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Abstract 
 

To study the effectiveness of the education system, the following indicators were determined. The first is 
the level of population participation in lifelong education per student who graduated from secondary 
school. The second is the share of costs per person for all types of retraining, advanced training, 
vocational training, the share of wages in GDP per person who graduated from secondary school. The 
third is the ratio of the average gross wages of workers with higher education to the labor productivity 
index, the number of studies under the age of 39 per person with higher education. A number of 
indicators of the process block are weakly correlated with each other and therefore all of them should be 
left for consideration. Although there is a relation of average density among some of indicators, it is most 
likely nonlinear, and therefore it can change dramatically over time. For a deeper interaction between 
blocks, one should consider the correlation between block processes, for example, the impact of funding 
for higher education and employment of the population who received this education, or job in the degree 
of graduates received secondary vocational education and higher education. In addition, this is the way 
the process block, namely its indicators, correlates with the rest of the indicators. In the future, it is 
necessary to calculate the final indicator of the impact of the current education system on the productivity 
in order to answer the question: under what indicators the system is productive.   
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1. Introduction 

For comparability of values belonging to one measurement scale, it is convenient to introduce 

them into a dimensionless format, namely, to take not the values themselves from statistical data, but their 

ratios. Therefore, the work on the process block bases on ten indicators. On the one hand, these are 

indicators listed in the object of research. And on the other hand, this is their relation to the proportion of 

people among the population who graduated from secondary school, as well as those received higher 

education from the entire population. This made it possible to obtain five dimensionless indicators. 

Further analysis of these indicators revealed in the period from 2008 - after the financial crisis to 2018, 

interesting features is associated with the domestic innovation economy. Namely, this is the stability of 

three indicators, which, in our opinion, are the main regulators in achieving high labor productivity, 

corresponding wages and the prestige of youth engaged in new developments. Moreover, the remaining 

two indicators did not change much, grouping together around their average values. Therefore, such a 

leap to a breakthrough did not take place in the economy, although national projects were clearly 

formulated and priorities were set. The work shows the development of processes that somehow lead to 

the question: "Let the population live or will we teach?"    

2. Problem Statement 

We have previously considered a quantitative block of financing, consisting of five dimensionless 

indicators L1 - L5, a qualitative block consisting also of five indicators L6 - L10, and without changing 

tradition. Now we will consider the process block, choosing a ratio from ten statistical indicators, five 

dimensionless L11 - L15, which determine the processes of remuneration of labor depending on the 

productivity and qualifications of the employee. This includes also indicators that determine the costs of 

retraining associated with lifelong learning throughout the entire labor activity of a person between the 

ages of 25 and 64.    

3. Research Questions 

Five indicators were selected as a basis in the form of the ratio: 
 

L11= 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,%
𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤ℎ𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜,%

; 
 

L12= 
𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,

 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,%
𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤ℎ𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜,%

; 
 

L13= 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑖𝑖𝑖𝑖 𝐺𝐺𝐺𝐺𝐺𝐺,%
𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤ℎ𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜,%

; 
 

L14= 𝑇𝑇ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤ℎ ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,%
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖,%

; 
 

L15=  𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 39 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑒𝑒𝑒𝑒𝑒𝑒,%
𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤ℎ ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,%

; 
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The selected indicators in the form of ratios made up the process block (Fig. 1), and their 

numerical values with interval estimates are presented in Table 1. In the work, using graphical, statistical 

and correlation-regression analysis, research results were obtained for their discussion and conclusions. 

4. Purpose of the Study 

The object of our research in the process block is projects related to the participation of the 

population in lifelong learning, and in connection with these processes for various categories of the 

population, the share of costs for retraining, advanced training, and vocational training for people who 

have graduated from high school. And as a consequence, and as a reason for this training, there is the 

share of wages in GDP, as well as the ratio of wages to the labor productivity index. Moreover, in 

connection with the above, the processes are associated with research activities among young people 

under 39 years old who received higher education.    

5. Research Methods 

The information block for this work was the statistical data of ten indicators, in our opinion, which 

most fully reflect the regularities of the process block designed to transform quantity into quality and are 

regulators in achieving the set goals in national projects of the scientific and educational environment.      

6. Findings 

For the best understanding of the information represented in the study, we introduced the 

following concepts. The first is information-scientific-educational-production environment with a further 

reduction ISEPE. Then there are indicators of the process block (IPB), indicators of the information 

quantitative block (IIQB) and indicators of the information quality block (IIQuB) (Camboni & Valbonesi, 

2020; Chelley-Steeley et al., 2019). 

