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Abstract.

The paper investigates the historical preconditions underlying the emergence of the
concept of the principle of diminishing returns to factors of production. An analysis
of the manifestation of this principle in the scope of all factors of production is carried
out. In light of the analysis of the characteristics of human capital, an approach has
been proposed in which the principle of diminishing marginal returns is not applica-
ble to investments in human capital at the macroeconomic level in the long run.
Human capital generates increasing returns on investment while alleviating the im-
pact of diminishing returns on other factors of production
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1 Introduction / Beenenne

Economic theory encompasses a set of principles that appear foundational and the continued ad-
vancement of the economic science is grounded in these fundamental axioms. Among these foundational
principles is the principle of diminishing marginal returns to the factors of production. In accordance
with the principle of diminishing marginal returns, as quantity of a variable factor increases, while hold-
ing the quantity of all other factors constant, a threshold will be reached, beyond which the marginal
product of the variable factor will start to diminish. It is noteworthy that this law lacks a well-defined
systematic approach to evidence and is grounded on empirical observations.

The methodological foundations of this principle stem from the concept known as the law of di-
minishing soil fertility, which was initially formulated in the 18th century by the French economist J.
Turgot and at a later stage — by the English economist E. West [1]. E. West and D. Ricardo attempted
to elucidate the tendency for profit rate to decline related to this “law” and leveraged it to support the
theory of differential rent. T. R. Malthus applied this principle to validate his theory of population [2].
At the turn of the 19th and 20th century, among the leading proponents of this law were L. Brentano
and M. Zering - in Germany, S. N. Bulgakov, M. 1. Tugan-Baranovsky, P. B. Struve, P. P. Maslov - in
Russia. Within the first half of the 20th century A. Marshall, B. Clark and others expounded upon the
law of diminishing marginal productivity as a fundamental law that is relevant not only in agriculture,
but also in industry and holds comprehensive significance [3]. Subsequently, the principle of diminish-
ing marginal returns expanded to cover all types of economic activity: savings, investment in physical
capital, investment in human capital, etc. Currently, the law of diminishing returns is one of the essential
laws underpinning the economic science. From a general perspective, accepting this principle, we should
highlight that the automatic extension of this principle to all types of economic activity is devoid of
scientific justification. Different types of activities and areas of the economy can be identified where we
contend that this law is not relevant. Moreover, these specific activities hinder the manifestation of the
principle of diminishing returns of other factors of production. Specifically, it is established that the
expansion of investments leads to diminishing returns on investments. However, this pattern is applica-
ble to investments in physical capital. From our standpoint, this pattern is not applicable to investments
in human capital. Moreover, investments in human capital are expected to generate increasing returns.
It is noteworthy that human capital, in our view, refers to a combination of inherent and developed
abilities, knowledge, skills, and motivations resulting from investments that are effectively employed in
the labor process, thus supporting the growth of its productivity. The course of history and development
in human society contradict the theory of T.R. Malthus, and, in our opinion, it can be attributed to the
fact that the increasing return of human capital hinders the manifestation of diminishing returns of other
factors of production. However, it is crucial to highlight that the increasing return on human capital is
observable only within the scope of the entire economy, but not at the level of distinct individuals,
specifically in the long-run perspective. The phenomenon of increasing returns in models of economic
growth can be attributed to the increasing returns of human capital.

2 Literature Review / O030p 1uTepaTtypsbl

Since the mid-20th century, particularly during the 1950s and 1960s, scholars have increasingly
focused on the role of human capital in driving the economic growth of countries, a trend that has been
reflected in the advancement of endogenous growth models. The emergence of a new class of economic
growth models incorporating endogenous technological progress has led to a heightened interest in the
issues of economic dynamics. Three key implications of these models, which could have considerable
practical significance, had a pivotal role in this. Specifically: 1. economies of scale stemming from the
growth in resources involved in the process of new knowledge acquisition; 2. the ability to impact the
rate of long-term economic growth by fostering the increase rate of human capital accumulation; 3. the
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impact of human capital growth rates on the structure and scope of international trade and globalization
processes. In the 1960s and 1970s, extensive debate has emerged concerning the inclusion of education
in the models economic growth. Consequently, two methods for integrating education into the models
of economic growth have emerged, which differ substantially from each other. One approach is to con-
ceptualize human capital as one of the factors in the production function that is not directly associated
with the technical progress (G. Uzawa, 1965; R. Lucas, 1988; Menkiw, P. Romer, D. Weil, 1992). In
this case, the growth rate of the economy is determined by the growth rate of human capital. An alter-
native approach is to consider that the growth rate of the technological progress is determined by the
aggregate level of the human capital.

