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Abstract: The paper is created as the tendency of a group of authors, that with an integrative approach in the application of intelligent systems, by using analogy with some 
function in human body, to develop a model to improve organizational performance. The paper is based on two unique bases, of a representative number of data that reflect 
real business conditions and including a significant number of organizations. In order to achieve the set goals, several approaches were adopted, tools and methods, such 
as analytic hierarchy process (AHP) methodology, case base reasoning, artificial intelligence tools– expert systems, verification in real condition and other. As the key 
outcomes of the paper are obtained the fields that are critical to achieve the best organizational performance, and indicators for the development of expert systems whose 
functions, efficiency and effectiveness are verified in real conditions. 
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1 INTRODUCTION 

 Application of artificial intelligence (AI) tools, among 
other things, in the function of obtaining competitive 
knowledge, in the function of automation and development 
of decision support systems, represents an imperative in 
today's business environment, globally oriented economy 
and science. Therefore, any research that is based on a 
unique approach with results that have been verified and 
validated in real-world conditions, should be an incentive 
to researchers and timeliness of such research is 
unquestionable.  
 Continuous improvement of organizational 
performance is the priority of any successful business 
system, and the urgent need to ensure sustainability in the 
global market. One of the bases for improving 
organizational performance is the application of the 
internationally accepted standard, even that of series ISO 
9000. Research in the field of management systems, but 
also in quality management systems (QMS), individually 
or in an integrated approach, they have to move in the 
direction of securing conditions for benefits for the 
organization, up to those of financial character. This 
includes the provision of a system of continuous 
improvement, organizational sustainability and 
competitiveness. Such a reality, or rather inevitable, 
provide an incentive to authors of this paper that with the 
application of intelligent approaches and models in the 
field of QMS, to come to a unified approach to improve 
organizational performance, as well as the efficiency and 
effectiveness of all processes in the organization. 
 The paper consists of an introductory part in which two 
subject fields, the AI and the QMS have been selected. In 
the second part of the paper, literary sources have been 
analyzed, indicating the main trends in the subject fields 
studied. Moreover, the scientific methods applied in the 
paper and the stated goals have been thoroughly presented 
in this section. The third part of the paper is devoted to 
experimental research with an indication of data sources, 
uniqueness and significance of databases. In this section 
we pointed out the approach used to develop an expert 
system. In the fourth part of the paper, the calculation of 
the necessary indicators for the expert system was carried 

out, through the application of the selected methods. The 
development of the expert system and the verification of 
the results are presented in the fifth part of the paper. The 
final considerations are presented in the last section. 

