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In the competitive world today, maintaining and developing market share are of great importance to any 
business, and technology plays an important role here. Technology selection, influencing the 
competitive advantages of an enterprise or a country is a multi-criteria decision problem which can be 
improved by integrating different MCDM

1
 methods. Many different resources including financial, human 

and time are spent to access a needed technology. Utilization of these resources can be optimized by 
integrating them with appropriate technologies. The objectives of this study are: 1) identifying the 
effective criteria of technology selection to improve the performance of CROUSE companies in Iran's 
auto industry by using Fuzzy Delphi, Fuzzy AHP and Fuzzy TOPSIS techniques, and 2) providing a 
systematic model to prioritize ABS

2
  sensor technology alternatives. We contributed to the technology 

selection by identifying critical criteria in technology selection. Our findings show that indicators of 
technology selection are not only some internal factors of the organization, but also include some 
factors external to the organization, and that the most effective criteria on technology selection are not 
merely financial, and some other factors such as political issues or the impacts of technology on 
employment are also influential. 
 
Key words: Fuzzy Delphi, fuzzy AHP, fuzzy TOPSIS, technology selection, technology selection criteria. 

 
 
INTRODUCTION 
 
A firm‘s ability to make sound decisions is particularly 
important in the presence of increased global competition 
and the greater uncertainty from exposure to more 
competitors. Technology selection which influences the 
competitive advantages of an enterprise or a country is a 
multi-criteria decision problem that can be improved by 
integrating different methods. Furthermore, increase in 
the number and complexity of available technologies 
makes it more and more difficult to identify the right 
technology and may render some methods less 
dependable if used alone. A company has to select and 
invest in a technology field with comparative advantage 
from various technology alternatives under multiple 
economic, technological and social criteria in a 
complicated environment (Torkkeli and Tuominen, 2002).  
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An enterprise can waste its competitive advantages by 
investing in wrong alternatives at the wrong time or by 
investing too much in the right ones (Torkkeli and 
Tuominen, 2002). In order to realize this competitive 
advantage, it is vital to understand both the specific 
technologies and the ways in which organizations can 
best manage technology (Phaal et al., 2001). Selection of 
key technologies helps the firms and countries to 
establish their advantage in a competitive environment 
(Clark, 1989; Lee and Song, 2007). Increasing complexity 
of the relations between Technologies and economic 
problems combined with the occurrence of national or 
organizational budget resource restrictions imply new 
challenges for science and technology (Ronde, 2003). 
There are many studies in technology selection but there 
are a few studies  that  identify  the  critical  indicators  to  
 
 
1
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2
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select technologies. The aim of this study is identifying 
the effective indicators of technology selection and 
selecting the best technology. In real life, modeling of 
many situations may not be sufficient or exact, as the 
available data are inexact, vague, imprecise and 
uncertain by nature (Sarami et al., 2009). This gives rise 
to the question that: ―how the importance weights can be 
calculated?‖ In this study we integrate the Fuzzy Delphi 
method and Fuzzy analytical hierarchy process to identify 
and weigh indicators and then select the appropriate 
technology by Fuzzy TOPSIS. In many real situations, 
experts‘ judgments cannot be properly reflected in 
quantitative terms. Some ambiguity will result due to the 
differences in the meanings and interpretations of the 
expert‘s opinions. 

Since people use linguistic terms such as ‗good‘ or 
‗very good‘ to reflect their preferences, the concept of 
combining fuzzy set theory and Delphi was proposed by 
Murray et al. (1985) and named the Fuzzy Delphi method 
(FDM). We used fuzzy Delphi method because according 
to Noorderhaben (1995), applying the Fuzzy Delphi 
method to group decision can solve the fuzziness of 
common understanding of expert opinions. We used 
fuzzy AHP for this study to investigate which evaluation 
criterion is the most important in overall technical 
committees and make this study more sensible and gain 
a more representative description of the decision-making 
process. This research adopts the fuzzy TOPSIS to 
improve the gaps of alternatives between real 
performance values and pursuing aspired levels in each 
dimension and criterion and find out the best alternatives 
for achieving the aspired/desired levels based on 
proposed technologies. The remainder of this paper is 
organized as follows: Subsequently, it presents how we 
adopt the methodologies, Fuzzy AHP and Fuzzy TOPSIS 
in real world; after which it briefly describes the case 
study; then, the data analysis and the paper ends with 
concluding remarks. 
 
