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Abstract 
 

The paper considers integral indicators in the form of sums of dimensionless quantities of three blocks: 
quantitative (A), qualitative (B) and process (C). The relationship between them was found by means of 
correlation-regression analysis and the graphical method when choosing patterns. The general formula 
combines all three blocks. It allows us to optimize the parameters, using the mathematical apparatus for 
studying the functions of several variables. The aim of the work was to identify integral indicators based 
on non-correlated ones and to identify the relationship between the compiled integral information 
significant indicators in the future. The following tasks have been solved in the process of achieving the 
goal. At the initial stage we have selected 30 indicators for 10 in each of the three blocks and considered 
the relationship between them, i.e. we have narrowed the search process to 15 indicators, for 5 in each 
block, and have achieved their zero dimension. At the second stage, we have left 9 indicators from 15 
ones, for 3 in each block when selecting by independence. At the third stage of the study, by summarizing 
these indicators, we have found a pairwise and common relationship between them, combining all three 
integral indicators, which made it possible to optimize them 
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1. Introduction 

The paper considers the period of financing the education system after the crisis since 2008: 

secondary, secondary-professional, higher education. Indicators in the form of ratios of expenses or costs 

to persons or the duration of training were determined for their comparability in the analysis as 

dimensionless quantities. The financial block is named as a quantitative block for further research along 

the chain of the quantity-quality-process, which again closes at the beginning, namely financing. The five 

indicators that we have selected characterize the processes in the information - scientific - educational - 

production environment at the first stage, namely, the creation of conditions for qualitative 

transformations in the socio-economic system. 

2. Problem Statement 

The article reveals the problem of poor quality of education and the inefficiency of existing 

approaches toimprove it, which required the optimization of indicators to determine the productivity of 

the education system as a whole. 

3. Research Questions 

It is possible tointroduce the concept of an information-scientific-educational-production 

environment and blocks (ISEPE). These are IQBI - information-quantitative block indicators; IQBaI - 

information-quality block indicators; PBI - process block indicators and by identifying dimensionless 

indicators in them. Then we combine them into an integral one as follows: 

A - amount of funding per student in the system of secondary school, secondary vocational school 

and higher school, corresponding to the quantitative IQBI; 

B - amount of percentage of employed population with higher education, secondary vocational 

education in the workforce and by specialty per student with higher education and vocational education; 

С - amount of training costs, retraining, advanced training, as well as the ratio of wages per unit of 

the productivity index and the percentage of the employed population in lifetime education per person 

who has graduated from secondary school. 

4. Purpose of the Study 

The aim of the work was to identify integral indicators based on non-correlated ones and to 

identify the relationship between the compiled integral information-significant indicators in the future.  

5. Research Methods 

In the study,graphical, statistical, and correlation-regression methods of research were used. 
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6. Findings 

We have found the relationship between the indicators of blocks A, B, C, namely: B = f (A), B = f 

(c); A = ȷ (c). 

 

Table 1.  Indicators and their errors 
n/n A B C Аi -A� Вi -В� Сi -С� (Аi -A�)2 (Сi -С�)2 (Вi -В)2 
1 2.071 4.185 0.287 0.494 1.151 -0.013 0.244 0.000169 1.325 
2 2.107 4.014 0.271 0.53 1.106 -0.029 0.281 0.000841 1.223 
3 2.304 3.903 0.265 0.727 -0.369 -0.045 0.529 0.002025 0.755 
4 1.885 2.895 0.287 0.308 -0.139 -0.013 0.095 0.000163 0,019 
5 1.201 2.89 0.31 -0.346 -0.144 0.01 0.120 0.0001 0.021 
6 1.214 2.838 0.346 -0.363 -0.196 0.046 0.132 0.002116 0.038 
7 1.162 2.664 0.305 -0.415 -0.43 0.005 0.172 0.000025 0.185 
8 1.657 2.552 0.273 0.08 -0.182 -0.027 0.0064 0.000729 0.232 
9 1.321 2.444 0.33 -0.256 -0.59 0.03 0.066 0.0009 0.348 
10 1.098 2.502 0.305 -0.479 -0.532 0.05 0.230 0.000025 0.283 
11 1.297 2.549 0.325 -0.28 -0.445 0.095 0.078 0.000625 0.235 
Σ 17.347 33.376 3.294 - - - 1.9538 0.007724 4.664 
Σ� 1.577 3.034 0.3 - - - 0.422 0.0265 0.651 

 

Table 2.  Calculation of regression coefficients rАВ, rВС, rСА 
n/n (Аi -A�)·(Вi -В�) (Вi -В�)· (Сi -С�) (Аi -A�)·(Сi -С�) 
1 0.5686 -0.014963 -0.006422 
2 0.5862 -0.032074 -0.01537 
3 -0.6318 -0.039105 -0.032715 
4 -0.0428 -0.042812 -0.004004 
5 0.0498 -0.00144 -0.00346 
6 0.0712 -0.009016 -0.016698 
7 -0.1785 -0.00215 -0.002075 
8 -0.0342 0.013014 -0.00216 
9 0.1510 -0.0177 -0.00768 
10 0.2548 -0.00266 -0.002395 
11 0.1358 -0.012125 -0.007 
Σ 2.5507 -0.161031 -0.099929 
Σ� - - - 

 

A� = 1.577± 0.422 

В� = 3.034±0.651 

С�=0.300±0.0265 

δA�=�∑ (Ai −A�)2n
i=1

n
 

 

δС�=�∑ (Ci−C�)2n
i=1

n
 

 

δВ�=�∑ (Bi −B�)2n
i=1

n
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Figure 1.  Graphs of integral indicators A, B, C 

 

From the analysis of the graphs in Figure 1, we can see that there is a relationship between A and 

B, which is confirmed by the value of the correlation coefficient. 

