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Abstract—Organizational development strategies are 

implemented with the involvement of significant resources for 

an enterprise. Taking into account the limitations of all types of 

resources available to an organization, the task of their rational 

use is very relevant and is solved continuously. Management 

decisions on allocating investment resources between 

development projects, determining their reasonable amounts in 

each direction of development are becoming more accurate due 

to the use of economic and mathematical models that describe 

various processes occurring in an organization. One of the most 

important resources of an organization is its employees. The 

quality of labor resource directly determines the 

competitiveness of an enterprise in the market. The main part 

of this quality level can be attributed to the human capital 

accumulated by the employees of an enterprise throughout their 

life. Only a high-quality labor resource of an organization can 

ensure high efficiency of a company's business, its stable 

position in the market. However, it should be understood that 

the growth or maintenance of an acceptable quality level of the 

labor potential of an enterprise requires certain investment, 

which should also be justified. This paper is dedicated to the 

methods of evaluating the effectiveness of investments in the 

development of the labor potential of an enterprise. 

Keywords— economic and mathematical modeling, enterprise 

development, human capital, labor potential of an enterprise, 

quality of a labor resource, reasonable investment 

I. INTRODUCTION 

In recent decades, a special role is attributed to labor 

resources when development of social and economic systems 

is analyzed. For example, the Nobel laureate of 1979, T. 

Schultz (1902-1998) in his research focused on the 

development of the personal capital of an individual, which 

is formed throughout his life and is associated with improving 

his education, broadening his outlook, gaining experience in 

the chosen field of expertise, etc. Schultz proved that the 

American economy for a long time received a higher income 

from “human” capital, and not from material one [1]. For that 

reason, investing in the development of “human capital”, 

according to Schultz, gives a greater return than investment 

in equipment, technology, construction of factories, etc. So in 

developed countries, a one year increase in the duration of 

education leads to a GDP growth of 5-15%. 

It is clear that growth of human capital must be 

accompanied by certain investments. An individual invests in 

education, mastering a profession, and gaining work 

experience... All of it costs money, and sometimes 

investments are quite high. At the same time, the person 

hopes that the investments will pay off later in his life. 

However, it should be recognized that today, people who 

have decided to increase their human capital, often do not 

have all the information about the prospects of their 

investment. A young person who enrolls in a higher education 

institution has frequently a dim idea about his future work. 

Making mistake in choosing a future field of activity, of 

course, creates a certain risk of not returning the funds 

invested in the growth of human capital. It is also possible 

that conditions in the labor market will change during the 

period when a person is improving the quality of his human 

capital. At the same time, it is necessary to take into account 

the fact that in the modern dynamically changing external 

environment, acquired knowledge and skills morally age very 

fast. The learning process can take quite a while, sometimes 

an entire life (an obvious characteristic of a university 

teacher). Studies conducted by two Nobel laureates T. 

Schultz and G. Becker (won a Nobel prize in 1992 for his 

work on the theory of human capital and active journalistic 

activity) showed that, in general, investments in the 

development of human capital have an average rate of return 

which is higher or comparable to this indicator in the 

manufacturing industry. According to G. Becker [2], it is 10-

15%, although it can be significantly higher (up to 30-50%) 

for a goal-oriented person who has correctly defined the area 

in which he is going to build a career. Given that education 

expenditures make up 6-7% of GDP, it is obvious that 

investment in education is highly efficient. There are other 

positive effects that accompany growth of human capital, 

such as better working conditions, a creative nature of 

production activities, a possibility of building a professional 

career, etc. This factor determined the growth of investments 

in human capital. For example, in the US, the share of 

investment in human capital is more than 15% of GDP, which 

exceeds private investment in fixed assets (factories, 

equipment, warehouses) [3]. In the United States, the growth 

of the education level of the nation provides a 15% increase 

in national income.  

