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Abstract: Managers face many problems with regard to the relation between organization’s strategies and 

organization’s projects, which affect their approaches to decision making process. Selecting a portfolio of 

projects is an organizational long-term decision, so the integration of selecting a portfolio with organization’s 

vision and also the probable scenarios should be guaranteed. This paper, by using a novel approach to calculate 

the decision matrix with regard to the impact of probable scenarios on both sides of alternatives and criteria, 

selects the best project portfolio by deploying the Fuzzy VIKOR method. 
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1. Introduction 

  Project portfolio management, which has been the focal center of interest for more than four decades, can be 

defined as to manage a group of projects concurrently and treat them as one unified object [1], [2]. Within this 

unified entity, the scarce resources are shared between the projects and an organization is in charge of managing 

this portfolio [3]. Project portfolio management consists of processes to make sure that there is a congruity 

between existing resources and the ability to manage the projects within a portfolio [4]. 

1.1. Significance of Portfolio Management 

Due to the complex and globalized world we are dealing with, the problem of scheduling and selecting 

projects is of paramount importance [5]. Portfolio management is necessary to be implemented for the sake of 

decision making in projects, because the dire repercussions of poor decision making can be expensive [6]. It is 

obvious that with regard to dearth of resources, selecting the right projects as a portfolio is very important for 

organizations [5]. The significance of project portfolio management is heavily related to the notion of strategy. 

While performing projects to meet their planned time, cost and scope is important, but performing the 

appropriate projects to meet the strategic goals is also of paramount importance [7]. In this way, the proper 

portfolio management should be established to make sure of congruence between evaluation, prioritization and 

selection of projects at one hand and organizational strategy at the other hand [4]. According to a report, 66% of 

corporate strategies will never be implemented, because the main emphasis has always been on designing the 

best strategies rather than the methods to implement them (Morris and Jamieson, 2005). So, investigating the 

project portfolio management merits further attention as part and parcel of implementing organizational 

strategies [4]. 

1.2. Portfolio Selection Methods 

Due to the importance and prevalence of project portfolio management in project-based organizations, 

different criteria have been considered for selecting the project portfolios and in turn, various Multi-Criteria 

Decision Making (MCDM) techniques have been developed. 

MCDM models have been formulated to prioritize a set of alternatives with respect to multiple criteria. In 

the realm of MCDM methods, two categories received greater publicity, namely Multiple Criteria Decision 

Making (MADM) and Multiple Objective Decision Making (MODM). MADM techniques, which can be 

defined as sorting the alternatives with regard to a finite set of criteria, have been applied to many studies in the 

field of portfolio selection. Methods such as ANP [9], AHP [10], TOPSIS [11], VIKOR [12], MOORA [13] are 
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some of these applications. MODM techniques have been designed to determine the best alternatives by doing 

mathematics with the aid of objective functions, when the alternatives are not clearly given [14]. There are few 

studies which investigated the project portfolio selection with using these methods [5], [10]. In this paper, the 

alternatives have been given, so MADM techniques are more suitable to be pursued. 

1.3. Problem Description 

There are few studies probing the relation between strategy, project portfolio management and business 

success. Muller et al. indicated that there is a positive linkage between the performance of a portfolio and the 

strategies designed to conform portfolio selection and also the business-level results [4], [15]. Some studies 

investigated only a segment of portfolio management, for example, the role of project prioritization as a key 

factor for organizations’ success [4]. But there are a very few studies to examine the whole processes of portfolio 

management and its impact on business success [3]. 

As mentioned before, researchers have been applying MCDM techniques for the subject of project portfolio 

selection, But the problem about using them is neglecting future and observing everything retrospectively. It is 

very obvious that we are living in a changing world, and sometimes these changes will be extremely abrupt. This 

simple fact begs the question of how it is possible to insert these probable changes in the future to our decision 

making process (Scenario-based approach). To do so, few researchers have proposed new methods, like 

PMADM4 [16] and SPM5  [17]. With this regard, we intend to implement a project portfolio selection by using a 

foresight approach in an IT-based corporation. To test the effectiveness of the method, it was implemented in an 

IT-based corporation, due to the fact that IT is now experiencing far-reaching changes compared to other 

sections. The results show a greater degree of integration between different organization’s sections and also a 

long-term mutual vision in the corporation for selecting the project portfolios was created. 

