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 

Abstract: This study is aimed to identify and generalize the 

understanding of the influence of various factors on human 

capital as a driver of society’s socioeconomic development. 

Structural and quantitative characteristics of this part of the 

system of human activities are provided in detail. Based on the 

systematic approach, the authors propose a conceptual model of 

human capital and the main factors, which influence it. Factors 

and growth potential of human capital in various periods of 

history have been identified and studied. The authors propose a 

dialectic model of evolution for the influence of various factors 

on human capital growth. The influence of humanity’s 

expanding knowledge on the growth of gross domestic product 

and the evolution of human capital has been presented. It has 

been shown that education has a key impact on human capital 

growth in accordance with the exponential law of years spent on 

education. Quantitative data on the evolution of the influence of 

literacy, education and science on human capital growth and 

prospects of further growth have been provided. In the course of 

the study, the authors formed a dynamic conceptual model of 

human capital growth, with the influence of key factors and 

potential substantiated on a quantitative basis. The novelty of 

this study is associated with the integral system-based 

quantitative consideration of labor with human capital as its 

structural core. The study results can be used for strategic 

planning and the formation of long-term human capital 

development programs. 

 

Index Terms: human capital, economic pace, labor, science, 

education, knowledge, GDP, R&D, innovation. 

I. INTRODUCTION 

 In different periods, scientists put forward a number of 

diverse factors (God’s intentions, class struggle, great people 

(elite), environmental changes and disasters, knowledge, 

progress of human mind, progress of the society’s forces of 

production, growing needs and interest of people, innovative 

activities, rising population, growing flows of information, 

etc.) as the main forces that determine the regularities of the 

society’s development. 

Numerous attempts to form an adequate model of 

humanity’s socioeconomic development, including 

world-system analysis and modeling of global growth on the 

basis of systematic analysis using computers, did not yield 

any tangible results. However, this solved a number of 
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subproblems, in particular in the area of building models of 

demographic growth: studies in this area can be considered 

fruitful.Modern Russia has one of the biggest human capitals 

(HC) in the world, but the country’s commodity priorities 

impede HC development and its adequate use. Pursuant to 

the Forecast for Socioeconomic Development, made by the 

Ministry of Economic Development, “in the short and 

medium term economic growth will be mainly driven by 

higher fixed asset investment and labor productivity… In the 

longer term, human capital will begin to make a considerable 

contribution” [1-10].This article aimed to identify factors, 

which influence HC most of all, including details of 

systematic and quantitative characteristics, with close 

attention paid to such components as science, education and 

knowledge and their role in the evolution of HC 

development. 

II. METHODS 

Systematic analysis and modeling [11, 12], specific 

functions of which help form a strategy and the structure of 

applied methods of study, were used to study the HC concept 

and the system of labor activities, in which it works. The 

method of building systematic schemes was used as well. 

Elements of the method of conceptual modeling, which was 

proposed by A.T. Welford [13], were also used.The analysis 

of articles devoted to the topic of HC was used as an 

information base [14-17]. The articles under review were 

critically analyzed, particularly from the position of the 

systematic approach and the possibility of applying models 

under formation in practice.Mathematical methods of 

research and modeling were also used in the article. To get a 

more complete picture of the area under research, particular 

quantitative models [18], which were developed earlier, were 

used, with a short description of the essence of the 

regularities used and their integration into a more 

generalized model. Due to the conceptual nature of models to 

be formed, highlighting the parameters of order and 

abstraction from less significant factors was used. 

III. RESULTS 

The results of the study are given below. 

A.    HC Components 

The HC concept has changed substantially since the time it 

emerged. According to S.  
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Fisher, “human capital is a measure of the ability to 

generate income, which is incarnated in a person. HC 

includes inborn capabilities and talent, and education and 

qualification acquired” [17]. A broader view of HC [19] 

includes the accumulation of healthcare, culture, art and 

many others (Figure 1).  

 

 

 
Fig. 1. Sources of HC accumulation 

 

Such an expansion of the HC concept by various authors 

has made it almost universal. However, the addition of a 

number of relatively small components, which are difficult to 

calculate, makes it difficult to apply HC as a forecasting and 

management tool. In fact, the concept is now diluted. For 

further work, we will use the HC concept that is based on the 

scheme given in Figure 2.  