According to studies [4], the profitability of 

education, which is the main way to increase human capital, 

is different. There is data that the coefficient of return on 

private investment in education (profitability of education) 

for a bachelor’s degree was 13.4%, for a master’s degree — 

7.2%, for a Ph.D. — 6.6% [5]. In the OECD countries, 
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according to information given in source [5], the rate of return 

of primary education was 23%, secondary - 15%, and higher 

- 11%. In the countries of Western Europe and the USA a 

diploma of a prestigious business school can double the price 

of its holder in the labor market [6]. At the same time, the 

statistics data gathered by Becker indicates that the growth in 

the level of education by 1 grade of secondary school 

provides an average increase in the number of rationalization 

proposals by 6% and reduces the time taken by workers for 

learning how to carry out new operations by 50%.  

It should be considered that many companies pay for 

advanced training of their employees, i.e. in fact, invest in the 

growth of their personal human capital. For example, General 

Electric spends more than $100 million for these purposes 

annually. In general, in the United States private companies 

spend more than $30 billion a year on professional training, 

which exceeds respective public expenses [7, p.120]. These 

costs should be considered as an investment in the growth of 

labor quality of an enterprise, which must be returned. 

According to the definition by B. M. Genkin [7, p.126] the 

labor quality should be understood as the degree to which its 

characteristics comply with the requirements arising from the 

goals and operational environment of an enterprise, as well 

as with the requirements of human development and social 

relations in society. 

II. METHODS 

We believe that the management team of an 

enterprise would be interested in being able to estimate the 

effectiveness of such investments. These estimates are 

reduced to a comparison of funds invested in increase in labor 

quality Il.q and efficiency of investments Ei, i.e. the additional 

income provided by such an increase or EI iql


..
, the 

return must be non-negative. Today, there is a lack of 

methods that allow us to assess the effectiveness of 

investments in the development of human capital in 

organizations. 

The source [8 p. 262] presents data that in the USA 

in 1960-1980 the rate of return of formal education was 10–

15%, the rate of return of “potential” experience was 8–10%. 

The analysis of the results of monitoring of economic 

development and public health in the Russian Federation 

shows that in 1990 the corresponding rates of return were 6-

8% and 2-3%. Thus, financing the development of the social 

sphere, education, health care, culture, etc., becomes 

countable, economically rational and, after all, politically 

demanded. It is investments in “human capital”, and in a 

growth of the value of human labor that become the most 

important factors of economic transformation, modernization 

of economic and legal institutions. Human capital obtains the 

status of the most important factor for economic growth. 

In the further reasoning, we will assume that the 

whole process of organizational development can be viewed 

as a certain sequence of projects, whose effectiveness is 

assessed according to the degree of rationality of the allocated 

amount of investment within the existing limits and its 

effective use in achieving goals. In this case, a variety of 

projects that can improve the competitiveness of the 

enterprise has to be simulated. Models should allow us to 

determine how efficiently the limited resources of an 

organization (investment in organizational development) are 

used. In this paper an attempt is made to estimate the main 

characteristics of an investment project and how they are 

affected by the quality level of the labor resources of the 

enterprise. Economic and mathematical modeling methods 

are used to tackle the task. 

Works [10, p.195], [13, p.31; 10], [16] show the 

possibility and acceptability of the description of the 

dependence of the return on investment on their volume 

based on curves with saturation or S-curves (Fig. 1). S-

models can be graphically built using retrospective data on 

the economic activity of the enterprise. Using the empirical 

dependence, we can make a theoretical model, whose formula 

is based on the Verhulst model [12], [15], modified in a form 

acceptable for practical use [11, p.198], [15]. We called it the 

updated Verhulst model (1): 

 )
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where x is the investment in the project of the organization 

development; 

Y is the return on investment; 

a, b, A are the coefficients determining the shape and position 

of the S-curve in a given coordinate field. 

If the S-curve shown in Fig. 1 is superimposed with 

a straight line drawn from the origin at an angle of 450 to the 

axes, then it becomes possible to determine the rational 

investment interval for the company's development project 

[12, p.140]. The points of intersection of the S-curve with this 

line are the break-even points in this production process. This 

is proved quite simply. For example, when investment in 

production is I2, return on investment in the amount of V2 will 

be obtained, it is obvious that I2 = V2 (curve b in Fig. 1). This 

is the first point of return. As we see in Figure 1, there is one 

more intersection point, which corresponds to I4. This is the 

second point of return. It is of theoretical interest, and from a 

practical point of view, it is less useful because this point 

implies a very significant range of activity in the framework 

of the project. This point is not formally defined today. We 

should note that the analysis of economic processes occurring 

in social and economic systems based on S-models is a more 

general approach than the well-known linear model of break-

even analysis (determining the break-even point). Such a 

linear model is valid only for the central part of the S-curve, 

which lies near the first point of return (point 2 in Fig. 1) or 

approximately in the interval between points 1 and 3. It is 

clear that the total production costs should be covered by the 

investment made, i.e. NCI CC fix
  var

. 

