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ABSTRACT 

In the changing business environment conditions, one of the primary management tasks is 

competitiveness enhancement. This goal can be achieved, among other things, by improving performance, 

which has the greatest impact on business success. This research paper aims to indicate that the alignment 

between the European Foundation for Quality Management (EFQM) model and the business model leads 

to an increase in enterprise performance. By applying the Fuzzy Simple Additive Weighting (FSAW) 

method and fuzzy algebra rules, the aggregated value of quality was calculated. Determining the value of 

the considered performance is set as a fuzzy decision-making problem. Aggregated performance value is 

given by fuzzy geometric mean with combined fuzzy algebra rules. By applying correlation analysis, the 

significance of the influence of business models and quality models on the value of performance was 

determined. The proposed model was tested on a sample of 20 SMEs that operate in the Republic of Serbia. 
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INTRODUCTION 

Business excellence is usually defined as an outstanding practice in achieving results and in managing 

an organization based on a set of basic concepts or values [1][2]. These practices have evolved into business 

excellence models that seek to assist organizations in achieving world-class performances. The emphasis 

in this paper is on the European Foundation for Quality Management model (EFQM model) (previously 

known as EFQM excellence model). The EFQM model has undergone many changes over the years 

especially in its scoring system in order to follow the needs of the European market. Along with those 

changes practitioners and academics have made efforts to modify EFQM model scores and adapt it to 

various fields of study. The majority of authors believe that the weight of the criteria depends on the size 

of the company as well as the changes that occur in an uncertain environment [3][4][5][6]. It can be 

considered that the modification of the EFQM model is based on the change of weights of the criteria. 

Following the direction of quality development, business models have become a very important issue in 

the domain of business and management. Many practitioners and academics believe that a company's 

business can be presented through a business model. Regardless of the industry we are talking about, a 

properly established business model can provide a significant market advantage. Companies have always 

had business models, and it can be considered that there are as many business models as there are 

companies, because they differ at least in some characteristics. However, it is not always the case that a 

company recognizes its business model, and it can be said that a large number of companies, although 

operating according to a certain business model, are not actually aware of it [7]. Business models as a 

concept in recent years have reached a point that many authors consider stagnant due to the lack of 

qualitative studies [8][9][10] and additional explanations of the components of business frameworks 

[11][12] There is a significant number of papers in the literature that consider performance evaluation and 

selection [13][14][15][16]. The motive of this paper comes from the fact that the relation between these 

two concepts and their impact on organizational performance has not yet been confirmed in relevant 

literature. The premise is that organizations with adopted EFQM model are well aware of its business 

models and achieve better performances.  

Uncertainties and inaccuracies that exist in the considered problem are modeled using the theory of 

fuzzy sets [17]. The aggregated value of quality is obtained by combining the EFQM method proposed by 

[6] and the FSAW method. Values of treated performance, in this research it is a number of customer 

complaints as suggested by [13] were evaluated during discretized time intervals. The total value of 

performance in a given time period was obtained by applying fuzzy geometric mean. In this research, 

representative scales of obtained fuzzy numbers are given by using simple gravity method. By using 

correlation analysis, the statistical significance of the influence of EFQM and business models on the value 

of performance can be determined. The aim of the paper is to show that there is a great statistical 

significance between the integrated model (which includes the business model and EFQM) and the value 

of the company's performance. 

LITERATURE REVIEW 

In this section, an overview of the relevant literature is given and divided in two parts: (i) EFQM 

model and (ii) business model components. 