 
LITERATURE REVIEW 
 
Technology as a major source of competitive advantage 
for manufacturing industries is widely accepted by 
practitioners, governments and academics. Management 
of technology is comprised of five generic processes: 
identification, selection, acquisition, exploitation and 
protection (Gregory, 1995). Technology selection process 
is an identification and selection of new or additional 
technologies which the firm seeks to master (Dussauge 
et al., 1992). Evaluation-and-selection processes often 
precede adoption and use (Fichman and Kemerer, 1999). 
The key theme in these definitions is that technology 
selection is a ―process‖ that is closely linked to 
organizational objectives and is associated with the 
broader technological and market environment (Stacey 
and Ashton, 1990). Technology  selection  is  a  ―process‖  

 
 
 
 
that is closely linked to other business processes, and is 
associated with the broader technological, organizational 
and business environment (Shehabuddeen et al., 2006). 
Therefore understanding how organizations perceive the 
benefits and issues of a particular technology prior to 
acquisition can provide context and insight into 
subsequent evaluation or description of the technology 
(Langley et al., 1995). Yu et al. (1998) focus on the 
strategic importance, business effect, business 
opportunity, risk, present technology position and the cost 
to obtain the technology to evaluate feasibility. Piipo and 
Tuominen (1990) emphasize the matching of alternatives 
to the capabilities and strategies of companies and risks 
as major factors in the selection; in addition to the 
benefits and costs. Gregory suggested that evaluation 
was concerned with ―the notions of cost, benefit and risk‖. 
In 2010, Shen et al. (2010) proposed a technology 
selection process integrating fuzzy Delphi method, 
analytic hierarchy process (AHP) and patent co-citation 
approach (PCA) for technology selection. In 2011, Shen 
et al. (2011) proposed a hybrid process concerning the 
economic and industrial prospects along with critical 
technology streams toward a more effective selection of 
new technology. Both articles highlighted some criteria 
such as: cost, benefit technology development and risk. 

In 2010, Lucheng et al. (2010) proposed a new hybrid 
approach based on technology foresight and a fuzzy 
consistent matrix to select and assess emerging 
technologies. In this study they used some criteria such 
as advancement of technology, market risk, customer 
surplus, value making, industrial policies, social 
development and job opportunities creation to select 
technology. In 2008 Stewart investigated information 
technology projects (Stewart, 2008). In this research he 
argued that the organization should set up a series of 
activity cost matrices for each stage of the IT project life 
cycle. In 2008, Zhang et al. (2008) developed a multiple-
perspective model for technology assessment. They 
applied this model to mobile broadband technologies 
selection in China. They determined five criteria to select 
the best technology; performance, compatibility, political 
and social effects, economic valuation and technological 
improvements. In 2005, Kulak et al. (2005) investigated 
IT project selection. In this research they used five criteria 
to select the best IT project: technical and organizational 
risk, return on investment (ROI), user satisfaction or easy 
to use, operational agility and strategic competitiveness. 
As we may see, the criteria offered in technology 
selection literature are quite different. We have 
summarized some of the criteria highlighted by 
researchers (Table 1). 
 
 
Fuzzy logic 
 
Fuzzy set theory first was introduced by Zadeh (1965) to 
map linguistic variables to numerical variables within 
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Table 1. Indicators used in technology selection. 
 

Criterion Researchers 

Economic attractiveness 
Zaidmanand and Gevidalli (1989), Gimenez (2006), Zhang et al. (2008), Granstrand 
(2004), Daim and Kocaoglu (2008), Lee et al. (2009), Brown et al. (2010), Peças et 
al. (2009) and Chiesa (1998). 

  

Usability 
Leseure and Brookes (2004), Keogh et al. (2001), McAdam et al. (2005) and Chiesa 
(1998). 

  

Value creation for customers Siriram and Snaddon (2005) and Chiesa (1998). 

Flexibility 
Farooq and O‘Brien (2010), Lefebvre et al. (1992), Da Silveira and Cagliano (2006), 
Prajogo and Sohal (2006), Husain et al. (2002) and Patterson et al. (2003). 

  

Risk 
Coldrick et al. (2005), Prajogo and Sohal (2006), Shen et al. (2010), Liu and Jiang 
(2001), Wu and Ong (2008), Stewart (2008), McAdam et al. (2005), Kulak et al. 
(2005), Farooq and O‘Brien (2010) and Sung (2009). 

