.11 F16 0.66 | 0.18 | 0.16 F29 0.53 | 0.21 | 0.21
F4 0.81 | 0.20 | 0.08 F17 0.73 | 0.20 | 0.14 F30 0.72 | 0.23 | 0.15
F5 0.67 | 0.19 | 0.18 F18 0.75 | 0.21 | 0.13 F31 0.58 | 0.22 | 0.19
Fé6 0.77 | 0.21 | 0.13 F19 0.72 | 0.18 | 0.16 F32 0.77 | 0.19 | 0.12
F7 0.64 | 0.23 | 0.17 F20 0.77 | 0.19 | 0.15 F33 0.69 | 0.18 | 0.15
F8 0.64 | 0.19 | 0.18 F21 0.58 | 0.19 | 0.19 F34 0.78 | 0.19 | 0.12
F9 0.53 | 0.21 | 0.21 F22 0.78 | 0.19 | 0.13 F35 0.80 | 0.18 | 0.11
F10 0.67 | 0.21 | 0.18 F23 0.61 | 0.21 | 0.21 F36 0.73 | 0.18 | 0.14
F11 0.78 | 0.23 | 0.10 F24 0.81 | 0.20 | 0.11 F37 0.80 | 0.19 | 0.11
F12 0.80 | 0.21 | 0.11 F25 0.61 | 0.22 | 0.20
F13 0.78 | 0.20 | 0.11 F26 0.70 | 0.17 | 0.17

Table 5 New factors proposed by experts in the first round.

Proposed factors affecting the implementation process of business intelligence in the Iranian
banking industry

F38

Standardization of technical infrastructure in the bank

F39

Senior managers’ risk taking in modern technologies investment

F40

Quality of data extract, transformation, and loading process

F41

Appropriate architecture for business intelligence system

F42

Level of security in the business intelligence system

F43

Business intelligence technology compatibility with existing technologies

F44

Data integrity and consistency of data sources

F45

The use of project risk management

F46

Tendency of managers to adopt information technology innovations

F47

Set up business intelligence strategy
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Table 6 Mean expert opinions on significance of factors affecting implementation of business intelligence in the second

round of the opinion poll.