EFQM model 

Over the years the EFQM model along with his criteria and criteria weights has evolved in order to 

keep pace with trends in business. The pioneer EFQM model was first launched in 1990 as a draft 

framework based on eight criteria [18]. After draft, the official model was released in 1992 [19] followed 

by its revisions from 1999 and 2003 [20]. Second model was distinguished by fundamental changes made 

on criteria scores in order to achieve a more balanced weighting scheme. This model was published in 

2010 and revised in 2013 and contained nine criteria [21][22]. The latest model was released in 2019 and 

given a title EFQM 2020. The main focus of the new EFQM 2020 model according to [23] is shifted from 

excellence to outstanding results. This new version of model integrates the United Nations Sustainable 
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Development Goals (SDGs) and gains a wider scope of use (benchmarking performance, building a new 

business, understanding organizational maturity, etc.). EFQM 2020 model consists of seven criteria 

grouped in three dimensions in contrast to previous version which consisted of nine criteria grouped in two 

dimensions. The benefits of the application of this model are multiple and recorded in all areas of business 

[24][25][26][22]. The majority of authors believe that the model has to be adjusted to: (i) the size of the 

company, (ii) the business area and (iii) the uncertain business environment. It can be considered that the 

modification of the EFQM model is based on the change of weights of the criteria [3][4][5][6]. 

Business Model components 

The number of definitions of the concept of business models that can be found in the literature is 

approximately the same as the number of business models. In the relevant literature, five different 

perspectives with the term Business model can be associated: (i) Business model activities, (ii) Business 

model logic, (iii) Business model archetypes, (iv) Business model alignment and (v) Business model 

components [27]. Authors adopting a perspective on business model components propose organizing 

business models around their essential elements to encompass crucial aspects of the business and establish 

operational frameworks. In the third development phase [28], they focused on aligning the concept of 

business model components (BMCs) and their interdependencies, resulting in a graphical representation 

of the business model framework. This visualization aimed to provide a clear depiction of the relationships 

between BMCs, aiding stakeholders in analyzing and evaluating the overall business model effectively. In 

the relevant literature, there is a large number of papers in which the problem of determining business 

model components [29][30][31][32][33], testing of frameworks [34] and systematization of identified 

components was discussed [35][36]. 

METHODOLOGY 

Definition of a Finite Set of enterprises 

For the purpose of this study, set of enterprises is selected under next criteria: (i) small and medium 

sized enterprises that operate on the territory of Republic of Serbia, (ii) belonging to the process 

manufacturing sector, and (iii) familiarity with EFQM model. These enterprises can be formally 

represented by the set {1, … , 𝑒, … , 𝐸}. The total number of enterprises is denoted as 𝐸, and 𝑒, 𝑒 = 1, . . , 𝐸 is 

the index of enterprises.  

Construction of a modified EFQM model 

The quality criteria may be presented by the set of indexes {1, . . , 𝑘, . . , 𝐾} }, where 𝐾 present the total 

number of quality criteria, and the index of each quality criterion is denoted as 𝑘, 𝑘 = 1, . . , 𝐾. These quality 

criteria are taken from EFQM 2020 model and are as follows: organizational culture and leadership 
(𝑘 = 1), purpose, vision and strategy (𝑘 = 2), stakeholder perceptions (𝑘 = 3), strategic and operational 

performance (𝑘 = 4), engaging stakeholders(𝑘 = 5), creating sustainable value(𝑘 = 6), and driving 

performance and transformation (𝑘 = 7).  

The assessment of the relative importance of defined criteria is stated as a fuzzy group decision making 

problem, as in [6]. The fuzzy weights vector at the level of each DM, 𝑤̃𝑘𝑒 is given by using fuzzy Best 

Worst Method [37]. The aggregation of DMs opinions into unique value is given by using fuzzy geometric 

mean, 𝜔̃𝑘. The values of criteria are assessed by DMs by using pre-defined linguistic expressions which 

are modelled by TFNs, 𝑣̃𝑒𝑘. The weighted fuzzy EFQM model for production SMEs [6] is constructed by 

using fuzzy algebra rules [17] and presented in Table 1. 
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Table 1. The weighted fuzzy EFQM model for production SMEs 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 𝒌 = 𝟒 𝒌 = 𝟓 𝒌 = 𝟔 𝒌 = 𝟕 