1.4.Contributions 

  The contributions of this paper can be enumerated as following: 

• Using foresight-based approach to cover the future uncertainties 

• Introducing a quantitative approach to calculate the probabilities of the scenarios 

• Considering the impacts of scenarios on alternatives and criteria separately to avoid vague and 

inconsistent judgments by the experts 

• Using fuzzy approach to cover the uncertainties stem from the limited knowledge 

• Using an integrated system of Fuzzy Best-Worst Method and Fuzzy VIKOR to form the decision 

making approach  

The rest of the paper is organized in the following way: Section II is dedicated to the suggested method for 

defining the scenario, determining the weighting vector and portfolio selection. Section III empirical data and 

conclusion will be presented in section IV. 

2. Proposed Model 

2.1.SFMADM6 Model 

As it was mentioned, this paper intends to apply a foresight approach for choosing the best project portfolios 

and this objective will be pursued by using an extension of PMADM [16]. In order to incorporate future studies 

into the MADM models, generally speaking, two approaches can be implemented, namely identification of 

future limiters with the aid of experts’ opinions, and determining future scenarios based on scenario planning 

workshops [16]. Future limiters are usually limited to local matters for the corporation, like the budget limitation, 

human resources limitation and so on. On the contrary, future scenarios are usually delving into the more macro 

level matters, such as climate change, wars, deflation in oil price and so on. This paper is dedicated to study 

project portfolio selection in a macro level, so the future scenarios will be more apposite to this goal. 
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    The scenarios which can affect the organizations’ status are usually determined in a formal meeting of the 

top tier managers. It is not a formidable task to determine the priority of scenarios, but when it comes to 

allocating an exact number directly to a scenario as its probability of happening, the story is different [18]. To be 

ensured of lacking any substantial bias in the process of determining the probability of scenarios, SWARA 

methods, as an efficient subjective MADM technique will be deployed [19]. This method only necessitates 

sorting the scenarios based on their probabilities of happening and determining a few relative pairwise 

comparisons. A concise version of this method is introduced in the following and the interested readers can refer 

to [19] for delving deeply into this method. 

Step 1: prioritizing the criteria based on their importance 

Step 2: determining the as the relative pairwise importance of criterion   compared to   

Step 3: calculating the   as the weight of criterion j according to following formulas: 
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Step 4: normalizing the obtained weights through linear normalization. 

Now, the probability of each scenario is obtained. 
4 Prospective Multiple Attribute Decision Making 
5 Scenario-based Planning Method 
6 Scenario-based Fuzzy Multi Attribute Decision Making 

2.2.Decision Matrix 

    Regarding future study for solving a decision making problem entails adding a new factor to the decision 

matrix. The scenarios as the new factor would affect both sides of decision matrices. In other words, it is not 

staggering that the future uncertainties have an impact on alternatives and criteria and this impact can change the 

process of decision making so drastically. Owing to the intricacy of considering three separate factors 

concurrently for decision making and the possible errors and imprecision of doing this, a new method is 

developed to overcome this hurdle. To do this, we consider the impact of scenarios on the alternatives and also 

the criteria separately, and then with regard of the probability of scenarios, the final decision matrix will be 

obtained. To negate the adverse effects of imprecision, vagueness and incompletion, we use triangular fuzzy 

numbers to form the decision matrix.  

     Suppose that ika~  and jkc~  denote the judgement of the i-th alternative and the judgment of the j-th criterion 

with regard to the k-th scenario in the form of linguistic variables, respectively. )( ksp  is assumed to represent 

the probability of the k-th scenario. The following formulas calculate the fuzzy decision matrix: 
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    It should be noted that the product between matrices is the usual matrix product, with the difference that the 

product of two elements should be the usual product of triangular fuzzy numbers. 

