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Abstract: All organizations look forwards to evaluate themselves. There are a lot of methods for such 
an evaluation. One popular method is Balanced Scorecard which evaluates an organization from four 
perspectives. This method is shows in which of the four perspectives, an organization is weak or 
strong. However, this method has some weaknesses. One of them is that managers do not know which 
performance driver has a higher priority over others. Such negligence may lead to the loose of markets 
and customers. The aim of this paper is to find the problem and rank by the risk by fuzzy FMEA.Fuzzy 
FMEA has shown the risk score of each items by RPN.In this paper we have combined BSC and Fuzzy 
FMEA methods to introduce a new method for ranking performance drivers and to find out which of 
the performance drivers has higher priority based on risk factors occurrence (O), severity (S) and 
detection (D).Also we design improvement projects for high priority risks which are found by Fuzzy 
FMEA and then we allocate our limited resources to them. This method can help increase the customer 
satisfaction and design the best improvement projects to reach to our vision. This method performance 
in Sepehr safety glass 
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INTRODUCTION 

 
Now adays, an organization without a strategy, is blind in the globalization world (Kuei Liao, Lun Chang, 

2009; Zehir et al., 2006; Decoene, Bruggeman, 2006). Managers must focus on their strategies if they are to 
conquer the competitive markets. To do so, they would correct planning because the economic crisis has had 
bad effect on companies which wakes the allocation of their limited. Therefore they must formulate their 
strategies and find out which one of them has higher priority over others and then allocate limited resource such 
as budget, human resource, time and etc to get a vision (Olsen and et al, 2007). 

This is done by Balanced scorecard.BSC is a method for organization evaluation and better understanding 
of its strategy. (Seggie et al. 2007; Pangarka, Kirkwood, 2008; Thakkar and et al, 2007; Jusoh and et al, 2008) 

We do not know which one of performance drivers has priority to focus on to know their priority; we must 
rank BSC performance drivers. A lot of methods can be used to make such a  ranking: MADM methods, QFD, 
DEA and etc.Yet an other methods is FMEA,whose application goes back to 1960s in automotive and machine 
industry. Used in various industries, the FMEA are based on three factors: risk factors occurrence (O), severity 
(S) and detection (D) (Ford company,1988).To obtain RPN score these three factors are multiplied by each other 
.FMEA ranks attributes based on risk score, which one of attribute have a higher priority. 

In order to solve the problems of BSC, in this paper a new methodology has been introduced to combine 
BSC and Fuzzy FMEA to find out the best way to get an organization's vision 

To apply this method, a questionnaire was designed based on BSC performance drivers and three factors of 
Fuzzy FMEA.The questionnaire was distributed among 23 people whose work related to performance drivers 
and who had good information about Fuzzy FMEA in Sepehr safety glass 

This paper is organized as follows. Section 2 provides a brief literature review summarizing the current 
state of the art and highlighting deficiencies that the proposed work responds to. The combined BSC and 
traditional FMEA and Fuzzy models would be described in Sect. 3. Section 4 provides an example problem with 
extensive discussion of the results. Finally, Sect. 5 summarizes the primary contributions, discussion on the 
broader implications of the work, and itemizes potential areas for future work. 

 
2. Literature Review: 
2.1. Balanced Scorecard: 

So far, The Balanced Scorecard (BSC) method has been the subject of many researches. The BSC is a 
comprehensive method which is used to evaluate the performance of an organization (Kaplan & Norton, 1992). 
According to Chavan, 2009; Umashankar, Kirti Dutta, 2007; McDevitt and etc all, 2008,  this method helps 
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managers and their staff have a unique understanding of the organization's vision and strategies and to know 
exactly when, where, what, how and why to have an organizational vision.  

Based on BSC, to get a vision, one should evaluate his organization from financial , customer, internal 
processes and growth and learning perspectives which have cause and effect relationship (Aidemark, 2001). 
Such a relation means that in order to get performance drivers of financial indicators, one should improve his 
performance drivers of customer's perspective. The customer's performance drivers will improve only when the 
internal processes of an organization are improved and the internal processes are improved only by an 
organization's staff (Varma and etc all, 2008). 

According to Dumond (1994), Forza and Salvador (2000 & 2001), Ittner and Larcker (2003), Evans and 
Jack (2003) Handfield and Ghosh (1995), and Nqrreklit (2000), the application of BSC will give an organization 
a better business position compared to its previous position. Although the way that BSC could be adopted in 
public sector effectively, was analyzed by Andersen and Lawrie (2001), this method cannot be used alone and 
should be used with other methods which will be explored in section three.  
 