  

Interdependency Lee and Kim (2001).  

  

Solution creation Chiesa (1998) 

  

Technology life cycle Kim (2003) and Farooq and O‘Brien (2010). 

  

Cost 
Coldrick et al. (2005), Prajogo and Sohal (2006), Shen et al. (2010), Lehtimäki et al. 
(2009) and Awazu (2006). 

  

Complexity 
Cantwell (1992), Shen et al. (2010), Lehtimäki et al. (2009), Hemmert (2004), Zhang 
et al. (2008), Lucheng et al. (2010) and Shehabuddeen et al. (2006). 

  

Ease of use Shen et al. (2010), Brown et al. (2010) and Farooq and O‘Brien (2010). 

  

Time to access 
Shen et al. (2010), Coldrick et al. (2005), Stewart (2008), Farooq and O‘Brien 
(2010), Peças et al. (2009) and Evans et al. (2009). 

  

Impact on employment 
Husain et al. (2002), Lucheng et al. (2010), Landeta (2006), Achilladelis and 
Antonakis (2001) and Venanzi (1996). 

  

Environmental benefits 
Lucheng et al. (2010), Peças et al. (2009), Evans et al. (2009), Hsu et al. (2010) and 
Choudhury et al. (2006). 

  

Innovation 
Prajogo and Sohal (2006), Shen et al. (2010), Lehtimäki et al. (2009), Siegel et al. 
(2004) and Husain et al. 2002). 

  

Strategic attractiveness 

Prajogo and Sohal (2006), Stewart (2008), Husain et al. (2002), Patterson et al. 
(2003), Farooq and O‘Brien (2010), Shehabuddeen et al. (2006), Tingling and 
Parent (2004), Schweizer (2005), Walsh and Linton (2011), Lucheng et al. (2010) 
and Phaal et al. (2001). 

  

ROI Coldrick et al. (2005), Shen et al. (2010), Laurie (2001), Kulak et al. (2005). 

  

Income creation 
Siegel et al. (2004), Hemphill (2006), Swamidass and Kotha (1998), Siriram and 
Snaddon (2005). 

  

Political effect Zhang et al. (2008). 
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Table 1. Contnd 
 

Cultural effect 
Siegel et al. (2004), Stewart (2008), Daim and Kocaoglu (2008) and Farooq and 
O‘Brien (2010). 

  

Technical knowledge and learning Lehtimäki et al. (2009), Kasvi et al. (2003) and Hänninen and Kauranen (2007). 

  

Compatibility Zhang et al. (2008) and Brown et al. (2010). 

  

Current ability 
Siegel et al. (2004), Short et al. (1976), Carlson and Zmud (1999), Daft and Lengel 
(1986) and Reinsch and Beswick (1990). 

  

Exclusiveness Siegel et al. (2004) and Hemphill (2006). 

  

Our situation in technology Awazu (2006), Husain et al. (2002) and Takayama and Watanabe (2002). 
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Figure 1. A triangular fuzzy number,  Kah04 \l 1033 

(Kahraman et al., 2004). 

 
 

 
decision making processes. Then the definition of fuzzy 
sets were manipulated to develop Fuzzy multi-criteria 
decision making (FMCDM) methodology by Bellman and 
Zadeh (1970) to resolve the lack of precision in assigning 
importance weights of criteria and the ratings of 
alternatives against evaluation criteria. 
A fuzzy set is characterized by a membership function 
which assigns to each element a grade of membership 
within the interval [0, 1] indicating to what degree that 
element is a member of the set (Bevilacqua et al., 2006). 
As a result, in fuzzy logic, general linguistic terms such as 
‗‗bad‘‘, ‗‗good‘‘ or ‗‗fair‘‘ could be used to capture 

specifically defined numerical intervals. A tilde ‗‗ ‘‘ will be 

placed above a symbol if the symbol represents a fuzzy 

set. A triangular fuzzy number (TFN)  is shown in 

Figure 1. A TFN is denoted simply as . The 

parameters ,  and  denote the smallest possible 

value, the most promising value and the largest possible 
value that describe a fuzzy event (Kahraman et al., 
2004). When l = m = u, it is a non-fuzzy number by 
convention (Chan and Kumar, 2007). Each TFN has 
linear representations on its left and right side such that 
its membership function can be defined as (Kahraman et 
al., 2004): 
 

            (1) 

 