However, with an increase in the level of production activity 

(to the right of point 3 on the “b” curve in Fig. 1), semi-fixed 

costs begin to grow due to the need to introduce new 

capacities, increase the volumes of materials and components 

involved, which leads to an increase in transportation costs, 

transactional costs, the increase in management costs while 

the controllability of the object is decreasing (the known 

example of the plant construction by G. Ford in River Rouge 
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[9, p.208). This growth reduces the return on investment 

down to zero values (point 4 in Fig. 1). A further increase in 

the level of economic activity of the enterprise will result in 

losses. It is necessary to point out a relative decline in direct 

variable costs of the enterprise due to gaining practical 

experience (productivity growth, reduction of rejects, 

optimization of the product design, development of the 

technical process, etc.). However, the growth rate of the semi-

fixed part of costs, apparently, is much higher than the 

reduction rate of their variable part. Similar reasoning can be 

given about the S-curve section, which lies to the left of the 

first point of return (point 2 in Fig. 1). When production 

volumes are small, semi-fixed costs do not get covered up to 

the first point of return. The dependence has linear nature 

only near this point. 

The scheme shown in Figure 1 allows us to 

determine the interval of rational investment. It is individual 

for every enterprise and depends mainly on labor quality. So 

for the team, displayed by curve "b", this interval corresponds 

to I2 I4. The longer is the segment of rational investment, 

the faster is the process of returning the funds invested in the 

development. At the same time, I2 and I4 in Fig. 1 correspond 

to critical production volumes. If investment in the 

development of an enterprise is less than I1 and more than I4,  

it is most likely not to be returned. 

 

 
Fig. 1. The dependence of the position of the S-curve in a given field of 

coordinates from the labor quality 

Logically, we assume that advanced personnel with 

a higher level of quality implements a development project 

more effectively, i.e. with the same amount of investment, it 

shows better results than a less developed team., This position 

is graphically represented by a new S-curve, located above 

the respective curve of a less developed team (curve “a” in 

Fig. 1). The figure shows that with the same level of 

investment in an organizational development project, for 

example, I3, the return of a highly developed team will be V4, 

while a less developed team will provide return on investment 

only at the level V3. At the same time, there is an expansion 

of the rational investment interval to I1-I4, while investment 

in a critical volume decreases, I1  I2. Thus, with an increase 

in the labor quality of the organization, its S-curve moves up 

and to the left in a given field of coordinates. 

While exploring the possibility of modeling the 

economic processes in the organization, we faced the 

problem of quantifying the S-curve displacement in the 

specified coordinate field. This problem, in our opinion, can 

be solved if another management tool, namely, an experience 

curve is used. 

The experience curve was first plotted in the late 

1960s by the Boston Consulting Group (BCG) during a 

survey of the manufacture of aircraft fuselages at Boeing 

factories [9, p.171]. Its meaning comes down to the fact that 

when practical experience is gained, unit production costs can 

be reduced. A quantitative characteristic of this effect was 

obtained: every time the production volume is doubled, the 

unit costs fall by about 15–30%, depending on the 

characteristics of the production process (Fig. 2). The 

dependence of the shape of the experience curve on the level 

of personnel development is also recorded. A developed team 

reduces production costs more intensively in the process of 

performing repetitive manufacturing operations in 

comparison with a less developed team. Its experience curve 

(curve 2 in Fig. 2) is steeper with respect to the similar curve 

of a less developed team (curve 1 in Fig. 2). 