Factors Triangular fuzzy | Factors Triangular fuzzy | Factors Triangular fuzzy
mean mean mean
(m,a, B) (m,qa, B) (m,a, B)
F m a B F m a B F m a B
F1 0.89 0.20 0.07 F17 0.81 0.19 0.08 F33 0.77 0.16 0.13
F2 0.84 0.18 0.09 F18 0.88 0.20 0.07 F34 0.80 0.19 0.12
F3 0.86 0.19 0.08 F19 0.81 0.18 0.11 F35 0.86 0.19 0.08
F4 0.88 0.21 0.06 F20 0.80 0.18 0.12 F36 0.77 0.17 0.13
F5 0.70 0.18 0.17 F21 0.66 0.19 0.19 F37 0.84 0.19 0.08
F6 0.81 0.19 0.10 F22 0.86 0.19 0.08 F38 0.53 0.20 0.20
F7 0.75 0.18 0.14 F23 0.75 0.16 0.15 F39 0.73 0.19 0.15
F8 0.77 0.17 0.14 F24 0.88 0.20 0.08 F40 0.81 0.20 0.11
F9 0.64 0.19 0.19 F25 0.64 0.19 0.19 F41 0.72 0.19 0.16
F10 0.77 0.17 0.14 F26 0.86 0.19 0.08 F42 0.77 0.21 0.13
Fi11 0.81 0.21 0.10 F27 0.75 0.15 0.15 F43 0.67 0.21 0.18
Fi12 0.84 0.20 0.09 F28 0.66 0.19 0.19 F44 0.77 0.19 0.13
F13 0.80 0.19 0.12 F29 0.67 0.18 0.18 F45 0.70 0.21 0.16
F14 0.64 0.21 0.19 F30 0.81 0.19 0.11 F46 0.50 0.20 0.21
F15 0.66 0.19 0.19 F31 0.73 0.17 0.15 F47 0.80 0.19 0.12
F16 0.78 0.19 0.13 F32 0.80 0.19 0.11
Table 7 Experts’ difference of opinions on effective factors significance in the first and second rounds.
Mean Difference Mean Difference Mean Difference
Factors | defuzzificated of Factors | defuzzificated of Factors | defuzzificated of
opinion opinions opinion opinions opinion opinions
rate rate rate
F X1 X2 X2— X1 F X1 X2 X2— X1 F X1 X2 X2— X1
F1 0.83 0.86 0.03 F17 0.72 0.79 0.06 F33 0.68 0.76 0.08
F2 0.75 0.82 0.07 F18 0.73 0.84 0.11 F34 0.76 0.78 0.02
F3 0.76 0.83 0.07 F19 0.71 0.80 0.089 F35 0.78 0.83 0.05
F4 0.78 0.84 0.04 F20 0.76 0.78 0.02 F36 0.72 0.76 0.04
F5 0.67 0.70 0.03 F21 0.58 0.66 0.08 F37 0.78 0.82 0.04
F6 0.75 0.79 0.04 F22 0.77 0.83 0.06 F38 - 0.53 -
F7 0.63 0.74 0.11 F23 0.61 0.75 0.14 F39 - 0.72 -
F8 0.64 0.76 0.12 F24 0.79 0.84 0.05 F40 - 0.79 -
F9 0.53 0.64 0.11 F25 0.61 0.64 0.03 F41 - 0.71 -
F10 0.66 0.76 0.09 F26 0.70 0.83 0.13 F42 - 0.75 -
F11 0.75 0.79 0.04 Fa7 0.63 0.75 0.12 F43 - 0.66 -
F12 0.77 0.82 0.05 F28 0.49 0.66 0.17 F44 - 0.75 -
F13 0.76 0.78 0.02 F29 0.53 0.67 0.14 F45 - 0.69 -
F14 0.61 0.64 0.03 F30 0.70 0.79 0.09 F46 - 0.50 -
F15 0.64 0.66 0.02 F31 0.57 0.73 0.16 F47 - 0.78 -
Fi16 0.65 0.77 0.12 F32 0.75 0.78 0.03

Table 8 Mean expert opinions on the significance of factors affecting implementation of business intelligence

the third round of the opinion poll.

in

Factors Triangular fuzzy | Factors Triangular fuzzy | Factors Triangular fuzzy
mean mean mean
(m,q, B) (m,a, B) (m,a, B)

F m a § F m a B F m a B
F7 0.78 0.16 0.13 F27 0.75 0.15 0.15 F41 0.77 0.17 0.14
F8 0.81 0.19 0.11 F28 0.75 0.16 0.16 F42 | 0.81 0.19 0.11
F9 0.69 0.18 0.18 F29 0.77 0.16 0.15 F43 | 0.77 0.17 0.14
F16 0.86 0.19 0.09 F31 0.77 0.17 0.14 F44 | 0.81 0.18 0.11
F18 0.91 0.21 0.05 F38 0.58 0.22 0.22 F45 | 0.78 0.19 0.13
F23 0.77 0.15 0.14 F39 0.78 0.18 0.13 F46 | 0.56 0.23 0.23
F26 0.89 0.21 0.07 F40 0.88 0.20 0.08 F47 | 0.86 0.19 0.08
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Table 9 Expert differences of opinions on effective factors’ significance in the second and third rounds.

