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ABSTRACT 
 
To determine the lean level of an organization a methodology was developed. It was based on a 

qualitative assessment approach, including quantitative basis, whose development was 

supported using fuzzy logic. Recourse to the use of fuzzy logic is justified by its ability to cope 

with uncertainty and imprecision on the input data, as well as, could be applied to the analysis 

of qualitative variables of a system, turning them into quantitative values. A major advantage of 

the developed approach is that it can be adjusted to any organization regardless of their nature, 

size, strategy and market positioning. Furthermore, the proposed methodology allows the 

systematically identification of constraint factors existing in an organization and, thus, provide 

the necessary information to the manager to develop a holistic plan for continuous 

improvement. To assess the robustness of the proposed approach, the methodology was applied 

to a maintenance and manufacturing aeronautical organization. 
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1. INTRODUCTION 
 
Currently, markets are increasingly globalized and competitive, being constantly changing and 

evolving. It is in this context that companies to survive are seeking instruments to ensure their 

productivity gains and competitive advantages, allowing an effective and efficient management of 

competences based on knowledge supported by data-driven decision approaches. So many 

companies adopt lean thinking or lean philosophy as a survival strategy. However, according to 

Bashin and Burcher [1], more than 90% of companies that have been applying lean tools and 

methodologies show shortcomings in the evaluation of their improved performance. The causes 

cited for this gap in the evaluation of performance improvements resulting from the lean approach 

implementation, are largely due to a lack of understanding of the concept of lean performance and 

appropriate models to monitor, evaluate and compare the evolution of "lean level" during the 

corresponding implementation process [2, 3]. 

 

The lack of a clear understanding about what is lean performance and its evaluation is one of the 

reasons for lean programs implementation have failed. In other words, it is not possible to manage 

the lean level of an organization without measuring its performance. According to Pakdil and 
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Leonard [4], although there are several different methods of measuring the various perspectives 

of lean production, in literature there is no holistic assessment approach to determine the level of 

implementation of lean thinking in organizations. We can find in the literature several definitions 

for the term "lean level" of an organization. For example, Wan and Chen [5] defines the "lean 

level" as the performance level of the stream value compared to perfection, or according to Bayou 

and De Korvin [6], the "lean level" is the measure of the implementation of lean practices. Thus, 

one of the major challenges facing this area, it is related with the development of models to assess 

and validate the effectiveness and efficiency of lean thinking implementation in organizations.  

 

As a general criticism of lean assessment methods described in the literature, we can see that each 

method of evaluation focuses only on a specific lean dimension and not on its entirety [6]. On the 

other hand, while some methods focus on the perceptions of employees, using a qualitative 

approach [7]; others use various performance metrics, creating a quantitative assessment [2, 5, 6]. 

However, none of the existing studies use qualitative and quantitative approaches simultaneously 

[4]. According to some authors, lean assessment methods can be categorized into four groups: 

Value Stream Mapping (VSM), Qualitative Assessment Tools, Performance Indicators and 

Benchmarking [3, 5]. 

Currently most organizations use qualitative evaluation methods based on questionnaires or a 

group of metrics used simultaneously to determine the level of application/implementation of the 

methodologies and lean tools. The challenge of using performance indicators and metrics 

concerned with the assessment of the lean level of an organization, it is the ability to define a set 

of indicators including all dimensions of the lean approach [8]. Furthermore, the synthesis of a set 

of indicators in a single lean metric is also in itself a challenge due to the different measurement 

units [9]. 

Furthermore, it is worth to mention that the number of studies in literature on leanness assessment 

is low when compared to that in the area of lean implementation. However, the approach 

proposed in this paper follows the trend of lean thinking assessment literature, which is getting 

transformed from process-level monitoring to enterprise-level monitoring [14]. The recently 

published material about leanness assessment revealed that future studies in this domain would 

fall into two major categories, namely manufacturing leanness assessment and service leanness 

assessment. Thus, the framework of the proposed approach has been developed with the aim to 

cope with both scenarios; manufacturing and service enterprises. 

In this context, this paper presents a model based on fuzzy logic that aims to determine the lean 

level of an organization, facing the challenges mentioned above and trying to overcome the 

corresponding difficulties, which could be seen as a modelling and decision making tool for 

complex systems. 

Hence, the paper is structured as follows: Section 2 presents a detailed description of the lean 

assessment approach proposed in this paper; to assess the robustness of the proposed method, on 

Section 3 is described its application to a case study and a critical analysis of the achieved results 

is provided; Section 4 includes some concluding remarks. 

