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Purpose. The purpose of the article is forming a complex factor of the project risk level assessment while
organizational and economic decision making in a dynamic external environment based on measurement theory.

Methodology. The results are obtained through the application of the following methods: scientific generalization —
for the formulation of scientific problems and general conclusions; measurement — to assess the project risk level;
decision-making — to identify the problems of modeling the tasks of organizational and managerial decision making;
modeling — during the elaboration of a risk level complex factor.

Findings. The risk uniformity factor is substantiated. It can be used to characterize an investment project in terms of
the neighboring risk. This coefficient can be used as a correction one in the formation of a complete evaluation of risk
package.

Originality. Provisions of risk quantitative assessment in the organization activity in the condition of the dynamic
external environment is further developed. The difference from other approaches is the refusal of a priori assumptions
about the stochasticity of studied processes and quantities. A distinctive feature of the proposed approach is also the
sphere of the risk implementation: it is advantageous to use “risk” not in all situations with random outcomes, but only
when this outcome does present a significant danger for the decision-making subject, i. e. for example, if the outcome is
related to the loss of a small amount for the investor, such an outcome is not considered risky. The concept of a
“substantial” or “fractional” amount, has convincing objective component, although it is generally subjective. We
proceed from the risk concept as a subjective characteristic of the situation in conditions of uncertainty, reflecting
possible damage to the making decision subject.

Practical value. Developed methodic considering risk factors influence, based on the offered approach to its
quantitative estimation, will increase reliability level of accepted organizational-administrative decisions during the
substantiation of projects cost and time indicators in the conditions of the dynamic external environment.
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Introduction. Natural-technical geosystems in the of taken organizational and managerial decisions.

mining industry are dynamic and have high uncertainty
level, therefore the risk factor is an integral attribute of
the underground space development, including the period
of construction, reconstruction or operation of mining
production [1].

The most important indicators of investment
industrial projects are cost and duration, which are
closely related to the economic efficiency of their
implementation.

Substantiation methods of the cost and duration of the
investment projects implementation are of great interest,
particularly, during the contractual price forming, since
taking into account the influence of the stochastic nature
of the determining factors increases the reliability level

However, data analysis [2, 3] shows that the actual
values of cost and time indicators significantly differ
from the planned ones. These deviations may be caused
by: inadequate, often optimistic project evaluations
regarding the project scope, work cost and project
duration; usage of deterministic project models that do
not take into account the possibility of numerous
unforeseen changes in the investment process
significantly affecting the final result; lack of an
integrated examination of such important factors as cost
and duration.

Thus, the problem of efficiency improvement of the
production organization and management process by
improving the reliability level of organizational and
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managerial decisions is needed to be further researched,
taking into account the influence of risk and uncertainty
factors in the evaluation and justification of project time
and cost indicators.

Analysis of the recent research and publications.
Certainly, the approaches to the project risk assessment
proposed by the researchers [1, 2, 3] can be useful in
justifying and making organizational and managerial
decisions, but an issue of finding a comprehensive
indicator of project risk assessment using the
measurement theory is still relevant. For business entities
operating in conditions of dynamic external environment,
the concept of risk measurement that is adequate to real
conditions should not be based on the classical principles
of statistical probability, supposing the possibility of
repeating events under the same conditions an unlimited
number of times. In this regard, to assess the risk level in
organizations activities, including while making
organizational and management decisions in a dynamic
environment, special measurement tools should be used,
among them special scales, indicators, algorithms. At the
same time, the field of application of such indicators as,
for example, mathematical expectation becomes
narrower, since in the dynamic environment
dependencies adequately reflecting actual situation,
rarely meet the simplest relations underlying the linear
models. As well, not only the type of dependence
becomes unstable, but also a list of factors that have a
determining influence on the studied process and are
included in the model. Against this background, the field
of application of expert evaluations methods is
expanding. This especially refers to risk factors while
organizational and management decisions making in a
dynamic environment.

Purpose. The purpose of the article is forming of a
complex factor of the project risk level assessment while
organizational and economic decision making in a
dynamic external environment based on measurement
theory.

Results. Approaches to the quantitative assessment of
risk in the activities of organizations, taking into account
dynamical external environment, are oriented toward the
economic activity sphere and differ from the approaches
used in decision theory and operations research theory in
which risk is associated with stochastic situation when
outcome of each alternative variant corresponds to a
known probability of its appearance [4].

If we are speaking of organizational and managerial
decisions taken by business entities as for resources
investment, then the repetition of experience for the same
subject under the same conditions, as a rule, is almost
impossible. Thus, investing a certain amount in the
project, investor thereby changes the financial state and
the repetition of experience will occur in already the
other financial conditions. In this way, the concept of
mathematical expectation of a random variable as a mean
in the set of experiments does not have an obvious
interpretation in such situation. Similarly, in the sphere
of making organizational and managerial decisions, other
probabilistic characteristics lose clarity of interpretation.

In this way, it is possible to distinguish the first
difference of the proposed approach from the classical
one, which consists in rejection of a priori assumptions
about the stochasticity of the studied processes.

