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1    Introduction 

In recent years, Business Intelligence (BI) systems have consistently been 

rated as one of the highest priorities of Information Systems (IS) and of 

business leaders. BI allows firms to apply information to support their 

processes and decisions by combining its capabilities in both 

organizational and technical issues. A significant portion of companies’ 

IT budgets is being spent on BI and related technologies. In spite of these 

investments, the risk of failure in implementing is high and only 24% of 

BI implementations are identified as being very successful. Hence, the 

evaluation of BI readiness is vital because it serves two important goals. 

First, it reveals gaps areas where a company is not ready to proceed with 

its BI efforts, so by identifying BI readiness gaps, wasting time and 

resources can be avoided. Second, the evaluation points out what we need 

to close the gaps and implement BI with a high possibility of success. 

This dissertation presents an overview of BI and the necessities for the 

evaluation of the readiness, and a comparative analysis of the evaluation 

methods and identifying and ranking the right methods which can be 

applied in building a model to assess the readiness of organizations. 

There are many Multiple Criteria Decision Making (MCDM) methods 

and other further methods which can be applied for building model of 

evaluation but each of them has its own advantages and disadvantages. 

By combining and integrating these methods with each other and also 

with various other methods, we can avoid the disadvantages and improve 

the model of evaluation. We also examine the MCDM methods in the 

other unrelated area to show their applicability in order to confirm the 

validity of our approach in applying these methods for comparison of the 

techniques and methods. In addition, we provide important and critical 
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success factors and classify them into two main categories; organizational 

and technical. Finally, we show process of building the hybrid model by 

using Interpretive Structural Modeling (ISM) and Graph Theory and 

Matrix Approach (GTMA) and examine it in a real company as a case 

study. 

Based on the studies, there is not any research of evaluation of BI 

readiness in companies. So we need to: 

i.  investigate and determine BI readiness factors and their 

associated contextual elements that influence implementation 

of BI systems in companies;  

ii. develop a model for evaluation of BI readiness in companies. 

2   Proposed approach and models 

2.1   The evaluation methods for the readiness 

If an available method is chosen arbitrarily, it may result in misleading or 

even wrong conclusions. To avoid this problem, it is necessary to develop 

a formal procedure for the selection of the readiness evaluation method 

for a specific readiness decision problem. There are typically multiple 

conflicting criteria that need to be evaluated in this kind of decision. 

Therefore, we face a multiple-criteria evaluation problem. MCDM 

methods are a well-known approach to solving these problems. So, we 

applied one of the famous methods of MCDM which is called AHP. 

Hence, we present a framework by using AHP for the comparative 

analysis of readiness evaluation methods. Its purpose is to help the 

authors gain insight into the strengths and weaknesses of the various 

categories of readiness evaluation methods in order to apply for building 
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a model to evaluate the readiness of those companies which want to 

implement BI projects. 

2.1.1 Review and classification of the evaluation methods 

Methods for readiness evaluation may be broadly classified into three 

main categories, namely probabilistic method, Multiple Criteria Decision 

Making (MCDM) methods and hybrid methods, as shown in Figure 2.1. 

    

 

Figure 2.1: Classification of readiness evaluation methods 

2.1.2 Framework for comparing readiness evaluation methods 

 Figure 2.2 depicts the AHP hierarchy for our comparative analysis of the 

evaluation methods. We intend to perform a comparative study of the 

identified eight methods and are enumerated at Level 4 of the hierarchy 

in the figure. At the highest level, we define the goal which is the 

identification of the ideal or best evaluation method for readiness 

evaluation. Level 2 lists eight major criteria or factors which are essential 

in determining the effectiveness of readiness evaluation methods. 
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Figure 2.2: Hierarchy for the comparative analysis of the readiness 

evaluation methods- based on AHP method 

2.1.3 Comparison of the readiness evaluation methods 

In this step, the experts include seven specialists (three BI project 

managers, two BI experts and two BI academicians) who shall compare 

the criteria at Level 2 with respect to the overall goal at top level by 

assessing the importance of each criterion in relation to the choice of 

evaluation methods. Following the AHP methodology, the experts 

performed pairwise comparison to obtain the relative importance of the 

factors. 

The analysis indicated that the criterion ‘Multiple objective’ has the 

highest weight of 26%, followed by criteria ‘Reliability and Accuracy’ 

and ‘Risk and Uncertainty’ which have weights of 19% and 18%. This 

prioritization is consistent with the very nature of real-world readiness 
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evaluations and is usually multiple objective and a company typically has 

more than one objective in an evaluation program. The quality of being 

reliable and accurate is a necessity for every evaluation method. Also, the 

readiness evaluation methods usually incorporate risk and uncertainty in 

analysis. 