 

2. LEAN ASSESSEMENT MODEL 
 
The proposed model aims to permit an assessment of lean practices, determining the lean level of 

an organization and to identifying the main constraints. Accordingly, the model developed 

utilizes the concept of fuzzy logic using triangular membership functions, to integrate both 

performance evaluation strands, either quantitative or qualitative in a single index, as well as to be 

a model able to cope with ambiguity and uncertainty of human evaluation. Thus, the model 

comprises the following elements: 
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• Model Structure - Definition of dimensions, criteria and attributes; 

 

• Definition of linguistic variables and membership functions; 

 

• Indicators of lean performance of an organization - Construction of fuzzy indicators to 

determine the lean level of an organization and to identify the main constraints. 

 

2.1. Model Structure 

 
The model architecture consists of three levels of granularity that are called, dimensions, criteria 

and attributes, as shown in Figure 1. At the first level, it was defined three dimensions of analysis 

– “Customers”; “Suppliers”; and “Organization”. The second level comprises thirteen criteria and 

in the third level are defined one hundred of attributes.  

 

Table 1 shows the attributes defined for the criterion "5S and Visual Management". The 

identification of dimensions’ criteria and attributes were based on the literature reviewed. Each of 

the elements corresponds to an indicator of lean performance, from which the lean level of the 

organization will be achieved. 
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Figure 1. The model structure. 
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2.2. Fuzzy Sets and Membership Functions 

 
Imprecision of the human systems is due to the imperfection of knowledge that human receives 

(observation) from the external world. Imperfection leads to a doubt about the value of a variable, 

a decision to be taken or a conclusion to be drawn for the actual system. Fuzzy logic deals with 

uncertainty and imprecision, and is an efficient tool for solving problems where knowledge 

uncertainty may occur. Imprecise and uncertain values are usually expressed by means of 

linguistic terms, especially when they have been provided by or for a human being, However, the 

ad-hoc use of linguistic terms and the corresponding membership functions is always criticized in 

applications where fuzzy logic is used [10]. Thus, for the sake of convenience, rather than making 

our own definition of linguistic terms, the adoption of linguistic terms and the corresponding 

membership functions was chosen from the literature [10, 11, 12, 13]. 

 

In general, it is suggested that the linguistic terms to represent the behaviour of a linguistic 

variable do not exceed nine terms, which represent the discrimination limits of human perception 

[10]. Based on the literature in the field of fuzzy logic [10, 11, 12, 13] the following linguistic 

terms or fuzzy sets {Excellent (E), Very Good (VG), Good (G), Satisfies (S), Satisfies Little (SL), 

Insufficient (I) and Weak (W)} were adopted to characterize the performance rating and it has 

been selected the linguistic terms {Very High (VH), High (H), Moderately High (MH), Medium 

(M), Moderately Low (ML), Low (L) and Very Low (VL)} to characterize the weighting factors, 

as illustrated in Table 2. The corresponding membership functions have been defined using 

triangular functions represented by 3-tuples (a, b, c), with parameters a < b < c and b representing 

the middle point. 

 

Defined the fuzzy sets and the corresponding membership functions, one can now define the 

relative importance of each element (size, criterion and attribute), based on the strategy and 

policy of the organization, trend of competition, technological development, knowledge and 

experience of specialists [10]. 

 
Table 1. 5S Visual Management Attributes. 

Dimension Criterion Attributes 

Organization 5S and Visual 

Management 

AT251 - The working environment is clean, organized and safe. 

AT252 - Products / materials used are identified and a visual supervision 

exists. 

AT253 -Tools are organized and can be managed based on a visual 

system. 

AT254 -Visual devices are used to inform the workload distribution and 

the production scheduling. 

AT255 - Andon panels are used to inform the working stations that are 

stopped or who need help. 

AT256 - The process flow is well-defined, and it is clear. 

AT257 - Periodic audits are taken place to assess 5S system and 

corrective actions are implemented whenever necessary. 

AT258 - Audit evaluation to the 5S's system is made public and posted. 

AT259 -The maintenance plan has well defined the periodicity to clean 

equipment and tools. 

AT2510 - Information boards in a visible place with updated information 

are used. 

AT251 -Safety signs are used for prevention of industrial accidents. 
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Table 2. Fuzzy Sets and Membership Functions. 

