
mathematics

Article

Implementation of Stochastic Analysis in Corporate
Decision-Making Models

Jin-Biao Lu 1, Zhi-Jiang Liu 2,*, Dmitry Tulenty 3, Liudmila Tsvetkova 4 and Sebastian Kot 5,6,*

����������
�������

Citation: Lu, J.-B.; Liu, Z.-J.; Tulenty,

D.; Tsvetkova, L.; Kot, S.

Implementation of Stochastic

Analysis in Corporate

Decision-Making Models.

Mathematics 2021, 9, 1041.

https://doi.org/10.3390

/math9091041

Academic Editor:

Octavian Dospinescu

Received: 5 April 2021

Accepted: 30 April 2021

Published: 4 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 School of Business, Huanggang Normal University, Huanggang 438000, China; lujinbiao@hgnu.edu.cn
2 School of Economics and Management, GuangXi Normal University, Guilin 541000, China
3 Department of Insurance and Economy of Social Sphere, Financial University under the Government of the

Russian Federation, 125993 Moscow, Russia; DSTulenty@fa.ru
4 Department of Risk Management and Insurance, MGIMO University, 119435 Moscow, Russia;

l.tsvetkova@inno.mgimo.ru
5 The Management Faculty, Czestochowa University of Technology, 42-201 Częstochowa, Poland
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Abstract: The stochastic approach as a method for modeling factor systems of interrelationships of
economic activity aspects allows minimizing managerial errors against the background of company
growth and expansion of operating activities. The purpose of this study is to form a decision-making
model to ensure the financial competitiveness of enterprises in the context of stochastic analysis. This
study demonstrates stochastic analysis implementation in companies of the 2nd and 3rd degrees of
internationalization based on multiple regression and factorial analysis of variance. The practical
basis of the study was Chinese and Russian mining enterprises that enter highly competitive markets
and therefore should avoid mistakes in decision-making as much as possible. The model of financial
competitiveness proposed in the article demonstrates the best ways to introduce stochastics in
companies to optimize their overall productivity, regardless of the country of origin. In a practical
sense, research on reducing managerial mistakes allows enterprises to have financial success even in
the turbulent conditions of today’s global market, regardless of the company’s jurisdiction.

Keywords: analysis of variance; financial competitiveness; management; multiple regression; risk

1. Introduction

The key issue of ensuring the optimal operation of a modern enterprise in competitive
market conditions is increasing the efficiency of its economic activities. The need to
assess the efficiency of an enterprise’s activity is due to the need for the formation of new
goals, principles, and foundations of management focused on meeting consumer needs and
market requirements. Evaluation of production processes’ efficiency is an integrated system
of enterprise development goals; this system covers a number of factors and activities that
determine the level of production organization. Management decisions, in this case, pursue
the goal of production rationalization under certain labor, technical, and technological
conditions. These decisions focus on enterprise’s operation efficiency without unpredictable
and significant costs [1]. The economic behavior of business entities should be unique
at each stage of the life cycle. Taking into account the peculiarities of business entities’
activities at each stage should contribute to a determination of the appropriate strategy and
the construction of an effective combination of tactics for its implementation [2]. Therefore,
for the successful management of an enterprise, an important task is the search for new
tools, methods, and approaches to modeling its economic behavior, taking into account the
dynamic characteristics of the economic system [3].

Efficiency analysis occupies an important place in an enterprise’s management system
since it is an effective tool for information and analytical support of an enterprise. The
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assessment results form the basis for making management decisions, while they can
be used both to determine strategic and tactical goals [4,5]. This study is intended to
become a conceptual basis for assessing an enterprise’s efficiency in the context of financial
competitiveness and rational management decisions based on stochastics.

Mining enterprises were selected to study the effectiveness of decisions made in the
conditions of risk. Since today the products of mining enterprises are scarce, which is
associated with the need to build roads, their production processes can be attributed to
complex unstructured and informal objects of making managerial decisions [6]. That is why
the results of this study (aimed at modeling management decisions for solving problems
using stochastics) should contribute to the advancement of financial, production, and
investment processes of mining enterprises.

Stochasticity is one of the properties of the environment for the functioning of eco-
nomic systems such as enterprises. Since any organization is an open system, it is influenced
by the external business environment. Such impacts can be unpredictable (in particular,
force majeure) and lead to uncontrolled changes in company’s activities [7]. Stochastic
factor analysis is a method for solving a wide range of statistical estimation problems.
It provides for the study of massive empirical data by building models of changes in
indicators due to factors that are not in direct interdependence [8]. In business analysis, the
following most common tasks of stochastic analysis can be distinguished:

- The study of the relationship between the function and factors.
- Classification of factors of economic effects.
- Determination of an analytical relationship between processes under consideration.
- Identification of parameters of regular periodic fluctuations in the level of key indica-

tors.
- Study of quantitative changes in the influence of factors on indicators.
- Economic interpretation of the obtained analytical dependencies [9].