2.3.Obtaining Weighting Vector of Criteria 

      There are many MADM methods to do this, like AHP, ANP and so on, But the majority of these well-known 

methods need a lot of pairwise comparisons and calculations, so the possible errors would be abundant [20]. 

Experts usually determine the best criterion and the worst criterion in their mind, and then try to allocate 

numbers to other criteria to the degree that their judgments do not infringe the best and the worst criterion. There 

is a method that models this mind process and also reduces the time-consuming problem of calculating many 

matrices, called Best-Worst Method. For the sake of preventing any substantial vagueness, imprecision and 

incompletion of judgments, the Fuzzy version will be deployed [21]. This method has many details, so interested 

readers can refer to the paper [21] to have a profound knowledge of this method. 

    Suppose that Bja~ and jWa~ denote the expert’s judgment about the criterion j compared with the best and the 

worst criteria respectively. 

The optimal weights jw~
are obtained by solving the fuzzy nonlinear programming presented below: 






































nj

l

uml

wR

kkka
uml

uml

kkka
uml

uml

ts

w

j

w

j

w

j

w

j

n

j

j

jWw

W

w

W

w

W

w

j

w

j

w

j

Bjw

j

w

j

w

j

w

B

w

B

w

B

,..,2,1

0

1)~(

),,(~

),,(

),,(

),,(~

),,(

),,(

..

~
min

1

***

***



 

(6) 

),,(
~

),,(~

),,(~

),,(~

*** kkk

umla

umla

umlw

jWjWjWjW

BjBjBjBj

w

j

w

j

w

jj











 
(7) 

2.4.Choosing the Best Portfolio 

      To do so, some methods have been developed, such as AHP, ANP, BWM, TOPSIS, VIKOR and so on. 

Analytic methods like AHP, ANP and BWM are usually deemed to determine the weighting vector of criteria  

[22]. But in order to choose the best alternatives, different methods are deployed. Owing to the fact that 

organizations wish to reach the best possible performance, specific MADM methods have been evolved to 

satisfy this ambition, such as TOPSIS and VIKOR. Both methods have been designed to determine the best 

value and the worst value of criteria and then identify the best and the worst solutions. The other solutions will 

be prioritized according to their distance to the best and the worst solutions. TOPSIS method selects alternatives 

with closest distance to the best solution while having longest distance from the worst solution. The problem 

with this method is that it treats the importance of distance from the best solution and the importance of worst 

solution as equal. But the fact is that sometimes it is more important to be close to the best solution than be far 
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from the worst solution, and this is the underlying assumption of the VIKOR method [23]. According to 

previous mentioned advantages of fuzzy approach in decision making process, the Fuzzy VIKOR is applied [22]. 

The following steps give a succinct explanation of how this method works: 

     Suppose that )~,~,
~

(~
ijijijij umlx  denotes an arbitrary element of the decision matrix, then 
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values will be defuzzified to form iS , iR and iQ  by using following formula: 
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With regard to having the crisp values at hand, the rest of the steps is same as the original VIKOR model [22]. 

3. Implementation of the Model in a Real Case 

     In order to test the proposed model, it was implemented in an IT-based corporation to select the best project 

portfolio. It is inevitable to have a unanimous perspective between the members of the decision making team to 

determine the set of policies to be pursued. This corporation is in the business of developing social networks to 

be applicable in smart phones.  

