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Abstract 
Purpose: This paper defines a model to evaluate the uncertainty in 

performance indicators (PIs) based on Uncertainty Components (UCs).  

Methodology: The proposed work consists, in a first stage, of an assessment 

of the level of influence that each UC has in a given PI. Based on the 

questionnaire responses a matrix of UCs vs PIs is presented to show the 

relevance of the contribution of each UC to the uncertainty associated with a PI. 

The second stage of the methodology consists on the development of a model 

to infer the uncertainty level on a PI based on the uncertainty level of the 

identified UCs. 

Findings: A questionnaire referring to the assessment of PIs was applied, 

and the results provide evidence that UCs influence the PI. A model was 

developed based on logical relations between the UCs and the overall PI 

uncertainty, and the number of empirical analyses contribute to validate it.  

Originality/value: This paper presents a model to infer the uncertainty level of 

a PI based on UCs. The model can also be applied to propagate uncertainty 

among multiple related PIs. UCs definitions can guide the development of 

actions to reduce uncertainty in PIs, thus reducing the risk in the decision-

making process. 
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1. Introduction 

Organizations have the need to process information to express 

measurements at different levels of management. For this,  performance 



measures systems (PMSs) are used that provide performance indicators (PIs) 

to measure organization’s performance (Verweire & Berghe, 2003). 

PIs can be considered a particular type of information and some authors 

suggest several classifications of Information/Data Quality (Lee & Wang, 2002). 

Requirements associated with the design, implementation and use of PIs have 

been proposed in the literature (Bourne, Mills, Wilcox, Neely, & Platts, 2000), 

but may not be fulfilled, causing uncertainty on the “true” value of a PI. In the 

traditional formulation of a PMS, most PIs are affected by uncertainties. 

Galway and Hanks (2011) classify the quality problems of PIs as operational, 

conceptual and organizational. PIs are often associated with multidimensional 

concepts that may be considered as sources of uncertainty on its value. In this 

approach, the dimensions are identified according to the specific application 

contexts. For example, O'Reilly (1982) uses the accessibility, accuracy, 

specificity, timeliness, relevance and amount of data to evaluate the PI in the 

context of decision-making. Ballou and Pazer (1985) employ the accuracy, 

timeliness, completeness and consistency modeling deficiencies of the PI.  

A variety of methods are proposed to evaluate the PI. These methodologies 

can be categorized as objective evaluation and subjective evaluation (Pipino et 

al., 2002). The objective evaluation makes use of software as a tool to measure 

the PI as a set of rules for the quality. The methodologies for subjective 

evaluation are based on the veracity of the information for use and use surveys 

and interviews to assess the PIs. 

Sousa, Nunes and Lopes (2012) propose a set of seven Uncertainty 

Components (UCs) that may affect PIs. These UCs are Measurement Method, 

Precision and Accuracy, Human Assessment, Data Collection, 

Definition/Measuring, Environment and PIs Aggregations. 

Generally, each PI is represented by a value (number) that is unable to 

represent uncertainty. The problem addressed in this work is to assess the 

uncertainty of PIs. Associated with problems of operational data there is an 

implicit assumption that, if the data are correct, the user can use them directly in 

making decision (Lopes, Sousa, & Nunes, 2013). The inability to cope with this 

uncertainty results in simplified models of reality that may increase the risk of 

decision-makers. 



This paper is organized as follows. Section 2 describes a comprehensive 

methodology of assessing of PI. Section 3 presents a case example to 

demonstrate the propose approach. Section 4 presents some concluding 

remarks. 

 

2. METHODOLOGY 
The proposed work consists of a methodology comprised of five steps. The 

first step assesses the degree of influence that each UC has on the PI 

uncertainty. The second step evaluates the overall uncertainty present in the PI. 

The third phase, is created the input and output variables which receive the 

result of the influence of the UC in PI uncertainty. A fourth step is defined by the 

creation of rules for treatment of input and output variables and the fifth step, 

provides an estimate of PI uncertainty. The Figure 1 summarizes the stages of 

the model. 

 
Fig. 1. Steps in the evaluation of PI  

 

2.1. Level of influence of the UC in PI  

This step starts with the presentation of the study to the specialist contacted 

the company, and the definition of a PI by the specialist, who will be assessed. 

To evaluate the influence of each UC on the PI uncertainty a questionnaire was 

developed and is used to guide semi-structured interviews. The questionnaire 

presents UCs that are the basis for the survey responses. The assessment 

questionnaire uses a Likert scale with three levels (Without/NA, Some or Much) 

that is designed to assess such influence. For a given UC, higher number of 

responses at the highest level of the uncertainty means that the component 

strongly influences the PI uncertainty.  