Most often, when conducting stochastic analysis, modeling of economic activity is
used, especially if it is possible to compare the set of observations [10]. Modeling is carried
out using techniques of mathematical statistics, which allow investigating indirect causal
relationships of economic activity indicators with production indicators and parameters.
With the help of these methods, it is possible to determine not a functional, but a stochastic
causal relationship between economic phenomena, that is, one can study the factors that
have a tendentious effect on the object of research [11].

When modeling the plan of a certain economic object, characterized by both internal
and external uncertainty, it is inappropriate to limit stochastic programming. This is
also typical when solving the problem of effective management of mining production by
individual companies. This prompts the imposition of less stringent conditions, namely the
introduction of the assumption that the constraints are not met with a certain probability
and the concept of the risk of a short-term forecast. This approach to modeling stochastic
processes corresponds to the idea of introducing risk in planning the production of mining
products, carried out in conditions of uncertainty in both the internal and external business
environment of an enterprise, where a certain parameter can quantitatively express the
amount of risk [12].

Solving the problem of effective mining management by individual plants is advisable
in the context of stochastic programming since such a company, when implementing any
solution to a problem, will have a certain percentage of the risk of its use [13]. This involves
the identification of production, financial, and economic risks, monitoring, analysis, and
assessment of these risks, the development of strategic and tactical plans for managing
production and economic risks, taking into account the results of current planning [14]. It is
also necessary to detail the procedures and implement the process of managing production,
economic, and financial risks [15].

The production and economic activity of mining enterprises in their market space are
constantly associated with such key factors as the price and quality of products. Therefore,
when forming a strategy for the economic development of mining enterprises, more
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attention should be paid to reference (basic) business strategies [16]. At the same time,
considerable attention should be paid to export assistance strategies to minimize the
risks [17]. All this can increase the ability of the management of mining enterprises to
prevent potential risks in advance and develop appropriate measures aimed at reducing
them to the minimum acceptable levels.

The primary task of the management of mining enterprises should be focused on the
choice of enterprise strategies, which are the basic modern business structures. Mining
enterprises should always assess their strategic potential, which is understood as the
totality of economic resources and production capabilities of an enterprise. They can
be used to achieve the goals of a production enterprise, taking into account economic
risks [18]. Timely identification of financial stability and conditions to which financial risk
can lead makes it possible to timely prevent undesirable consequences, choose a more
flexible strategy [19]. In the case of confirmation (verification) with the help of quantitative
assessments of efficiency and riskiness indicators, it becomes possible to form reliable
forecasts regarding future activities and plan economic results [20]. Thus, it is advisable
to analyze the financial stability of an enterprise itself, as well as projects and strategies
implemented by it, as well as perform a comparative analysis of the riskiness of activities
within the market segment, industry, country, etc. [21,22]. At the same time, adequate
measures in the field of formation of state policy for the rational development of specific
types of mineral raw materials are important; namely, individual raw materials groups
should be defined according to their strategic importance for both national and regional
industries [23].

Mining enterprises, as economic entities with high technological inertia and a large-
scale production structure, require significant investments to support their sustainable
functioning. Effective distribution of investments in key areas of investment activities of
such enterprises in the existing conditions requires the use of modern economic and mathe-
matical methods and models. It is advisable to put the tools of economic and mathematical
modeling at the basis of the process of monitoring the opportunities and threats to the
functioning of mining enterprises. As a result of constant analytical developments, taking
into account the modeling of economic risks, it is advisable to form scientifically grounded
strategic guidelines for the development of mining enterprises in the context of globaliza-
tion [24,25]. Thus, today, there is an objective need for the formation of mining companies’
corporate decision-making models in turbulent conditions. This study aims to fill this gap
by developing a methodological approach to modeling and assessing the level of risks
of mining companies. Therefore, the purpose of this study is to form a decision-making
model to ensure the financial competitiveness of enterprises in the context of stochastic
analysis. To achieve this goal, the following tasks were solved:

- Regression models of financial competitiveness were formed for the mining companies
under study.

- The indicators and possible deviations from mining companies’ level of financial
competitiveness were determined.

- Analysis of variance (ANOVA) of factors’ influence in the financial competitiveness
model was carried out.

- The level of influence of the factors included (and not included) in the model on its
performance in the companies under study was identified.

- A comparative description of the results obtained before and after the introduction of
stochastics into the decision-making model of mining companies was carried out.