 

 

 
Fig. 2. Model of the HC concept 

 

Here, we highlight two closely related HC subsystems, one 

of which includes a person’s accumulated intellectual 

capabilities, and the second one characterizes their physical 

characteristics (health, age, and fortitude, ability to perform 

work that requires physical and mental capabilities). The 

necessity of such a division is driven by the fact that the 

ability of HC to execute functions of capital in the modern 

world is mainly associated with the intellectual component of 

HC. Excessive investment in the physical component will 

most likely not result in a higher return on capital if the case 

in point is not athletes. 

In addition, we do not include such components as social 

capital, the organizational culture, entrepreneurial 

capabilities, business climate, institutional services, etc. in 

HC. These components do not directly relate to employees 

and largely characterize the organizational structure, in 

which this HC is used. When we apply the systematic 

approach, it is important to correctly highlight subsystems 

and suprasystem structures. As a rule, the reason for their 

distinction is a difference in their functional designation. 

An important peculiarity of this system is the fact that the 

component “knowledge” has evident (codified) and 

non-evident parts, which are in a person’s conscience. For 

this reason, Figure 2 shows “capital of evident knowledge 

that is created by a person” and “intellectual capital of 

science – the society’s R&D”, which are not directly part of 

HC of separate R&D professionals. Organizational, 

entrepreneurial, institutional, social and other similar types 

of capital, which support the operation of HC, should be 

separated, to a certain extent, into this subsystem. In 

addition, “capital of education”, which consists of both 

evident knowledge (textbooks, methodical materials, 

educational technologies, etc.) and non-evident knowledge of 

education professionals was also highlighted separately.  

B.    Dialectics of HC Development 

Slow growth and the inefficient use of HC offer 

opportunities for better results from HC application. A driver 

for better results of HC activities is the aspiration to improve 

labor productivity. However, once it improves, growth 

potential shrinks because nearly any potential is exhaustible. 

Once reserves are depleted, the society uses new reserves as 

shown in Figure 3. This does not mean that the factor loses its 

effect – it stops generating growth from HC activities. The 

main potential of HC growth and the efficiency of its use are 

given in Table 1. 

HC Households 

Healthcare 

Labor activities 

Sociocultural 

environment 

GDP 

A person as  

a physical 

object 

A person as the bearer of 

intellectual capabilities: 

knowledge, abilities, skills, 

etc. 

Capital of evident 

knowledge that is 

created by a person 

Intellectual 

R&D capital of the society 

Capital 

of education 

Organizational 

culture 
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Fig. 3. Growth factors of labor results 

 

Table 1. Main potential of better results from HC use 

Traditional reserves Modern reserves 

1. Population 8. Higher education 

2. Evident knowledge 9. New technologies 

3. Use of tools 10. Innovation, entrepreneurship 

4. Literacy 11. Cybernetic technologies 

5. Research 12. Lifelong learning 

6. Division of labor and specialization 13. Inclusive economy 

7. Professional training 14. Artificial intellect 

 

The general picture of changes in the factors influencing 

labor productivity growth is fairly complicated. Some factors 

last much longer than others do. For instance, the most 

important HC growth factor was an increase in population, 

notably until approximately 1960 population grew in 

accordance with the hyperbolic dependence [20] (1). 

 

N = C/(T1 – T)         (1) 

 

where Т means time (years); С  181010 people, years; 

T1  2022. The demographic transition has shown its effect 

worldwide approximately since 1960 [21]. The paper [18] 

showed that the demographic transition was caused by higher 

public labor productivity so it became more profitable for 

women to be employed and have fewer children. As a result, 

the pace of population growth slowed down and this led to 

slower HC growth. The differential equation for the 

population can be shown in the form (2) and its solution (3). 

 

dN/ dT =(1/С)N2 (1 –N/Nmax)       (2) 

T = Т1 – С/N – (C/Nmax)Ln(N/(Nmax – N)).  (3) 

C.    Knowledge of Humanity as an HC Growth Factor 

One of the most important HC growth factors is the growth 

of human knowledge. To find the dependence of the scope of 

knowledge on time [18] it is possible to use knowledge 

available in the world’s largest libraries [22-25]. The 

relevant data are given in Table 1. To measure the scope of 

knowledge, the concept “conditional book” (CB), which 

contains knowledge, is introduced. If digitalized, it is equal 

to 1 MB. The table shows that the scope of knowledge (Z) per 

1,000 people changes relatively slow in terms of time. This 

means that the number of people (N) is the main parameter 

influencing the scope of people’s knowledge: Z ~ N. For this 

reason, for the approximation of the scope of knowledge it 

makes sense to apply the dependence such as a hyperbola (1), 

and this will result in the following formula (4): 