Subjective criteria and expectations of the questionnaire responses vary from 

person to person; each user generates an individual report. Therefore, in the 

analysis phase of the PI, the results of the subjective evaluation of multiple 



users need to be coordinated, because, when there is no coincidence of 

responses among raters for the same IP rated, the choice should be made by 

using the consensus of the evaluators or doing choosing the worst scenario for 

the PI reported. 

 

2.2. Assessing overall PI uncertainty 

The general perception of uncertainty in the PI is also recorded in the 

questionnaire using a five-point scale. This provides a means to capture the 

uncertainty through experts’ perception that designed and/or use the PI. 

Based on the questionnaire responses a matrix of UCs vs PIs is presented to 

show the relevance of the contribution of each UC to the uncertainty associated 

with a PI.  

2.3. Input / Output variables 

This stage of the methodology consists on the development of a model to 

infer the uncertainty level of a PI based on the uncertainty level of the identified 

UCs. To treat the questionnaire answers the method was based on Fuzzy Logic 

Theory since it allows dealing with uncertain, qualitative, and in some cases, 

contradictory data. The concept of linguistic constant is very useful in dealing 

with situations that are complex or not well-defined to be reasonably described 

by conventional quantitative or numerical expressions.  

In this work, the uncertainty present in the PI is defined by linguistic 

constants given by the questionnaire responses (High, Low and Without). For 

treating the linguistic constants fuzzy set methodology was used. 

The fuzzy method is fed with normalized input variables. Normalization is 

defined from the linguistic constants of table Ucs vs PI previously generated. 

The first input variable is defined as Relevant Components (RC), it describes 

the sum of UCs with answers that have value “High” answered in the 

questionnaire, the second input variable is defined as Influent Component (IC) 

the second variable, which is set to receive the value of the sum of the Ucs 

answered  “Low” uncertainty.  

 



2.3.1. Fuzzy logic method 

In order to solve the problem of the evaluation of PI through the fuzzy logic 

approach, the following operations are performed (Figure 2): 

- Definition of the fuzzy set of the input and output variables (fuzzification); 

- Definition of the rules that correlate the input and output variables (Fuzzy 

Rule Base); 

- Defuzzification of the results. 

 

Fig. 2. Stages of Fuzzy Logic  

Source: Li	  et	  al.	  (2010) 

2.3.2. Definition of the membership function of the input and output  variables 

(fuzzification) 

For each input variable, the fuzzy set generates a normalized range of values 

between [0,7]. This range is due to the maximum number of UCs. In each input 

variable fuzzy sets are represented by a membership function element (MFE) 

triangular or trapezoidal. The choice of the type of membership function and 

number of elements depends on the characteristics of the available data. In 

order to make a general procedure a number of five MFEs is considered 

appropriate to use in fuzzy sets (Very Low, Low, Medium, High and Very High). 

Tables 1 and 2 presents the definition of the range for each membership 

function elements of the input variables RC and IC respectively. 

Table 1.  Membership function elements – input variable RC (Relevant 

components) 

MFE Range 
Very Low (0; 0; 0.5) 
Low (0.25; 0.65; 1.0) 
Medium (0.75; 1.25; 1.65) 
High (1.25; 1.75; 2.25) 
Very High (2.0; 2.5; 7; 7) 



 

 

Table 2.  Membership function elements – input variable IC (Influent 

components) 

MFE Range 
Very Low (0;  0; 1.5) 
Low (0.5; 1.5; 2.5) 
Medium (1.5; 2.5; 3.5) 
High (2.5; 3.5; 4.5) 
Very High (3.5; 5; 7; 7) 

 

The references of the membership function elements for defining fuzzy set 

are show in Figures 3 and 4.  

 

Fig. 3. Membership function elements – input variable RC 

 

 

Fig. 4. Membership function elements – input variable IC 

 
For the output variable it is defined a fuzzy set in a range that varies between 

[0 -100]. The use of this interval defines clarity in the outcome area facilitating 



the data interpretation. The form of representation of the output variable is 

triangular or trapezoidal. Table 3 shows the definition of the range for the MFE 

and Figure 5 graphically shows the output variable “Uncertainty”. 