2. Materials and Methods

The study is based on modeling management decisions of a mining enterprise in the
context of stochastic analysis. If x–an alternative set of X production processes x ∈ X, then
for it, one can set =(x)–quality criterion (objective function, utility function), for which two
sets of alternatives can be distinguished X1; X2, when the alternative X1 is better than X2,
that is X1 > X2, then = (X1) > I (X2). The choice of any alternative leads to ambiguously
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known consequences, where the best alternative X̂H was the one that had the best value of
the quality criterion for assessing the distance between classes:

X̂H = arg max =(x), (1)

where = (x)–the maximum values of the quality criterion of the range of admissible values
of strategies x. On the variables X and arrays of fixed non-random parameters A the
following values of the constraint function are superimposed:

g = g (A, X) {≤,=,≥} b, (2)

where g is the restriction function and b the specific numerical values of restrictions. In
other tasks of production processes, the search for X̂H was very complex, multi-criteria
and depended on a function or functionality =(x). In the production processes of mining
enterprises, there is a need to consider a set of problems, the solution of which can also
provide a solution to a general problem. In turn, each task is also quite difficult. To solve it,
a multi-layered approach was used [26].

When creating models of management decisions of mining enterprises, management
problems arise at the level of elements, subsystems, and the system as a whole. For
example, models of management decisions under conditions of uncertainty and risk. The
lower-level models with one-criterion connection have a strict mathematical formulation of
decision-making process (DMP). Here, the control efficiency is determined by the numerical
optimality criterion:

= = =(X, C). (3)

The constraint function looks like (4):

gj = gj
(

Aj, X
)
{≤,=,≥} bj, j = 1, m , (4)

where X = {Xi}, i = 1, n –vector of well-defined strategies; C is an array of fixed non-
random factors; Aj is an array of fixed non-random parameters; Aj, C isaccepted if known.
The goal of the operating party is to maximize the optimality criterion:

= = =(X, C)→ max. (5)

By selecting such best strategy estimates X̂ = {Xi}, i = 1, n vector X = {Xi}, i = 1, n
out of range ΩX , so that:

= = =
(
X̂, C

)
= max =(X, C), X ∈ ΩX . (6)

This DMP formulation fully coincides with the general formulation of mathematical
programming (MP): {

=(X)→ max(min);
gj(X){≤,=,≥} bj, j = 1, m . (7)

X̂ = {Xi}, i = 1, n –n-dimensional vector of problem variables. As it is known, a
significant number of methods are used to solve MP problems. For an applied object of
production processes of a mining enterprise, this study has tested the methods of linear and
nonlinear programming in deterministic and stochastic forms. Multiple regression models
were formed for each investigated enterprise and a stochastic ANOVA of the influence of
models’ components was carried out. In conditions of risk, ANOVA methods and financial
competitiveness forecasts are used.

In general, the operating party’s strategy, Xi, i = 1, n can be a scalar, vector, matrix,
or even more complex formation. It is assumed that the strategy X = (X1, X1, . . . Xn) is an
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n-dimensional vector. Components Xi are associated with the production processes of a
mining enterprise as follows:

Gj = Gj
(
Cj, X

)
≥ bj, j = 1, m , (8)

where Gj–vector function of technological constraints; bj–specific values of technological
constraints; Cj–set of non-random factors.

Condition (8) determines the area of admissible strategies ΩX , that is, from this area,
the decision maker (DM) chooses strategies in this situation.

The effectiveness of operating party actions is evaluated by a set of local criteria:
=λ1, =λ2, . . .=λk, which have corresponding weights λ1, λ2, . . . λk. Then there

are two vectors Λ = λj, j = 1, k, = = =j, j = 1, k. Each component of the criterion =
characterizes the local goal of the operation and is related to the strategy, which can be
displayed as follows:

=j = =j
(
Aj, X

)
, j = 1, k, (9)

where Aj–set of fixed parameters.
Partial display X → =j is the functional relationship between the criterion =j and

strategy X. The simultaneous achievement of the goal of the operation for all local criteria
with one strategy is impossible, therefore the solution consists in finding a compromise in
achieving local goals. Then the following problem arises: strategy Xopt must belong to the
set ΩX of its valid values; the strategy should be the best relative to the accepted principle
of compromise taking into account the vector Λ of the importance of the criteria:

=opt = =
(
Xopt

)
=

opt
X ∈ ΩX

[=(X), Λ]. (10)

Operator opt determines the principle of optimality, the choice of the best solution.
Optimality principle-mathematical model of the compromise principle.