2.2. Traditional FMEA: 

According to Johnson (2002) Pillay and Wang (2003) Chin et al (2009) FMEA is a method which shows 
and evaluates the potential failure of a process. This method which is widely used in industry, service and 
etc,ranks such potential failures and helps managers omit them(Sankar and Prabhu,2001;Nakajima et 
al,2002;Price and Taylor,2002;Scipioni et al,2002;Xu et al,2002;Rhee and Ishii ,2003;Guimaraes and 
Lapa,2004,2007;Teoh and Case,2004;Almannai et al,2008;Su and chou ,2008) 

In this method we check all components of our important process to identify possibility failure.  
Some factors such as price, goals, costs and etc must be considered when analyzing FMEA (Trammell et al, 

2004). 
FMEA is used  with various methods such as Kano model(shahin,2002),service and process in e-

commerce(Linton,2003;Parkinson and Thompson,2004), analytical hierarchy process,  and Automotive 
industries(QSA ,1998;AIAG, 1998; Ford Motor Company ,1989;Dale and Shaw ,1990;SAE and etc al 
2002;Case and etc al,2010) In this article we select a decision maker (Xij , j=1 , 2, … m) from sepehr glass 
company‘s departments so we must calculate each average (severity, occurrence, detect) for each Performance 
driver(Xij , i=1 , 2 , … , n ): 

I = Performance drivers, j = decision makers (DMs) 
X=Score of each item (performance driver) which each decision maker is allocated 
s Score of each severity which each DM is allocated 
O  Score of each Occurrence which each DM is allocated 
D  Score of each Detect which each DM is allocated 

=Fuzzy score of each item (performance driver) which each decision maker is allocated 
s Score of each severity which each DM is allocated 
O  Score of each Occurrence which each DM is allocated 
D  Score of each Detect which each DM is allocated 

SXi =
m

SximSxiSxi  ....21       , OXi =
m
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m
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Table 1: Fuzzy numbers of occurrence Probability of occurrence Rating Description. 

  
Description Rating Fuzzy 

Rating 
Effect of 
severity 

Failure unlikely 1 (1,1,2) Almost 
never 

Rare number of failures 2 (1,2,3) Remote 
Very few failures 3 (2,3,4) Slight 
Few failures 4 (3,4,5) Low 
Occasional number of failures 5 (4,5,6) Moderately 

low 
Moderate number of failures 6 (5,6,7) Moderate 
Moderately high number of failures 7 (6,7,8) Moderately 

high 
High number of failures 8 (7,8,9) High 
Very high number of failures 9 (8,9,10) Very high 
Failure almost certain 10 (9,9,10) Almost 

certain 

 
Table 2: Fuzzy numbers of Severity 

Description Rating Fuzzy Rating 
Effect of 
severity 

No effect 1 (1,1,2) None 

Very slight effect on product performance 2 (1,2,3) 
Very 
slight 

Slight effect on product performance 3 (2,3,4) Slight 
Very low effect on product performance 4 (3,4,5) Very low 
Low effect on product performance 5 (4,5,6) Low 
Moderate effect on product performance with minor damage 6 (5,6,7) Moderate 
High effect on product performance with equipment damage 7 (6,7,8) High 
Very high effect and product inoperable 8 (7,8,9) Very high 
Serious effect and product must stop when a potential failure 
mode affects safe system operation with warning 

9 (8,9,10) Serious 

Hazardous effect and safety related when a potential failure 
mode effects safe system operation without warning 

10 (9,9,10) 
Hazardou
s 

 
Table 3: Tringular Fuzzy number of detection. 

Description 
 

Rating Fuzzy Rating Detection 

Design control will detect potential cause/mechanism and 
subsequent failure mode 

1 (1,1,2) 
Almost 
certain 

Very high chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

2 (1,2,3) 
Very 
high 

High chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

 
3 (2,3,4) High 

Moderately high chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

4 (3,4,5) 
Moderate
ly high 

Moderate chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

 
5 (4,5,6) Moderate 

Low chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

6 (5,6,7) Low 

Very low chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

7 (6,7,8) Very low 

Remote chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

8 (7,8,9) Remote 

Very remote chance the design control will detect potential 
cause/mechanism and subsequent failure mode 

9 (8,9,10) 
Very 
remote 

Design control cannot detect potential cause/mechanism and 
subsequent failure modE 

10 (9,9,10) 
Almost 
impossible 
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For matrixes show above, matrix A is described as each question’s mark for each Performance driver & 
decision maker ,matrix AS is describe as each Performance driver’s severity average , matrix AO is describe as 
each Performance driver’s occurrence average and matrix AD is describe as each Performance driver’s defect 
average. 