e=1 (0.22,0.28,0.51) (0.27,0.42,0.76) (0.46,0.88,1.72) (0.90,1.57,2.97) (0.28,0.49,0.93) (0.33,0.63,1.19) (0.53,1.16,2.48) 

e=2 (0.22,0.28,0.51) (0.27,0.42,0.76) (0.71,1.12,1.96) (0.82,1.47,2.81) (0.28,0.49,0.93) (0.33,0.63,1.19) (0.90,1.58,2.97) 

e=3 (0.24,0.30,0.54) (0.30,0.45,0.81) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.17,0.38,0.82) (0.36,0.68,1.26) (0.82,1.47,2.81) 

e=4 (0.30,0.36,0.54) (0.30,0.45,0.81) (0.78,1.20,2.07) (1.12,1.89,2.97) (0.37,0.63,0.99) (0.33,0.63,1.19) (1.13,1.89,2.97) 

e=5 (0.22,0.28,0.51) (0.30,0.45,0.81) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.17,0.38,0.82) (0.21,0.49,1.05) (0.82,1.47,2.81) 

e=6 (0.24,0.30,0.54) (0.30,0.45,0.81) (0.78,1.20,2.07) (0.52,1.16,2.48) (0.30,0.53,0.99) (0.21,0.49,1.05) (0.90,1.58,2.97) 

e=7 (0.14,0.22,0.45) (0.17,0.33,0.67) (0.46,0.88,1.72) (0.52,1.16,2.48) (0.12,0.28,0.61) (0.33,0.63,1.19) (0.82,1.47,2.81) 

e=8 (0.22,0.28,0.51) (0.17,0.33,0.67) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.12,0.28,0.61) (0.21,0.49,1.05) (1.13,1.89,2.97) 

e=9 (0.24,0.30,0.54) (0.17,0.33,0.67) (0.46,0.88,1.72) (0.37,0.84,1.82) (0.12,0.28,0.61) (0.33,0.63,1.19) (0.82,1.47,2.81) 

e=10 (0.24,0.30,0.54) (0.37,0.54,0.81) (0.78,1.20,2.07) (0.90,1.57,2.97) (0.37,0.63,0.99) (0.36,0.68,1.26) (1.13,1.89,2.97) 

e=11 (0.30,0.36,0.54) (0.30,0.45,0.81) (0.71,1.12,1.96) (0.82,1.47,2.81) (0.12,0.28,0.61) (0.36,0.68,1.26) (1.13,1.89,2.97) 

e=12 (0.22,0.28,0.51) (0.27,0.42,0.76) (0.71,1.12,1.96) (0.90,1.57,2.97) (0.30,0.53,0.99) (0.21,0.49,1.05) (0.82,1.47,2.81) 

e=13 (0.24,0.30,0.54) (0.27,0.42,0.76) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.12,0.28,0.61) (0.33,0.63,1.19) (0.53,1.16,2.48) 

e=14 (0.24,0.30,0.54) (0.27,0.42,0.76) (0.78,1.20,2.07) (0.90,1.57,2.97) (0.37,0.63,0.99) (0.36,0.68,1.26) (1.13,1.89,2.97) 

e=15 (0.14,0.22,0.45) (0.27,0.42,0.76) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.30,0.53,0.99) (0.36,0.68,1.26) (1.13,1.89,2.97) 

e=16 (0.24,0.30,0.54) (0.17,0.33,0.67) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.28,0.49,0.93) (0.33,0.63,1.19) (0.53,1.16,2.48) 

e=17 (0.24,0.30,0.54) (0.30,0.45,0.81) (0.71,1.12,1.96) (0.82,1.47,2.81) (0.37,0.63,0.99) (0.36,0.68,1.26) (1.13,1.89,2.97) 

e=18 (0.24,0.30,0.54) (0.27,0.42,0.76) (0.46,0.88,1.72) (0.82,1.47,2.81) (0.30,0.53,0.99) (0.36,0.68,1.26) (0.90,1.58,2.97) 

e=19 (0.24,0.30,0.54) (0.30,0.45,0.81) (0.71,1.12,1.96) (0.90,1.57,2.97) (0.28,0.49,0.93) (0.21,0.49,1.05) (1.13,1.89,2.97) 

e=20 (0.24,0.30,0.54) (0.27,0.42,0.76) (0.71,1.12,1.96) (0.90,1.57,2.97) (0.28,0.49,0.93) (0.33,0.63,1.19) (0.90,1.58,2.97) 