The result of performing pairwise comparisons on the alternative 

methods with respect to each criterion depicts that the hybrid methods 

have the highest weight of 0.211, and with large gap, we have the 

probabilistic method in the second rank with a weight of 0.124, and it is 

closely followed by the AHP with a weight of 0.122. The rest of the 

readiness evaluation methods in decreasing importance have 

approximately equal weights which means there is not meaningful 

difference among them. 

So, this comparative study depicts that the hybrid methods are the most 

favorable methods for building the evaluation models. 

2.2   AHP and AHP-Fuzzy TOPSIS methods 

In this section, we want to show applicability of AHP and AHP-Fuzzy 

TOPSIS methods in building a model to compare techniques and 

methods in the other unrelated area of BI in order to prove correctness of 

our way in comparing the techniques.  

Identifying the right technique for solving a reactive scheduling problem 

in operating rooms is an area of considerable interest to both academics 

and practitioners. Therefore, the authors tried to offer a broad summary 

of the most common techniques which can be used to solve the problem 

and conduct a comparative analysis of the techniques. We apply AHP 
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method and AHP-Fuzzy technique for order preference by similarity to 

ideal solution (TOPSIS) as the frameworks for our comparative analysis 

of reactive scheduling techniques. These methods enable us to compare 

and rank the alternatives based on both qualitative and quantitative 

factors. 

2.2.1 Review and classification of the solution techniques 

The solution techniques for reactive scheduling problems may be broadly 

classified into ten main categories, namely: heuristics, meta-heuristics, 

branch and bound algorithm technique, integer programming, 

knowledge-based systems, fuzzy logic, neural networks, Petri nets, multi-

agent systems, and hybrid techniques. Figure 2.3 displays these main 

categories with their sub-categories. 

    

 

Figure 2.3: Classification of the solution techniques 
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2.2.2 Application of AHP in ranking the solution techniques 

Figure 2.4 illustrates the AHP hierarchy for our comparative analysis of 

the solution methods. We perform a comparative study of the ten 

previously introduced techniques that have been listed at level 3 of the 

hierarchy. At the highest level, we specify the goal which is the 

identification of the ideal or best solution technique for solving reactive 

scheduling problems in operating rooms. Level 2 enumerates eight major 

and essential criteria for determining the effectiveness of solution 

techniques. Based on the AHP methodology and specifications of 

techniques, pairwise comparisons have been performed and the weights 

have been determined by specialists of scheduling and the related 

techniques (six academicians who have focused on scheduling problem in 

operating rooms).    

 

Figure 2.4: Hierarchy for the comparative analysis of the solution 

techniques- based on AHP method 
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The specialists individually judged their best upon their experiences in 

applying the techniques. It is evident that the results of the study could 

not be the same exactly when the pairwise comparisons are accomplished 

by different experts. 

The results demonstrate that the ‘Reactivity’ criterion has the highest 

weight of 19%, followed by criteria ‘Performance’ and ‘Bi-purpose’ 

which have weights of 18% and 17%, respectively. This prioritization is 

consistent with the nature of real-world reactive scheduling problems in 

operating rooms since online reaction and performance and supporting 

both of elective and non-elective patients are essential capabilities for 

every technique in solving the real problems. Reliability is a necessity for 

each and every solution technique. Moreover, not only the solution 

techniques must be accurate with high precision but also, they must be 

able to incorporate with risk and uncertainty in analysis. 

 After accomplishing pairwise comparisons on the alternative techniques 

with respect to each criterion at level two in continuing and processing 

down the hierarchy, the analysis depicts that the branch and bound 

technique has the highest weight of 0.238, and we have integer 

programming technique in the second rank with a weight of 0.188, and 

the hybrid techniques with a weight of 0.132 are in the third rank, and it 

is closely followed by the heuristics with a weight of 0.125. The rest of 

the solution techniques in decreasing importance are meta-heuristics with 

a weight of 0.083 and the four techniques (fuzzy logic, knowledge-based 

systems, multi-agent systems, and neural networks) have approximately 

equal weights which mean there is not any meaningful difference among 

them and finally, the Petri nets with a weight of 0.028 is in last rank. 
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2.2.3 Application of AHP-Fuzzy TOPSIS in ranking the techniques 

The extracted weights from AHP are included in fuzzy TOPSIS 

computations and the solution technique priorities are determined. We 

followed the basic steps in Fuzzy TOPSIS method: 

Table 2.1 depicts the ten solutions techniques and their ranks. Also, 

Figure 2.5 in the form of a bar chart shows a graphical comparison of the 

overall priorities. 