: multiply fuzzy numbers, for example assuming two 

triangular fuzzy numbers: 
 

,  

 

            (2) 

 

: divide fuzzy numbers, for example: assuming two 

triangular fuzzy numbers , 

: 

 

           (3) 

 
 
METHODOLOGY 

 
This study proposes a process integrating fuzzy Delphi, AHP and 
fuzzy TOPSIS methods to deal with the challenge of technology 
selection. For executing Delphi method, we identified research 
experts who are ten people of CROUSE Company with over 10 
years of experience in this industry. Four people of them are from 

technical management department and six people of them are from 
business management department. Firstly, we define technology 
selection   criteria   that   are   extracted  from  technology  selection  



 
 
 
 
literature. Then the fuzzy Delphi method effectively gathers 
information about critical technology selection criteria. In this 
technology selection problem, the relative importance of different 
decision criteria involves a high degree of subjective judgment and 
individual preferences. The linguistic assessment of human 
judgments is vague and it is not reasonable to represent them in 
terms of precise numbers. It feels more confident to give interval 
judgments; therefore triangular fuzzy numbers were used in this 
problem to decide the priority of one decision criteria over another. 
The triangular fuzzy numbers were determined from reviewing 
literature (Kahraman et al., 2003). In order to evaluate the weights 
of criteria that were obtained by fuzzy Delphi method, fuzzy AHP 
was used. Then we used fuzzy TOPSIS to rank the technology 

alternatives. 
 
 

Fuzzy Delphi method 
 

Murry et al. (1985) proposed the concept of integrating the 
traditional Delphi method and the fuzzy theory to improve the 
vagueness of the Delphi method. Membership degree is used to 
establish the membership function of each participant. Ishikawa et 
al. (1993) further introduced the fuzzy theory into the Delphi method 
and developed max to min and fuzzy integration algorithms to 
predict the prevalence of computers in the future. In this study we 
used Fuzzy Delphi method as proposed by Ishikawa et al. (1993) 
which was derived from the traditional Delphi technique and fuzzy 
set theory. Noorderhaben (1995) indicated that applying the Fuzzy 
Delphi method to group decision can solve the fuzziness of 
common understanding of expert opinions. The FDM steps are as 
follows: 
 
 

Collecting opinions of decision group 
 
Finding the evaluation score of each alternate factor‘s significance 
given by each expert by using linguistic variables in questionnaires. 
 
 

Setting up triangular fuzzy numbers 
 

Calculating the evaluation value of triangular fuzzy number of each 
alternate factor given by experts, finding out the significance 
triangular fuzzy number of the alternate factor. This study used the 
geometric mean model of mean general model proposed by Klir 
and Yuan (1995) for FDM to find out the common understanding of 
group decision. 

The computing formula is illustrated as follows: assuming the 

evaluation value of the significance of No.  element given by No.  

expert of n experts is: 
 

, , . 

 

Then the fuzzy weighting  of No.  element is: 

 

, . 

 
Among which: 
 

, ,                    (4) 

 
 

Defuzzification 
 
Using simple center of gravity method to defuzzify the fuzzy weight  
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 of each alternate element to definite value  , the followings 

are obtained: 
 

,                      (5) 

 
 

Screening evaluation indexes 
 

Finally, proper factors can be screened out from numerous factors 
by setting the threshold a. The principle of screening is as follows: 
 

If , then No.  factor is the evaluation index. 

If , then delete No.  factor. 

 

For the threshold value r, the 80/20 rule was adopted with r set as 
8. This indicated that among the factors for selection, ‗‗20% of the 
factors account for an 80% degree of importance of all the factors‘‘. 
The selection criteria were: 
 

If , this appraisal indicator is accepted. 

If , this appraisal indicator is rejected. 

 
 

Fuzzy analytic hierarchy process 
 

Laarhoven and Pedrycz (1983) proposed the Fuzzy analytic 
hierarchy process in 1983 which was an application of the 

combination of analytic hierarchy process (AHP) and Fuzzy theory. 
The linguistic scale of traditional AHP method could not express the 
fuzzy uncertainty when a decision maker is making a decision. 
Therefore, FAHP converts the opinions of experts from previous 
definite values to fuzzy numbers and membership functions 
presents triangular fuzzy numbers in paired comparison of matrices 
to develop FAHP, thus the opinions of experts approach human 
thinking model so as to achieve more reasonable evaluation 
criteria. Laarhoven and Pedrycz (1983) proposed the FAHP which 
is to show that many concepts in the real world have fuzziness. 
Therefore, the opinions of decision makers are converted from 
previous definite values to fuzzy numbers and membership 
numbers in FAHP so as to present in FAHP matrix. The steps of 
this study based on FAHP method are as follows: 
 
 
Determining problems 
 

Determining the current decision problems to be solved so as to 
ensure future analyses being correct; this study discussed the 
‗‗evaluation criteria for verification of technology selection criteria‖. 
 
