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Abstract. As a result of research, the concept of a flexible evolutionary model is proposed, which with the
help of machine learning allows obtaining the most successful strategy for the development of human capital.
The proposed conceptual and methodological approach to machine learning of the process of assessing hu-
man capital of enterprises, taking into account the cognitive psychology of man and reflective attitudes in the
human environment, can increase the effectiveness of decision-making in the field of human capital develop-
ment management. The training involves indicators of return on investment in the individual, in the types of
components of human capital, which are characterized by properties (creativity, competence, purposefulness,
communication, motivation), where between their varieties there are appropriate reflective relationships. The
main difficulty of this approach to the choice of alternative solutions for finding options for the use of human
capital is the correct selection of indicators of significance (return) of contributions to the development of types
of human capital, on the basis of which cycles occur of systemic learning. This approach can simplify the
search for and developments of human capital development strategies, present alternative ways, and simplify
management decisions.

1 Introduction

Human capital (HC) in the modern economy is one of the
most important components of an enterprise or state for
economic growth. The article [2] uses the decision tree
model is used to analyze the performance appraisal of hos-
pital staff to explore the several important factors that af-
fect performances. The purpose of the article [1] is to an-
alyze how objective factors influence the departure of em-
ployees in order to determine the main reasons contribut-
ing to the decision of an employee to leave the company, as
well as the ability to predict whether a particular employee
will be able to leave the company. Unfortunately, machine
learning for assessing the properties of human capital is
in its early stages. Human capital has a strong impact on
the competitiveness of the assessed entity. Although the
use of funds to improve the value and quality of human
capital is still considered to be partly costly rather than an
investment, the decision to increase human capital is a hot
topic of research, because decision-making in this area is
associated with significant uncertainty about the character-
istics of properties. and relations that form the concept of
human capital. And first of all, there are natural signs of
human behavior and their measurement: reflexive, cogni-
tive. Therefore, the main thing is that we need to know the
characteristics of human behavior. To know to what extent
the process of assessing the development of human capital
of an individual, enterprise, or state personnel coincides
with the knowledge about a man that humanity possesses.
To do this, it will be useful, in our opinion, to build a model
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for assessing human capital, which would be reflected in
the mechanisms of machine learning to find alternatives to
increase human capital.

In the framework of this study, the expediency of using
machine learning to increase the reliability of obtaining
the most effective strategy for human capital development
is substantiated.

The study simulated strategies for human capital de-
velopment using machine learning as a set of possible ac-
tions that differently affect the values of parameters that
change the amount of human capital to increase its value.
As a result of the study, the concept of a flexible model
was proposed, which using machine learning allows ob-
taining the most successful alternative to the development
of human capital.

2 The basic results of research

If we consider the structure of human capital as a set of
qualities of its properties, their ratios, which directly affect
productivity, which increases income for staff, the com-
pany as a whole, society, nation, it is possible to cover all
possible options for its evaluation. It should be said that
human capital is a form of capital that is able to generate
income that is valued with the influence of natural factors
inherent only in man.

The power of the impact of human capital on the com-
petitiveness of the enterprise exacerbates the interest of en-
trepreneurs and the state to increase the human capital of
individuals, to make it more efficient. Thus, Simon Smith
Kuznets, introducing the concept of GDP, noted that one









ter the implementation of any investment project involving
staff. To assess the economic effect is more suitable known
ROI (Return on Investment) - "return on investment":

ROI = (OutInv � PostInv) � Z)/Z100 (7)

where OutInv – the cost of the human capital of the indi-
vidual before training;
PostInv – the cost of the human capital of the individual
after receiving educational services;
Z – direct and indirect costs of the investment project.

The value of ROI is crucial in measuring the effective-
ness of human capital development strategy. Thus, if the
value of ROI is less than 20 percent, the development strat-
egy is considered ineffective, in the case of around 20 per-
cent, we can say that the company is developing moder-
ately, and sometimes completely stopped in development.
A good indicator of development is a value of 150 to 200
percent, and anything between 20 percent and 150 percent
can be called an effective strategy.

The relevance of the use of machine learning in the
field of economics allows us to consider differently many
aspects of human capital development strategies. Training
to find the best strategy for human capital development can
be represented as a continuous cycle, which will end only
after reaching the specified conditions (Fig. 4).

In the reinforcement learning algorithm, the agent’s
actions are directed to the steps to achieve success with
a reward estimate. After 4t steps into the next step, the
human capital will decide some next step. The weight for
this step is calculated as γ4t, where γ is the discount factor,
which can take a value from 0 and 1 0� γ �1 and has the
effect of evaluating actions that are aimed at achieving the
human capital goal. γ can be called the level of success
in achieving the desired state by human capital, when the
investment data changes at the 4t step.

Thus, we can conclude that a function is required that
will determine the quality of combinations of the state of
human capital and the action aimed at it:

Q � S � A! R, (8)

At the beginning of training, Q is initialized, possibly with
an arbitrary fixed value - 0. After initialization, at each
moment of time t, the agent selects an action , observes a
reward , enters a new state (that may depend on both the
previous state and the selected action), and Q is updated.
The core of the algorithm is a Bellman[4] equation as a
simple value iteration update, using the weighted average
of the old value and the new information[7]:

Qnew(st, at) Q(st, at) + α�

(rt + γ � maxQ(st+1, a) � Q(st, at)), (9)

where rt is the reward received when moving from the state
S t to the state S t+1, and 0< α �1;
Note that S new(st, αt) is the sum of three factors:
(1-α)Q(st, αt): the current value weighted by the learning
rate. Values of the learning rate near to 1 made faster the
changes in Q;
αrt: the reward rt=r(st, at) to obtain if action at is taken

Figure 4. Machine learning of alternative development of human
capital of the enterprise

when in state st(weighted by learning rate);
αγmaxQ(st+1, α): the maximum reward that can be ob-
tained from state st+1 (weighted by learning rate and dis-
count factor).

The episode of the algorithm ends when the state S t+1
of human capital is the desired one or the financial invest-
ment opportunities end. However, Q-learning can also be
trained on non-ad-hoc tasks. If the discount factor is be-
low 1, the action values are finite, even if the problem may
contain infinite loops.







ing into account the cognitive psychology of man and re-
flective attitudes in the human environment, can increase
the effectiveness of decision-making in the field of human
capital development management.

The training involves indicators of return on invest-
ment in the individual, in the types of components of hu-
man capital, which are characterized by properties (cre-
ativity, competence, purposefulness, communication, mo-
tivation), where between their varieties there are reflective
relationships.

The main difficulty of this approach to the choice of al-
ternative solutions for finding options for the use of human
capital is the correct selection of indicators of significance
(return) of contributions to the development of types of hu-
man capital, on the basis of which cycles occur of systemic
learning.

This approach can simplify the search for and devel-
opments of human capital development strategies, present
alternative ways, and simplify management decisions.

It is worth noting that setting up training with chang-
ing training parameters, namely the sum of the reward and
the value of data optimization, can achieve better results
by accelerating training, and therefore obtaining data on a
more trained AI, which can give better results.

Using machine learning to optimize the cost of human
capital development is a better method. Speed, lack of
subjectivity, and the ability to quickly respond to external
changes is an advantage over a person.

This method has a number of possible improvements.
For example, it is worth considering the obsolescence of
some of the capitals. Also, one of the criteria is wages

and its impact on human capital depends on the return,
but it should be borne in mind that low returns should not
always affect the decrease in this parameter. Also, this
method allows, using other input parameters and the limit
in the human capital development fund, to find out the de-
velopment limit and also optimize the costs for each of the
human capital funds.
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