Indicator L11 denotes the level of participation of the population in lifelong learning per student 

who graduated from secondary school (block 1 in Figure 01, and the graph in Figure 02);   

L12 is the share of costs per person for all types of retraining, advanced training, vocational 

training (block 2 in Figure 01, and the graph in Figure 03); 

L13 is the share of wages in GDP per person who graduated from secondary school (block 3 in 

Figure 01, and the graph in Figure 04);  

L14 is the ratio of the average accrued wages of workers who received higher education to the 

labor productivity index (block 4 in Figure 01, and the graph in Figure 05);  

L15 is the number of studies under the age of 39 per person who received higher education (block 

5 in Figure 01, and the graph in Figure 06). 
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 Interrelations of indicators of the process block 

 
 

Table 1.  IPB ISEPE  
n/n Year L11 L12 L13 L14 L15 
1 2008 0.266 0.008 0.509 0.013 1.320 

2 2009 0.250 0.008 0.564 0.013 1.277 

3 2010 0.234 0.008 0.529 0.013 1.220 

4 2011 0.266 0.008 0.467 0.013 1.242 

5 2012 0.290 0.007 0.470 0.013 1.278 

6 2013 0.327 0.006 0.489 0.013 1.207 

7 2014 0.285 0.007 0.500 0.013 0.906 

8 2015 0.253 0.007 0.504 0.013 0.789 

9 2016 0.310 0.007 0.506 0.013 0.771 

10 2017 0.284 0.008 0.502 0.013 0.740 

11 2018 0.302 0.010 0.483 0.013 0.700 

Σ 22143 3.067 0.084 5.523 0.143 11.45 

L 2013 0.279 0.008 0.502 0.013 1.041 

min 2010 0.251 0.007 0.475 0.013 0.785 

max 2016 0.307 0.009 0.529 0.013 1.297 

 

 
 Dynamics of the level of population participation in lifelong learning L11 

0

0.1

0.2

0.3

0.4

1 2 3 4 5 6 7 8 9 10 11

L11

t, year
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According to this indicator, a surge was observed in 2013, although the share of expenses per 

person for retraining decreased in the same year (Figure 03). And after 2015 there was a positive trend in 

these indicators, and the share of expenses for retraining became larger than that in the post-crisis years. 

 

 
 Dynamics of the share of costs per person for all types of retraining L12 

 

A completely different dynamics is observed in the share of wages in GDP per person (Figure 04), 

the surge occurred in 2009, and then, starting from 2011, it gradually decreased in 2013 to a stable level 

corresponding to the indicator corridor from 0.475 to 0.529 (Table 01). 

 

 
 Dynamics of the share of wages in GDP per person L13 

 
As for the indicator of wage accrual per unit of the labor productivity index, it is completely 

constant (Figure 05). 
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 Dynamics of the ratio of the average accrued wages of the employees with higher education to 
the labor productivity index L14 

 

 

 Dynamics of the increase in young researchers L15 

 
The L15 indicator, which characterizes the number of young researchers per person who received 

higher education, has a distinctive dynamics from all the considered indicators in Figure 02 - Figure 06 

(Figure 06). There was a jump in their decrease by 2014 with a further decrease. There was a jump in 

their decrease by 2014 with a further wane. And despite the fact that the share of spending on vocational 

training (Figure 03) is growing, the share of young researchers is decreasing, i.e. L12 and L15 have been 

forming scissors since 2014. Obviously, the whole point is in the share of wages per person (Figure 04) 

and its ratio with the labor productivity index (Figure 05), instead of influencing the interest of young 

people in the research sector (Figure 06). It does not change, i.e. the mechanism of remuneration does not 

work as a motivational one in the field of research development (Drenovak et al., 2014; Dvouletý et al., 

2019). The set of dynamics of the IPB is shown in Figure 07. 
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 Informational IPB: row 1 – L11, row 2 - L12, row 3 - L13, row 4 - L14, row 5- L15 

 

Interval estimates are determined by the formulas: 

L � −  tρ 
SL
∗

√n−1
 < L < L� + tρ ∙

SL
∗

√n−1
 ;                    (1) 

L� – average elective of the indicator is found by the formula: 

L�= ∑ Li
n
i=1
n

 ;                                                             (2) 

SL∗ − corrected standard deviation: 

SL∗ = �∑ (Li− L�)2n
i=1

n−1
 ;                                                 (3) 

tρ − tabular value, depends on reliability p=0,99; and sample size n=11, tρ (0.99.11)=3.17; 

n – sample size; 

L � −  tρ 
SL
∗

√n−1
 – guaranteed minimum (min, Table 1); 

L � + tρ 
SL
∗

√n−1
 – possible maximum (max, Table 1, bottom line). 