Performance Rating (A) Weighting Factor (W) 

Fuzzy Set Membership Function Fuzzy Set Membership Function 

E 

VG 

G 

S 

SL 

I 

W 

(8.5; 9.5; 10) 

(7; 8; 9) 

(5; 6.5; 8) 

(3; 5; 7) 

(2; 3.5; 5) 

(1; 2; 3) 

(0; 0.5; 1.5) 

VH 

H 

MH 

M 

ML 

L 

VL 

(0.85; 0.95; 1) 

(0.7; 0.8; 0.9) 

(0.5; 0.65; 0.8) 

(0.3; 0.5; 0.7) 

(0.2; 0.35; 0.5) 

(0.1; 0.2; 0.3) 

(0; 0.05; 0.15) 

 

2.3. Performance Indicators of Lean Level 

 
This subchapter presents a detailed description of the performance metrics used to assess the lean 

level of an organization under the approach proposed in this paper. Thus, the following 

Performance Indicators (all of them being fuzzy variables) have been considered and used in the 

case study presented below: 

 

• Aggregated Lean Index for each criterion (LIij) - According to the definition of weighted 

average the Aggregated Lean Index, LIij, can be calculated through Wijk and Aijk 

variables, representing, respectively, the fuzzy weighting factors associated with each 

attribute (n) and the fuzzy performance ratings, by using the equation (1): 

 

• Aggregated Lean Index of each dimension (LIi) - Obtained the Aggregated Indexes for 

each criterion, now there is a need to integrate the values of the various criterions (m) in 

a single index, associated with a dimension, by using the equation (2): 

  

 
Where Wij is the fuzzy weighting factor associated with each criterion and LIij is the 

aggregated fuzzy index associated also with each criterion. 

• Performance Lean Index (PLI) – Obtained the LIi, then the Performance Lean Index can 

be calculated using the equation (3). The PLI is a holistic fuzzy lean index consolidating 

in a single index the evaluations and the weighting factors. Thus, the PLI represents the 

global lean level of an organization, where Wi represents a fuzzy weighting factor and 

LIi stands for the aggregated lean index associated with each dimension (l). 

 

• Lean Level of an Organization (LLO) – Evaluated the PLI, now the corresponding fuzzy 

value can be associated with a linguistic variable with a membership function equal or 

close to the membership function associated to PLI. There are several methods to 

associate the membership function achieved to characterize the PLI with a pre-defined 

linguistic variable. However, it is recommended the use of the Euclidean distance 

method, since it is the most intuitive perception of human proximity [12]. The 

Euclidean distance method consists into determine the Euclidean distance between the 
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obtained membership function and each pre-defined membership functions associated 

with each linguistic variable. Being the lean level (LL) characterized by fuzzy sets with 

triangular membership functions, represented by 3-tuples (a, b, c), then, the Euclidean 

distance between the triangular membership function associated with the fuzzy set PLI 

and each membership function associated with the fuzzy sets pre-defined to characterize 

the fuzzy variable LL, can be calculated using the equation (4): 

 

With the aim to characterize the behaviour of the fuzzy variable LL, it was used and 

defined the fuzzy sets and the corresponding membership functions presented in Table 

3. 

To identify the main constraints to improve the organization's lean level, it is proposed the fuzzy 

Importance-Performance Index (IPI) [10]. According to this index, all the attributes that are 

classified with a high weighting factor (Wijk) and then evaluated having low performance (Aijk), 

are classified as a critical constraint to improvement. 

Thus, in the IPI calculation process cannot be used the values assigned to the weighting factors 

Wijk, but their complementary, [(1, 1, 1) – Wijk)], in order to not mask the results. For example, if 

an attribute is classified with a high Wijk (then, the value of [(1,1,1) – Wijk]) will be low) and has a 

low performance evaluation Aijk, then such an attribute is considered a critical constraint and IPIijk 

will take a low value. For each attribute ijk, the fuzzy Importance-Performance Index (IPI) will be 

define as follows: 

 

where, 

 
and, Wijk stands for a fuzzy weighting factor of each lean attribute. 

For two triangular fuzzy numbers the subtraction, addition and multiplication operations are 

defined as follows: 

• Fuzzy number subtraction 

 

• Fuzzy number addition 

 

• Fuzzy number multiplication 

 

Calculated the IPIijk there is now the need to classify it. In this work, it was used the Chen and 

Hwang's left-and-right fuzzy ranking method, since it not only preserves the sort order, but also 

considers the absolute location of each fuzzy set [13]. In such a method to defuzify a fuzzy set, 

the maximum and minimum functions are given as follows: 
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Table 3. Lean Linguistic Terms - Fuzzy Sets and Membership Functions. 