In this paper we used triangular numbers for each Severity, Occurrence, and Detect . 
After calculating severity average, occurrence average and defect average for each Performance driver, 

each Performance driver‘s RPN degrees are calculated by multiply number by number these three matrix (AS, 
AO, AD). 

AS*AO*AD= Performance driver’s RPN degrees=
s O D

s O D
=  

2.3.Fuzzy FMEA: 
When fuzzy method was introduced by Professor zadeh in 1965,it used in several methods such as MADM 

methods,QFD,Linear programming,Clustry,DEA and so on. In this method the ordinary number was broken 
based on triangular or trapezoidal numbers. 

The Fuzzy FMEA was used for selected of fuzzy membership and defuzzification of the membership 
function (Chang and etc, 1999). 

But as we know some factor such as price, goals, costs and so on must be considering when analyzing 
FMEA, so we solve these problems by using fuzzy FMEA .These items have high sensitive and priority for all 
organizations. If top managers cannot understand of performance drivers’ priority hence maybe limited resource 
is allocated wrongly. 

-a level set is presented by fuzzy set’s intervals.   is a fuzzy set of universe of discourse X.the level of -
level of   are defined: 

= x | | , max x |   
In this paper triangular fuzzy numbers is used for risk of performance drivers  is: 

,        0 1. 
Fuzzy numbers are special cases of fuzzy sets. a fuzzy number is a convex Fuzzy set characterized by a 

given interval of real numbers between 0 and 1.The membership functions of fuzzy numbers are satisfy as 
following: 

=0 for each x ,  
 is non-decreasing (monotonic increasing) on [a,b] and non-increasing (monotonic decreasing) on 

[c,d]; 
= 1 for each x [b,c] 

Where a  are real numbers in the real line R= ( ∞, ∞  
The function of triangular and trapezoidal numbers is: 

=

,   ,

,      ,

0,   

 

=

,   ,

1,   

,      ,

0,   

 

 
In this method we must change RPN degrees to defusing numbers 
 

П Describe Defusing Formula & Its Parameters:  
For applying fuzzy theory for FMEA, we must do two main parts step by step: 
First we must select fuzzy membership and then defuse each of membership function 
In this paper we used triangular number for each Severity, Occurrence and Detect this kind of fuzzy is 

shown in figure below. 
According of fuzzy principle which Lotfizadeh has introduced: 
 

x x

x x
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After identify fuzzy numbers of each number for these, for each fuzzy number we use top manager’s idea 

because they are so familiar to situation but we must know when we use top mangers’ idea we must change it 
between 0 to 1 not bigger than this distance , after that we must use this equation for create defusing number 

 

D(
~
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Fig. 1: Defuzzification. 
 
 Ao is define as the smallest fuzzy number which is zero 
A1 & b1 is define as second fuzzy number and always be in the middle of fuzzy distance 
B0 is define as the biggest fuzzy number  
C is define as zero and d is always be one  
 

* * = Performance driver’s Fuzzy RPN degrees=
s O D

s O D
=

 

 
 

 
After identify fuzzy numbers of each number for these, we calculated these and then defusing based on 

bottom equation to achieve one fuzzy rate. 
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Fuzzy FMEA is based on three factors: Severity (S), probability of Occurrence (O) and probability of 
Detection (D) which is multiplied to obtain Fuzzy RPN. These help classify the said factors according to their 
risk. (Arvanitoyanni, Varzakas, 2009) 

The scale of Severity, Occurrence and Detect are defined based on table 1, 2, 3 
The identification fuzzy number of each scale  
The intention, purpose, goal and objective of case are found 
The potential failures of cases are identified 
The failure of components are identified simultaneously 
The potential root cause of potential failure are identified 
The current/prevent failures are listed 
The seriousness of the effects (Fuzzy Severity rating) is ranked 
The frequency for a potential cause of failures (Fuzzy Occurrence rating) is estimated 
The probability that how the process control detects a specific root cause of a failure (Fuzzy Detect rating) 

is calculated 
The fuzzy Severity, fuzzy Occurrence, and fuzzy Detect are multiplied to calculate fuzzy RPN 
If correction is achieved we go to the next step, otherwise we go back to step (2)  
End (Shrma, Kumar, Kumar, 2005). 
 