The founding figures of these theories are P. Romer, R. Lucas, S. Rebello, who, through their
models, provided a theoretical foundation for the approach according to which economic growth is ex-
plained by investments in human capital, the acquisition of experience and on-the-job training. They
also underlined that positive externalities arising from the training prevent a decrease in the marginal
productivity of human capital.

P. Romer classifies the economy into three primary sectors. In the first sector, the research sector,
as a result of the concentration of human capital (Ha) usage within it and the current repository of
knowledge (A), new knowledge is acquired, which is subsequently materialized in the form of new
technologies. The expansion of new knowledge is expressed by the formula:

A=6HAA (1)

where O is a parameter of scientific productivity.

P. Romer points out that graduates of engineering universities a century ago possessed the same
level of human capital as current graduates, as they studied for approximately the same duration lacking
practical work experience. However, the labor productivity of a modern engineer is considerably higher,
as they have access to a more extensive repository of knowledge. Knowledge is regarded in this context
as a non-competitive production factor that is simultaneously and equally accessible to everyone with
capacity and intention to use it.

Firms in the secondary sector of the economy acquire scientific knowledge obtained within the
research domain for the production of the factors of production. Every enterprise within this sector is a
monopolist: it holds a patent for the manufacturing of its products and, therefore, can derive a monopoly
profit from its realization. The patent is considered as lasting indefinitely. The tertiary sector of the
economy, based on the available factors of production, labor costs (L) and human capital (Hy), ensures
the production of final consumer goods. The relevant production function is:

V(Hy,L,x)=HyLPY " Xi'—*F (2)

where i is the index assigned to each distinct type of the factors of production; x; is the listing of the
factors of production used by a company for the production of final goods; o and B - are certain techno-
logical parameters.

The acquired level of expertise in P. Romer's model aligns with a specific level of technological
advancement, which varies with the accumulation of new knowledge and the emergence of new tech-
nologies. According to the model, the technological aspect of knowledge is a non-competitive good,
unlike the competitive aspect of knowledge, i.e. human capital. However, if, within the research sector,
each specialist has access to the comprehensive knowledge base, subsequently, in the secondary and
tertiary sectors the use of a specific idea (development) is regulated by the current patent legislation
framework. Once an enterprise in the secondary sector acquires and masters an innovative and cutting-
edge technological idea, it protects its monopoly right and control to use it under a patent and arranges
the production of pertinent factors of production for tertiary sector enterprises specializing in the pro-
duction of final goods.

K. Arow [4] and G. Uzawa [5] underlined the importance of considering the positive externalities
of education and on-the-job training in the models of economic growth. H. Uzawa in his studies pro-
posed to include the education sector in the model of economic growth, in which the employment de-
termines the factor of labor productivity. Accordingly, labor efficiency was growing in line with the
increasing employment in the education sector. R. Lucas in his studies, [6] while investigating the rela-
tionship between investments in human capital and the economic growth, justified the differences be-
tween the rates of economic growth of countries based on the amount of investments in human capital.
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By studying the relationship between the stock of human capital in individual firms, the economy-wide
average of human capital resources, and the level of output, he concluded that, as a consequence of
individual decisions, comparatively lower investment is made in human capital than required to foster
sustainable growth. R. Lucas clarified the underlying reason for this phenomenon by the fact that indi-
viduals, when making decisions pertaining to investments in human capital, do not consider the impact
of individual investments in human capital that will increase the level of productivity of other individu-
als. Specifically, the rate of social return on investment in human capital exceeds the individual return
rate on human capital. R. Lucas presumed that an increase in the average level of human capital across
the entire economy results in an increase in the level of labor productivity of all employees. The study
of Lucas outlines a dual-sector model of economic growth where human capital is introduced into the
Cobb-Douglas production function as a factor similar to productive capital:

Y = AK “(uhL) "*hy (3)

where 0 < a < 1;
A, K and L are the level of technological advancement, physical capital and labor force, respectively;
U — is the proportion of aggregate labor time allocated to work;
h — is the rate of human capital accumulation;
hi — is the average positive external effect of human capital.