Source: [6] 

Definition and classification of a Finite Set of Business Model Components 

The BMC may be presented by the set of indexes {1, . . , 𝑗, . . , 𝐽}, where 𝐽 presents the total number of 

BMCs, and the index of each BMC is denoted as 𝑗, 𝑗 = 1, . . , 𝐽. For the purpose of this case study set of 

BMCs systematized by [36] are used and presented in Table 2. 

Table 2. Definition and classification of a Finite Set of BMCs 

j=1 Business architecture j=17 Finances j=33 Relationship 

j=2 Brand j=18 
Goods and services production and 
exchanges 

j=34 Revenue (model, sources, stream) 

j=3 Capabilities j=19 Implementation j=35 Rules and metrics 
j=4 Capital (capital model) j=20 Market segment j=36 Scope 

j=5 Commerce process model j=21 Marketing strategy j=37 
Stakeholder (benefits and 
network) 

j=6 Connected activities j=22 Mission, mission structure j=38 Supply chain 
j=7 Core competences j=23 Offering j=39 Sustainability 

j=8 
Cost structure and Revenue 
stream, profit model 

j=24 
Organization (form and 
characteristics) 

j=40 
Sales (Target customer, target 
market) 

j=9 Customer relations model j=25 Partner network j=41 Technology (core investments) 

j=10 Customers (customer segments) j=26 Price (scope, model, and strategies) j=42 
Trading mechanisms and 
protocols 

j=11 Customized services j=27 Process measure (nonfinancial) j=43 Value capture 
j=12 Governance j=28 Processes j=44 Value chain 
j=13 Delivery channel j=29 Procurement j=45 Value configuration 
j=14 Differentiation and strategic control j=30 Profit j=46 Value creation design 
j=15 Distribution, distribution channel j=31 Product/service j=47 Value network with configuration 
j=16 Equipment j=32 Service provision j=48 Value proposition 

Source: [31] 
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Modeling of the Existing Uncertainties 

In this paper, it is considered that the quality performance that has the most influence on the 

effectiveness of the business in production SMEs can be measured by performance indicator Customer 

complaints, such as suggested by [13]. If the company has implemented a quality system, it can be assumed 

that the value of this performance can be obtained from the records. However, best practice experience 

shows that quality managers are not obligated with presenting the exact data. On the other hand, 

determining this value can be posed as a problem for fuzzy group decision makers. Their values can be 

adequately described using seven pre-defined linguistic expressions: 

very high value (V1): (1,1,2.5) 

high value (V2): (1,2.5,4) 

fairly high value (V3):(2.5,4,5.5) 

medium value (V4):(3.5,5.5,7.5) 

fairly low value (V5): (5.5,7,8.5) 

low value (V6):(6,7.5,9) 

very low value (V7):(7.5,9,9) 

Quality managers as decision makers have been asked to evaluate total number of customer complaints 

for each year (2020,2021 and 2022).  

The proposed method 

The proposed algorithm is realized through the following steps. 