Mean Difference Mean Difference Mean Difference

Factors | defuzzificated of Factors | defuzzificated of Factors | defuzzificated of

opinion opinions opinion opinions opinion opinions
rate rate rate

F X2 X3 X3— X2 F X2 X3 X3— X2 F X2 X3 X3 — X2
F7 0.74 0.77 0.03 F27 0.75 0.75 0.00 F41 0.71 0.76 0.05
F8 0.76 0.79 0.03 F28 0.66 0.75 0.04 F42 0.75 0.79 0.04
F9 0.64 0.69 0.05 F29 0.67 0.76 0.09 F43 0.66 0.76 0.1
F16 0.77 0.84 0.07 F31 0.73 0.76 0.03 F44 0.75 0.80 0.05
F18 0.84 0.86 0.02 F38 0.53 0.58 0.05 F45 0.69 0.77 0.08
F23 0.75 0.76 0.01 F39 0.72 0.77 0.05 F46 0.50 0.56 0.06
F26 0.83 0.86 0.03 F40 0.79 0.84 0.05 F47 0.78 0.83 0.05

Table 10 Key factors affecting the implementation process of business intelligence based on related dimensions in the

banking industry of Iran.

Dimensions (D)

Factors (F)

D1

Technical
infrastructure

Flexible and extensible technical infrastructure (F1) - Choosing technology and tools
appropriate to organization’s conditions (F26) - Appropriate architecture for business
intelligence system (F41) - Business intelligence technology compatibility with
existing technologies (F43)

D2

Strategic

Clear vision and objectives for business intelligence (F2) - the alignment of business
intelligence strategy with organization’s strategy (F22) - Set up business intelligence
strategy (F47)

D3

Managerial

Planning and effective project management (F3) - effective change of management
(F27) - Balanced and strong combination of project team (F30) - The use of project risk
management (F45)

D4

Organizational

Senior manager’s commitment and support (F4) - Organization’s ability to provide
sufficient resources (F11) - Interaction and collaboration between business and
information technology units (F17) - Culture of continuous process improvement
(F18) - Engineering culture of decision making process (F19) - Culture of using
information and analytics (F20) - Senior managers’ risk taking in modern
technologies investment (F39)

D5

Data quality

Strong and suitable framework for data governance and quality (F7) Quality and
reliability of data resources (F24) - The precision, accuracy, and perfectness of data
(F35) - Quality of data extract, transformation, and loading process (F40) - Data
integrity and consistency of data sources (F44)

D6

Environmental

Laws and regulations related to business requirements and limitations (F23) - Using
outside consultants (F28) - Interaction with vendors and choosing suitable suppliers
(F29) - Level of competition setting in business (F31)

D7

Human

User training (F8) - Project leader and championship to lead and facilitate
participation (F10) - Involvement of end users (F16) - skills of information technology,
business and analytical (F32)

D8

System ability

The flexibility and speed of response to changes in the business intelligence system
(F'6) - Integration capability of business intelligence system (F12) - Analysis capability
of business intelligence system (F13) - Level of security in the business intelligence
system (F42)

D9

Service quality

Quality of access to information (F33) - Quality of information content (F34) - User
friendly and easy learning of business intelligence tools (F36) - Precision of

information at system output (F37)
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Table 11 Expert opinion means on the rates of agreement in the classification of factors affecting implementation of

business intelligence in the fourth round of the opinion poll.

Dimensions Triangular Dimensions Triangular Dimensions Triangular
and factors fuzzy mean and factors fuzzy mean and factors fuzzy mean
@D, F) (m, a, B) @D, F) (m, a, B) @D, F) (m, a, B)
D F m a B D F m a B D F m a B
F1 0.78 0.20 | 0.12 F17 0.73 0.19 | 0.15 D6 F31 0.73 0.21 | 0.14
D1 F26 0.73 0.19 | 0.15 F18 0.75 0.20 | 0.14 F8 0.77 0.19 0.13
F41 0.75 0.20 | 0.14 D4 F19 0.75 0.20 | 0.14 F10 0.73 0.22 0.14
F43 0.72 0.20 | 0.15 F20 0.78 0.19 | 0.13 D7 F16 0.77 0.18 0.13
F2 0.77 0.21 | 0.13 F39 0.73 0.21 | 0.14 F32 0.78 | 0.20 | 0.12
D2 F22 0.77 0.19 | 0.13 F7 0.72 0.20 | 0.15 F6 0.77 0.18 | 0.13
F47 0.81 0.19 | 0.11 F24 0.77 0.18 | 0.13 F12 0.77 0.18 | 0.13
F3 0.77 0.19 | 0.13 D5 F35 0.80 0.18 | 0.12 D8 F13 0.77 0.19 | 0.13
D3 F27 0.71 0.20 | 0.14 F40 0.78 0.21 | 0.12 F42 0.73 0.19 | 0.15
F30 0.73 0.21 | 0.14 F44 0.73 0.18 | 0.15 F33 0.77 0.21 | 0.13
F45 0.72 0.20 | 0.15 F23 0.77 0.21 0.13 D9 F34 0.80 | 0.19 | 0.12
F4 0.75 0.20 | 0.14 D6 F28 0.73 0.21 | 0.14 F36 0.77 0.21 | 0.13
D4 F10 0.77 0.19 | 0.13 F29 0.72 0.19 | 0.16 F37 0.80 | 0.18 | 0.12