 

Z  1.5109 / (Т1-Т)1.25         (4) 

 

Table 2. The scope of human knowledge 

# Source 
Year, A.D. World population, 

million 

Scope of knowledge, 

thousand CBs 

Knowledge, CB per 

1,000 people 

1.  
Library of the Congress 

2017 7,500 23,600 3.15 

2.  2012 7,000 21,500 3.07 
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3.  2000 6,000 18,000 3.00 

4.  1960 3,077 8,700 2.83 

5 Library of Alexandria –300 86 80 0.93 

 

The formula is correct (4) during hyperbolic changes in 

population, and after 1960, it can be adjusted by using the 

formula (1). As a result, there is also an expression (5) for the 

scope of knowledge during the demographic transition (here 

Z means million CB, N means billion people, and 25 is the 

age when a person’s labor activity begins). 

 

Z  30N(Т–25)1.25.           (5) 

 

The found formulas (4), (5) are estimates for the scope of 

knowledge in terms of number. However, they give a view of 

the structure of changes in knowledge, show that the scope of 

knowledge mainly changes in proportion to the number of 

people. It is also necessary to highlight exponent 1.25, which 

shows that the scope of knowledge expands faster than the 

number of people. 

The found relation between changes in the scope of 

knowledge depending on the number of people makes it 

possible to attribute knowledge to labor productivity that can 

be characterized by GDP at Purchasing Power Parity (PPP). 

The article [18] shows that the expression (6) is good for the 

approximation of global GDP. In line with the formula (6), 

GDP is graphically shown in Figure 4 where G is given in 

trillion dollars of 1990 at PPP. For comparison, the same 

figure shows GDP numbers in accordance with the data [26] 

and PwC forecast recalculation [27]. 

 

G  1.6N(Т–25)2.25.          (6) 

 

 

 
Fig. 4. Approximation of global GDP 

 

Figure 4 shows that GDP data from three sources correlate 

fairly well, thereby confirming the relevance of the 

expression (6). The comparison of the formulas (5) and (6) 

makes it possible to conclude that global GDP can be 

approximately determined under the formula (7), where G 

means trillion dollars of 1990 at PPP, Z means million CB, N 

means billion people, and А ≈ 0.53. 

 

G  АNZ              (7) 

 

Consequently, GDP per capita is in direct proportion to the 

global scope of evident knowledge. This shows the 

relationship between the productivity of people as persons 

who hold HC and the aggregate scope of human knowledge. 

Meanwhile, it should be borne in mind that evident 

knowledge itself cannot produce anything. Evident 

knowledge is just the most important source for the formation 

of non-evident knowledge in the consciousness of people that 

can be used in productive activities. 

D.    Influence of Education and Science on HC Growth 

According to the data (Barro, 2001), GDP per capita in 

various countries exponentially depends on the average 

number of years of schooling (L) of the population (Figure 5). 

Here GDP is shown as a natural logarithm in dollars of 2000; 

the age of employees is 25+. As it follows from Figure 5, G ~ 

exp(L). 
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Fig. 5. Dependence of GDP per capita on years of schooling 

 

Based on GDP data from major economies and 

distribution of professionals by education, the article [18] 

shows (Figure 6) that the similar exponential dependence (8) 

is also typical for separate groups of professionals depending 

on the years of their schooling (Е):  

GE = KE 10 E/5              (8) 

KE for major economies is equal to 125 international 

dollars of 2010 at PPP. It follows from the formula (8) that a 

one-year increase in schooling results in a 58% rise in a 

professional’s contribution to GDP, or substantially higher 

than their additional contribution to the budget of a company 

that they work for [15; 28]. 

 

 
Fig. 6. Influence of a professional’s education on contribution to GDP 

 

Such a difference arises as a positive effect from education 

through HC growth and the introduction of new technologies 

is seen not only by a company that promotes new products, 

but also by its consumers, suppliers, followers, and the R&D 

community [29] and the entire society (Figure 7). The main 

task of education is to increase HC. Finding jobs in 

innovative companies, highly qualified professionals create 

new technologies or introduce those found in other 

companies and countries. By doing so, they create 

possibilities for high competition and the generation of 

“economic profit” for their companies and their partners. 