In the second part of the model, Lucas incorporates the share of human capital that is not applied
in the manufacturing sector. Endogenous growth is only feasible if the development of additional human
capital provides constant returns:

hi'= hiB(l - ui) — Oh; (4)

where ¢ — is the decline in human capital value;
B — is a parameter that defines the rate at which investments in the manufacturing sector are converted
into human capital growth;
(1 — u;) —is the segment of the population pursuing self-guided education.

In the neoclassical model developed by Lucas, the assumption of constant marginal returns to scale
in production is retained while assuming the iirelevance of non-reproducible factors. As equation (4)
indicates, an increase in the stock of human capital occurs regardless of its level. Based on this assump-
tion, Lucas develops a growth model as follows:

g=m =B -u)-38 (5

In comparison with the Solow model, the driver of the economic growth in this model is not tech-
nological advancement, but individual investments in human capital.

However, R. Lucas's model generally aligns with constant growth, on the premise of a time-de-
pendent production function, and is often applied to represent the effects of technological advancement,
according to which production parameters, investment, and consumption can increase at a rate of g.
Therefore, in this model, the accumulation of human capital is a universal factor of production, while
the growth rate of human capital establishes the rate of the economic growth. Concurrently, as we have
underlined above, R. Lucas highlights the heterogeneity of the positive effects of human capital within
the national economy, therefore, as outlined in the model above, the benefits from the accumulation of
human capital are not confined solely to the direct impact on the economic growth.

R. Nelson and E. Phelps have investigated the role of human capital as a factor of economic growth,
which contributes to the generation of technological changes and their further implementation [7]. They
assumed that a global repository of knowledge base exists and is accessible to all countries. However,
the capabilities of countries to introduce new technologies depend on their capacity to absorb, that are
directly determined by the educational level of the employees, i.e. the level of human capital accumu-
lated through their efforts. I. Benhabib and M. Spiegel further developed the model of R. Nelson and E.
Phelps, underlining that the gap between the theoretically feasible and the actual level of knowledge in
developing countries can be diminished by introducing technological innovations. On the basis of the
analysis of the extended production function, they arrived at the conclusion that the stock of human
capital has a considerably stronger effect on the growth of the per capita GNP rate than the rate of its
formation and accumulation. G. Barro, H. Sella and G. Martin, on the basis of an analysis of extensive
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statistical resources from 87 countries (1965—1975) and 97 countries (1975-1985), identified a signifi-
cant correlation between the economic growth and the educational level of the population [7]. Moreover,
according to the study, the growth in public expenditure on education has a significant impact on the
economic growth. Therefore, an increase in the specific share of government spending on education
within the GNP structure by 1.5% induces a faster rate of economic growth by 0.3%. A practical model
of economic growth considering the contribution of human capital was developed by G. Menkiw, D.
Romer and D. Weil (1992), which is primarily a modification of the Cobb-Douglas production function
and the fundamental Solow model grounded in human capital [7].
The production function in this expanded Solow model is structured as:

Y () =K@® “H® P (AGOL®) " (6)

where H(t) — is the stock of human capital at time t;

a and f — are the share of the impact of physical and human capital on output growth;
A(t) — is the level of technology varying over time at a rate of g, that is

A(t) = ADes.

The model was tested in 1960—1985 across three groups of countries (developed countries, coun-
tries with an average level of development and oil exporting countries). The data obtained indicated the
significant role of human capital in the economic growth of all countries involved in the study. In the
developing countries, 80% of variations in per capita income were stemming from differences in the
levels of human capital. The Mankiw-Romer-Weil (MRW) model has gained considerable prevalence
and constituted the basis for research and further development of economic growth models considering
the human capital, which, consequently, adopt alternative methods for the evaluation of the human cap-
ital.

A study of the economic literature concerning the growth models related to the human capital leads
to the inference that modern theories of economic growth are based on the principle of the diminishing
marginal productivity of human capital. We believe that human capital from the macroeconomic stand-
point and in the long run (in the context of prolonged economic cycles) demonstrates a trend of increas-
ing returns. Furthermore, it is attributed to the increasing returns on investment in human capital that
obstructs the manifestation of diminishing returns on other factors of production.