Table 12 Expert opinion mean based on the rate of agreement on the classification of factors affecting implementation of
business intelligence in the fifth round of the opinion poll.

Dimensions Triangular Dimensions Triangular Dimensions Triangular
and factors fuzzy mean and factors fuzzy mean and factors fuzzy mean
D, F) (m, a, B) D, F) (m, a, B) D, F) (m, a, B)
D F m a B D F m a B D F m a B
F1 0.83 0.18 0.10 F17 0.77 0.17 0.14 D6 F31 0.75 0.18 0.14
D1 F26 0.78 0.16 0.13 F18 0.78 0.18 0.13 F8 0.78 0.18 0.13
F41 0.80 0.17 0.12 D4 F19 0.77 0.17 0.14 F10 0.77 0.18 0.13
F43 0.80 0.17 0.12 F20 0.81 0.18 0.11 D7 F16 0.78 0.16 0.13
F2 0.80 0.17 0.12 F39 0.77 0.18 0.13 F32 0.81 0.19 0.11
D2 F22 0.80 0.17 0.12 F7 0.78 0.18 0.13 F6 0.78 0.16 0.13
F47 0.86 0.19 0.08 F24 0.80 0.17 0.12 F12 0.78 0.16 0.13
F3 0.81 | 0.18 | 0.11 | D5 F35 0.84 | 0.19 | 0.09 | D8 F13 0.78 | 0.18 | 0.13
D3 F27 0.76 0.17 0.12 F40 0.83 0.19 0.10 F42 0.75 0.16 0.15
F30 0.78 0.16 0.13 F44 0.77 0.16 0.14 F33 0.78 0.19 0.13
F45 0.75 0.16 0.15 F23 0.81 0.19 0.11 D9 F34 0.83 0.18 0.10
F4 0.78 0.18 0.13 D6 F28 0.77 0.18 0.13 F36 0.80 0.18 0.12
D4 F10 0.81 0.18 0.11 F29 0.75 0.16 0.15 F37 0.81 0.17 0.11

Table 13 Expert difference of opinions based on the rate of agreement on the classification of factors affecting the
implementation of business intelligence in the fourth and fifth rounds of the opinion poll.
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98/\ gég 8:1 98/\ QL.%E 8C1H 98/\ gég 8C1
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D F X4 X5 X5— X4 D F X4 X5 X5— X4 D F X4 X5 X5— X4
F1 0.76 0.81 0.05 F17 0.72 | 0.76 0.04 D6 F31 0.72 | 0.74 0.02
D1 F26 0.72 0.77 0.05 F18 0.73 | 0.77 0.04 F8 0.75 | 0.77 0.02
F41 0.73 0.79 0.05 D4 F19 0.73 | 0.76 0.02 F10 0.71 0.75 0.04
F43 0.71 0.79 0.08 F20 0.77 | 0.80 0.03 D7 F16 0.75 | 0.77 0.02
F2 0.75 0.79 0.04 F39 0.72 | 0.75 0.04 F32 0.76 | 0.79 0.03
D2 F22 0.75 0.79 0.04 F7 0.71 0.77 0.06 F6 0.75 | 0.77 0.02
F47 0.79 0.83 0.04 F24 0.75 | 0.79 0.03 F12 0.75 | 0.77 0.02
F3 0.75 0.80 0.05 D5 F35 0.78 | 0.82 0.04 D8 F13 0.75 | 0.77 0.02
D3 F27 0.70 0.75 0.05 F40 0.76 | 0.80 0.05 F42 0.72 | 0.75 0.02
F30 0.72 0.77 0.05 F44 0.73 | 0.76 0.04 F33 0.75 | 0.77 0.02
F45 0.71 0.75 0.04 F23 0.75 | 0.79 0.05 D9 F34 0.78 | 0.81 0.03
F4 0.73 0.77 0.04 D6 F28 0.72 | 0.75 0.04 F36 0.75 | 0.78 0.04
D4 F10 0.75 0.80 0.05 F29 0.71 0.75 0.04 F37 0.78 | 0.80 0.02