Table 3.  Membership function elements – output parameter Uncertainty 

MFE Range 
Very Low (0;  0; 15) 
Low (10; 22.5; 35) 
Medium (30; 40; 50) 
High (45; 56.5; 70) 
Very High (65; 80; 100; 100) 

 

Fig. 5. Membership function elements – output variable Uncertainty 

 

2.4. Definition of the rules that correlate the input parameters to the output 

(Fuzzy Rule Base)  

The fuzzy rules represent the logic correlation between the input and output 

parameters. They correspond to decisions “if… then”, on the premise that the 

consequences of decisions occur only if the premise is true. 

Logical operations between terms of MFE can be made through the 

operators AND or OR. 

If fuzzy logic uses the logical operator AND, the maximum number of rules is 

equal to mn, where n = number of input variables and m = the number of fuzzy 

sets for each of the input parameters (Zadeh, 1965). In this case, the number of 

rules generated for the fuzzy logic is 25, where: n = 2 (RC and IC) and m = 5 

(VeryLow, Low, Medium, High, VeryHigh).  



Table 4 presents the rules are defined for the logical operations between 

terms of MFE. 

Table 4.  Fuzzy Rule Base 

RC  /  IC VLw Lw Md Hi VHi 
VLw VLw Lw Lw Md Hi 
Lw Lw Lw Lw Md Hi 
Md Lw Lw Md Hi VHi 
Hi Md Md Hi Hi VHi 

VHi Hi Hi VHi VHi VHi 
 

 

2.5. Estimated uncertainty  

The evaluation of uncertainty in PI using the fuzzy logic approach can be 

described by different rules. The final result is determined by adding each rule. 

This adding depends on the aggregation fuzzy inference process of (FIP) 

adopted. This study is based on the Mamdani method (Mamdani, Assilian, 

1975). They claim that, as the degree of truth of assumptions and the minimum 

correlation method, each active rule is a part of a specific set of fuzzy output. 

Thus, the result of the fuzzy problem is the union of several portions of areas 

activated at the same time (Zadeh, 1965). The result is obtained by the union of 

several portions of selected areas. The defuzzification method used to extract 

the results is the centroid method. In particular, the Mamdani FIP associated 

with the centroid method of defuzzification is the most appropriate technique to 

solve a widespread and pervasive problem (Cammarata, 1994). 

 

3. CASE STUDY 
3.1. Context 

Companies were contacted to participate in the evaluation study of 

uncertainty in PIs. As a result 5 companies have shown themselves willing to 

participate. The next step consisted of a semi-structured interview based on a 

questionnaire with the person responsible for designing or using a given PI. The 

interviewee provides his perception about how UCs affect the uncertainty of the 

PI. 



When the interviewee has full confidence in the PI, and the PI is well defined, 

it uses the option Without / NA, this means that the PI has no uncertainty or this 

component does not apply to PI reported. When the user realizes that the PI 

contains some uncertainty, he uses the Some or Much to define what level of 

uncertainty that exists in PI. After the interviewee has answered the seven UCs, 

he completes the questionnaire evaluating overall the PI, providing his general 

perception of the PI uncertainty using a five-point scale. 

3.2. Data Results 

The questionnaire was applied to seven persons referring to seven PIs, and 

results provide evidence that the UCs influence PI. A brief summary of seven 

PIs is presented in table 5. 

 

Table 5. Evidence that the UCs influence PI 

Uncertainty 
components 

(UC) 

Frequency 
index 

Number 
of days 
without 

accidents 

Incident 
Tickets 
close 

Time to 
Resolve 

Quantity 
produced 

Capacity 
Utilization 

days 

Overall 
Equip. 

Effectiveness 

Measurement 
method High High Without Low Low NA Low 

Precision and 
accuracy of 

measurement 
Without Low Without Without Low Low Low 

Human 
assessment Low Low Low Low Low NA NA 

Data collection High High High High Without Low High 
Definition / 
Measuring Low Low Low Low Low Low Low 

Environmental Low Low Low Without Without NA NA 
IDs Aggregating Low Low Low Low Without NA NA 

 
PI overall 

uncertainty 
perception 

 
High 

 
High 

 
Low 

 
Low 

 
Low 

 
Low 

 
Low 

 

The model is based on logical relation between the UCs and the overall PI 

uncertainty, and the number of empirical analysis contributes to validate the 

proposed model.  

Completed the stage of data gathering and the creation of the matrix the next 

step is the treatment of the data presented in the matrix. To evaluate the PIs it 

was used software (Matlab v. 8) that possesses a tool to treat linguistic 

constants using the fuzzy logic method.  