 
Table 2.  Scheme for calculating the confidence intervals of IPB 
( L11 - 𝐿𝐿�11)2 ( L12 - 𝐿𝐿�12)2 ( L13 - 𝐿𝐿�13)2 ( L14 - 𝐿𝐿�14)2 ( L15 - 𝐿𝐿�15)2 

0.000169 0 0.000049 0 0.077841 
0.000841 0 0.003844 0 0.055696 
0.002025 0 0.000729 0 0.032041 
0.000169 0 0.001225 0 0.040401 
0.000121 0.000001 0.001024 0 0.056169 
0.002304 0.000004 0.000169 0 0.027556 
0.000036 0.000001 0.000004 0 0.018225 
0.000676 0.000001 0.000004 0 0.063504 
0.000961 0.000001 0.000016 0 0.0729 
0.000025 0 0 0 0.090601 
0.000529 0.000004 0.000361 0 0.116281 
0.007856 0.000012 0.007425 0 0.651215 
0.0007856 0.000012 0.007425 0 0.0651215 

0.0280 0.0011 0.0272 0 0.2552 
0.0281 0.0011 0.0864 0 0.2558 
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rL11L15 = −0.004002
√0.007856 ∙ √0.007425

= −0.524 ; 

bL13/L11 =−0.004002
0.007856

=  −0.509; 

 

L13 – 0.502 = -0.509 · (L11 – 0.279); 

L13 = -0.509 · L11 + 0.644. 

 

With an increase in the share of participation of the population in lifelong learning per person, the 

share of wages in GDP decreases by 0.509 units: 

 

rL11L15 = −0.02254
√0.007856∙√0.651215

=  −0.315. 

 

The average density ratio between the share of researchers under the age of 39 and the share of 

participation in lifelong learning is likely to be nonlinear. 

Based on the results of the study on the correlation-regression analysis, we see that among the 

selected coefficients there is a ratio of average or weak density, which characterizes its nonlinear nature. 

Therefore, it makes sense to leave all five indicators for the description of the process block. Their 

distribution dynamics without sharp jumps can be explained by the well-established technological 

development of production, as well as other indicators related to production in such matters as lifelong 

learning of the population; the cost of retraining, in connection with the modernization of production, the 

share of wages from GDP per person. And such an indicator as L14 does not change at all, it is equal to a 

constant value of 0.013. Therefore, the period from 2008 to 2018 in our country in terms of IPB nothing 

changed, although the process block regulates the transition from quantity to quality and is a litmus test of 

indicators of the innovative development of the economy in society. For a more thorough analysis, it is 

required to consider in unity the interaction of information indicators: quantitative IIQB, qualitative 

IIQuB, which characterize certain processes of financing and employment of labor resources in the 

country, in a single scheme with the process IPB.    

7. Conclusion 

 1. The selected indicators of the process block are weakly correlated with each other and therefore 

all five of them should be left for consideration. Although there is a relationship of the average density 

among L11 and L12, L11 and L15, it is rather non-linear, and therefore can change greatly over time. For 

a simplified version, we can leave L11, L12, L14 (Fan et al., 2020; Jandik & Rennie, 2008; Kim, 2020). 

2. For a deeper interaction between blocks, it is necessary to consider the correlation between 

block processes. For example, this is the influence of funding for higher education and employment of the 

population who received this education, or work in the specialty of graduates having secondary vocational 

education and higher education (Miao, 2020; Nikolova & Popova, 2020; Pi et al., 2017; Sivak & 

Volkova, 2020). And it is necessary to know how the process block, namely its indicators, correlates with 

the rest of the indicators. 

http://dx.doi.org/


https://doi.org/10.15405/epsbs.2022.02.11 
Corresponding Author: Svetlana N. Volkova 
Selection and peer-review under responsibility of the Organizing Committee of the conference  
eISSN: 2357-1330 
 

 89 

3. It is necessary to calculate the final indicator for the productivity of the current ISEPE system in 

order to answer the question under what indicators the system is productive (Shleenko et al., 2020; Wang 

et al., 2017). To do this, let us introduce an evaluation block with all interrelations and classify the current 

situation in the country in terms of progress, stagnation, regression or choice of a development path. 
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