The second difference is related to the sphere of the
risk: the term “risk” is appropriate to use only when the
outcome predetermines a significant danger to the
business entity. Based on the risk essence as a subjective
characteristic of the situation in a dynamic environment,
reflecting the general possible damage to the business
entity, the subjects of study are:

— the situation in which one or other decision can be
made;

— uncertainty in the occurrence of one or other
outcome of each of alternative;

— the entity that makes decisions in terms of their
consequences;

— consequence assessment of making decisions,
taking into account their desirability or undesirability for
the business entity.

Also, considered approach to risk level assessment is
based on measurement theory [5], according to which the
solution of the problem of measuring one or other aspect
of a particular situation involves the realization of the
following stages:

— system analysis and construction of subject area
relational model (risk situation in the organization’s
activities);

— scale selection for risk level assessment, taking
into account the objectives of such measurement and the
possibility of obtaining all necessary information;

— choice of a way of defining of risk level
measurement parameters, meeting conditions of scale
homomorphism.

In this case, the subject area is understood as part of
the surrounding world, which will be researched in the
context of the measurement task, whilst the relational
model is the representation of studied subject area in the
form of a set M on which the relation set is given, i. e.
in the form [5]:

S=<M,R,,...R, >,

where M — set;

R, = M,(;, —relation of degree k(i), i. e. a subset of
the Cartesian product k of elements of the set
M,i=1,..n.

As ascale /Il is understood a relational system [5]:

=< X,Q,,..Q, >,

where X — set of values of the measurement index;
Q <= X, — the ratio of the k(i)degree on the set
X.

The purpose of the scale is that its carrier X serves
as the set of values of the metric measuring this property,
and the relations on the numeric set X determine the
relationships between the values of the indicator X .



As a measurer is understood a mapping [5]:
f:M->X,
which meets conditions:

(m,..my)eR=(f(m),...f(m,)eQ,i=1...n

That is the mapping f must be a homomorphism
from the empirical relational system S to the scale
relational system [I7: each set of elements m,,...m,;,

associated with this relation R, [5], by using this

indicator goes to a set of elements that are in the
corresponding relation Q, .

As the carrier of the system M, many possible
events (outcomes) should be considered, their occurrence
is possible when the decision is made — one of the
alternatives which are of significant importance to the
subject of risk is chosen. There are two groups of
relations on the set of events M .

The first group consists of one relation (denote it like
R;), which characterizes an absolute or relative degree

of reality (probability) of the occurrence of an event.
Depending on the volume and content of information
available at the time of analysis, this relation can be:

— binary: it is supposed, that (m,;,m,)eR,, if the
occurrence of an event m, is more likely than m,
((m;,m,)eM);

— ternary: (m;,m,,m;)eR, if the probability of
occurrence m,, in comparison with the probability of
occurrence m,, is higher than the probability of
occurrence m,, in comparison with the probability of
occurrence m, ((m,,m,,m;)eM);

— quadruple: (m;,m,,m,,m,)e R, if the occurrence
m, in comparison with m, is higher than the probability
of an occurrence m, compared to m,
((m,m,,m;,;m,)e M), etc.

The second group consists of relations comparing
events on the socio-economic damage that may be
caused to the subject. This relation R,, depending on the
volume and content of available information, also can be:

binary, ternary, quadruple, etc.
It should be noted that both R, and R, by

themselves in practice are not determined uniquely, and
their clarification depends on many factors, in particular,
on the size of the funds allocated for the analysis of the
risk situation.

The proposed approach to the choice of the scale and
the algorithm for risk assessment is based on the
preliminary decision of matters about measuring the
probabilistic and socio-economic assessment of the
situation since in this way the situation in the practical
activity of decision making is analyzed. It should be

started by choosing a scale for measuring probabilities.
This choice is determined depending on two factors:
objectives of measurement and the volume of available
information about the studied situation. The goals related
to the internal analysis of the situation, the difference in
risk variants for different combinations of events can be
achieved with relatively low-information variant scale,
such as nominal and ordinal ones. Such variant, as a rule,
is not sufficient for practical tasks of making decisions,
and therefore it is necessary to have tools to compare
different outcomes in their probability. In this case, the
scale should be at least orderly. In this situation, the set
of values is a partially ordered set, which allows
determining which of the outcomes is more probable, but
does not allow to determine to which extent.

The next in increasing order of informativeness is
ratio scale. If there is enough of available information, a
scale that allows determining the relative probability of
occurrence of each event from a given pair is
constructed. Here X is a numerical set, the elements of
which are perceived not as absolute numbers, but as
relative ones. During the freeze at one of the event, i. e.
fixation of the unit of measurement, the scale becomes
absolute.

Finally, if a fully “transportable” probability estimate
is required, i. e. an estimate admitting comparison with
the probability of events in a completely different
situation, an absolute scale should be used in which each
event has a single-valued numerical estimate of the
probability of its realization. Such probability can be
formed either on the basis of statistics (statistical
probability) or on the basis of expert data (subjective
probability). In all such cases, the set X is an interval
[01].