This is the most important role of education. Certainly, of 

importance are also professionals who find jobs in traditional 

companies and execute various labor duties at a higher 

qualification level. 

R&D professionals’ contribution to GDP, as shown in the 

article [18], can also be correctly taken into account using the 

expression (8) as their schooling is approximately 5 years 

longer than that of people with higher education (Figure 6). 
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Fig. 7. A conceptual model of the influence of education on economic conditions 

 

E.    Quantitative Influence of the Educational Level on 

HC 

To examine the influence of education on HC numbers in 

more detail, we will analyze changes in the number of people 

with various levels of education. We will consider (Figure 8) 

how the percentage of people with higher (tertiary) education 

changes in the course of time [30, 31]. 

It is clear that in the course of time it changes in 

accordance with the exponential dependence. At the same 

time, it is evident that the exponential growth of students 

should stop in the short term because the percentage of 

people with higher education has been approaching the 

natural level in economically developed countries. Due to the 

deviation in people’s intellectual capabilities, this percentage 

will hardly exceed 70%. 

 

 
Figure 8. Number of tertiary students worldwide per 10,000 people 

 

The second important indicator is the number of literate 

people. As prior to the demographic transition, the number of 

people grew in accordance with the dependence (1), it is 

important to see changes in the coordinates that correspond 

to the nature of this process. It follows from the formula (1) 

that such a natural system of coordinates by time for the 

period of hyperbolic growth of population is a logarithmic 

system with singularity of T1 2022. If in this system of 

coordinates the grid pitch is taken equal to 0.15 and the 

singularity point is rounded T1 = 2020, then there will be a 

system of dates – Tn, which is shown in line 2 of Table 3. 

 

Table 3. Dates of the system of logarithmic coordinates against singularity of 2020 

Lg(2020-Tn) 3.3 3.15 3 2.85 2.7 2.55 2.4 2.25 2.1 1.95 1.8 1.65 

Tn 25 607 1,020 1,312 1,519 1,665 1,769 1,842 1,894 1,931 1,957 1,975 

Kondratiev 

waves 
      1,789 1,845 1,898 1,949   

 

An important feature of these dates is that they are close to dates of technological 

Traditional companies 

Evident knowledge 
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Innovative company’s sales network 
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revolutions [18], by comparison, line 3 shows dates when 

long waves of N.D. Kondratiev began [32]. The figure shows 

literacy data worldwide [33] in the double logarithmic system 

of coordinates where the x-axis shows dates in accordance 

with sequence Tn (Table 3). This dependence has the form of 

a straight line in this system of coordinates. As global literacy 

is now around 90%, this potential of HC growth will soon be 

exhausted. 

 

 
Fig. 9. Literacy of population for two thousand years 

 

It is also important to compare data on education with an 

increase in the number of R&D professionals. According to 

the available data [34], in the 17th century the number of 

scientists – NS – doubled every 10-15 years, which is in line 

with the dependence (9) 

 

NS = 10(Т–1650)/50               (9) 

 

However, such dependence in the past is not adequate 

enough because there were only two scientists when the 

academy of sciences was established in France in 1666. This 

also does not correlate with the existence of ancient sciences 

and achievements of the Renaissance. It looks as though this 

inconsistency stems from the idea of who should be 

considered a scientist. Now scientists include specialists 

engaged in R&D. 

If one starts from the expressions (4), (5), which 

characterize the scope of human knowledge, and assumes 

that those professionals who create knowledge are scientists, 

it is easy to devise a formula for the number of R&D 

professionals by time (10), where А = 16109, Т2 = 2050 [18]. 

 

NS = А/(Т2 – Т)2              (10) 

 

According to (11), during the Renaissance, there were 

60,000 R&D professionals in the world, around 3,000 in 

ancient times, 600 in ancient Egypt and around 100 in 

megalithic times. It looks as though such a number of R&D 

professionals better corresponds to the complexity of 

buildings and products created in those times than according 

to the exponent (9). Figure 10 shows the comparison between 

dependencies (9) and (10) and the available data on the 

number of scientists. It is clear that now, according to the 

exponent (9), the number of R&D professionals should 

approximately be twice as high as in reality [35]. However, 

when approaching the year 2050, the formula (10) becomes 

inapplicable because the number grows too fast [36]. 