3 Methodology / MeTononorus

Currently, the interest of economic science in human capital has increased significantly, but the
mechanism and underlying fundamental causes of the beneficial effects of human capital on the long-
term rate of economic growth remains the subject of ongoing discussions and research. For instance, in
the works of the following scientists [6, 8, 9], it is underlined that human capital has a pivotal role in the
economic development across various countries. Even among proponents who assert that human capital
is the main cause of economic growth, there is disagreement concerning numerous significant issues,
namely: how human capital at the individual level shapes the relevant aggregate macroeconomic indi-
cator; if human capital affects the aggregate output of the economy or its growth rate; How exactly are
human capital, knowledge and technological advancement related in the economy? To adequately ad-
dress these questions, it is crucial to distinguish between the return of human capital at the micro and
macro level, as well as between private and social norms regarding the return on education. Current
approaches to assessing private rates of return on education generally do not acknowledge its impact on
the direct and indirect benefits to the population, its monetary and non-monetary returns, or the contri-
bution of educational policies towards enhancing the social cohesion. Therefore, estimates regarding the
private rates of return on education can be considered as the lower limit of social benefits that arise from
investments in human capital [10]. Since macroeconomic estimates incorporate the majority of the in-
duced externalities, and microeconomic estimates include a partial share of the benefits that could
emerge from direct individual investments in one's own human capital, the distinction between the two
estimates can be interpreted as an indicator of the magnitude of externalities arising from human capital.
According to A. de la Fuente and A. Ciccone, the majority of the credible sources of such externalities
result from the correlation between human capital and the rate of technological innovation, as well as
the indirect effect of education on labor productivity and employment through its influence on the qual-
ity of social institutions, which may be regarded as a constituent of social capital [10]. Certain theoretical
models also suggest that the accumulation of human capital can increase its externalities, since some
benefits arising from a more educated labor force will dissipate from it and generate benefits which
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cannot be claimed by those who have made relevant investments in human capital in the form of higher
wages and other incomes as a result of the growing gap between the relevant private and social rates of
return [9, 11].

In this paper, based on historical and logical methods of scientific research, on the basis of the
findings of a critical comparative analysis of contemporary theories of growth including the component
of human capital, an attempt is undertaken to theoretically validate the distinctive characteristic of hu-
man capital, which enables us to elucidate the phenomenon of increasing returns while conducting em-
pirical testing of economic growth models, explains the reasons for the cyclical development of the
economy in terms of the aggregate effect of investments in human capital, and provides insights into the
question of how exactly human capital, knowledge and technical advancement are interrelated in the
economy.

It is assumed that the following mechanisms operate through which investments in human capital
affect the productivity of other factors of production, moreover, they prevent the implementation of the
law of diminishing returns: 1) investments in human capital enhance the effectiveness of research activ-
ities and ensure scientific and technological advancement; 2) education contributes to the formation of
human capital, which directly affects the accumulation of knowledge and, consequently, the expansion
of productive capacity of all factors of production. Meanwhile, knowledge is perceived as a universally
accessible public good, specifically, it can circulate freely from organizations and people that develop
it to those organizations and people that utilize it, thus generating beneficial externalities in social pro-
duction. Due to the existence of positive externalities of new knowledge and human capital, increasing
returns to human capital should be observed on the macro level. Therefore, it may be inferred that an
increase in per capita human capital within any country also leads to an increase in investment in phys-
ical and human capital, contributes to higher rates of per capita income growth, and, ultimately, is real-
ized in higher labor productivity and compensation per employee.

4 Results / Pe3yabTaThl

The findings from a wide range of empirical studies on the economic growth of countries contradict
the principle of diminishing returns, as well as constant returns to scale. Empirical evidence consistently
implies increasing returns to scale in the models of economic growth. Therefore, M. Todaro underlines
that across the entire economy, the evidence and outcomes of empirical testing of endogenous growth
models refute the principle of diminishing marginal returns to capital and indicate that at the macroeco-
nomic level the principle of increasing returns, determined by positive externalities, functions [12]. P.
Romer further did not exclude the possibility that the aggregate production function may be identified
by increasing returns to scale [13]. But P. Romer clarifies this by stating it as the increasing return on
physical capital.