 
Setting up hierarchy architecture 
 

Determining the evaluation criteria having indexes to be the criteria 

layer of FAHP, for the selection of evaluation criteria, relevant 
criteria and feasible schemes can be found out through reviewing 
the literature. This study screened the important factors conforming 
to target problems through FDM investigating experts‘ opinions to 
set up the hierarchy architecture. 
 
 
Constructing pair wise comparison matrices among all the 

elements/criteria in the dimensions of the hierarchy system 
 
Assigning linguistic terms to the pair wise  comparisons  by  asking  
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which is the more important of each two dimensions as following 

matrix : 

 

          (6) 

 
Where: 
 

 

 
Using geometric mean technique to define the fuzzy geometric 
mean and fuzzy weights of each criterion by Hsieh et al. (2004): 
 

                          (7) 

 

                          (8) 

 

Where  is fuzzy comparison value of dimension  to criterion , 

thus,   is a geometric mean of fuzzy comparison value of criterion 

 to each criterion;  is the fuzzy weight of the  criterion, and 

can be indicated by a TFN, . The , 

 and  stands for the lower, middle and upper values of 

the fuzzy weight of the  dimension. 

 
 
Fuzzy TOPSIS methods 

 
In this study, we propose this method to evaluate the performance 
of technology alternatives for CROUSE Company. TOPSIS views a 
MADM problem with m alternatives as a geometric system with m 
points in the n-dimensional space of criteria. The method is based 
on the concept that the chosen alternative should have the shortest 

distance from the positive-ideal solution (that is achieving the 
minimal gaps in each criterion) and the longest distance from the 
negative-ideal solution (that is, achieving the maximal levels in each 
criterion). TOPSIS defines an index called similarity to the positive-
ideal solution and the remoteness from the negative- ideal solution. 
Then, the method chooses an alternative with the maximum 
similarity to the positive-ideal solution (Hwang and Yoon, 1981; 
Wang and Chang, 2007). The merit of using a fuzzy approach is to 
assign the relative importance of attributes using fuzzy numbers 
instead of precise numbers for suiting the real world in fuzzy 
environment; in other words, to extend the TOPSIS to the fuzzy 
environment (Kuo et al., 2007; Yang and Hung, 2007). The 
mathematics concept borrowed from Büyüközkan et al. (2007), Kuo 
et al. 2007) and Wang and Chang (2007). 
 
 
Determining the weighting of evaluation criteria 
 

This research employs fuzzy AHP to find the fuzzy preference 
weights. 

 
 
 
 
Constructing the fuzzy performance/decision matrix and 
choosing the appropriate linguistic variables for the 
alternatives with respect to criteria 
 

                                   (9) 

 

 
 

 
 

Where  is the performance rating of alternative  with 

respect to criterion  evaluated by  expert and 

 

 
 
Normalizing the fuzzy-decision matrix 
 

The normalized fuzzy-decision matrix denoted by is shown as 

the following formula: 
 

, ,              (10) 

 
Then, the normalization process can be performed by following 
formula: 
 

,       (11) 

 

Or we can set the best aspired level  and  is 

equal to one; otherwise, the worst is zero. The normalized  is 

still triangular fuzzy numbers. The weighted fuzzy normalized 

decision matrix is shown as the following matrix  

 

         (12) 

 
Where: 
 

 

 
 
Determining the fuzzy positive-ideal solution (FPIS) and fuzzy 
negative-ideal solution (FNIS) 
 
According to the weighted normalized fuzzy-decision matrix, we 

know that the elements  are normalized positive TFN and their 

ranges belong to the closed interval [0, 1]. Then, we can define the  



 
 
 
 
Table 2. Linguistic terms for the fuzzy ratings. 
 