4. DATA AND FINDINGS ANALYSIS

As stated in the previous section,
researchers have examined and reviewed the
research literature related to factors affecting
the implementation process of business
intelligence. The results of these reviews,
according to Table 1, were the identification of
37 factors affecting the implementation
process. Using this initial framework of factors
and running five rounds of fuzzy Delphi, key
factors affecting implementation processes of
business intelligence in the Iranian banking
industry were identified and -classified. A
summary of the results from running several
rounds of the Delphi technique is presented as
follows. In the first round of the Delphi

technique, experts commented on the
significance rate of factors affecting
implementation  processes of  Dbusiness

intelligence in the Iranian banking industry.
Using Table 3 and equations (2) and (3), fuzzy
mean experts’ opinions in the first round (m, a,
B) are presented in Table 4. Also, experts were
asked to comment on other significant factors
affecting the implementation process of
business intelligence in the banking industry of
Iran. Thus, based on the experts’ opinions, 10
new factors affecting the implementation
process of business intelligence were proposed,
as shown in Table 5.

In the second round, in addition to reflecting
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Figure 2 Verbal variable definition (Fuzzy triangular
number).

the results of the first round of expert opinions,
given the results of first round, they were
asked to present new and corrective opinions
on the significance rate of factors in the first
round and give their proposed factors. Using
Table 3 and equations (2) and (3), the expert
opinion fuzzy mean (m, a, B) in the second
round is shown in Table 6. Also, using equation
(1), the expert opinion defuzzification mean in
the first round (x1) and second round (x2) and
expert difference of opinions (x2-X1) in the first
and second rounds on the significance of factors
affecting implementation of  business
intelligence are shown in Table 7. Given the
results shown in Table 7, regarding 26 factors

affecting implementation of  business
intelligence from Table 1 including rows 1- 6,
10-15, 17, 19-22, 24, 25, 30, and 32-37 there
was a consensus due to the mean difference of
opinions (X2 —X1) lower than 0.1, so that factors
in rows 5,14,15, 21,and 25 are rejected due to
their final mean (x2) lower than 0.75 while
other factors were significant and approved.

In the third round of the fuzzy Delphi
technique opinion poll, experts were informed
of the first and second rounds’ opinion results
and given the results of the previous rounds
new and corrective opinions of experts on the
significance rate of 21 remaining factors were
obtained. Using Table 3 and equations (2) and
(3), the expert opinions fuzzy mean (m, a, B) in
the third round is presented in Table 8. Also,
using equation (1), Table 9 shows the
defuzzificated mean of expert opinions in the
second round (X2) and third round (x3) as well
as experts difference of opinions (x3 —x2) on the
significance of factors affecting
implementation of business intelligence in the
second and third rounds. Given the results in
Table 9 on the remaining factors, consensus
was reached due to the mean difference (x3 —x2)
lower than 0.1 so that the three factors in rows
9, 38, and 46 were rejected due to their final
mean (x3) which was lower than 0.75, while
other factors were identified as significant key
factors. In general, based on the opinion poll in
rounds 1, 2, and 3, a total of 39 key factors
affecting implementation of  business
intelligence were approved by experts and 8
factors were considered to be less significant.