Step 1. Fuzzy rating of customer complains is performed by quality managers on the level of each 

SME 𝑒, 𝑒 = 1, . . , 𝐸 for each observed time period 𝑡, 𝑡 = 1, . . , 𝑇 

𝑣̃𝑒
𝑡 = (𝑙𝑒

𝑡 , 𝑚𝑒
𝑡 , 𝑢𝑒

𝑡 ) 

Step 2. The aggregated value of fuzzy rating of customer complains for observed time period is given 

by applying fuzzy geometric mean: 

𝑣̃𝑒 = ( √ ∏ 𝑙𝑒
𝑡

𝑡=1,..,𝑇

𝑇  , √ ∏ 𝑚𝑒
𝑡

𝑡=1,..,𝑇

𝑇 , √ ∏ 𝑢𝑒
𝑡

𝑡=1,..,𝑇

𝑇 ) = (𝑙𝑒 , 𝑚𝑒 , 𝑢𝑒) 

 

Step 3. The representative scalar of TFN 𝑣̃𝑒, 𝑣𝑒 is given by applying simple gravity method: 

𝑣𝑒 =
(𝑢𝑒 − 𝑙𝑒) + (𝑚𝑒 − 𝑙𝑒)

3
+ 𝑙𝑒 

Step 4. The aggregated value of quality is obtained by applying Fuzzy SAW method according to 

constructed fuzzy EFQM model, 𝑞̃𝑒 : 

𝑞̃𝑒 = ∑ 𝜔̃𝑘 ∙ 𝑣̃𝑒𝑘

𝑘=1,…,𝐾

 

Step 5. The representative scalar of TFNs 𝑞̃𝑒, 𝑞𝑒 is given by using simple gravity method. 

Step 6. Assessment of recognition of BCMs determined in [36] by strategic management of each 

considered SME 𝑒, 𝑒 = 1, . , 𝐸 has been obtained through questionnaire designed as multiple choice. This 

value was calculated as the ratio of the number of identified BMCs to the total number of BMCs. This 

value has been denoted as 𝑝𝑒 , 𝑒 = 1, . . , 𝐸. 

Step 7. A multiple linear regression model that describes the dependence of customer complaints on 

two variables is set as follows: 

𝑣𝑒 = 𝑎 + 𝑏1 ∙ 𝑞𝑒 + 𝑏2 ∙ 𝑝𝑒 

Step 8. Determining the partial correlation coefficients.  
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CASE STUDY 

The proposed model has been tested on the real-life data obtained from 20 randomly selected SMEs 

from the Republic of Serbia. The common characteristic of the considered enterprises is that they are: i) 

familiar with EFQM as participated and evaluated in the EFQM award program (FQCE), ii) classified as 

SMEs, and iii) belong to the process manufacturing industry. 

The identification of BMCs among considered enterprises was assessed by strategic management via 

online questionnaire. Multiple choice questions were given and obtained results were shown in percentage. 

Quality performance was assessed by quality managers at the level of each considered enterprise via email 

in which was explained that the estimations can be described using one of seven linguistic expressions for 

each year. Quality managers returned their evaluations by email to authors. 

RESULTS 

The values of the observed performance indicator customer complaints are assessed (Step 1 of the 

proposed Algorithm) and presented in table 3. 

Table 3. The assessed values of customer complaints 

SME DM1 DM2 DM3 SME DM1 DM2 DM3 SME DM1 DM2 DM3 

𝒆 = 𝟏 V4 V6 V7 𝑒 = 8 V2 V5 V7 𝑒 = 15 V5 V5 V6 
𝒆 = 𝟐 V5 V5 V6 𝑒 = 9 V6 V6 V7 𝑒 = 16 V5 V7 V7 
𝒆 = 𝟑 V3 V5 V6 𝑒 = 10 V1 V2 V2 𝑒 = 17 V1 V3 V4 
𝒆 = 𝟒 V1 V1 V2 𝑒 = 11 V2 V2 V3 𝑒 = 18 V3 V6 V7 
𝒆 = 𝟓 V2 V4 V5 𝑒 = 12 V2 V3 V3 𝑒 = 19 V1 V3 V5 
𝒆 = 𝟔 V3 V4 V7 𝑒 = 13 V6 V7 V7 𝑒 = 20 V2 V2 V5 
𝒆 = 𝟕 V5 V7 V7 𝑒 = 14 V2 V3 V3     

The aggregated value of the observed performance for SME (𝑒 = 1) according to the proposed 