2 ANALYSIS OF THE RESEARCH IN SUBJECT 
FIELDS, METHODS AND OBJECTIVES OF THE 
PAPER  

 In the field of improving the process, or organizational 
performance, and based on the QMS, analysis of the use of 
tools, methods, and techniques are moving towards the 
usage of traditional approaches of the type of SixSigma, 
FMEA, Taguchi, etc. In this sense, there is a lack of 
research dealing with the application of AI, in terms of data 
collection, analysis and application of knowledge in the 
function of improving organizational performance [1, 2]. 
Some developed systems for support of decision-making 
have partial character and relate only to the particular fields 
of the organization, or the standard for quality management 
systems, such as the satisfaction of the user, the field of 
reclamation and fulfillment of the objectives, which 
essentially is not enough and does not encompass the entire 
system [3-8]. In addition, most of the research in the field 
of intelligent systems, and thus the system of artificial 
intelligence refers to the manufacturing organization, with 
a clear differentiation of the organization of the second 
type.  
 It certainly does not support the generic understanding 
of the product, based on European Standards after which 
the product is defined equally in four categories such as 
process products, services, hardware and software [9, 10]. 
Some studies regarding the application of intelligent 
systems, also by selective approach, are moving in the 
direction of creating business processes based on social 
responsibility and only partly take into account the 
sustainability of the organization and improve its processes 
[11], although a significant number of literature sources, 
speaks about the necessity of research in that direction [12, 
13]. 
 Also, many literature sources indicate that the 
organizations that operate in the global market, there is a 
lack of knowledge or lack of tools to develop expertise for 
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organizational improvement, which also supports the fact 
of the necessity and actuality of research in the field of 
artificial intelligence, for the purpose of obtaining 
competitive knowledge [14]. The significance of the 
research in the field of artificial intelligence from the point 
of gathering and analysis of data, the clear function and 
activity of the growing number of experts in the field of 
data analysis unquestionably indicates the importance, 
timeliness, and the necessity of research and subject fields 
[15].  
 In this way are going and conclusions mostly on the 
increasing role of science and scientists in the functions of 
data analysis and knowledge achievement [16]. The role of 
the user in the process of improving business processes, 
through access to the results and at the level of fulfillment 
of organizational goals, and by using AI is a necessity for 
socially responsible and sustainable systems [17, 18]. 
Certainly, for the purposes of applying modern information 
systems and tools to improve the function of organizational 
data, you need to provide representative input parameters 
or data that output or representation of knowledge was 
adequate, but implemented and integrated development 
models of intelligent systems for automation of traditional 
approaches [19, 20]. In fact, the development and 
successful application of modern management information 
systems, with a clear link to performance data processes 
can be achieved using modern decision support systems as 
a component of a modern information system [21-24].  
 In addition, considerable research suggests improving 
organizational performance administration may occur by 
using Case-Based Reasoning approach (CBR), as an 
excellent model for obtaining inputs for some of the tools 
of artificial intelligence and the development of new 
intelligent approach [25, 26].  
 Another field that is being research in the paper is the 
QMS, which affect organizational performance, is 
undoubtedly, with the condition that it is established in 
compliance with the basic principles of continuous 
improvement [27, 28]. That means the introduction of the 
world's best practice and best organizations practice [29, 
30]. Studies show an increase in the number of certificates 
on an annual level of around 4% for the reason that this 
system affects the increase in sales and financial growth of 
the company, so every improvement in this system has a 
direct impact on improving financial gain for the 
organization [31-35].  
 Reasons for certification of management systems 
standards are different, but certainly among the most 
significant achievement of the marketing advantages, 
increase innovation, an increase of sales and productivity, 
improve employee satisfactions, etc. [36-40]. Benefits 
from the implementation of the standard are also visible 
through the improvement of the absolute pleasures of 
stakeholders and management system to supply, as a key 
factor for organizational sustainability [41, 42]. In relation 
to the environment and very dynamic variables of the 
global market, the new version of the standard from 2015, 
certainly make a profit and provide organizational 
adaptation [43, 44].  
 The organizational culture of quality improvement that 
enhances the introduction and certification of management 
systems standards, contributes to improving organizational 
performance through responsible and effective attitude 

towards the employees and management activities for 
which they are responsible [45, 46]. From the point of 
growing trends in terms of corporate social responsibility 
and to meet environmental requirements when designing 
new products, certification of quality management system 
has a positive impact which is also very important gain for 
the organization [47]. 
 This system also has an effect on organizational 
performance, especially if it is established in integrated 
form with other management standards, like environmental 
management systems, occupational health and safety 
assessment, etc. [48, 49]. The entrepreneurial character of 
the organization and employees, as well as respect for the 
principles of leadership, are one of the key aspects that are 
developed using standard norms of quality management 
system [50]. 
 Such defined trends in research of subject fields, 
justify the tendency of authors to develop a modern 
approach to the acquisition and representation of 
knowledge in order of continual business improvements. In 
the paper primarily were using scientific research methods 
of inductive and deductive reasoning. In addition to these, 
in the paper were applied and other methods, tools, and 
approaches, such as decision-making on the basis of 
previously established facts or experiences, methods of 
analogy or logical comparative reasoning, expert systems 
and multiple criteria decision making method.   
 Based on the previous expressed, the basic objectives 
of the operation were defined, such as:  
- Identify the most important areas to improve 

organizational performance, based on quality 
management system in order to develop an expert 
system, as well as decision support systems. 

- Based on pre-defined objectives or indicators of the 
primary areas to improve organizational performance, 
develop the intelligent system as a system for decision 
support in order to achieve greater competitiveness 
and sustainability of the company.  