D. Acemoglu [14] strives to formulate a theoretical justification for increasing social returns gen-
erated by the accumulation of human capital. He postulates a mechanism of monetary externality that is
determined by the interaction of investment and resource-intensive search in the labor market. This
mechanism is demonstrated in practice as follows: despite the absence of technological externalities and
the fact that all employees compete for the same jobs, the effects of inclusion of investments in human
capital increase due to external factors generated in the course of human capital accumulation.

We consider that increasing returns to scale are governed by the principle of increasing returns not
based on physical capital, but rather on human capital. However, increasing returns on human capital
can be realized only at the macroeconomic level across the entire economy, and not at the individual
level, and only in the long run perspective. Naturally, at the level of individuals there may also be devi-
ations from this pattern. For instance, if an individual is characterized by extraordinary talent, then rel-
atively small investments in human capital can produce considerable returns compared to larger invest-
ments in the human capital of less talented individuals. However, at the macro level, these differences
are equalized, since the accumulation of human capital is ongoing - retiring human capital is replaced
by the incoming employees. Furthermore, human capital has the potential not only to accumulate, but
also to be transferred through the application of formalized knowledge, experience and skills in the
production process. Increasing returns on human capital are guaranteed through the accumulation, im-
plementation and transfer of new knowledge. But to explicitly illustrate this pattern, the continuous
accumulation of knowledge at a “decisive point” is crucial, which fosters the rapid economic growth.
We believe that this precisely clarifies the fact of increasing returns in empirical tests of the models of
economic growth.
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The reasons for the increasing return on human capital are as follows:

1. In contrast to the physical capital, which through its application gradually deteriorates and exits
the production process due to physical and moral wear and tear, the human capital, throughout a defined
period of utilization (the individual’s working lifetime), is enhanced, improving in quality and accumu-
lating: the knowledge and skills of employees are developing and improving, experience is accumulating
over time, the degree of specificity and cross-specialization is advancing. With the passage of time,
human capital wears out both physically and morally: the rapid development of science and technology
leads to a fast pace of knowledge depreciation, which imposes increased demands on employees and
requires additional investments in human capital for the duration of active working lifetime. And, con-
sequently, this requires investments in human capital across the entire active working life of an individ-
ual. Here, it is vital to underline that investments aimed at improving or developing new knowledge and
skills in individuals with prior training are more effective and require fewer financial and time resources.
Skilled individuals find it easier to acquire new knowledge and improve previously acquired knowledge
and skills. Specifically, the rate of return on investment in this case is higher in contrast to untrained
individuals.

2. Physical capital is depleted entirely after the completion of its effective lifecycle. Unlike phys-
ical capital, human capital, after the expiration of its productive use, is not fully depleted, as the key
element of human capital, knowledge, is accumulated in some form or another, can be transferred to
next generations, is persistently used as well as contributes to the generation of new knowledge, skills
and experience. It is crucial to underline that considerable importance is attached to the system of science
and education in the process of transferring explicit knowledge, whereas social capital is significant in
the transfer of tacit knowledge. Social capital serves as the crucial mechanism that ensures the effective
transfer of tacit knowledge in a distinct system. Social capital refers to a set of norms, standards, and
institutional relationships between members of society and government authorities, as well as interper-
sonal relations among members of society, established on trust and contribute to the increase of labor
productivity. From the perspective of tacit knowledge transfer, the proportional allocation of social cap-
ital within society is equally significant (this issue is explored more comprehensively by the author in
the paper “The Role of Social Capital in the Process of Formation and Realization of Human Capital™)
[15].

3. Human capital in the process of development and usage, frequently, depending on the scope of
utilization of human capital and the peculiarities of the profession, contributes to the growth of the hu-
man capital of other individuals (exchange of experience, professional development, etc.). To be more
specific, in the process of employing human capital, a synergistic effect is realized, which consequently
provides considerable positive externalities from investments in human capital. Nevertheless, it should
be highlighted that positive externalities emerging in the process of accumulation and utilization of hu-
man capital cannot be precisely measured, since the scope of externalities spans across all types of hu-
man activities and has a multiplicative effect. In this context, the inclusion of the value of positive ex-
ternalities in the models of economic growth is bound by certain limitations.

