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The research of causal relationships in constructing the models of systems based on 
multifactorial influence is one of the most effective tools in ensuring quality and forecasting 
further development. The directed influence on concrete indicators for maintaining 
predictable result allows allocating the significant factors whose action can be defining, to 
consider in detail an “internal” component of the indicator, to create algorithm of working 
with this indicator for the purpose of increasing or lowering its value. 
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The system of quality assurance in education and assessment of its impact on the socio-
economic growth of the territory are also an object for modelling causal relationships. The 
specific feature of this system is its “non-physicality” which is manifested in the absence of 
material execution of the system in the form of equipment, installation, and other set of 
physical objects. However, the system has a “technological” component: clearly defined 
optimization criteria, the algorithm for implementing each of the stages of the 
“technological” process, the decision-making algorithm, etc. Thus, when modelling the 
functioning of the system “quality of education”, in addition to the tools for describing 
exclusively intangible objects, you can also refer to applying techniques used to describe 
technical systems. 

The study of causal relationships involves the use of reliable tools that have proven 
themselves not only as theoretical but also as “solvers” of practical cases. This paper proposes 
the integrated use of three tools: the Pareto method, the Ishikawa diagram, and the Deming 
cycle. 

The Pareto method [1] allows determining the most significant indicators that are applied 
to assess the process of ensuring the quality of education and its socio-economic impact. 
Based on the results of these indicators, a detailed analysis of each indicator as a chain 
“content − methods − tools − educational environment” is carried out using the Ishikawa 
diagram [2]. The Deming cycle [3] completes the study of causation by developing an action 
plan, an algorithm for its implementation, monitoring the achievement of goals and adjusting 
the plan if necessary. 

 

 

Fig. 1. An algorithm for modelling the system “quality of education”. 

E3S Web of Conferences 307, 06004 (2021)

DSDM – 2021
https://doi.org/10.1051/e3sconf/202130706004

 

2



�

�

The purpose of the work is to model causal relationships in the system of “quality of 
education” with the definition of the level of its socio-economic impact. Consistent 
application of these tools for the “quality of education” system has not been implemented so 
far, which determines the novelty of this work. As a result of implementing such a complex 
algorithm, the system approaches the external quality assessment in its optimal state with a 
clear optimization criterion and methods for achieving it. This fact determines the practical 
significance of the presented work. 

The algorithm for using the presented set of tools is illustrated in Figure 1. 


	�	�������	���	��	
For the modelling process, there can be used various data and information, approaches to 
describing certain processes related to the quality of education and the economic 
development of the state. Among others, the following areas can be distinguished: 

•� state regulation of economic security and innovation [4-9]; 
•� digitalization of education [10-11]; 
•� rating indicators of universities [12]; 
•� participation in international projects [13-15]; 
•� specific features of teaching at different levels of education [16-22]; 
•� successful examples of innovations in education and economics [23-31]; 
•� knowledge management and criteria for the activity of an entrepreneurial university 

[32, 33]; 
•� the socio-economic impact of the quality of education [34]; 
•� education and sustainable development goals [35-41]; 
•� the development management [42-45]. 
This list is not exhaustive; each indicator has its own set of sub-criteria. Within the 

framework of this work, attention will be paid to describing the algorithm for a specific 
criterion "international activity".  
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An example of constructing a Pareto chart to identify the reasons for the decline in the 
indicator "international relations" within the framework of the education quality system is 
presented in Table 1 and Figure 2. The importance of each reason is assessed by a 100-point 
scale.  

The choice of the method for constructing a Pareto diagram for reasons, rather than for 
performance results, is explained by the fact that individual reasons can be systemic in nature, 
while results can depend on several reasons at the same time. The number of points for 
assessing the importance of the problem was taken on the basis of analysing indicators of 
international ratings, international organizations, and databases. 