 
3 EXPERIMENTAL RESEARCHES AND 

DEVELOPMENT OF INTEGRATED APPROACH 
FOR THE DEVELOPMENT OF EXPERT SYSTEMS  

 
 The basis of the paper consists of research conducted 
in a significant number of organizations that are certified 
according to ISO 9001 model and/or participated in the 
contest for awards for business excellence by the European 
Quality Award model or are winners of these awards. In 
this sense were formed two single databases, as follows: 
1. Database of non-compliance (the first level of data), 

which were identified during external testing in 453 
organizations with 1630 non-compliance in total.  

2. Database of experiences from the evaluation of 
organizations that participated in the contests to obtain 
awards for business excellence by the European model 
(the second level of data). This database indicates the 
occurrence of non-compliance in the 68 organizations. 

 
 These databases are unique and in order to ensure 
integrity of the firms, the data are stored in coded form. 
 The data represent the long-term experience of 
successful certified organizations, as well as the best ones, 
thus in terms of application the access CBR, which is 
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applied in this paper, lead us to adequate conclusions. The 
second level of data is used for comparison with the first 
level, in order to obtain results and conclusions about the 
best organizational performances and priority areas and 
activities for improvement. Accordingly, the necessary 
indicators for the expert system building are obtained. 
Based on an approach to intelligent bionic systems, was 
established an analogy process-based business system with 
the so-called, involuntary functions of the human 
organism. Precisely this analogy is possible, bearing in 
mind the action, the role and importance of involuntary 
functions on the one hand and the experimentally obtained 
two types of data.  
 These are functions that do not depend on the human 
will and one can easily perform and there are naturally 
healthy and fully functional organisms. For example, it 
functions as hormone secretion, or an enzyme, and the like 
[51, 52]. Exactly such established analogy provides the 
ability to obtain conclusions for all types of organizations, 
regardless of their size or field that they deal with.  
 
4  CALCULATION OF INDICATORS FOR THE NEEDS OF 

EXPERT SYSTEM DEVELOPMENT 
 
 Based on the predefined approaches, and in order to 
obtain the results and establish a relation between the first 
and second data level, or indicator for the development of 
an expert system, has been introduced a depending variable 
R, which is called the "Degree of readiness" for the 
purposes of achieving business excellence.  

This variable refers to organizations of any size and 
type and is calculated individually for each application 
standard ISO 9001, by using next formula:  
 

; 1, 2,..., 28Zi ZiR N S i= ⋅ =                                             (1) 
 
Where NZi (%) is the variable that is expressed depending 
on the number of non- compliance and represents a so-
called the force of the standard field and SZi is coefficient 
of significance for achieving business excellence. For the 
calculation of the R variable is established a model shown 
in Fig. 1.  
 

 
Figure 1 Application of AHP methodology for establishing relations between 

areas of standard and business excellence 
 
 According to this model, were conducted two AHP 
sub-models, as follow: 

- AHP 1model for the establishment of relations 
between the principles of standard series ISO 9000 and 
the main objective,  

- AHP 2model in order to find connection among the 
fields of standards and the main goal or achieving 
business excellence, based on the results of the AHP1 
model.  

 
 Based on this approach, results were obtained (Tab. 1). 
 

Table 1 The values of the parameters for the expert system development 
 Requests Organization 

(strength) SZ R 

Module 
4 

41 30,98 0,023 0,71254 
42 35,96 0,001 0,03596 
43 34,24 0,015 0,5136 
44 19,3 0,001 0,0193 

Module 
5 

51 83,25 0,053 4,41225 
52 70 0,054 3,78 
53 35,68 0,03 1,0704 

Module 
6 

61 23,81 0,045 1,07145 
62 45,12 0,01 0,4512 
63 23,34 0,007 0,16338 

Module 
7 

71 61,17 0,064 3,91488 
72 20,06 0,008 0,16048 
73 54,28 0,041 2,22548 
74 39,07 0,056 2,18792 
75 39,21 0,079 3,09759 

Module 
8 

81 56,52 0,04 2,2608 
82 56,76 0,038 2,15688 
83 76,19 0,026 1,98094 
84 52,94 0,008 0,42352 
85 47,16 0,014 0,66024 
86 40 0,064 2,56 
87 37,5 0,022 0,825 