 

 
Fig.10. Number of scientists in the world 

 

The above data on the number of professionals with various levels of education can be 
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brought into the single dependence that is shown in Figure 11 

in the form of a common logarithm for the relative number of 

literate people – Lg(Nе/NW), people with higher education – 

Lg(Nt/NW) and R&D professionals – Lg(NS/NW). To 

calculate Nt, data on the number of students were used 

(Figure 10). As it usually takes around four years (from 2 to 

7) to get a higher (tertiary) education, and employment takes 

40 years, it was accepted that the number of professionals 

with tertiary education is 10 times higher than the number of 

students for 20 years prior to this date. 

 

 
Fig. 11. Changes in educational factors of HC growth 

 

Given these estimates, in 2015 the percentage of 

professionals with tertiary education against the entire 

population in the world stood at 14.4%. If this number is 

doubled by the number of people able to work, then the 

percentage of people with tertiary education will be 28.8%. 

Based on the data [37], the percentage was 29.8% for G20 

member states in 2017. 

As Figure 11 shows, since 1600, the number of 

professionals with tertiary education has increased by around 

1,000 times. During this period, the biggest contribution to 

the growth of the exponent of education was made by the 

distribution of book printing in the 15th century [38]. During 

the same period, the number of literate people jumped by 

roughly 10 times and the number of scientists increased by 20 

times. 

To date, the potential for literacy growth has virtually been 

exhausted. Higher education in developed countries has 

nearly exhausted its potential while developing economies 

now make active use of this potential of HC growth. In the 

future, science will be one of the most substantial resources 

for HC growth, but its potential is fairly limited due to the 

high cost of research. The potential of lifelong learning will 

be widely used because original higher education becomes 

obsolete fast enough and it needs to be restored by powerful 

educational programs for adults. 

IV. DISCUSSION 

It is difficult to analyze HC evolution because it is hard to 

determine what to consider HC and related areas. For 

instance, entrepreneurial abilities are sometimes associated 

with HC [19, p. 24] as these functions are executed through 

human intellect. However, in economics, it is accepted to 

divide production factors into labor, land, capital and 

entrepreneurial abilities [39, p. 27]. HC is referred to as 

“labor”, but the consideration of entrepreneurial abilities as 

HC makes it impossible to separate the rate of return on HC 

from an entrepreneur’s economic profit. There is a more 

disputable proposal to classify “investment in 

entrepreneurial ability and entrepreneurial climate – public 

and private investment in small and venture business” as HC. 

It is disputable to classify investment in the following types 

of activities as HC investment [19, p. 25]: 

 security of population and entrepreneurs; 

 institutional services for the public; 

 development of economic freedom; 

 information services, etc.; 

 culture and art. 

Of course, a company’s employees bear the organizational 

culture and it produces a substantial effect on the results of 

labor and, consequently, on the rate of return. Given such an 

approach, it would be necessary to classify all management 

expenses as the organizational culture and HC. For this 

reason, in the article, we propose not to add to the HC concept 

too many essences that have meanings of their own and exist 

in socioeconomic processes under specific laws [40-43]. 

However, this problem related to HC is principal and 

multi-faceted so this will hardly be resolved by means of 

agreements. It is possible to apply a more flexible approach, 

which, for instance, is used in marketing when classifying 

the organizational structure as the internal or external 

environment. It is accepted to resolve this issue depending on 

the logic of a task to be accomplished. It is possible that such 

an approach will be fruitful with regard to HC as well, but 

when doing so, it is always necessary to clarify which 

components will be referred to HC. 
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V.    CONCLUSION 

In the article, we propose a conceptual model of HC and 

main factors influencing its development and successful 

activities in the system of labor activities. The article shows 

the dialectic effect of various HC growth potentials, during 

which the exhaustion of some factors activates others, 

producing a supplementary and mutually intersecting 

impact. 

In the article, we identified and studied the potential of HC 

growth in the history of the new era, showed that an increase 

in the number of professionals with higher education was one 

of the key factors that translated into the higher industrial 

output. In addition, we showed that the potential of further 

HC growth has primarily been exhausted given this factor. 

We put forward a conceptual model of educational impact 

on economic conditions taking into account the effect of the 

innovative factor and strong external effects that lead to the 

development of the intellectual system of the R&D 

community. 

We formed a dynamic conceptual model of HC growth and 

qualitatively substantiated the impact of separate key growth 

factors. 
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