Absolutely appropriate  (9, 10, 10) 

Appropriate  (7, 9, 10) 

Slightly appropriate  (5, 7, 9) 

Neutral  (3, 5, 7) 

Slightly inappropriate  (1, 3, 5) 

Inappropriate  (0, 1, 3) 

Absolutely inappropriate  (0, 0, 1) 

 
 
 

Table 3. Linguistic variables for importance of each criterion. 

 

Extremely strong (9, 9, 9) 

Intermediate (7, 8, 9) 

Very strong (6, 7, 8) 

Intermediate (5, 6, 7) 

Strong (4, 5, 6) 

Intermediate (3, 4, 5) 

Moderately strong (2, 3, 4) 

Intermediate (1, 2, 3) 

Equally strong (1, 1, 1) 
 
 

 

FPIS  (aspiration levels) and FNIS  (the worst levels) as the 

following formula: 
 

                   (13) 

 

                                  (14) 

 

Where  and 

 

 
 

Calculating the distance of each alternative from FPIS and 
FNIS 

 

The distances ( and ) of each alternative from  and  

can be currently calculated by the area compensation method: 

 

     (15) 

 

   (16) 

 
 
Obtaining the closeness coefficients (relative gaps-degree) 
and improving alternatives for achieving aspiration levels in 
each criterion 

 

Obviously, an alternative  is closer to the FPIS  and farther  

from FNIS  as  approaches to 1. Therefore, according to  
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the closeness coefficient we can determine the ranking order of all 
alternatives and select the best one from a set of feasible 
alternatives. The chosen alternative should have the shortest 
distance from the positive-ideal solution (that is, achieving the 
minimal gaps in each criterion) and the farthest distance from the 
negative-ideal solution (that is, achieving the maximal levels in each 

criterion). The  is defined to determine the fuzzy gaps-degree 

based on fuzzy closeness coefficients for improving alternatives; 

once the  and  of each alternative have been calculated. 

This step solves the similarities to an ideal solution by the following 
formula: 
 

                                            (17) 

 
 

CASE STUDY 
 

Our study was conducted in CROUSE Company, 
established in 1986 in Iran. The company, with about 
4000 employees produces automotive parts and is one of 
the major suppliers of the two largest automotive 
complexes in Iran; that is IRANKHODRO and SAIPA. It's 
financial flow and purchasing costs amount to nearly 8 
billion dollars and 900 million dollars respectively. The 
company is currently procuring ABS sensor parts from 
European countries, but it wants to explore other options. 
In its search for different ways of procuring ABS sensor 
parts, our case study company has come up with five 
alternatives which follow (Table 5). 
 
 

STEPS TAKEN AND DATA ANALYSIS 
 
1) Having reviewed the relevant literature of technology 
selection criteria, 25 criteria were selected to work on. 
2) Fuzzy Delphi method was applied to screen the criteria 
in the following procedure: first an FDM interview table 
with respect to Table 2 was setup and then interviews 
were made with ten experts from CROUSE Company. As 
a result, seven criteria were extracted from this stage 
(Table 6). 
3) Determining the weights of evaluation criteria, we 
adopted fuzzy AHP method to evaluate the weights of 
different criteria for the performance of technology 
selection. Following the construction of fuzzy AHP model, 
it is extremely important that experts fill the judgment 
matrix. 
 
According to the views presented by the committee with 
ten representatives about the relative importance of 
criteria, the pair wise comparison matrices of criteria were 
formed. We applied the fuzzy numbers defined in Table 
3. We transformed the linguistic scales to the 
corresponding fuzzy numbers. Computing the elements 
of synthetic pair wise comparison matrix by using the 
geometric mean method suggested by Buckley (1985) 
that is: 



6494            Sci. Res. Essays 
 
 
 

Table 4. Linguistic variables for the ratings. 
 

Very good (VG) (9, 10, 10) 

Good (G) (7, 9, 10) 

Medium good (MG) (5, 7, 9) 

Fair (F) (3, 5, 7) 

Medium poor (MP) (1, 3, 5) 

Poor (P) (0, 1, 3) 

Very poor (VP) (0, 0, 1) 

 
 
 

 
 
For example: 

 

 
 
Other matrix elements can be obtained by the same 
computational procedure, therefore, the synthetic pair 
wise comparison matrices of the ten representatives will 
be constructed as follows matrix A: 
 

 

 
To calculate the fuzzy weights of criteria, the 
computational procedures were performed as follows: 
 

 
 

 
 

,  

, 

 

 

,  , 

 

 
For the weight of each criterion, they can be done as 
follows: 

 
 
 
 