Thus, in accordance with the experience curve, 

when we improve the labor quality, there is a reduction in unit 

costs, mainly due to a decrease level of rejects in production, 

a better use of technology and capabilities of the machine 

system, adjustment of processing modes and a reduction in 

material and other resources used in production process, 

productivity growth and a relative fall in the labor costs... The 

list of factors affecting the reduction of unit production costs 

can be extended. In fact, these are the same factors that are 

involved when plotting the corresponding S-curve, which 

reflects the development of the organization. Thus, it is 

necessary to recognize the fact that the basis for determining 

the essential content of both tools turns out to be the same. 

Analyzing the correspondence of the experience 

curves of labor teams with different development levels (Fig. 

2) shows that when both teams have the same initial 

experience in a given job, the developed team (with a higher 

labor quality) at the beginning of the production process 

quickly increases the rate of its mastering. Then, with an 

increase in production volumes, the rates are reduced and in 

case of very large volumes, most likely, all other things being 

equal, the unit costs of both teams will be about the same. 

The abovementioned information is visually 

represented in Fig. 2, showing that with an increase in 

production, there is a decrease in unit costs, first at a 

relatively high rate, and then this rate is decreasing. 

 
Fig. 2. Experience curves 
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 So, if we assume that the volume of production 

pcsN 100
1
 , and the unit costs at that volume 

pcerubС
ud

/1000
1.1
 , then with a doubling of the 

volume of production, i.e. its growth to the value 

pcsN 200
2
 , the unit costs will fall by 15-30%, they 

will be equal pcerubС
ud

/700850
2.1

  (see Figure 2). 

Costs decrease in absolute terms by 150-300 rubles per unit. 

With the next doubling of production, this reduction will be 

only 128-210 rub/pce, etc. As we already mentioned, the 

highly developed team reduces unit production costs faster 

than the underdeveloped team. When working with a fixed 

production volume, the more developed team (curve 2 in Fig. 

2) will result in lower unit costs than a relatively poor team 

(curve 1 in Fig. 2), i.e. CC
udud

12
 . The resulting 

difference in costs CC
udududC
21

  can be explained 

only by a higher quality of work, which is demonstrated by 

the second team, who managed to accumulate production 

experience faster than the competitor, improve product 

design and production technology faster, organize the entire 

production process, supply processes and product sales at a 

higher level, etc. 

If we rely on the data presented by T. Schultz, then 

we can estimate the decrease in unit costs due to a higher 

labor quality. To demonstrate this approach, let us take the 

value of unit cost reduction equal to 10% (potential 

experience according to T. Schultz). Then curve 2 in Fig. 2, 

corresponding to the team with higher qualifications, general 

educational level, wider outlook, greater motivation, etc., can 

be constructed. Let us call it the predictive experience curve 

(curve 2 in Fig. 2). In this case, it becomes possible to 

determine another important information effect. If at a fixed 

production volume of N, the unit costs decrease by about 

10%, i.e. CC
udud

12
9.0  , the savings on 1 piece of the 

product (single job) will be 

СCC
ududududС
121

1.0  . If the saved funds are 

returned to production, then the highly developed team 

creates additional internal investment (see Figure 2), which 

can be calculated using formula (2) 

NNNC СCC
ududududin 
121

1.0)( 

To determine the calculations, the choice of the 

experience curve shape should be justified. This can be done 

based on the empirical data on the production costs of the 

enterprise contained in the reporting documentation, as well 

as on the basis of the recommendations presented in [9, 

p.171-174], [11, p.58-60]. 

The above can be demonstrated by a simulated 

example. We assume that the shape of the experience curve 

under the example conditions corresponds to a decrease in the 

unit costs for each doubling of production volumes by about 

25%, i.e. there is a 75% experience curve. In this case, in the 

initial state with N1 = 100 pcs. unit costs will be 

pcerubC
ud

/1000
1
  (see Table. 1). 

According to the data contained in columns 1 and 2 

of the Table 1, the curve of accumulated experience can be 

plotted (curve 1 in Fig. 2). 

The next stage of the research involves the justification of the 

rate of return on the basis of potential experience. According 

to Schultz, for the United States this rate is 8-10% (for Russia, 

these figures are lower and should be defined on the basis of 

the organization’s practical activities) [1], [8]. In the 

example, this parameter is assumed to be 10%. Now we can 

calculate the reduction of unit costs due to the involvement of 

better labor resources in the production process. The results 

are as follows: 

pcerubС СCC
udududud /10010001.01.0
1211   

pcerubС С
udud /757501.01.0
22  . 

pcerubС С
udud /4.505.5621.01.0
33   

pcerubС С
udud /2.429.4211.01.0
34   

The obtained calculated values are summarized in column 3 

of the Table 1. 