4. Investments in human capital generate positive externalities demonstrated by the decline in
disease rates, rise in average life expectancy, improvement of life quality, education quality, decline in
unemployment rates, decreased crime rates, enhancement of environment within the country etc.

5. Contraty to conventional resources, the fundamental aspect of human capital, the knowledge
base and resource, is inexhaustible and indicates a pattern of exponential growth: the higher the value it
assumes, the faster it increases. The demonstrations of this pattern are intensifying and becoming more
evident in recent decades, due to the rapid pace of digitalization of the economy. If land and physical
capital, considered as factors of production, demonstrate the tendency of diminishing returns, then hu-
man capital prevents the demonstration of the tendency of diminishing returns of these factors, thereby
assuring economic growth and development. N.D. Kondratyev, in his distinguished work “Problems of
Economic Dynamics,” underlined that growth and development are irreversible processes, since they
are grounded on the process of ongoing accumulation of knowledge, which is not considerably affected
by economic conditions. On the contrary, the intensity of knowledge accumulation defines the economic
landscape, solving the issue of the phases of economic development and helps ensure that the economy
is not situated at the same level or stage of development on more than one occasion [16].

6. If the investment in physical capital is determined only by economic incentives and generates
a private return on investment, then the process of investing in human capital is strongly affected by
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national, historical, psychological and socio-cultural factors. Consequently, investments in human cap-
ital, in addition to private returns, also provide social returns. And frequently, social returns outweigh
the level of private returns from investments in human capital, thereby reinforcing the trend of increasing
returns on human capital.

7. Investments in human capital usually generate a higher return rate when compared to physical
capital both on the level of individuals and society on the whole. Although it should be highlighted that
this pattern has some features that are indicated in the economies of developing countries, where the
private return on human capital is often considerably lower than the level of social return. This is not
attributed by the efficiency of the institutional setting for the realization of human capital as in developed
countries, but by the high level of exploitation of human capital [16].

5 Conclusion / 3axinouenne

If we analyze the return on investment in human capital at the macro level and in the long run (in
the scope of large economic cycles) we can argue that investments in human capital are not constrained
to the principle of diminishing returns. The process of renewal of human capital is ongoing, specifically,
in the scope of economic cycles, human capital is constantly renewed. If in terms of quantitative analysis
the renewal of human capital within the scope of individual countries and regions can be simple, ex-
tended or narrowed, then in terms of qualitative analysis, due to the exponential pace in the accumulation
of knowledge, the extended renewal is ensured in qualitative terms. If we aggregate the total investment
in human capital of individuals, and the amount of private and social returns from investments in human
capital, we can assume that at the macro level and in the long run a trend of increasing returns is ex-
pected. Namely, a function reflecting the relationship between investments in human capital and income
will be obtained. It is important to highlight this principle in the scope of long-wave economic cycles.
Consequently, the increasing trend of the economic cycle is due to the increasing returns on human
capital. At a pivotal stage of knowledge accumulation (followed by a scientific and technological break-
through) the return on investment in human capital increases dramatically. An illustration of the theo-
retical hypothesis of the principle of increasing returns on investment in human capital at the macro
level can be introduced as follows (Fig. 1).
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Fig. 1. Dynamics of return on investment in human capital (Iuc — investment in human capital;

Ruc — return on investment in human capital, I, — the level of investment that aligns with the pivotal
level of knowledge accumulation).

As we see in Fig. 1, total investments in total human capital generate increasing returns over a
specified period, subsequent to reaching a particular point, a trend of diminishing returns becomes evi-
dent (this trend appears until the point Ij;-). But this trend emerges within the short-term period of the
economic cycle and at the micro level. As investments in human capital continuously rise, the cumula-
tive knowledge accumulation is ensured, and the “critical” level of knowledge accumulation is attained
(the level that ensures a scientific breakthrough) a dramatic increase in the level of return from invest-
ments in human capital is demonstrated (indicated by an arrow on the graph). Specifically, in the long
run and at the macro level, when investments in human capital are examined from the perspective of
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society as a whole and not of individuals, there is a tendency toward increasing returns on investments
in total human capital. Investments in human capital are key factors that ensure the continuous develop-
ment of science and economics. Essentially, investments in human capital should be regarded as the
most profitable type of investment that provides high returns.
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