Region ΩX can be divided like this: Ωa
X–the area of agreement where a solution can

be improved simultaneously on all indicators; Ωc
X–the area of compromises, in which

an improvement in the quality of a solution according to some local criteria leads to
deterioration in the quality of a solution according to others. The optimal solution belongs
to the area of compromise Ωc

X. To justify the solution, it is necessary to disclose the
operator opt to search for a compromise scheme. When analyzing a compromise scheme, it
is assumed that local criteria are normalized and are of equal importance. Using the area of
admissible criteria, the following can be written:

=opt = =
(
Xopt

)
=

opt
X ∈ ΩX

[=(X), Λ] =
opt

= ∈ ΩK
=

[=, Λ]. (11)

In a situation of uncertainty, one of the parties can be defined as a business environ-
ment which cannot be assigned deliberate tasks. However, a researcher gradually studies
the environment and reduces uncertainties [10]. In DMP, the “game with the business
environment” is formalized as follows: the DM chooses one of n possible strategies xj,
i = 1, n; operation result, sj, j = 1, m will look like: A–DM’s gain, A –DM’s loss. Then the
matrices of gains and losses will have the form:

A =
∣∣aij
∣∣; A =

∣∣aij
∣∣. (12)

Using gain and loss matrices (12), one can obtain the corresponding gain and loss
functions:

aij= A
(
xi, sj

)
; aij = A

(
xi, sj

)
, (13)
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If one fixes the value of strategies xi
f at the appropriate steps, then instead of functions (13)

with two arguments, one gets risk functions with one argument. Then the risk function
using the example of determining losses will look like this:

r
(

xi
f

)
= PAi

(
xi

f , sj

)
, (14)

where r
(

xi
f

)
–risk associated with the strategy xi

f ; P–functional by which the loss function

Ai turns into a risk function. Then the best strategy is x∗ ∈ X, which minimizes the risk on
the set X:

r(x∗) = min
xi∈X

r(xi), i = 1, n. (15)

For mining enterprises, financial competitiveness plays an important role, therefore, in
the methodology of this study, a model is presented that can become a significant addition
to making management decisions. The main indicators on which the study is based are
four integral indicators: the effectiveness of financial and economic activities (CE f ); cost of
business processes (VEbp), indicator of financial viability of production support (CEpr),
activation of financial (investment) management (MEinv). Based on these indicators for
2015–2019, multiple regression equations were formed for each surveyed enterprise.

To assess the level of financial competitiveness of a mining enterprise using the
indicated indicators, its change is presented in the form of a differential:

FC′ =
n
∑

i=1
( ∂FC

∂CE f
dCE f +

∂FC
∂VEbp

dVEbp +
∂FC

∂CEpr
dCEpr +

∂FC
∂MEinv

dMEinv) =

=
n
∑

i=1
(FC f + FCbp + FCpr + FCinv),

(16)

where FC f is the financial competitiveness of an enterprise, which depends on the level
of its financial and economic activities, FCbp the financial competitiveness of a company,
which depends on the cost of business processes; FCpr is the financial competitiveness of a
company, which depends on production activities; FCinv is the financial competitiveness of
an enterprise, which depends on financial (investment) management.

To build the first component of the corporate decision-making model, the value of the
ratio of changes in financial competitiveness to changes in the efficiency of financial and
economic activities was set (FC f ) in the range from 0–1. The relationship between the level
of this ratio and the level of the indicator of a company’s performance (CE f ) is determined
by the coefficient β1i. The value of this coefficient varies: 0 ≤ β1i ≤ 1. Sum of coefficients
βni equals to 1. By introducing this coefficient, one gets:

∂FCq

∂CE f
= β1iCE f , (17)

Thus, one gets:

FCq =
n

∑
i=1

β1i

∫
CE f ∂CE f =

n

∑
i=1

β1i

∫
(

CE f
2

2
+ rCE f ) (18)

rCE f is equal to 0 since this is an arbitrary constant.
For each researched business entity, the rate of change in the level of financial compet-

itiveness will be inversely proportional to the cost of business processes. Moreover, with
an increase in the cost of business processes, a decrease in financial competitiveness will be
observed. The indicator of the cost of business processes is determined as follows:

VEbp
w
i = 1−

VEbpi

∑n
i=1 VEbpi

, (19)
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0 < VEbp
w
i < 1,

where VEbp
w
i –the relative share of the cost of i-th business process; VEbpi –the cost of i-th

business process,
n
∑

i=1
VEbpi –the sum of the cost of homogeneous business processes used

for research.
As a result of the introduction of the coefficient β2i, one will get:

∂FCbp

∂VEbp
=
−β2i
VEbp

, (20)

Thus, one gets:

FCbp =
n

∑
i=1

β2i

∫ −dVEbp

VEbp
=

n

∑
i=1

β2i

(
− ln VEbp + rVEbp

)
, (21)

wherein: 0 ≤ β2i ≤ 1, while rVEbp is equal to 0 since this is an arbitrary constant.
The ratio of the change in the level of a company’s financial competitiveness, depend-

ing on its production activities, to the change in the level of financial support of production
activities, characterizes an enterprise’s productivity during time t. The efficiency of an
enterprise in this context can be assessed using the following formula:

CEpr =
AP
C

, (22)

where AP is an additional income of an enterprise from improving the efficiency of produc-
tion activities and TC the costs of the corresponding production activities. By introducing
the coefficient β3i, the value of which is in the range from 0–1, one obtains:

∂FCpr

∂CEpr
= β3iCEpr (23)

FCpr =
n

∑
i=1

β3i

∫
CEpr∂CEpr =

n

∑
i=1

β3i

∫
(

CEpr
2

2
+ rCEpr ), (24)

rCEpr , similarly to the previous cases, equals 0 since it is an arbitrary constant.
There is an inverse relationship between the rate of change in the financial competitive-

ness of an enterprise and a change in the investment component. The ratio of the change
in a company’s financial competitiveness, depending on a company’s investment activity
(MEinv), to the change in the efficiency of a company’s investment activity is approximately
equal to the negative value of the inverse indicator of company’s functioning efficiency. By
introducing the coefficient β4i, the value of which is in the range 0 ≤ β4i ≤ 1, one obtains:

∂FCinv
∂MEinv

=
−β4i

MEinv
(25)

FCinv =
n

∑
i=1

β4i

∫ −dMEinv
MEinv

=
n

∑
i=1

β4i
(
− ln MEinv + rMEinv

)
, (26)

rEAstr , similar to the previous cases, is equal to 0 since it is an arbitrary constant.
Having determined the components of calculating the financial competitiveness of an

enterprise, it is possible to build a corporate decision-making model, which, taking into
account the above, has the following form:

CDM =
n
∑

i=1
β1i
∫ CE f

2
i

2 −
n
∑

i=1
β2i ln VEbp +

n
∑

i=1
β3i
∫ CEpr

2
i

2 −
n
∑

i=1
β4i ln MEinv,

CDM =
n
∑

i=1
(
β1iCE f

2
i

2 − β2i ln VEbp +
β3i CEpri

2

2 − β4i ln MEinv)
(27)
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The resulting model makes it possible to determine the level of financial competi-
tiveness of an enterprise depending on four important components of the efficiency of its
functioning.

In the final part of the study, general characteristics of the possibility of using the
proposed model of financial competitiveness for the production processes of mining en-
terprises are given: maximin, maximax, extreme (optimism and pessimism), minimax,
mathematical expectation, the best option for equal opportunities, mean value, and stan-
dard deviation.

The study was based on materials from 10 mining enterprises: 5 companies from the
Russian Federation (A, B, C, D, E) and 5 companies from China (F, G, H, I, J). The main
selection criterion was that companies belong to the 2nd and 3rd degree of international-
ization since they enter highly competitive markets and therefore should avoid mistakes in
decision making as much as possible. Among the parameters for selecting companies were
the following: annual sales of products-15–25 million US dollars; product profitability not
less than 18%; history of functioning from 30 to 50 years. These parameters contributed
to the analysis of companies from two countries in order to provide an opportunity to
compare them with each other. The choice of companies in China and Russia is based
on the fact that these countries are leaders in the global mining industry and key players
in the market. China is the largest consumer in the industry, and Russia is the largest
mining country with the most significant subsoil resources. For these countries, the mining
industry is of strategic importance, therefore, the selected companies are partially owned
by a government.

3. Results

In order to model the predicted values in the future, based on the research of the
variables that make up the decision-making model proposed in this study, multiple regres-
sion equations were formed for each investigated enterprise (Table 1). Moreover, these
regression models are reliable. This is confirmed by R2 values, which are at a fairly high
level (from 0.88 to 0.97), that is, close to 1. This indicates a close relationship between the
variables and the resulting indicator-the level of financial competitiveness. Herein F > Fcrit,
which also characterizes the formed regression models from the positive side, indicating
their applicability.

Table 1. Regression models of the level of financial competitiveness for the studied mining companies.

Enterprise Multiple Regression Equation R2 F Fcrit

A Y = 0.1954 + 3.9329 X1 − 1.7583 X2 − 1.2623 X3 + 0.0018 X4 0.93 224.58 4.45
B Y = 0.7834 + 8.5438 X1 − 4.3796 X2 − 2.9106 X3 + 0.0074 X4 0.95 685.29 3.58
C Y = 0.3783 + 2.5528 X1 − 1.6529 X2 − 1.1283 X3 + 0.0026 X4 0.95 451.48 4.22
D Y = 0.1614 + 1.5042 X1 − 1.8426 X2 − 1.4269 X3 + 0.0012 X4 0.97 186.51 1.68
E Y = 0.6917 + 9.5829 X1 − 1.7649 X2 − 1.3599 X3 + 0.0047 X4 0.89 549.38 3.49
F Y = 0.5429 + 4.4836 X1 − 2.1942 X2 − 1.6825 X3 + 0.0056 X4 0.91 486.91 2.85
G Y = 0.7032 + 4.0538 X1 − 2.6722 X2 − 1.9912 X3 + 0.0068 X4 0.88 601.39 3.27
H Y = 0.4626 + 1.8743 X1 − 1.4582 X2 − 1.1649 X3 + 0.0033 X4 0.97 492.45 4.85
I Y = 0.1928 + 2.5625 X1 − 1.2671 X2 − 1.7563 X3 + 0.0027 X4 0.94 218.25 4.06
J Y = 0.2665 + 5.1487 X1 − 2.1305 X2 − 2.1988 X3 + 0.0036 X4 0.95 345.29 4.82

Source: generated by the authors.