Based on the matrix (Table 5), treatment was made for each individual PI, to 

assess the level of uncertainty through the model studied. A structure was 



created with two input variables RC and IC to receive the total sum of the 

values that each of these two variables is answered in the questionnaire and 

the output variable (defuzzification) shows the level of uncertainty present in the 

PI. The results obtained in the output variable are defined by the set of rules 

(FIP). 

The Figure 6 shows the model used for treatments of language constants 

through the fuzzy method. 

 
Fig. 6. Model used for treatment of uncertainty in the PI 

 

This study used ten performance indicators proposed by companies that 

participate in the study. These are indicators used by business managers from 

various areas and, some them, simultaneously, as element to meet legal 

requirements. Then a brief discretion of two indicators are presented and the 

evaluation result of the uncertainty in PI. 

Assessment of PI - Frequency Index 

The PI Frequency index represents the number of absences of employees in 

a given period of time. To the respondents the overall evaluation the PI has a 

high level of uncertainty.  

Observing Table 5 the PI has four UCs classified as "Low" and two UCs 

classified as "High" and one a UC with the answer "Without". With these results 

the RC input variable is assigned with the value 2, which corresponds to a value 

of “High” according to Table 1 and Figure 3, and the IC input variable, is 

assigned the value 4 which corresponds to a value of High / Very High, 

according to Table 2 and Figure 4.  

RC 

IC 



With the values of variables RC and IC assigned, the method is applied for 

assessment of uncertainty based on the rules defined (Table 4) as the report is 

show in Figure 7. 

 
Fig. 7. Results of the evaluation obtained by the fuzzy logic method 

 

Based on RC=2 five inference rules were positioned in "High" (Figure 2). 

Similarly for IC=4 eight inference rules were active representing the function 

elements "High" and "Very High" (Figure 3). The result shows an uncertainty 

level of 84.4 (0 to 100 scale) or a linguistic term of Very high. 

Based on the overall evaluation of the PI provided by the respondent 

apparently, the result obtained by the proposed method was similar to the 

interviewee where both refer to the presence of uncertainty in the PI as being of 

“high” to “very high” uncertainty. 

Applying the method presented in other PIs in Table 5 we obtain the results 

shown in Table 6. 

 

Table 6.  PIs uncertainty level  

PI name RC IC Uncertainty 
% 

Global evaluation 
method 

Global assessment 
of the expert 

Number of 
days without 2 5 84.6 Very High High 



accidents 
Incident 

Tickets close 1 4 71.8 Very High High 

Time to 
Resolve 1 4 71.8 Very High Low 

Quantity 
produced 0 4 48.4 Medium / High Low 

Capacity 
Utilization 

days 
0 3 30.2 Low / Medium Low 

Overall 
Equipment 

Effectiveness 
1 3 49.7 Medium / High Low 

 

 

3.3. Analysis and discussion of results 

Analyzing Table 5 resulting from the questionnaires applied in different areas 

and companies, shows that the influence of UCs has different weights 

according to the PI reported. This happens because of a strong subjective 

component of evaluations or judgments by experts. Different interpretations of 

concepts influenced by social or cultural issues introduce uncertainty and 

complicate the assessment of PIs.  

One aspect to note is that in the evaluations in some cases when 

respondents are not convinced of the uncertainty in PI a particular UC, he 

replies that this uncertainty is low. 

In general, the results are obtained directly through basic steps of diagnostic 

expert, with significant and subjective data, collected over a period of structured 

work processes. 

Figures 6 and 7 represent the level of uncertainty associated with the data 

and contextual factors in PIs. They represent the result of a measurement of PI 

which can also be seen as a tool for decision support to the management, 

suggesting a revision of the PI to improve the data quality. 

 

4. CONCLUSIONS 

This paper presents a model to infer the uncertainty level of a PI based on 

analysis of UCs. The model is based on the logical relationship between PIs 

and the uncertainty of PI where, the first step of this study begins by presenting 



the level of influence that the uncertainty components (UCs) has on the 

performance indicators (PIs), the following was done to develop a method 

based on fuzzy logic approach to assess quantitatively PIs uncertainty. 

Through the case studies evidence suggests that: i) PIs are affected by 

various components of uncertainty previously defined; ii) PIs uncertainty can be 

estimated by a model based on Fuzzy Logic; iii) UCs definitions can guide the 

development of actions to reduce uncertainty in PIs, thus reducing the risk in 

the decision-making process. 

This work is part of a larger project that aims propose study evaluation 

method of PIs uncertainty. 
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