The value of additional internal investment, formed 

by a more developed team, can be calculated by formula (2), 

i.e.: 

.337528009.4211.01.0

.225004005.5621.01.0

.150002007501.01.0

.1000010010001.01.0

44444

33333

22222

11111

rubNNC

rubNNC

rubNNC

rubNNC

С

С

С

С

ududin

ududin

ududin

ududin









 

These calculation results are shown in column 4 of Table 1. 

Investments in the development of the enterprise (in 

the extended sense) can be calculated as a product 

CNI
ud

iii
  , i.e. 

.3375209.421800

.2250005.562400

.150000750200

.1000001000100

4

3

2

1

rub

rub

rub

rub

I
I
I
I









 

The calculation results are listed in column 5 of Table 1. 

 

 

 

 

 

 

 

Atlantis Highlights in Computer Sciences, volume 1

253



TABLE I.  INITIAL AND DESIGN PARAMETERS OF THE ENTERPRISE 

Producto

n volube 

Ni, pcs. 

Unit 

costs, 

rub/pce 

ud

iС  

rub/pce 

in

i , 

ths.ru

b 

Investment

s in 

developme

nt project, 

Ii ths.rub. 

Return on 

investment 

Vi, ths.rub. 

1 2 3 4 5 6 

N1=100 Сud
1=100

0 

100 10 I1=100,000 V1=50,000 

N2=200 Сud
2=750 75 15 I2=150,000 V2=150,00

0 

N3=400 Сud
3=562.

5 

56.25 22.5 I3=225,000 V3=292.5 

N4=800 Сud
4=421.

9 

42.2 33.8 I4=337,520 V4=371.5 

 

Column 6 of Table 1 contains data (simulated in this case) 

obtained empirically as a result of the enterprise development 

project. 

Using the information contained in columns 5 and 6 of Table 

1, an empirical S-curve can be constructed. First, points are 

marked on the indicated coordinates, then we unite this points 

with a line which will give us an empirical S-curve. The 

construction is shown in Fig.3. 

 

Fig. 3. Construction of empirical S-model 

Based on the empirical data, the S-curve allows us 

to make a theoretical S-model by selecting the coefficients in 

the updated Verhulst model proposed by us (1). The 

construction procedure is given in [11]. 

Based on the information obtained, it seems possible 

to estimate the displacement of the S-curve, which can be 

obtained using the following approach. 

The theoretical S-model makes it possible to 

construct a predictive S-curve (curve 2 in Fig. 1) by 

calculating a certain number of points using the above 

formula (2). The meaning of these calculations is defined by 

the fact that, because additional internal investment is 

formed, its return will be higher than that of the less 

developed team. So when investment in the development of 

the company is equal to I1, the well-developed team forms 

additional internal investment in the amount of 
in

1  (see 

Fig.4). As a result, the return on investment in the production 

process will increase to a volume of I2=I1+
in

1 . This amount 

of investment forms the return at the level of V2. Thus, the 

investment I1 will correspond to the return V2. Point “a” with 

coordinates (I1; V2) is marked (see Fig.4). Similarly, points 

"b", "c", ... "k" can be built for any amount of funds invested 

in the organizational development project (I3, I4, ... Ik).  

 
Fig. 4. Construction of predictive S-curve 

Based on the marked points in the given coordinate 

field, a line is constructed, which is the predictive S-curve 

that determines the process of return on investment by the 

production team with a higher quality of labor resource. This 

predictive S-curve will allow us to evaluate the impact of the 

quality of labor resources involved in the production process 

on the important economic indicators of the enterprise, 

namely: 

- to evaluate a new, extended range of rational 

investments in the development of the enterprise; 

- to define the sub-optimal amount of investment, 

and therefore the most effective activity range of the 

enterprise; 

- to estimate the effectiveness of investments in the 

development of the labor resources of the enterprise. Such 

estimation, in our opinion, should be carried out by 

controlling the ratio of the value of the formed additional 

internal investment to the labor team and the volume of 

investment made in the development of the labor team. This 

ratio should be non-negative, i.e. 0 IE in
. 