Algorithm (Step 2 to Step 3) is: 

𝑣̃1 = (√3.5 ∙ 6 ∙ 7.5
3

, √5.5 ∙ 7.5 ∙ 9
3

, √7.5 ∙ 9 ∙ 9
3

) = (5.67, 7.33, 8.50) 

By applying FSAW and simple gravity method (Step 4 to Step 5 of the proposed Algorithm) the value 

of quality model is calculated and illustrated for SME (𝑒 = 1): 

𝑣1 =
(8.50 − 5.67) + (7.33 − 5.67)

3
+ 5.67 = 6.430 

In a similar way, the values of the quality model were obtained for other SMEs, as shown in Table 4. 

Table 4. Input data for regression analysis 

SME 𝑬𝑭𝑸𝑴 BMCs 
Customer 
complains 

SME 𝑬𝑭𝑸𝑴 BMCs 
Customer 
complains 

𝒆 = 𝟏 6.430 0.560 7.167 𝑒 = 11 6.983 0.730 3 
𝒆 = 𝟐 6.883 0.710 7.170 𝑒 = 12 6.787 0.730 3.50 
𝒆 = 𝟑 6.523 0.600 6.170 𝑒 = 13 6.007 0.520 7.50 
𝒆 = 𝟒 7.640 0.770 1.833 𝑒 = 14 7.433 0.670 3.5 
𝒆 = 𝟓 6.317 0.650 5 𝑒 = 15 6.843 0.730 7.170 
𝒆 = 𝟔 6.623 0.690 6 𝑒 = 16 6.143 0.540 7.997 
𝒆 = 𝟕 5.640 0.480 7.997 𝑒 = 17 7.270 0.810 3.667 
𝒆 = 𝟖 6.363 0.600 6.003 𝑒 = 18 6.753 0.670 6.663 
𝒆 = 𝟗 5.527 0.420 7.833 𝑒 = 19 7.103 0.650 4.167 

𝒆 = 𝟏𝟎 7.523 0.750 2 𝑒 = 20 7.020 0.710 4 

The number of BMCs identified by strategic management were collected (Step 6 of the proposed 

Algorithm) and presented in Table 4. 

Multiple regression analysis was conducted using Ms Excel to derive rules that describe the 

relationship between the number of complaints and the quality model, as well as the number of recognized 

business model components (BMCs). Additionally, partial correlation coefficients were calculated as part 

of steps 7 to 8 of the proposed algorithm: 

𝑟 =
−0.83 − (−0,75) ∙ 0,89

√1 − 0,752 ∙ √1 − 0,892
= −0.54 
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Partial correlation coefficients are shown in Table 5. 

Table 5. Partial correlation coefficients 

  EFQM BMCs Quality performance 

EFQM 1   

BMCs 0.89 1  

Quality performance  -0.83 -0.75 1 

 

The research findings indicate a significant positive correlation (0.89) between the values of the 

criteria outlined in the EFQM model and the recognition percentage of business model components 

(BMCs). This implies that SMEs that are familiar with and adhere to the EFQM model in their operations 

tend to have a clear understanding and recognition of their business models. Consequently, it can be 

inferred that companies adopting EFQM model prioritize quality in their business models. 

Furthermore, the partial correlation coefficient between the EFQM model and customer complaints is 

found to be highly negative (-0.89). This indicates that as the EFQM model criteria values increase, the 

number of customer complaints decreases, and vice versa. Similarly, there is a strong negative correlation 

between the business model and customer complaints. In essence, when a company aligns its quality model 

with its business model, it experiences a reduction in customer complaints, leading to improved 

performance and increased effectiveness in its operations. 

In summary, the research suggests that a strong connection exists between the EFQM model, the 

recognition of BMCs, and quality performance indicator customer complaints. By integrating a quality 

model like EFQM into their business model, companies can decrease customer complaints, enhance quality 

performance, and elevate overall business effectiveness. 
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