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A NEW FUZZY DELPHI METHOD FOR 

EVALUATION OF BUSINESS GOALS 
 

Abstract: Consensus decision making is a process used by 

groups seeking to generate widespread levels of participation 

and agreement. There are variations among different groups 

regarding the degree of agreement necessary to finalize a 

group decision. To overcome this problem authors proposed 

new software solution which is based on fuzzy delphi method. 

Main goal of this new model is to evaluate weight vectors of 

business goals of internal processes for companies that 

operate in Serbia by using rules of fuzzy sets and modeling of 

matrices of relative importances. Business goals are 

evaluated separately by seven decision makers using 

linguistic expressions because it is easier to human way of 

thinking to use these kind of expressions to give estimates 

instead of using precise numbers. 

Keywords: business goals, fuzzy sets, fuzzy Delphi method, 

consistency degree 
 

1. INTRODUCTION  
 

Under uncertainties in decision-making 

problem situations of conflict and agreement 

among the numerous decision makers because 

of different evidence and current data, 

experinece, knowledges, etc. may arise. 

Aggregation of fuzzy individual opinions into a 

group consensus is an important issue in a 

group decision-making environment.  

It is assumed that decision makers express 

their judgments far better by using linguistic 

expressions than by representing them in terms 

of precise numbers. Evolving of some 

mathematic fields such as the fuzzy sets theory 

([1],[2]) enabled linguistic expressions to be 

quantitative expressed. By applying fuzzy 

approach in modeling of linguistic expressions, 

uncertainties and imprecisions occurring from 

the lack of good reports are eliminated. In the 

literature, there are many papers where authors 

use triangular ([3],[4]) and trapezoidal ([5], [6]) 

shapes of membership functions. These 

membership functions offer a good compromise 

between descriptive power and computational 

simplicity. 

A group consensus can be determined by 

applying several methods and most of them are 

based on the fuzzy preference relations ([7], 

[8]). Some papers ([4],[5]) apply the proposed 

aggregation method which is shortly described 

as follows: the lower and upper bound are 

defined as the lowest and the greatest value in 

the domain of used linguistic expressions, 

respectively, and modal value is determined as 

average value of modal values of used 

linguistic expressions. Autohors in [3] used the 

method of average value for integration of 

fuzzy performance score for each decision 

maker. In another paper [6] it is assumed that 

the fuzzy weights of criteria for each decision 

maker is shown in matrix form which is 

extracted from questionnaires. The criterion 

weight is obtained as average value of fuzzy 

ratings of all decision makers.  

The similarity aggregation method (SAM) 

by Hsu and Chan for aggregation of individual 

opinions into a group consensus opinion is 

developed in [9]. They introduced a similarity 

index to measure the consistency of each 

decision maker with the other decision makers. 

The weight of specific opinion of decision 

maker in aggregation is proportional to degree 

of average agreement of that decision maker. In 

the literature, there are many papers in which 

new aggregation methods are proposed based 

on SAM ([10],[11]). Lee [10] defines the 

criterion for optimal aggregation weights. The 

requirement to achieve aggregated consensus is 

defined as the sum of weighted dissimilarity 

among aggregated consensus and individual 

opinions. Determining of the optimal 

aggregation weights is given by proposing an 

iterative algorithm. A consistency aggregation 

method to combine fuzzy individual opinions is 
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proposed in paper [11]. The sum of weighted 

consistency among aggregated consensus and 

group consensus opinion is determined by 

using the proposed method.  

In practice, Delphi method (DM) is 

frequently used for accurate group consensus 

decisions, so this method is structured 

communication technique, originally developed 

as systematic, interactive method for expert 

estimation [12]. Theoretically, Delphi process 

can be continuously repeated until it meets the 

predefined criteria, for example, the number of 

steps, consensus, and stability of results [12]. 

Although many researchers note that in most 

cases, three iterations are sufficient to make a 

satisfactory estimate ([13],[14],[15]). Hsu and 

Sandford [16] proposed adding a fourth 

iteration when three iterations are not sufficient 

or it can be very useful. Necessity to improve 

the vagueness of the conventional DM was 

inducted by Murry et al [17]. The concept of 

integrating of traditional DM and fuzzy set 

theory was proposed by Ishikawa et al. [18]. 