The closest relationship between variables and financial competitiveness is character-
istic of companies D, H, B, C, J. Thus, it can be argued that for half of the mining companies
under study, most of which are Russian, the proposed factors affect the level of financial
competitiveness at a level above 95%. These factors include efficiency of financial and
economic activities, cost of business processes, an indicator of financial solvency to ensure
production activities, investment activity.

Using these models, indicators of the level of financial competitiveness for the compa-
nies under study were predicted (Figure 1). At the same time, deviations from the predicted
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result were determined on the basis of expected value and variance.
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(CDM) for 2021. Source: generated by the authors. 
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ering that the coefficient of variation is 11%, the largest volumes of deviations, including 
negative consequences, may be in the leaders in terms of financial competitiveness. How-
ever, in general, a fairly high level of risk is present in the activities of all the companies 
under study. Therefore, additional research is needed on the degree of influence of certain 
risks. It is implemented in this study in the form of ANOVA of the influence of factors 
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The highest level of financial competitiveness was recorded in companies E, A, C, I,
that is, mainly in Russian companies. This result was facilitated by the developed compo-
nents of the corporate decision-making model in the context of financial competitiveness.
For example, for Company E, the high level of financial competitiveness was promoted by
financial solvency to support production activities. For companies A, C, I, the key compo-
nent of the model is the efficiency of financial and economic activities. All companies under
study are characterized by possible deviations from the forecasted results. Considering that
the coefficient of variation is 11%, the largest volumes of deviations, including negative
consequences, may be in the leaders in terms of financial competitiveness. However, in
general, a fairly high level of risk is present in the activities of all the companies under
study. Therefore, additional research is needed on the degree of influence of certain risks. It
is implemented in this study in the form of ANOVA of the influence of factors proposed in
financial competitiveness model on a company’s performance. A fragment of this analysis
for company A is shown in Table 2.

Table 2. ANOVA indicators for the influence of factors proposed in financial competitiveness model
(fragment, company A).

Source of Variation SS df MS F p-Value F Statistic

CE f 36.3239 2 18.1619 257.0253 0.0000 3.4028
β1−4 0.0942 3 0.0314 0.4443 0.7236 3.0088

Interaction 0.0166 6 0.0028 0.0392 0.9997 2.5082
VEbp 0.0313 2 0.0157 88.7257 0.0000 3.4028
β1−4 0.0939 3 0.0313 177.3221 0.0000 3.0088

Interaction 0.0000 6 0.0000 0.0135 1.0000 2.5082
CEpr 0.0060 2 0.0030 88.7257 0.0000 3.4028
β1−4 0.0941 3 0.0314 922.1234 0.0000 3.0088

Interaction 0.0000 6 0.0000 0.0135 1.0000 2.5082
MEinv 0.0000 2 0.0000 88.7257 0.0000 3.4028
β1−4 0.0942 3 0.0314 522.5482 0.0000 3.0088

Interaction 0.0000 6 0.0000 0.0135 1.0000 2.5082
Source: generated by the authors.
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ANOVA demonstrates a high degree of influence of the constituent components of the
financial competitiveness model on the level of efficiency of the corporate decision-making
model, including for the rest of the studied companies. This is confirmed by a p-value below
0.05. At the same time, there is an absence of the influence of their share in the formation
of model functioning effectiveness. However, there are still unaccounted for factors that
can affect model’s effectiveness and increase the likelihood of risks in enterprise’s activities.
Moreover, the degree of their influence on each mining enterprise is different. Based
on the ANOVA carried out, the influence of factors included in the proposed financial
competitiveness model as well as unaccounted risk factors was identified (Figure 2).
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It is not possible that absolutely identical risk characteristics exist for the studied
mining companies. This is quite logical since each enterprise has its own specifics, results,
and conditions of the business environment. It can be noted that for the majority, such
components of the model as the cost of business processes and financial solvency for
ensuring production activities play a special role. Among the studied mining companies,
one can single out those that have a level of risk influence of more than 10%. In terms of the
cost of business processes, these include companies B, C, D, G, H, J. Thus, for most Russian
and Chinese mining companies, minimizing the risks of managing business processes is
relevant. In terms of financial solvency, high risk is present in Chinese companies I, H,
J. Risks for other indicators are below 10%. The lowest level of risks for all components
of the model is observed in Russian company A. This is a consequence of the company’s
foreign economic activities and partnerships, which have the highest level of influence on
the performance of model components, which minimize the impact of risks in the context
of unaccounted factors.