 
 

 
 

 
 

We then calculated the remaining  (Table 7). They are: 

 

, 

, 

 

 

, 

,  

 
 
EVALUATING ALTERNATIVES BY FUZZY TOPSIS 
 
In this step, we adopted fuzzy TOPSIS to evaluate the 
performance of the technology alternatives. This paper 
focuses on evaluating the performance of five potential 
ABS sensor technologies. First we constructed the fuzzy-
decision matrix and chose the appropriate linguistic 
variables for the alternatives with respect to criteria. The 
evaluator has his own range for the linguistic variables 
employed in this study according to his subjective 
judgments (Table 8). The evaluator then adopted 
linguistic terms (Table 4) including ‗‗very good‖, ‗‗good‖, 
‗‗medium good‖, ‗‗fair‖, ‗‗medium poor‖, ―poor‖ and ―very 
poor‖ to express his opinion about the rating of every 
technology regarding each capability criteria based on 
the data of the five technologies listed in Table 5. Using 
Equation 12, we then normalized the fuzzy-decision 
matrix as Table 9. In the next step we established the 
weighted normalized fuzzy-decision matrix. The resulted 
fuzzy-weighted decision matrix is shown as Table 10. At 
this step, we defined the fuzzy positive-ideal solution 
(FPIS) and the fuzzy negative-ideal solution (FNIS) as: 

and . 
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Table 5. ABS sensor parts procurement alternatives. 
 

Alternative description 

A1 Importing the whole ABS sensor from another country. 

  

A2 
Importing the ABS sensor parts from another country and assembling the terminal internally within the 
company. 

  

A3 Importing all ABS sensor parts from another country and doing the assembly internally within the company. 

  

A4 
Importing just the internal pivot of the sensor from another country and having the production of other parts 
and assembly done internally within the company. 

  

A5 Producing the whole ABS sensor internally within the company. 

 
 
 

Table 6. Derived criteria and their definitions. 

 

Criterion Definition  

C1: Political effect 
How political sanctions and limitations affect the growth and development of the selected 
technology. 

C2: Impact on employment How the selected technology affects employment. 

C3: Economic attractiveness How the selected technology affects the sales volume. 

C4: Innovation How the selected technology affects innovation. 

C5: Technical knowledge and learning The technical knowledge transferred and learning occurred with the selected technology. 

C6: Value creation for customers The value of the technology core product and its supplementary functions to customers. 

C7: Usability The importance of the needs satisfied by the technology products to customers. 

 
 
 

Table 7. Weights of criteria. 

 

 Weight Rank 

  1 

  3 

  2 

  5 

  7 

  6 

  4 

  
 
 

Table 8. Subjective cognition result of evaluator towards the seven levels of linguistic variables.  
 

  C1 C2 C3 C4 C5 C6 C7 

 

A1 (1, 3, 5) (1, 3, 5) (7, 9, 10) (7, 9, 10) (7, 9, 10) (7, 9, 10) (7, 9, 10) 

A2 (3, 5, 7) (3, 5, 7) (5, 7, 9) (7, 9, 10) (5, 7, 9) (7, 9, 10) (5, 7, 9) 

A3 (5, 7, 9) (5, 7, 9) (5, 7, 9) (9, 10, 10) (5, 7, 9) (5, 7, 9) (5, 7, 9) 

A4 (7, 9, 10) (7, 9, 10) (5, 7, 9) (9, 10, 10) (5,7, 9) (3, 5, 7) (3, 5, 7) 

A5 (7, 9, 10) (9, 10, 10) (5, 7, 9) (9, 10, 10) (5, 7, 9) (5, 7, 9) (5, 7, 9) 
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Table 9. Normalized fuzzy-decision matrix. 

 

  C1 C2 C3 C4 C5 C6 C7 

 

A1 (0.1,0.3,0.5) (0.1,0.3,0.5) (0.7,0.9,1) (0.7,0.9,1) (0.7,0.9,1) (0.7,0.9,1) (0.7,0.9,1) 

A2 (0.3,0.5,0.7) (0.3,0.5,0.7) (0.5,0.7,0.9) (0.7,0.9,1) (0.5,0.7,0.9) (0.7,0.9,1) (0.5,0.7,0.9) 

A3 (0.5,0.7,0.9) (0.5,0.7,0.9) (0.5,0.7,0.9) (0.9,1,1) (0.5,0.7,0.9) (0.5,0.7,0.9) (0.5,0.7,0.9) 

A4 (0.7,0.9,1) (0.7,0.9,1) (0.5,0.7,0.9) (0.9,1,1) (0.5,0.7,0.9) (0.3,0.5,0.7) (0.3,0.5,0.7) 

A5 (0.7,0.9,1) (0.9,1,1) (0.5,0.7,0.9) (0.9,1,1) (0.5,0.7,0.9) (0.5,0.7,0.9) (0.5,0.7,0.9) 

 
 
 

Table 10. Weighted normalized fuzzy-decision matrix. 