Module 
9 

91 68,97 0,066 4,55202 
92 46,3 0,088 4,0744 
93 44 0,059 2,596 

Module 
10 

101 63,17 0,008 0,50536 
102 50 0,058 2,9 
103 37,45 0,022 0,8239 

 
 However, in order to find the most effective and 
efficient way to the organizational excellence, it is 
necessary to highlight the most important fields in which 
an organization should enhance ongoing improvement 
activities. 
 For this purpose, according to the appropriate 
approach for subject fields [53-55], Pareto principle, or 
better say, ABC methodology distribution 70/20/10, was 
applied. 
 Accordingly, as fields that have the greatest impact in 
this sense were selected those shown in Tab. 2. 

For the purposes of development system for decision-
making support, in addition to these indicators, it is 
necessary to include indicators that take into account the 
real operating conditions, and the experience collected 
during the experimental research. 
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Table 2 Fields with the greatest impact for achieving organisational excellence 
Field of 
standard Description SZz;  

z = 1, 2, …, 11 
51 Leadership and commitment 0,053 
52 Quality policy and dissemination 0,054 

61 Actions to address risks and 
opportunities 0,045 

71 Resources 0,064 
74 Communications 0,056 
75 Documented information 0,079 
86 Release of products and services 0,064 

91 Monitoring, measurement, 
analysis and evaluation 0,066 

92 Internal audit 0,088 
93 Management review 0,059 

102 Non-complianceand corrective 
action 0,058 

 
These indicators have been identified, by applying the 

same approach (Tab. 3).  
 

Table 3 Fields with the greatest potential for achieving organisational 
excellence, taking into account real business conditions 

Field of 
standard Description Rr 

r = 1, 2, …, 11 
51 Leadership and commitment 4,41225 
52 Quality policy and dissemination 3,78 
71 Resources 3,91488 
73 Awareness 2,22548 
75 Documented information 3,09759 
81 Planning and control 2,2608 
86 Release of products and services 2,56 

91 Monitoring, measurement, 
analysis and evaluation 4,55202 

92 Internal audit 4,0744 
93 Management review 2,596 

102 Non-compliance and corrective 
action 2,9 

 
 Based on these indicators, beside the indication of a 
priority and an important area for achieving business 
excellence, and in terms of defining the measures for the 
improvement are obtained information, which is necessary 
for the implementation of an expert system. In addition, 
bearing in mind the importance of the field, as well as the 
real conditions, priority fields where organizations need to 
implement additional significant activities in 
improvement, in order to achieve excellent results, as well 
as priority important fields for the development of expert 
systems, can be obtained by applying the following 
expression: 
 

; , 1, 2,..., 11Zz

r

SP z r
R

= =
                                                               (2) 

 
And they are: 
- 61 – Actions to address risks and opportunities (SZ = 

0,045; R = 1,07145) and  
- 74 – Communications (SZ = 0,056; R = 2,18792). 
 
5  DEVELOPMENT OF EXPERT SYSTEMS AS DECISION 

SUPPORT SYSTEM AND VERIFICATION OF RESULTS  
 

Based on the previously defined results or indicators 
that indicate the priority and importance of areas for 

improvement of the system and organizational 
performance are entered into the process of creating an 
expert system. Such system has the role of decision support 
systems in the direction of improving organizational 
performance and gain levels of business excellence. The 
parameters listed in the preceding section have a special 
role in the definition of an expert system inference 
mechanism, or with the definition of the degree of measure 
on the output. In this regard, an additional role is played by 
the data that are shown in the two unique bases, which are 
applicable in accordance with the access of CBR. The 
expert system is of integral character with the specificity, 
which is made through the sub-systems, which are based 
on a modular approach. Objects in the expert systems have 
been developed in accordance with the fields of activity 
and the indicators are presented in the previous section, 
which is also important for the definition of the intensity of 
knowledge representation. The development of facilities in 
the system depends on the problems and current activities 
on its solving. Mechanism operates based on known rules, 
in which are taken into account the values of probabilities, 
they are functions of the values of SZ and R coefficients or 
the values of the indicators that are presented in the 
previous tables, and they are: 
 