Based on the identification of critical points for each surveyed enterprise through
feedback, recommendations were formed for the development of one or another com-
ponent of the model. As a result of repeated forecasting of the performance of the pro-
posed model, taking into account the stochastic analysis of variance, updated data were
obtained (Figure 3).

Stochastic factor ANOVA contributed not only to an increase in the level of efficiency
of the proposed model of financial competitiveness but also to a decrease in possible
deviations for all mining companies. At the same time, there is no significant difference in
the results obtained between companies representing different countries. The coefficient of
variation decreased from 11% to 7%. Thus, it can be argued that the proposed model of
financial competitiveness demonstrates the best ways to introduce stochastics into work
cycles in order to optimize the overall performance of a company, regardless of a country
in which a company operates (Figure 4).
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Thanks to the introduction of stochastics into the financial competitiveness model, it
seems possible to minimize the previously identified level of risks for the above companies
below 8%. At the same time, there is a decrease in possible deviations from the predicted
results formed at the initial stage (Figure 5).

The majority of the mining companies under study are characterized by a decrease
in the coefficient of variation and corresponding deviations. If one compares the results
before the stochastic factorial ANOVA and after its use, one can notice that the deviation
for some companies (B, D, F, H) is increasing. However, this is not a negative characteristic
of the proposed approach, since it also influenced the performance of the model as a whole.
Therefore, in relative terms, the deviations of these companies are significantly lower than
before stochastics were used.

This study indicates the need to use stochastics in the management decision-making
processes of an enterprise, and also confirms the effectiveness of the implementation of the
proposed model of financial competitiveness in the context of the introduction of stochastic
analysis for mining companies, regardless of a country and region of its operation.
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4. Discussion

Taking into account mining enterprises’ peculiarities, this study defines the roles of
subsystems (subfactors) in the framework of a comprehensive assessment of the level of
financial competitiveness and the formation of its model. The top-level element always
deals with larger subsystems or broader aspects of an enterprise as a whole. Descriptions
and objectives at the upper levels are less structured, have more uncertainties, and are
difficult to quantify. Decision-making tasks at higher levels are more difficult [27].

The proposed methodological approach takes into account that the low level of cer-
tainty of the studied objects is dictated by many factors that are of a stochastic nature. The
model proposed in the study considers mining companies that function under conditions
of uncertainty, where the result depends on uncertain factors that are unknown at the time
of decision making and do not depend on the operating party. Therefore, each strategy of
the operating side corresponds to a certain set of possible results [28]. Moreover, unknown
factors appear due to insufficient information about their internal and external nature and
origin. The advantage of the study is that it takes into account the uncertainty of factors
and non-stochastic origin. For example, strategic uncertainties, in which several operating
parties are involved in an operation with different goals, and each party makes a decision
when the actions of other participants are unknown [29]. In the formation of the proposed
model, conceptual uncertainties were used, when uncertain factors for especially difficult
decisions based on long-term results are identified on the basis of stochastic ANOVA, fuzzy
ideas about the goals of other participants [30]. However, in this case, a conflict situation
may also arise, for the analysis of which it is advisable to use the theory of games and the
theory of the minimax. The following prerequisites are associated with this: each company
knows the goals and strategies of others and each company has an active business position.
Therefore, the determining factor in its behavior is the maximum achievement of its own
goals [31].

Depending on specific situations, the model of decision making proposed in the study
in conditions of uncertain situations of production processes of mining enterprises, in
the future, can be built on expanding the group of criteria. For example, the maximin
test (Wald test) focuses on the best of the worst results. In this case, the company is
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minimally ready for risk, it does not want to win so much as not to lose, and this is the
criterion of a pessimist. The maximax criterion corresponds to an optimistic offensive
strategy. The Hurwitz criterion provides for an evaluative function between the views
of extreme optimism and extreme pessimism. The decisive factor here is the parameter
of the investor’s confidence in obtaining the maximum benefit. The minimax criterion
(Savage criterion) focuses on minimizing lost profits and involves a reasonable risk in
order to get additional profits. The expected value criterion (Bayesian criterion) is based on
the assumption that the probabilities of the occurrence of possible states of the external
business environment are known. The mean and standard deviation criterion is used to
assess a mean predicted value of the criterion. The higher the standard deviation, the
greater the risk. Laplace’s criterion allows one to separate the best option in the case when
none of the conditions has a significant advantage. This assumes that the probability of
each of the possible states of the business environment is the same [32–34].