�����������������
���	����������������>�����?������>������������������������
�������������
������������	�
������	������������������	�
���
�����
���	
����
�	��������������
���
��
����
���������
����	����	�
�������	�������
��������	�
����	���	���������������	�������	�
����
�
��������
��!���������
���������������
�����������
���
�������
�
��"��

#�����	�����	����
���
��������	������	�����������������	������	��������������
���$�������

������
��%�&�
��������	�
����	���	������������	����������	�
��'"�

 

E3S Web of Conferences 307, 06004 (2021)

DSDM – 2021
https://doi.org/10.1051/e3sconf/202130706004

 

3



�

�

Table 1. The data for building a Pareto chart 
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Fig. 2. A Pareto chart. 
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A detailed analysis of the reasons for “low publication activity in high-ranking publications” 
made it possible to single out the main factors affecting the quality of education itself and the 
quality of scientific research. For convenience, each of the quality elements is presented in a 
separate diagram. 

 

Fig. 3. The Ishikawa diagram 1: quality of education. 

 

 

Fig. 4. The Ishikawa diagram 2: quality of scientific research. 

In the Ishikawa diagram, two blocks should be distinguished: the local block of 
performers, methods and tools for their work, and the university block for providing 
infrastructure. As shown in Figures 3 and 4, some of the reasons are the same, since they 
depend on the university's financial stability and its provision of rating indicators in 
international rankings. This fact is the reason for searching the tools for the mutual merger 
of the main stakeholders of education to increase the financial independence of the university, 
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which, in turn, depends on the degree of socio-economic influence on the stakeholders and 
the provision of high-quality educational and scientific services to them. The Ishikawa’s 
method could be the final one in the process of searching for cause-and-effect relationships 
when modelling the system of education quality, but its drawbacks (for analysing complex 
problems, it is too vague and voluminous; it is impossible to imagine cause-and-effect 
relationships in connection with each other; there is no coverage of reasons in their 
interaction, and time dependence [43]) do not allow developing a strategy for eliminating the 
identified problems. Analysis of the problems inherent in each of the blocks (local and 
university) and the specifics of quality assurance (quality of education and the quality of 
scientific research) makes it possible to develop a set of measures to solve problems, an 
algorithm for implementing the complex, an algorithm for control and adjustment. This stage 
is presented in the form of the Deming cycle.  

��	���	�����		�����		

This stage will be described using both the image of the Deming Cycle (PDCA [43] (Figure 
5) and applying its principles [44] to the problem of ensuring the quality of education and 
evaluating the socio-economic factors of the mutual influence of the system and 
stakeholders [45].  

 

Fig. 5. The Deming Cycle. 

Application of the Pareto principles to the quality of education system:  
1. Consistency of purpose: continuous improvement of the education quality to ensure its 

competitive advantages in the market of educational and scientific services.  
2. Changing the philosophy of achieving the goal: using a strategy of advanced 

development.  
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3. Minimizing the dependence on the quality control: embedding quality indicators 
directly into the product (educational services, scientific developments). Intermediate quality 
control is carried out when analysing the results of the survey of the main stakeholders.  

4. Diversifying educational and scientific services: a targeted work with each stakeholder 
of the educational program or scientific direction.  

5. Improving the system continuously: developing and modernizing the regulatory 
framework for the quality assurance of educational and scientific activities.  

6. On-the-job training: continuous improvement of the university’s human resources 
skills through internal and external professional development programs.  

7. Teaching leadership skills: creating a teamwork environment to deliver performance 
and overcome challenges.  

8-9. Creating a positive climate and removing barriers among employees: 
interdisciplinary and cross-disciplinary educational programs and research.  

10. A lack of slogans in work: everything is subordinated only to implementing the 
university’s development strategy in general and specific directions.  

11. Introducing innovations and improving processes: applying incentive mechanisms for 
employees that will increase their motivation to innovate.  

12. Availability of an action plan: each participant in the educational and scientific 
process must understand their tasks in achieving the overall result. 

�	�
�����	
��		
A complex algorithm for studying cause-and-effect relationships allows establishing the 
causes of a negative trend in changing a particular indicator and provides an algorithm for 
influencing this trend to obtain a positive result. The synergy of the tools presented in this 
work makes it possible to develop an unambiguous and time-specific university development 
strategy to ensure the quality of education. The same algorithm makes it possible to assess 
the university's degree of mutual socio-economic influence and stakeholders due to 
diversification (as applied to non-financial terms) of the sources of achieving goals. 
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