Lean linguistic terms 

Fuzzy sets Membership functions 

Extremely Lean (EL) 

Very Lean (VL) 

Lean (L) 

Reasonably Lean (RL) 

Little Lean (LL) 

(7; 8.5; 10) 

(5.5; 7; 8.5) 

(3.5; 5; 6.5) 

(1.5; 3; 4.5) 

(0; 1.5; 3) 

 

 

According to the above-mentioned method and considering a triangular membership function 

associated with the characterization of IPI and defined as, fIPI: R → [0, 10], the left and right 

indexes are evaluated as follows: 

 

 

Then, the total index, which will be a crisp value being given as follows: 

 
 

3. CASE STUDY – APPLICATION OF THE PROPOSED METHOD  

 
The approach proposed in this paper was applied to an organization concerned with aeronautical 

maintenance and manufacturing. However, before proceeding to the implementation of the 

proposed methodology it was carried out a training session to ensure that the evaluators were 

familiar with the concepts of what is meant by a lean organization to ensure adjusted results to 

reality. According to the literature, before proceeding to the implementation of the methodology 

to assess the lean level of an organization it is important to build at early stage a "consensus" with 

the evaluators on the object that will be subject to evaluation [11]. Defined the linguistic variables 

and their membership functions and assigned the relative importance of each element, follows the 

implementation phase of evaluation of the lean organizational performance. The fuzzy sets used 

to characterize the weighting factors (w) have been obtained conducting a Delphy study including 

a set of several experts in the field of Lean, Quality, Innovation, Project Management, 

Management, Marketing and Logistics. 

 

Applying equation (1) to the values obtained in the performance evaluation of the organization 

the values of LIij are calculated. The LIij value corresponds to the aggregate index for each of the 

criterions. Calculated the value for the various LIij and applying now the equation (2), the values 

for each dimension LIi, were obtained. The LIi value corresponds to the aggregate index for each 

of the dimensions considered in the proposed approach. The obtained aggregate indices are 

described in Table 4. 

 

Once obtained the values for the LIi, then, the PLI can be determined applying equation (3), being 

in the case under study PLI = (3.88; 5.50; 7.10). Afterwards, as described in the last section, the 

determined membership function for PLI should be associated with a membership function of one 
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of the linguistic variables (fuzzy sets) pre-defined to characterize the organization’s lean level and 

described in Table 3. Hence, using the equation (4) and as depicted in Figure 2, the following 

Euclidean distances between the membership function achieved for PLI and each of the 

membership functions associated with each fuzzy set used to characterize the LLO, have been 

obtained: D(PLI, EL) = 3.01; D(PLI, VL) = 1.51; D(PLI, L) = 0.50; D(PLI, RL) = 2.50; D(PLI, 

LL) = 4.00. Thus, determining the minimum value taken by D can be said that the organization’s 

lean level is “Lean”, which means that the organization is in an intermediate state of lean 

performance. 

 

To identify the main constraints to lean improvement, using equation (5) it is possible to calculate 

the IPI for all attributes that were evaluated. For example, the IPI for the attribute AT251 - the 

work environment is clean, organized and safe, is calculated as follows: 

 
The fuzzy value obtained for the IPI251 should now be transformed into a crisp value. Then, 

through the defuzification method described in the last section, using equation (12), (13) and (14), 

the quoted crisp value is determined as follows: 

 

 
Table 4. Lean Performance Indicators. 

ILi ILij 

Costumers (4.14; 5.71; 7.27) Costumers Focus 

(4.14; 5.71; 7.27) 

Organization (3.58; 5.13; 6.67) Continuous Improvement 

(3.21; 4.94; 6.65) 

Employee Involvement (3.83; 

5.48; 7.11) 

Process Management 

(4.75; 5.71; 6.73) 

Quality 

(2.75; 4.30; 5.84) 

5S and Visual Management 

(3.59; 5.29; 6.93) 

Production Flow 

(3.86; 5.48; 6.98) 

Pull System 

(3.71; 5.54; 7.36) 

Standardized Work 

(3.33; 4.98; 6.58) 

Setup Reduction Times 

(2.93; 4.78; 6.58) 

TPM 

(3.49; 4.65; 5.81) 

Suppliers (4.15; 5.85; 7.50) Suppliers Relationship 

(4.18; 6.03; 7.75) 

Suppliers Development (4.12; 

5.68; 7.25) 
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Figure 2. Membership functions of fuzzy sets used to characterize LLO and membership function 

associated with PLI. 