Nowdays, in the literature, there are many 

papers in which different problems of group 

decision making are sloved by fuzzy Delphi 

Method (FDM). 

Aggregation of decision makers’ opinion 

into a consensus opinion by FDM is used in 

many papers which can be found in the 

literature. In the following, a short retrospective 

of papers is given. Ma and Shao [19] developed 

a model to determine the three sets of indicators 

on the basis of which the safety of the road is 

determined. Rating of experts about regional 

and highway roads safety are obtained by using 

FDM and Gray Delphi Method. Кuo and Chen 

[20] used a FDM to determine key business 

objectives at every hierarchical level in the field 

of service activities. Wu [21] considered the 

problem of quality control of services in 

railway transport by using FDM. By applying 

FDM, it is possible to select the key criteria 

which need to be strengthened in order to 

improve the quality of current services for 

passengers as well as the characteristics of 

future management strategies in tourism. Chang 

et al [22] considered problem for selecting the 

most appropriate technology with respect to 14 

criteria. The criteria weight and technology 

ratings are collected by using a Delphi 

questionnaire. Also, these values are 

determined by consensus of the decision 

maker’ opinions by using fuzzy Delphi Method. 

Hsu et al [23] assumed that selection of 

lubricant regenerative technology problems are 

stated as multi-criteria optimization task. The 

authors utilize FDM to obtain the critical 

factors of the regenerative technologies by 

interviewing the foregoing decision makers. 

Evaluation of technology in auto industry 

according to many criteria and its weights are 

treated in [24]. Authors suggested that criteria 

are not only factors internal to the organization, 

but also include some external criteria such as 

political issues, impacts of technology on 

employment, etc. The relative importance of 

different criteria involves a high degree of 

subjective judgment and individual preferences. 

The priority of one decision criteria over 

another is described by linguistic expressions 

which are modeled by triangular fuzzy 

numbers. The criteria weights vector is 

obtained by using FDM. 

In these proposed FDMs, different criteria 

for solving stability of Delphi process are 

developed in ([25],[26],[27]). In those papers, 

the stability of the results obtained by applying 

FDM is determined by proposing new 

procedures. 

The purpose of this paper is to propose 

Algorithm and corresponding software which is 

based on FDM for determinig relative 

importance of business goals. 

Contributions of this paper are the 

following: (1) it proposes a fuzzy model for 

aggregation fuzzy individual opinions into a 

group consensus opinion which is based on 

Delphi Method and (2) it handles uncertainty in 

relative importance of business goals using 

fuzzy sets. 

The paper is organized in the following 

way. The determining of consensus opinion 

under group decision making problem in 

uncertain environment statement is given in 

Section 2. Modeling of uncertainty in relative 

importance of business goals and proposed 

fuzzy Delphi Method are presented in Section 

3. In Section 4, a case study used to verify the 

developed algorithm is presented. Conclusions 

are presented in Section 5. 

 

 

2. PROBLEM STATEMENT  
 

The evaluation of relative importance of 

business objectives problem is further 

explained. Generally, it can be assumed that 

business goals are presented by set K=

 K,...,k,...,1 , where k is and business objective 

index and K is number of treated business 
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objectives. It is assumed that the companies 

exist in an uncertain environment.  

Generally, all considered business 

objectives do not have the same importance. In 

this paper, we assumed that pair-wise 

comparison matrix of relative importance of 

business goals (by analogy with AHP method) 

[28] is given. The relative importance of each 

pair of business goals is rating by each decision 

maker and is rarely changed during a certain 

period of time. Period of time for evaluating 

business goals is defined in advance, for one 

year period. Formally, management team can 

be presented by set E, such as E=  E,...,e,...,1 , 

where e is and decision maker index and E is 

number of members of management team. 

The elements of pair-wise comparison 

matrix of relative importance of identified 

business goals are described by linguistic 

expressions which are modeled by fuzzy sets 

[1]. Number and type of linguistic expression, 

which can be used for describing relative 

importance of each pair of business goals, are 

defined by management team and mainly 

depend on the size of the problem which is 

observed. In this paper, the fuzzy rating of each 

decision maker is described by one of N 

linguistic expression which belongs to the set 

R, where N is a total number of predefined 

linguistic expressions.  