Table 2.1: Final ranking of the techniques 

Rank Technique Coefficient 
1 Branch and bound 0.6743 

2 Integer programming 0.5665 

3 Hybrid techniques 0.4520 
4 Heuristics 0.3459 

5 Meta-heuristics 0.2652 
6 Fuzzy logic 0.2302 

7 Knowledge-based systems 0.1967 

8 Multi-agent systems 0.1834 
9 Neural networks 0.1765 

9 Petri nets 0.1765 

 

Figure 2.5: The comparison for the ten solution techniques 
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2.3 Proposed hybrid method and model 

According to the results of studies which show the hybrid methods are 

the most favorable methods for building the evaluation models of BI 

project, combination of ISM and GTMA are considered in this 

dissertation for assessing the organization's readiness. Overall, the main 

contribution of this section is the usage of the ISM method to depict the 

relationship between the involved key factors (the critical organizational 

and technical factors) in a successful implementation of BI projects. Then 

by using the Graph Theory and Matrix Approach (GTMA), obtain an 

indicator to evaluate the organization's readiness before implementing BI 

projects. 

2.3.1 The critical organizational and technical factors 

Figure 2.6 provides a summary of the factors. Of course, the names of 

factors are selected based on their similarities in concepts and definitions. 

 

Figure 2.6: The Critical Success Factors 
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Farrokhi and Pokorádi believed that these factors should be carefully 

considered by senior managers and BI project managers of companies 

that are evaluating the readiness of their organizations. These factors are 

used in our hybrid method. 

2.3.2 The BIIAR model 

Index to assess readiness of organization for the successful 

implementation of BI is achieved by using the Permanent matrix, from 

the following equation: 

BIIAR
1
 = the numerical value of the Permanent matrix of factors. 

    The time complexity of this formula is O(N*N!) and it is not 

appropriate in cases where N is high. Therefore, we utilized the optimized 

algorithm which has higher execution speed (O( N
2
 2

N 
)). This formula is 

as follows: 

   ( )   ∑(  ) ∑   ( )  ( )    ( )

      

   

   

                                    

where 

    {   
    |                           }                                                                                                         

and 

  ( )                                                                                                                                                                           

We adapted above algorithm and wrote it in C# and all calculations were 

done. 

                                                           
1 Business Intelligence Index of Assess Readiness 
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2.3.3 Works done 

The two series of questionnaires were prepared according to these CSFs. 

The first questionnaire was related to the ISM and the second one is for 

GTMA. To check the reliability and validity of the questionnaires, we 

calculated Cronbach's alpha, which was 0.885 and also experts confirmed 

the accuracy of the questionnaires. 

Then questionnaires were completed by several specialists (five experts 

plus two academicians) in BI field. Relations between factors were 

extracted by applying ISM method and according to the experts’ answers 

of the first questionnaire. Final Reachability Matrix and Factor Levels 

resulted from ISM method have been brought. 

 To apply GTMA, first we obtain the adjacency matrix of the ISM model. 

Then to create matrix H, we form matrixes E and F by using the 

adjacency matrix of ISM model and the results of the second 

questionnaire. E is a diagonal matrix with diagonal elements ei, which 

indicates the importance of factors. The importance of factors was 

derived from the questionnaires completed by professionals. F is a matrix 

which non-diagonal elements show the importance of one factor to 

another factor instead of 1 value in the adjacency matrix of ISM model. 

These values are derived from the second questionnaire too. Given the 

matrixes E and F, the matrix H is obtained according to the Equation. 

Finally, permanent function applied to H matrix and BIIAR is obtained. 

This index shows the readiness of organization to implement BI. 

In this study, we examined the utility organization with about 1,000 

employees, which covers two provinces and has the task of electricity 
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transmission. The researchers believe that utilities industry is an 

environment where decisions are time sensitive and focusing on BI for 

utilities can be important for this industry. The calculated BIIAR for the 

company is as follow: 

BIIAR = 21.35×10
17 

For interpreting of the sample company’s readiness, we have to calculate 

the best and the worst conditions of the readiness. In the best condition of 

the readiness which can be ideal for the company, it is when all of 

quantities of the final matrix are equal with 9 which the output of 

algorithm will be 3.87770e+28. If the resulted number be closer to this 

number, we can conclude that company’s condition of the readiness is 

more desirable. 

The worst condition is when all of quantities of the final matrix are equal 

with 1 which the output of algorithm will be 2.0923e+13. Therefore, if 

the resulted number be closer to this number, it shows that the company’s 

condition of the readiness is more undesirable. 

As we mentioned, the sample company’s BIIAR is equal with 

2.1350e+18 which is close to the worst condition. So, this company is not 

ready for implementing BI project. 