 

Figure 3 illustrates graphically the method used to estimate UR(IPI251) and UL(IPI251). 

As mentioned in the Pareto principle, resources should be used to improve the critical constraints 

[10], and thus based on the literature, the value of 0.8 was established as the threshold to identify 

the critical constraints that need to be improved. Thus, since the value obtained was 1.41, 

corresponds to a non-critical constraint, being the critical constraints, all attributes whose value is 

less than or equal to 0.8. Figure 4 illustrates the 11 critical constraints identified in the 

organization. 
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Figure 3. Graphical representation to estimate UR(IPI251) and UL(IPI251). 
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 U T (IDID ijk ) 0,27 0,44 0,61 0,62 0,71

Attribute (AT ijk ) AT243 AT217 AT117 AT268 AT115

AT227 AT118 AT210 AT228

AT211

AT219  

Figure 4. Critical constraints. 

The representation of the results obtained in radar graph as shown in Figure 5, can simultaneously 

analyse the current performance level of the various criteria. Moreover, this type of representation 

allows benchmarking with other organizations. Thus, the membership function associated with 

each fuzzy aggregate Lean Index, LIij, should be transformed into a crisp value by using the 

defuzification method mentioned in the last section, which is based on equation (12), (13) and 

(14). Then, the values obtained for each criterion are represented in Figure 5. 
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Figure 5. Fuzzy aggregate lean index for each criterion. 

The values closer to the periphery represent better performance while values closer to the centre 

correspond to a worse performance. For instance, considering the fuzzy aggregate Lean Index, 

LI25, associated with the criterion “5S and Visual Management”, the obtained corresponding value 

is as follows: UT(IL25)=5.24. 

Aiming to obtain a graphical representation of the performance value associated with each 

dimension, the membership functions associated with each fuzzy aggregate lean index related to 

each dimension, were transformed into crisp values following the methodology previously 

described. In Figure 6 is represented the achieved crisp values associated with each aggregate 

lean index, LIi, related to each dimension. For instance, applying the equations (9), (10) and (11) 

the crisp value obtained for the aggregate lean index LI2, which corresponds to the dimension 

“Organization”, is as follows: UT(LI25)=5.11. 
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Figure 6. Aggregate lean index for each dimension. 

 

3. CONCLUSIONS 

 
Organizations should make use of simultaneous approaches either of perception and measurement 

in order to guide their efforts to implement lean thinking more efficiently. It was in this sense that 

the present model was developed using a qualitative evaluation approach, including quantitative 

basis, supported on fuzzy logic, since it can handle the uncertainty and inaccuracy of input data, 

and is also applicable on the analysis of qualitative variables of a system, turning them into 

quantitative values. A major advantage of the developed approach, when compared with other 

approaches reported in the literature, it is that it can be adjusted to any type of organization 

regardless of its nature, size, strategy and market positioning. Moreover, the proposed model 

makes possible to identify systematically the constraints factors existing in the organization 

concerned with its lean level enhancement and, thus, provide the necessary information for the 

management to develop a holistic plan for continuous improvement. Furthermore, another 

advantage of the framework adopted to develop the organizations’ lean level assessment 

methodology presented above, when compared with other reported approaches, it is its ability to 

cope with the specificities of any kind of organization, being either a manufacturing company or a 

services enterprise. 

 

The development of a framework based on fuzzy set theory was motivated in large measure by 

the need for a methodology able to cope with humanistic systems; that is, with systems in which 

human judgement behaviour and emotions play a dominant role. Viewed in this perspective, this 

work takes advantage of the main fuzzy logic capabilities to perform the analysis of systems 

whose behaviour is based on people's skills and knowledge in management control and 

organization analysis. However, the application of fuzzy logic as a tool to support the 

organization assessment introduces some limitations. The membership functions of the linguistic 

variables (fuzzy sets) depend on the perception of the evaluator. Thus, the evaluator should be an 

experienced person with skills in continuous improvement or lean thinking in order to realize the 

importance of the model elements. The contribution of this work aims to provide a rational 

framework for assessing imprecise phenomena such as the case of lean assessment. 

 

The successful results obtained with the proposed approach using a real industrial scenario, 

demonstrates the level of maturity of the methodology developed and allows us to envisage its 
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application not only in research work but also in the monitoring of the implementation of lean 

thinking in any public or private organization. 
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