IF [(State 1), f(𝑆𝑆𝑍𝑍, 𝑅𝑅)] 
THEN [State 2, P(state 2) =  f(𝑆𝑆𝑍𝑍, 𝑅𝑅)](3) 
ELSE [State 3, P(state 3) =  f(𝑆𝑆𝑍𝑍, 𝑅𝑅)] 
 
 After running the application, system, depending on 
the problem and response, takes the user to the final 
recommendations for decision-making and to the interface, 
which represents the knowledge. Data, respectively the 
knowledge that is depending on the problem in the field of 
standard, system generating at the exit, preferably relates 
to the improvement in priority in a significant and critical 
field of the standard. In addition, it provides specific 
recommendations or knowledge and for the other fields of 
importance to achieve best results, according to the 
corresponding indicators. Thus defined the solution, based 
on previously presented methodology and approach, is in 
accordance with the process of drafting software, tested in 
real conditions, for the purpose of verification of the 
results. This procedure was conducted in four 
organizations, one of which was a participant in the 
competition for the business excellence award. After 
testing, in accordance with established standards for the 
quality of the software, this solution is rated as follows:  
- In the parts of technical characteristics, implying profit 

of software, the impact on the organization of work 
and problems of use, the solution is rated with an grade 
of 8,9 and  

- In the part of ergonomic features, which include the 
flexibility of existing systems and general ergonomics, 
the solution was rated with an average grade of 9,3. 

 
These test results, certainly suggest that this solution 

can bring significant gains not only in the part of the 
improvement in the field of subject standard, but also in a 
part of the overall organizational performance.  

Fig. 2 shows an inference mechanism of the developed 
expert system, which functions based on the production 
rules. 
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Figure 2 The inference mechanism of developed expert system  
 
6  CONCLUSION 
 
 Development of intelligent decision support systems 
for the improvement of organizational performances is 
inevitable in terms of ensuring the company's sustainability 
and competitiveness. Researching the literature sources, it 
can be concluded that the existing systems and research 
have partial character and are not comprehensive, and deal 
with only a small part of the activities or processes in 
organizations. Also, with an evident lack of available and 
accessible knowledge, existing systems for reproduction of 
knowledge depend on the type of organization or their size. 
After having analyzed the research in the subject field, it 
can be concluded that correctly implemented QMS has an 
advantageous effect on the organizational performance. 
Thus, improvements in this system, leads to the 
improvement of all organizational performance to those 
with a financial character. In the paper based on 
experimental research in a significant number of 
organizations, is obtained a reference sample for research 
that is stored in two unique bases encoded data. In this 
sense, applying the method of the inductive and deductive 
reasoning, as well as a method of concluding based on 
experience, expert analysis, logical comparative inferences 
and multiple criteria decision making method, led to 
indicators showing the priority fields for improvement 
(Tab. 2 and Tab. 3), and those which have specifically 
important or critical level (field 61 – Actions to address 
risks and opportunities, and field 74 – Communication), 
which represent the indicators for the development of 
expert systems, concretely, the inference mechanism and 
the knowledge base. By application of presented approach, 
we have obtained the values of the coefficient Rand the 
values of SZ (Tab. 1), like important indicators for building 
an expert system. 

 This approach is certainly not a partial, but a 
systematic and comprehensive, and also independent of the 
size or type of organization. By an integrated approach, 
based on analogy with the relevant functions in the human 
body, an expert system, like decision support system, have 
been developed. The function of this system is supporting 
to decision maker, in order to improving organizational 
performance, to those of excellent character. This system 
has a mechanism of inference and the knowledge base 
which has been developed depending on the value of 
indicators mentioned above.  
 The system has been tested in four organizations of 
which one is with outstanding business results. It was 
assessed as effective and efficient, with which was carried 
out and its validation. Finally, a system generate 
knowledge which has a particularly significant effect on 
improving and potentiating the development of the 
communication activities, risk analysis procedures, the 
development of organizational resources, the development 
of control mechanisms, supporting of users requirements, 
but also on other processes in the organization.  
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