The advantage of the proposed methodological approach is the substantiation of the
choice problem, which presupposes a plurality of the studied tasks:

- selection and evaluation of alternatives according to one or several criteria;
- a single or multiple-choice mode;
- a choice under certainty conditions;
- a choice under conditions of a probabilistic nature;
- a choice under conditions of uncertainty;
- individual or group responsibility for the consequences of choice;
- the degree of consistency of goals in group choice;
- assessment of the consequences of choice in growing group conflicts [35].

Moreover, for normal conditions of modeling object functioning, this object can be
attributed to objects with certain consequences, and for conditions of conflict, an object can
fall into conditions of uncertainty.

The limitation of this study is the assumption of the dependence of financial competi-
tiveness on the cost (quality) of business processes, considering other factors unchanged.
The rate of change in the financial competitiveness of an enterprise is directly propor-
tional to the change in product quality, and directly depends on the quality of business
processes [4,36]. An increase in the quality indicator of business processes with an increase
in the level of financial competitiveness of the model proposed in the study occurs because,
as a rule, higher quality products are more attractive on the market, all other things being
equal between mining companies [37], and, accordingly, such products should have a
larger market share [38].

In the future, this study may have an expansion in the number of companies under
study, industries, as well as countries and regions. At the same time, the range of research
can be supplemented by the environmental and social components of the development
of companies, by assessing the impact of the efficiency of mining enterprises on the
performance of a country’s economy [39]. This study can be useful for top managers
and those responsible for the economic security of a business when forming strategic
intentions and monitoring their achievement.

5. Conclusions

Based on study results, for the complex, unstructured, and informal production
processes of mining enterprises, the components of a conceptual model of management
decisions have been developed and formed by dividing a general problem into a number
of investigated components: separation of a set of alternatives, choice under conditions of
a stochastic nature, strategic and conceptual uncertainty.

On the basis of formed regression models of financial competitiveness level for mining
companies under study, a close relationship was revealed between such variables as the
efficiency of financial and economic activities, the cost of business processes, financial
solvency for ensuring production activities, investment activity, and financial competitive-
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ness. At the same time, for half of the mining companies studied, the proposed constituent
factors of the model affect the level of financial competitiveness at a level approaching 1.

An additional study based on ANOVA of the factors proposed in the financial com-
petitiveness model showed their high degree of influence on the final result. Assessment of
the influence of factors included (and not included) in the model on its performance in the
studied companies characterizes a high level of risk of the cost of business processes and
financial solvency for ensuring production activities. Stochastic factor ANOVA made it
possible to identify companies with the maximum level of risk and determine its causes. At
the same time, stochastic factor ANOVA became the basis for determining the directions for
increasing the level of efficiency of the proposed financial competitiveness model, as well as
reducing possible deviations for all mining companies. This contributed to a decrease in the
coefficient of variation for all mining companies under study. Thus, it can be argued that
the proposed model of financial competitiveness demonstrates the best ways to introduce
stochastics into work cycles in order to optimize the overall performance of a company,
regardless of the country in which a company operates.

This study indicates the need to use stochastics in the management decision-making
processes of an enterprise, and also confirms the effectiveness of implementing the pro-
posed financial competitiveness model in the context of stochastic analysis for mining
companies regardless of the country and region of their operation.

Based on a comprehensive analysis of the factors influencing the analysis of produc-
tion activities’ effectiveness and based on these factors, a rational, effective model for
assessing the effectiveness of an enterprise’s financial competitiveness is considered. As a
result of the study, modeling and evaluation of the effectiveness of the proposed financial
competitiveness model were carried out. The effectiveness of the proposed model, taking
into account risks, has been substantiated.

The models developed in this study are adequate to the business environment of
mining companies in the studied countries for predicting their financial competitiveness.
Based on the identification of the most developed components, according to the proposed
model of financial competitiveness, it seems possible to single out groups of mining compa-
nies with maximum and minimum levels of financial competitiveness. The determination
of possible deviations from the predicted results confirms that the highest volumes of
deviations are characteristic of leaders in terms of financial competitiveness.

The scientific contribution of this study is the formed model, the use of which in the
context of the influence of its components on the integral indicator of financial competi-
tiveness can help to minimize mining companies’ risks. The study proved the feasibility
of its application to increase productivity, reduce costs for managing business processes
and improve the quality of investment. In general, the proposed methodology can become
a significant addition to the toolkit to ensure the growth of mining companies’ efficiency,
regardless of their country of origin.

The limitation of this study is the assumption that financial competitiveness depends
on the cost of business processes and the constancy of other factors. In the future, this study
may be expanded in terms of the number of companies under study, industries, as well as
countries and regions. At the same time, the range of research can be supplemented by the
environmental and social components of companies’ activities efficiency, by assessing the
impact of mining enterprises development on the performance of a country’s economy. This
study can be useful for top managers and those responsible for the economic security of a
business, when forming company’s strategic intentions and monitoring their achievement.
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