A fuzzy set is represented by its 

membership function. The parameters of 

membership function are shape, granularity and 

location on the universe of discourse. The 

membership function of a fuzzy set can be 

obtained based on one’s experience, subjective 

belief of decision makers, intuition and 

contextual knowledge about the concept 

modeled [29]. 

Triangular function (TFNs) is less tolerant 

because the range of maximum membership 

has to be around the crisp point of the triangle. 

Fuzzy sets of higher types and levels have not 

yet played a significant role in applications of 

fuzzy sets theory [26]. 

Granularity is defined as number of fuzzy 

numbers assigned to the relative importance of 

each pair of identified business goals. 

According to Lootsma [30] human being can 

process only seven categories at most. 

Therefore, in this paper, with respect to type 

and size of considered problem and results of 

investigators, author used five linguistic 

expressions assigned to existing linguistic 

variables. 

The evaluation of business objectives can 

be stated as group decision making problem 

under uncertainties. The treated problem is 

presented by pair-wise comparison matrix of 

the relative importance of business objectives 

KxK

e

kk

~~
'WW
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~
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E,..,1e,kk;1K,..,2k;K,..,1k,'W ''
e
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are described by linguistic expressions of set R. 

By applying the proposed fuzzy Delphi Method 

(FDM), fuzzy decision matrix 

KxK

kk
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is given. The relative importance of business 

objective k, kw , k=1,..,K,  is calculated as the 

average of elements of row k, k=1,..,K. 

 

 

3. MODELING OF RELATIVE 

IMPORTANCES 
 

In this Section, the modeling procedure of 

relative importances that exist in the developed 

model is described.  

 

3.1 Modeling of relative importance of each 

pair of business objectives 

 

In this paper, the fuzzy rating of each 

decision maker is described by linguistic 

expression which belongs to set of predefined 

linguistic expressions R. The linguistic 

expressions of set R are modeled by TFNs  
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In this paper, the domains of defined TFNs 

are defined on standard scale measures [1-5]. 

The value 1 means that relative importance of 

business objective k and business objective  'k  

is equal. The value 5 means that relative 

importance of business objective k over 

business objective  K,...,1k,k,k ''   has the 

highest importance.  

If strong relative importance of business 

goal 
'k  over business goal k holds, then pair-

wise comparison scale can be represented by 

the TFN: 
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These linguistic expressions are modeled 

by TFNs which are given in the following way: 

 low importance-  5.1,1,1;xR1

~
  

 moderate importance-  3,2,1;xR2

~
  

 strong importance-  4,3,2;xR3

~
  

 very strong importance-  5,4,3;xR4

~
  

 highest importance-  5,5.5.4;xR5

~
  

 

3.2 Evaluation of business goals weights by 

fuzzy Delphi method 

 

In Fuzzy Delphi Method, as a direct 

prediction method, decision makers which are 

involved in the prediction process do not see 

each other. Also, decision makers do not know 

how many experts are involved. These 

assumptions are very important because it helps 

preventing them from influencing and 

encourages objectively. Decision makers 

provide answers to questions that are defined in 

the questionnaire, which should be well 

structured and clear.  

The algorithm of FDM is presented in the 

following: 

 

Step 1. Input fuzzy pair-wise comparison 

matrix of relative importance of business goals 

is 

KxK
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Where: 
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Step 2. Calculate the average value of 

fuzzy rating of decision makers, 
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and i is index of iteration of FDM and I is a 

number of iterations. 

 

Step 3. Calculate distances between TFN 

i

kk

~
'W  and TFNs which are used for modeling 

the linguistic expressions of set R, 

N,..,1n,dn  . 

 

Step 4. Calculate the average value of 

fuzzy rating of decision makers in second 

iteration of proposed FDM,  
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by applying procedure described in Step 2. 

 

Step 5. Calculate the differences of the 

fuzzy opinions between iteration i and iteration 

i+1, i=1,..,I-1, 

1I,..,1i;K,..,2k;1K,..,1k,'W,'Wd '
1i

kk

~i

kk

~
















 

 If the obtained distance is less than 0.2 

[27] then it is considered that decision makers 

have achieved a consensus. Otherwise, process 

of fuzzy rating returns to Step 3. 