3.  Contributions 

The most important scientific contributions of the doctoral thesis are: 

1. This dissertation has been shown the necessities for building a 

model to evaluate BI projects via a comprehensive literature 

review. We expressed the necessity of investigation and 
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determination of BI readiness factors and their related items 

which effect on implementation of BI systems in companies and 

also a need to build a model in assessing BI readiness. We 

published this state of the art survey in [1];[7] and discussed 

regarding them. Citations of our survey in a number of 

publications including Elsevier and others (more than twenty) 

have motivated the further investigations on this realm. 

2. An overview of BI and it’s components in form of architecture 

has been depicted. Basically, for better understanding BI and its 

component, we need to address in way which be useful to the 

people. One of the best ways for expressing is architectural form. 

Hence, we used this way and demonstrated the architectures and 

described components of the conventional and the new-generation 

architectures as well. In our published study [F1], we 

demonstrated the architectures well. 

[F1] V. Farrokhi and Pokorádi, L., "Business Intelligence and its 
components: An Architectural View," in First International Conference 
on Computer Science, Engineering, Technology & Applications, 2012. 

3. We provide a better understanding of the important and critical 

success factors via conduct a survey and comprehensive study of 

the critical factors in evaluation phase of the readiness by 

classifying the factors into two main categories; organizational 

and technical. Hence, we offer a broad summary of the most 

common and impact factors which can influence in implementing 

BI projects. It is valuable to determine these factors, particularly 

for managers of those companies are involved in implementing BI 

projects and they face to evaluate readiness of their organizations 



15 
 

before launching the project in pre-implementation stage. We 

published this study in [6];[ 9]. 

4. Determining the right method for developing a model to evaluate 

readiness of organizations in implementing BI projects is done 

with offering a summary of the most common evaluation methods 

and comparing the methods based on their features and suggests a 

suitable method. We built a model to this comparison by using 

AHP method. The proposed method is published in [3] which 

demonstrate the hybrid method and approach can assist us in the 

evaluation. 

5. For showing applicability of AHP and AHP-Fuzzy TOPSIS methods 

in other unrelated areas, they are applied in ranking the techniques 

for solving reactive scheduling problem in operating room. It 

confirms the validity of our approach in applying these methods for 

comparison of the techniques and methods to the evaluation. We 

published one study in [2] and other one is submitted to a well-

known journal [F2] and under revision. This work was the part of 

PhD study in Université de Lorraine (France) as scholarship 

opportunity which helps us in the research. 

[F2] Farrokhi V., Herrmann F., Kacem, I., Pokorádi L.: An overview of 

reactive scheduling problem for operating room and a comparative 

analysis of the solution techniques, Computers & Industrial 

Engineering(under revision). 

6. We provide a method to evaluate the key factors for the 

successful implementation of BI projects and to determine the 

organization’s index of assess readiness before the 

implementation of BI projects. We apply a combination of 
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Interpretive Structural Modeling (ISM) and Graph Theory and 

Matrix Approach (GTMA) on the factors to earn an indicator for 

evaluating the organization's readiness for implementing a BI 

project. We applied this method in an organization and 

determined the organization's readiness before the implementation 

of BI and found it to be very effective. The study is submitted in a 

famous Hungarian journal [F3] and under revision. 

[F3]  Farrokhi V., Pokorádi L., Bouini S.: The organizational and 
technical key factors identification for Business Intelligence projects 
implementation using an integrated Interpretive Structural Modeling, 
Graph Theory and Matrix Approach, Acta Polytechnica Hungarica 
(under revision). 

4    Summary 

Previously, decisions were made by senior management in organizations 

and were based solely on personal experience, leading to increased risk in 

decision making. Nowadays, however, most companies are moving 

towards BI systems. It is estimated that technology budgets dedicated to 

Business Intelligence in 2006, increased from $ 14 to $ 20 billion. 

Experiments have shown that the probability of failure in BI projects is 

high and evaluation before the start of implementation is important, 

because if the company is not assessed, the implementation of BI projects 

can cause waste of time and resources and the company will not achieve 

the expected profit. 

The thesis has achieved its goals: building the models for comparative 

analysis the methods and techniques which are applicable in the related 

and unrelated areas of BI and also building a model for evaluation of the 

readiness in implementing BI projects via a hybrid approach. 
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5    Suggestions for Future Works 

Our suggestions for future works which can be related to this study are: 

comparing the appropriate methods and techniques with other suitable 

MCDM methods to choose the best method for building a model and 

compare the results of the various ways. Ranking of the CSFs with the 

use of other methods include MCDM methods can be interested to both 

academicians and practitioners. 

As we know, the algorithm will produce different results according to 

any society's culture and economy. Our suggestion is to implement 

proposed algorithm in an organization that has implemented BI 

successfully. Then the BIIAR rate can be obtained for that organization 

will be a standard for other organizations in that society. Also, we can use 

the average from BIIARs of several successful organizations as a 

measure to obtain more accurate standard. 

 

  