    With regard to using a foresight-based approach and scenario planning, probable scenarios have been found 

after a scenario planning workshop held by the top tier of managers, such as CEO, CMO, CTO. These scenarios 

are listed as below: 

• Scenario 1: Abrupt changes in the popular programming languages used for mobiles 

• Scenario 2: Changes in the regulations at a macro level, such as filtering regulations and facilitating the 

regulations for entrance of foreign companies in this field by the government 

• Scenario 3: Changes of executive managers and members of the Board of directors, so the possibility of 

focusing on a different approach to address this field 

     The probabilities of these scenarios, )( ksp , have been calculated based on SWARA method and are 

presented in table 1. 
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Table I: Probabilities of the scenarios 

Ordered scenarios jS  jw  Normalized jw  

Scenario 1 - 1 0.52 

Scenario 3 0.8 0.55 0.29 

Scenario 2 0.5 0.37 0.19 

    This corporation, as a leading corporation in the business of social networks’ development, has defined five 

portfolios of projects, namely, developing Android-based version (A1), IOS-based version (A2), Desktop-based 

version (A3), Web-based version (A4), and Transaction payment-based version (A5) as the alternatives. The 

specific criteria have been determined to assess these alternatives, namely the human resources (C1), cost (C2), 

brand reputation (C3) and the duration of the portfolio (C4).  

    According to experts’ opinions, the brand reputation (C3), due to its great contribution to boost competitive 

advantage, and the duration (C4) have been labeled as the best and the worst criteria. The following table 

presents the relative importance, based on the transformation table from paper [21] . 

Table II: Pairwise Comparisons According To Experts’ Opinions 

 C1 C2 C3 C4 

C3 FI FI EI WI 

C4 FI WI WI EI 

 

    So, based on solving the model which was mentioned in the Fuzzy Best-Worst section, the optimal 

weights jw~
are obtained as below: 

Table III: Fuzzy BWM weights 

Index Optimal weights ( jw~
) 

C3 (0.331,0.367,0.431) 

C1 (0.239, 0.258, 0.313) 

C2 (0.165, 0.198, 0.283) 

C4 (0.147, 0.152, 0.195) 

 

    Based on experts’ opinions, the matrices A and C are given as below: 
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   With the aid of transformation table of paper [22] and the equation (5), the decision matrix, D
~

, can be 

calculated as the following table indicates: 

Table IV: Fuzzy Decision Matrix 

 C1 C2 C3 C4 

A1 (0.02,0.05,0.23) (0.06,0.14,0.28) (0.21,0.311,0.40) (0.17,0.26,0.43) 

A2 (0.10,0.22,0.40) (0.08,0.21,0.4) (0.18,0.35,0.51) (0.21,0.39,0.6) 

A3 (0.22,0.35,0.5) (0.10,0.22,0.41) (0.12,0.32,0.50) (0.28,0.47,0.64) 

A4 (0.29,0.43,0.56) (0.11,0.22,0.40) (0.06,0.22,0.41) (0.29,0.43,0.59) 

A5 (0.38,0.57,0.66) (0.20,0.40,0.57) (0.28,0.57,0.69) (0.52,0.78,0.86) 

     Now, by applying the Fuzzy VIKOR and through using Equations (8) to (12), the following table is obtained 

with the assumption that v is equal to 0.5. 
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Table V: Vikor Result 

Alternative iQ  iS  iR  

A1 0.36 0.56 0.20 

A2 0.25 0.36 0.16 

A3 0.21 0.18 0.17 

A4 0.22 0.07 0.21 

A5 0.00 -0.11 0.07 

      A simple calculation will illuminate that the two conditions of the Fuzzy VIKOR are satisfied, so the A5, 

developing transaction payment-based version is the best solution for this corporation. 

4. Conclusion 

     Owing to the highly competitive environment of IT area, redefining the notion of sustainable competitive 

advantage for corporations is necessary. Simultaneous with the social networks’ growth, many corporations have 

made many attempts to develop these networks on different platforms. In this very case, the important scenarios 

have been agreed upon by the top managers and for the first time by using SWARA as an effective MADM 

technique, the probabilities of these scenarios have been calculated. Moreover, the future uncertainties and 

vagueness have been introduced in the model by using fuzzy linguistic variables in assessing the alternatives and 

criteria based on the scenarios. The results indicated that this corporation should support a unique, almost 

inimitable competitive advantage to boost its brand by pursuing the development of transaction payment-based 

networks. 
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