 

  C1 C2 C3 C4 C5 C6 C7 

V= 

A1 (0.0175, 0.0885, 0.2495) (0.0117, 0.0594, 0.1725) (0.105, 0.2214, 0.388) (0.0231, 0.0495, 0.092) (0.0168, 0.0351, 0.063) (0.0238, 0.0495, 0.09) (0.0462, 0.099, 0.18) 

A2 (0.0525, 0.1475, 0.3493) (0.0351, 0.099, 0.2415) (0.075, 0.1722, 0.3492) (0.0231, 0.0495, 0.092) (0.012, 0.0273, 0.0567) (0.0238, 0.0495, 0.09) (0.033, 0.0777, 0.162) 

A3 (0.0875, 0.2065, 0.4491) (0.0585, 0.1386, 0.3105) (0.075, 0.1722, 0.3492) (0.0297, 0.055, 0.092) (0.012, 0.0273, 0.0567) (0.017, 0.0385, 0.081) (0.033, 0.0777, 0.162) 

A4 (0.1225, 0.2655, 0.499) (0.0819, 0.1782, 0.345) (0.075, 0.1722, 0.3492) (0.0297, 0.055, 0.092) (0.012, 0.0273, 0.0567) (0.0102, 0.0275, 0.063) (0.0198, 0.0555, 0.126) 

A5 (0.1225, 0.2655, 0.499) (0.1053, 0.198, 0.345) (0.075, 0.1722, 0.3492) (0.0297, 0.055, 0.092) (0.012, 0.0273, 0.0567) (0.017, 0.0385, 0.081) (0.033, 0.0777, 0.162)) 

 
 
 

Table 11. Closeness coefficients to aspired level among different alternatives. 
 

 d
+ 

d
- 

Satisfaction degree of cci
- 

Gaps degree of cci
+ 

Rank 

A1 1.7133 0.8108 0.3212 0.6788 5 

A2 1.7583 0.8670 0.3271 0.6729 4 

A3 1.8385 0.9773 0.3470 0.653 3 

A4 1.8545 1.0135 0.3533 0.6467 2 

A5 1.8806 1.0597 0.3604 0.6396 1 

 
 
 

We define  as satisfaction degree in  

alternative and  as gap degree in  

alternative. We can know which and how gaps 
should be improved for achieving aspiration levels 
and getting the best win–win strategy from among 
a fuzzy set of feasible alternatives. The 
aspired/desired satisfaction degree of fuzzy 

TOPSIS is 1.00. From the results of Table 11, we 
can find out the satisfaction degrees and gap 
degrees of each technology selection. 
 
 
CONCLUSION 
 
This research aims to apply a fuzzy  Delphi,  fuzzy  

AHP and fuzzy TOPSIS model to evaluate ABS 
sensor technology alternatives for CROUSE 
Company. The integrated evaluation system 
provides practitioners with a fuzzy point of view to 
traditional performance evaluation model for 
dealing with imprecision. The proposed method 
enables decision analysts to better understand the 
complete evaluation process. This approach 



 
 
 
 
provides a more accurate, effective and systematic 
decision support tool. The importance of the criteria is 
evaluated by experts and the uncertainty of human 
decision making is taken into account through the fuzzy 
concept in fuzzy environment. Applying fuzzy AHP 
revealed that of the many criteria found in literature for 
technology selection, seven were very important and that 
two criteria, political issues and impact of technology on  
employment  were  the  most important. One major value 
of our  research  was  extracting these criteria showing 
that effective factors for technology  selection  are  not  
only  financial indicators but also other indicators such as 
political issues or the impacts of technology on 
employment are influential. We used our method to 
evaluate the five potential ABS sensor technologies 
against these criteria and our finding was that performing 
all processes of producing the ABS sensor in our country 
is the most appropriate technology for CROUSE 
Company. 
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