Based on results of experts opinions in
rounds 1, 2 and 3, 39 significant key factors
affecting implementation of  business
intelligence were approved by consensus.
First, these factors were classified in 9 groups
as shown in Table 10 based on research
literature, opinions of university professors,
concept similarity and their role in
implementation of business intelligence, then
they were presented as proposed aspects for
the experts’ final opinion poll. It is to be noted
that without going through this round it
couldn’t be claimed that a reliable and
integrated list is prepared (Schmidt 1997).
Thus, in the fourth round of the Delphi poll,
experts were asked to give their opinions on the
rate of agreement on this type of classification.
Using Table 3 and equations (2) and (3), the
fuzzy opinion mean (m, a, B) of experts in the
fourth round is presented in Table 11.
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In the fifth round of the Delphi technique, in
addition to reflecting the result of the fourth
round to experts, given the result of the
previous round on classification of key factors
affecting implementation process of business
intelligence, they were asked to give their
corrective opinions on the agreement rate with
this classification again. Using Table 3 and
equations (2) and (3), the expert fuzzy opinion
mean (m, a, B) in the fifth round is presented in
Table 12. Also using equation (1), Table 13
shows the defuzzificated mean expert opinions
in the fourth round (x4) and fifth round (x5) and
expert difference of opinions (X5- X4) in the
fourth and fifth rounds on the rate of
agreement on classification of key factors
affecting implementation of  business
intelligence. Given the results of Table 13,
experts reached consensus on the proposed
classification of key factors due to a mean
difference of opinions (X5 - X4) lower than 0.1
and this proposed classification was approved
as the experts’ final opinion mean (X5) was not
lower than 0.75.

Therefore, it can be concluded that
significant factors affecting the effective
implementation of business intelligence in the

Iranian banking industry includes 9
dimensions: organizational, human, data
quality, environmental, system ability,
strategic, service quality, technical

infrastructure and managerial, as shown in

Figure 3.
@
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Figure 3 Key factors affecting implementation process of
business intelligence.
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5. CONCLUSION AND PROPOSALS

Organizations are often faced with problems
such as data congestion and redundancy,
insufficient information and knowledge and
low quality of needed reports. Thus, for timely
decision making in the minimum time by
senior management, decisions are usually
made based on their experiences, which in turn
leads to increased risk of decision making or
even decreased output of their decision
making. Business intelligence is a tool to be
used by organizations to collect and analyze
structured and unstructured data and
information, and is a suitable response to the
aforementioned challenges. Though many
organizations have turned to developing and
using business intelligence systems, not all
have been successful in their implementation.
Thus, it is very important to examine the
reasons for failure in implementing business
intelligence projects and identify factors
affecting their implementation. The aim of the
present study is to identify key factors affecting
implementation of business intelligence in the
Iranian banking industry. Thus, in this study,
by running five rounds of the fuzzy Delphi
technique, among 37 factors affecting the
implementation process of business
intelligence in the past studies as well as 10
factors proposed by experts, finally 39 factors
were identified and approved as significant.
Also, the 39 factors were classified in 9 main
groups, as shown in Table 10. In fact, it can be
concluded that the significant factors affecting
the effective implementation of business
intelligence in the Iranian banking industry
include 9 dimensions: organizational, human,
data quality, environmental, system ability,
strategic, service quality, technical
infrastructure and managerial, as shown in
Figure 3. Accordingly, managers and
executives of implimentation projects of
business intelligence in the Iranian banking
industry can achieve the intended results and
objectives by considering these important
factors in planning and actions taken for the
efficient implementation of  business
intelligence. Achievements of this study not
only can help banks to successfully implement
business intelligence systems but also help
researchers in conducting future research in
this field. For future research and study of how
each key factor affects the efficient
implementation of business intelligence
systems during different phases of project
implementation and to examine the rate of
these factors’ effects and interrelationship



between them, the authors propose a cognitive
mapping methodology, case studies and an
interpretive structural modeling approach.
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