 

Step 6. Input fuzzy decision matrix 

KxK

kk

~~
'wD











 whose elements are 

1i

kkWkk

~
'

~
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 , '' kk;K,..1k,k  . 

 

Step 7. Calculate business objective 

weight, k

~
w : K,..,1k,k,'w

K

1
w '

K

1k

kk

~

k

~
 



 

 

Step 8. Determine a scalar value, kw  of 

fuzzy number k

~
w , which is used to describe a 

business goal weight k, k=1,..,K by using 

maximum method ([1],[2]). 

 

Step 9. Determine vectors weight of 

business objectives, W  whose elements are 



 

9
th

 IQC June, 2015                               427 

normalized scalar values kw , k=1,..,K. 

 

 

4. EVALUATING MODEL 

APPLICATION AND RESULTS 
 

To support achieving the consensus in 

group decision making problem in the process 

management a software solution was developed 

based on the proposed FDM. The main purpose 

is to provide a user-friendly software solution 

for decision makers for the problem of 

evaluation of business goals. The proposed 

methodology gives the basis for a web-based 

business goals evaluation. 

Developed FDM and corresponding 

software is tested on real-life data (Figure 1) 

which are obtained from public Enterprises, 

existing in central Serbia. Some researchers 

assume that managers of public Enterprises 

increase their focus on measuring performance 

of business objectives, because it has critical 

effect on strategic management efficiency 

([31], [32], [33]). 

 

 

5. SOFTWARE SOLUTION BASED 

ON PROPOSED FUZZY DELPHI 

METHOD 
 

In this paper Proposed Fuzzy Delphi 

method is used in order to evaluate values of 

the relative importance of the business goals of 

internal processes of the considered group of 

companies existing in region of Serbia. Base of 

this FDM method is algorithm shown in chapter 

3. Working with the program is consisted of 

several steps. The program is written as an 

online decision support and is based on web 

technologies such as HTML, CSS, JavaScript 

and jQuery. The system has two parts: the user 

interface and base of knowledge for computing 

and decision making. 

In the first step you need to enter the 

number of experts and the number of linguistic 

expressions with their values (Figure 1, a). 

When this condition is met, program requires 

entry of Fuzzy pair-wise comparison matrix 

with estimated values of experts for each of the 

business goals of these internal processes. 

Algorithm is tasked to consider this assessment 

of experts and to make aggregated opinion 

based on that assessment (Figure 1 a). In the 

next iteration decision-makers on the basis of 

aggregated opinions in the previous step, take 

into consideration decisions made in the 

previous step and perform appropriate 

corrections of their opinions in order to reach 

consensus. The procedure is repeated for a 

number of iterations (Figure 1, b and Figure 2, 

a) until a consensus is reached after which 

calculation of value of the relative importance 

of the aforementioned business objectives is 

calculated (Figure 2, b). 

 

                 
a)                                                                         b) 

Figure 1 - Steps of the proposed FDM 
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a)                                                                           b) 

Figure 2 - Steps of the proposed FDM  

 
In this paper, business goals of internal 

processes are considered. These business goals 

are: Integration of information systems (k=1), 

application of new technologies and models in 

the work of the organization (k=2) and 

improvement of the performance of projects 

with steady quality (k=3) and management 

team is consisted of seven decision makers 
From the figure 1 it can be concluded that 

group opinion is achieved by consensus in 

fourth iteration. By using explained steps of 

FDM software solution, weight vectors for each 

of the observed business goal is calculated after 

achieving aforementioned decision maker 

consensus. 

 

 

 

6. CONCLUSION 
 

In this paper we have presented a model of 

group decision making which is a new software 

solution. Purpose of this model is to utilize 

methods of fuzzy logic to evaluate weight 

vectors of business goals of internal process 

inside an organization. To calculate these 

weight vectors it is necessary for decision 

makers to make concensus in their opinions 

through unlimited number of iterations until all 

interested parties are satisfied. 

Further improvement of this model by 

using this or diferent methods will allow 

authors to use information given after reaching 

consensus decision makers to utilize these 

weight vectors in other research areas such as 

measuring process performance or etc. 
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