 

rAB = 2.5507
√1.8508∙√4.664

= 0.845 = 0.85 

bB/A =2.5507
1.9538

= 1.3055; 

В- 3.034=1.3055(А-1.577); 

В=1.3055 ·А+0.9752.(1) 

 

When A is increased by one, the value of B increases by 1.3055 units (Beresford, 2011; Forner & 

Marhuenda, 2013; Johnstone et al., 2011). 

It underlines that the funding block is very closely connected with the block of retraining and 

employment of the population. Let us find the connection between B and C by determiningrСB: 

rСB = −0.161091
√4.664 ∙√0.007724

=  −0.84842 ≈ −0.85. 

There is a very close relationship between the integral indicators of the process block and the 

qualitative one. We will build a regression line (Frank et al., 2011). 

bB/С =−0.161031
0.007724

= −20.8481; 

В-3.034=-20.8481(С-0.3); 

В=-20.8481·С+9.2884.   (2) 

 

Increasing the integral indicator of the process block as a whole by one unit, including 

participation in lifetime education, the cost of this education and the ratio of wages per unit of the 

productivity index, it can be seen that it becomes less by 20.8481 units. That is, the employment of the 
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population with higher education and vocational education is decreasing, including in the specialty per 

person (Hodder et al., 2011; Largay et al., 2011). 

 As for the quantitative indicator, from the value of the correlation coefficient equal to rСА = -

0.814 the relationship between it and the integral process indicator is very close. 

 

rСА= ∑ (n
i=1 Ai−A�) (Ci−C�)

�∑ (Ai−A�)2n
i=1 ∙�∑ (Ci−C)2n

i=1

; 

rСА= −0.099929
√1.9538∙√0.007724

= −0.814. 

The regression line takes the form of: 

bА/С =−0.099929
0.007724

= −12.9375; 

A-1.577=-12.9375 (С-0.3); 

A=-12.9375·С+5.4582.            (3) 

 

Increasing the integral indicator C by 1, the indicator A decreases by 12.9975 units. 

It can be explained by the fact that the cost of higher education and secondary vocational 

education requires fewer expenses when upgrading or undergoing refresher training. 

Thus, the integral indicators of the blocks were closely related to each other (Table 3). 

 

Table 3.  The relationship between the indicators of IQBI, IQBaI and PBI 
N/n Blocks R B Regression line 
1 А,в 0.85 1.3055 В=1.3055·а+0.9752 
2 В,с -0.85 -20.8461 В=-20.8481·с+9.2884 
3 А,с -0.81 -12.9375 А=-12.9375·с+5.4582 

 

А·В=(-12.9375·С+5.4582)·(1.3055·А+0.9752); 

АВ=-16.8899·А·С+7.1257·А-12.6167·С+5.3228; 

АВ-7.1257·А-5.3228=С(-16.8899·А-12.6167); 

С=А∙В−7.1257∙А−5.3228
−16.8899∙А−12.6167

= 5.3228+7.1257А−А∙В
16.8899∙А+12.6167

 . 

 

Blocks, or rather their integral indicators are linked by a single formula: 

С=5.3228+А(7.1257−В)
16.8899∙А+12.6167

.  (4) 

We would like to find out more beautiful expression like: 

A • B = K • C, 

but experimentally, formula (4) reflects the processes under study, since the financial component is 

definite both in the quantitative B and in the process C blocks (Hirshleifer & Hong Teoh, 2013; Liu et al., 

2013; Sivak & Volkova, 2020). 
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7. Conclusion 

1. The integral indicators (Table 01, Table 02) of IQBI, IQBaI and PBI blocks are very closely 

related to each other (Table 03) and characterize the processes occurring in the socio-economic system of 

the innovative economy (Fig. 1). 

2. Dependencies of paired integral indicators determine their interaction according to formulas (1) 

- (3) and a single relationship according to formula (4). They show that changes in one of them lead to an 

increase or decrease in another indicator. Therefore, they can be optimized depending on the purpose of 

the study. 

3. The optimization process can be started by examining the function of the process block C = f 

(A, B), and the approach A = f (C, B) or B = f (C, A) is possible, depending on the optimization of the 

indicators of the block of interest to the researcher (Malkiel, 2013; Pardo & Valor, 2013; Shleenko et al., 

2020; Siegel, 2013). 

4. It is advisable to carry out the research in a complex, i.e. taking into account the productivity of 

the entire system. After all, only productive models are interesting when applied to an innovative 

economy in a socio-economic system. 
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