3. Methodology and Development Process: 
In this method the performance drivers are identified from strategic planning. These performance drivers 

are the strategic planning which understandable. On the other hand, after these performance drivers are 
identified, we may not be sure that when we run the driven from the performance drivers of the organization, we 
can achieve the indicators. Also in case such indicators are achieved, we want to know the effect/risk of these 
performance drivers on/for our organization. Also all organization have a lack to allocated resources to achieved 
all performance drivers and which performance drivers have high priority and important in sight of customers 

Therefore we must first find the risk of each performance driver and then we rank the risk by Fuzzy 
FMEA.This method shows which performance drivers are most risky. To calculate this risk we rank 
performance drivers with three factors: fuzzy occurrence rating, fuzzy detection rating and fuzzy severity rating 

The Occurrence rate shows that how these performance drivers are important for an organization because if 
the rate of occurrence has bad effect to an organization and its customers, we loose our customers and markets 
and nobody will buy our product. 

Detecting rate shows that we can prevent failure in our organization. If the negative performance drivers are 
repeated and we do not understand the reason, we cannot prevent them again and design improvement projects 
to solve the problem. 

Severity rate shows that how the performance drivers affect the mind of our customers and how important 
are these performance drivers for our organization from customer perspective. 

If the priority of the performance drivers  are not known, this may cost our organization a lot and lead to the 
loss of our customers, even if , the severity, detect and occurrence rates. 

Processes of fuzzy FMEA are as follows: 
1. Identification performance drivers based on the strategic planning 
2. Assignment of fuzzy rating to the occurrence, detection and severity rates for each performance drivers 
3. Calculation of fuzzy RPN for each potential failure method by multiplying severity, occurrence and 

detection rates. 
4. Finding the critical failure factors and searching the root-causes and priority of them to eliminated them 
In order to identify and ranks such failures, we must create a team. 
 

 4. Numerical Example:  
In this section, we demonstrate the use of the approach in Section 2 to solve the problem in Section 3. In 

this stage, the questionnaires were distributed among 23 experts includes managers, Quality managers and 
people whose work related to BSC performance drivers. After collecting the complete questionnaire, we extract 
the weight of each performance driver from questionnaire and then found the fuzzy RPN of each performance 
drivers by multiplying severity, occurrence and detection rates. Sepehr Safety Glass was instituted in 2003 .it 
has produced & supplied laminated & tempered car's glass for Iran khodro & saipa  form 2004 and also single 
supplier glasses for L90 in Iran 

As said before, the weakness of BSC is that when managers formulate strategy planning, they do not know 
which performance drivers have more priority and the time that such failure occurs in the organization. In 
addition, they also do not know the probability of detecting the gaps between standard and performance. For 
example in case the number occurrence of performance drivers failures and their priority are high, this will have 
a bad effect an organization and may cause customer loose. Therefore we are rank Performance drivers based on 
three factors of fuzzy FMEA to find performance drivers and prevent the organization from achieving its vision 
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with higher priority, draw a road map allocate limited resource to them and design improvement projects based 
on them. 

These fuzzy RPN numbers show which one of the performance drivers are most important.  
 

Table 4: Fuzzy numbers of occurrences ,Detects and Severity 

Performance drivers Severity Probability of occurrence 
Probability of 
detect 

Totally assets 3.5,4.5,5.5 2.6,3.6,4.6 5.7,6.7,7.7 
Especially interest 3.5,4.5,5.5 2.81,3.81,4.81 5.9,6.9,7.9 
revenue 3,4,5 2.72,3.72,4.72 6.72,7.72,8.82 
Invest capital return 3.18,4.18,5.18 2.9,3.9,4.9 7,8,9 
Cash follow 3.5,4.5,5.5 2.27,3.27,4.27 6.1,7.1,8.1 
Total payment 3.4,4.4,5.4 2.45,3.45,4.45 6.09,7.09,8.09 
Customer satisfaction 5.4,6.4,7.4 3.5,4.5,5.5 7.27,8.27,9.27 
Customer responsibility time 4.6,5.6,6.6 3,4,5 6.36,7.36,8.36 
Rate of customer attract 4.2,5.2,6.2 3.18,4.18,5.18 5.45,6.45,7.45 
Anuall sell by number of customer 4.6,5.6,6.6 3,4,5 5.18,6.18,7.18 
Brand identify 5.9,6.9,7.9 2.3,3.3,4.3 5.45,6.45,7.45 
Just in Time 4.4,5.4,6.4 2.27,3.27,4.27 7.09,8.09,9.09 
Rate of defect 4,5,6 2.9,3.9,4.9 6.81,7.81,8.81 
duplication 5,6,7 3.5,4.5,5.5 5.9,6.9,7.9 
Time of Break down  machin 4.9,5.9,6.9 3.18,4.18,5.18 6.36,7.36,8.36 
Learning invest 4.2,5.2,6.2 3.5,4.5,5.5 4.63,5.63,6.63 
Productivity staffs 4.9,5.9,6.9 4.4,5.4,6.4 6.09,7.09,8.09 
Rate of abondand organization 5.6,6.6,7.6 4.6,5.6,6.6 6.18,7.18,8.18 
staff satisfaction 4.18,5.18,6.18 4.4,5.4,6.4 6.18,7.18,8.18 

 
Table 5: Final weights of fuzzy detects,occurances and severities numbers. 