In the study dedicated to assessing how the quality 

of labor resources affects the efficiency of production 

activity, we relied on the data obtained by two Nobel prize 

winners for the analysis of the statistics relevant for the USA 

which says that, on average, every dollar invested in 

education, experience gained by the personnel, etc. brings a 

certain benefit to an enterprise. With limited investment 

resources the technique we suggest makes it possible to know 

how to be effective in their rational distribution between labor 

and capital. Quantitative evaluation of the impact the level of 

labor quality has on return on investment is an interesting and 

promising direction for our further research. 

Thus, the methodology for assessing the impact of 

the quality of labor resources on the results of the enterprise’s 

activities has the following phases: 

1. The necessary data are collected using the reporting 

information on the economic activities of the enterprise. 

2. The S-curve of the correspondence of the returns on 

investments in the development project to their volume is 

built on the basis of the retrospective data on the economic 

activity of the enterprise. 
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3. The S-curve that was constructed on empirical data serves 

as a basis to make a logistic dynamics model (S-model), 

which should be built on the basis of the updated Verhulst 

model (1) by choosing coefficients A, a and b. The method of 

such a selection is presented in [4, p. 195-211]. 

4. The experience curve is constructed, being the 

characteristic for this particular organization in a certain area 

of its economic activity. This takes into account all the unique 

characteristics of the company. 

5. A justification is carried out for the growth of the potential 

experience rate of return (according to Schultz) while this 

experience is accumulated during the production process. 

6. Based on the accepted rate of return of potential 

experience, a predictive experience curve is constructed. 

7. Using the experience curves built in phases 4 and 6, the 

amount of possible internal additional investment (formed 

due to an increase in the labor quality of the organization) in 

the production process i
in s is calculated. 

8. The “movement” of the S-curve is calculated when using 

internal additional investments i
in  and the predictive S-

curve is constructed taking into account the corresponding 

increase in the labor quality of the organization. 

9. A theoretical S-curve is constructed according to the 

updated Verhulst model (1) by adjusting the coefficients in 

accordance with its offset enabled by the growth of the 

quality of labor resources, formed due to additional internal 

investment i
in . 

10. Using the obtained model, a rational investment interval 

is calculated for the enterprise development project; the sub-

optimal volume of investment for the enterprise development 

project is calculated; the effectiveness of the investment made 

in the organizational development project. 

11. The profitability of investment in the growth of the labor 

quality and other economic indicators of the enterprise are 

determined. 

III. CONCLUSIONS 

1. The integrated use of such management tools as experience 

curves and logistic dynamics models (S-models) provides a 

significant amount of information about the production 

system, which increases certainty in the process of making 

management decisions about the development of a company. 

2. The information basis for constructing experience curves 

and S-models has a generalized, complex nature, which 

ensures their essential identity. 

3. The updated Verhulst model turns out to be more 

acceptable for describing the economic processes occurring 

at the enterprise. 

4. Modeling based on the proposed management tools allows 

us to optimize the use of limited investment opportunities of 

the enterprise, contributes to a growth in the effectiveness of 

investment; 

5. The development of labor resources of the enterprise is a 

key direction that ensures that its competitive positions are 

strengthened in the long run; 

6. The practice of applying the experience curves and S-

models requires further research, as well as theoretical 

substantiation of some poorly elaborated methodology 

elements, and comprehensive testing of the proposed 

guidelines in practice.  

Further research, in our opinion, should include: 

- Searching for an acceptable solution to the system of 

equations that determine the rational interval for investment 

in organizational development projects, primarily industrial 

enterprises. 

- Improving the methodology for determining the optimal 

amount of investment in development projects with the 

involvement of theoretical models of logistic dynamics. 

- Checking the scalability of the organization's S-models 

when implementing various investment projects. 

- Developing a methodology for constructing an empirical 

model of mastering in practice (experience curve); 

- Conducting research to determine the rate of return of 

"potential" experience for every specific labor team, 

production process, and type of activity. 

- Quantitative evaluation of the level of the labor force quality 

of the enterprise 
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