Performance drivers 
 

Fuzzy Severity 
Fuzzy Probability of 
occurrence 

Fuzzy Probability of 
detect 

Totally assets 4.5 3.7 6.5 
Especially interest 4.5 3.91 6.72 
revenue 4 3.84 7.51 
Invest capital return 4.25 4 7.72 
Cash follow 4.2 3.42 6.9 
Total payment 4.45 3.59 6.9 
Customer satisfaction 6.27 4.5 7.97 
Customer responsibility time 5.5 4 7.15 
Rate of customer attract 5.18 4.25 6.31 
Anuall sell by number of customer 5.54 4 6.1 
Brand identify 6.72 3.45 6.31 
Just in Time 5.36 3.42 7.8 
Rate of defect 5 4 7.55 
duplication 5.9 4.5 6.72 
Time of Break down  machin 5.81 4.25 7.14 
Learning invest 5.18 4.5 5.5 
Productivity staffs 5.81 5.36 6.9 
Rate of abondand organization 6.45 5.5 6.98 
staff satisfaction 5.16 5.36 6.98 

 
Table 6: Tringular Fuzzy RPN. 

Performance drivers Fuzzy RPN 
Totally assets 108.225 
Especially interest 118.23 
revenue 115.35 
Invest capital return 131.24 
Cash follow 99.11 
Total payment 110.23 
Customer satisfaction 224.87 
Customer responsibility time 157.3 
Rate of customer attract 138.91 
Anuall sell by number of customer 135.17 
Brand identify 146.29 
Just in Time 136.84 
Rate of defect 151 
duplication 178.41 
Time of Break down  machin 176.3 
Learning invest 128.2 
Productivity staffs 214.87 
Rate of abondand organization 247.61 
Staff satisfaction 193.05 
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The ranking of each performance drivers is as following: 
Rate of organization abundant  
Customer satisfaction 
 productivity staffs 
Staff satisfaction 
Duplication  
Time of machine break down   
Time of answering the customer  
Customer responsibility time 
Rate of defect 
Brand identification 
Rate of customer attraction 
Annual sale by number of customer 
Rate of training investment 
Learning Invest 
Especially interest 
Revenue 
Total payment 
Total assets 
Cash flow   
 
The method helps mangers design an application model of BSC (Road Map) and find out weights of each 

performance drivers by fuzzy FMEA and to know which performance driver is most important for the company. 
Managers must focus on highest priority drivers to which the limited resources should be allocated.  

Table 6 show that managers must focus on learning and growth, and customer performance drivers’ 
perspectives because they have high priority. Also the Financial performance drivers have lower priority which 
shows that we are in good situation in this regard. 

This result shows that the general situation of the organization is good and it has gained a good market 
share. However, if managers do not pay attention to customers and staffs need, they will lose the market share 
they have gained. 

In fact, this new methodology ranks performance drivers by three factors of FMEA (including rate of 
occurrence, probability of finding detect errors and severity rate). This method helps managers decrease the risk 
of the allocation of limited resource to unimportant improvement projects. 

 
5. Conclusion: 

In this model we proposed an application model for balanced scorecard of the Sepehr safety glass by 
combining and integrating the BSC model and fuzzy FMEA. This new method, eliminated weaknesses of BSC 
method and helped managers find what, When and Where to get a vision and to be excellent among similar 
companies. Also this method helps us not to use Try and error methods to reach performance drivers indicators 
based on the important project designed for them and not waste our limited resources in the world economic 
crisis.  

The steps of the new method are as following:  
Formulation of  strategy planning by  Balance Scorecard and identification of  indicators for each 

performance drivers to get a vision,  
The use of fuzzy FMEA factors occurrence (O), severity (S) and detection (D) 
Ranking of BSC performance drivers by multiplies O,S and D(fuzzy RPN score) 
Designing a  Road Map to allocate limited resource such as time,budget,human resource and etc to high 

priority improvement projects extracted from performance drivers to get a vision 
As further research, the implementation of the proposed methodology for other types of organizations can 

be studied. 
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