In our opinion, in order to make “transportable” risk
assessment, it is advisable to measure damage not in
monetary units but in relative ones, which take values
from the interval [0,1] . To this end, it is appropriate to

determine the financial harm as a percent of the total
available assets.

To make risk assessment function, it is necessary to
rely on a joint measurement of its two components,
namely: the probability of occurrence and the level of
expected losses (damage) [6].

Let denote as v the probability (subjective or
statistical) of occurrence of an unfavorable outcome and
as z, the amount of damage for the business entity that

corresponds to this outcome. We will consider that this
damage is of material nature and has monetary terms. If
Z is the total amount of business entity investments,

z . .
then the value z = ?1 expresses its relative damage. The

immediate task is to determine the risk assessment of an
event on the basis of accounting values v and z .

Taking into account that risk level assessment is
subjective, the result also depends on the characteristics
of the decision-making entity that determines its
“psycho-type”.



For perception and assessment of various aspects of a
risk situation, the following subject’s characteristics
matter: its attitude to risk; attitude to the loss of values;
attitude to the acquisition of values.

In utility theory, the overall estimate of the outcome
of (r) is determined by the product of the probability
and the value of the utility:

r=v-z.

However, in general case, the possibility of
interpreting probability as the limit of the frequency of
occurrence of a certain outcome is very restricted due to
the impossibility of carrying out a series of experiments
with identical conditions. Thus, the product as a
functional form of risk loses its exclusive position and
becomes one of many possible types of risk function [6].
It should be noted that with an objective approach to the
multiplicative function, some of its features are revealed,
which can be hardly unconditionally accepted.

First of all, the function r=v-z is symmetric with
respect to both variables. This means that their change
has completely the same impact on the risk assessment.
Meanwhile, different subjects have a different attitude to
comparative evaluation of the “probabilistic” and
“material” damage factors. For example, a “cautious”
subject makes little difference between a large and small
(but not zero) probability of loss, so for this subject, the
impact of loss value on risk assessment is immeasurably
higher than the effect of a change of probability.
Consequently, for a “cautious” subject, the value of the
partial derivative of the function r(v,z) with respect to

v is close to zero:
or/ov=0.

At the same time, the “stingy” business entity does
not accept the loss, so for it, the partial derivative of the
function r(v,z) with respectto z is close to zero.

The subject, which can be simultaneously referred to
“stingy” and ““cautious”, is characterized by the condition
r(v,z) ~const.

Arguments product as a functional form for risk
assessment does not allow reflecting both the resulted
and many other individual characteristics of the decision-
making situation.

What alternative approaches can be proposed to the
construction of single outcome risk function? Before
answering this question, it is necessary to specify in
which scale the risk will be measured. This question is
related to two aspects: the target and the informational
one. The targeting aspect determines what the risk is
measured for. Here the following options are possible:

— the risk is assessed to receive additional
characteristics of the alternatives in order to have a
possibility to make more reasonable decision on the
choice of one of them;

— the purpose of risk assessment is to evaluate
variants of behavior in a broader context than this

situation of decision-making, including a posteriori
assessment of the consequences and outcomes;

— the purpose of the risk assessment is an absolute
and, as far as possible, objective risk assessment of
certain outcome or alternative, allowing comparison of
this indicator with alternatives evaluated by other
subjects and appearing in other situations.

Thus, the target aspect of risk level assessment is
determined by the degree of subjectivity and situational
orientation of the evaluation.

In the first case, the target orientation places the
smallest requirements to the informational character of
risk level measurement scale, it may be even ordinal.

In the second and third cases, it is expedient to use
the most informative scales of quantitative or absolute
type.

Let’s consider methods of risk function construction
of an outcome r(v,z).

Let us give the following case: r(v,z) takes values
on the ordinal scale. The task is:

— to obtain information about the ordering of a quite
powerful discrete set of pairs (v;,z;), i=1,...;

— using this information, to find a way to extend this
relation of order to the entire set of pairs (v,z) in order
to approximate the ordering of the pairs
(Vllzl )""(anzn )

A very wide range of approaches to the solution of
this problem is possible. Let’s note some variants of the
statement of the first part of the task:

— “test” points (v;,z;) are generated by the subject;

— “test” points are offered to the subject for
evaluation by a certain technique.

The second case implicitly assumes that the subject is
able to give a relative estimation (ordering) to any set of
pairs (v;,z;). This corresponds to the approach of

constructing a risk function as a computable function
defined by the product of a segment [0,1] and the set of

all nonnegative real numbers.

The problem of developing a technique for forming a
test sequence is not considered here.

Let’s suppose  that the test sequence
(vy,2,),...{V;,2;) is set. To each pair, the subject gives a
number that reflects the ordering of the pairs in terms of
the undesirability of these outcomes.

Now the problem is limited to constructing of a
binary relation on the set of all pairs (v,z) that
approximates the best way an order given on a finite
subset of pairs (v,,z;),...(v,.Z,).

If to be based on the system of the revealed
preference, i. e. given numbering of a finite set of values
of the arguments (v;,z;), i=1,...], then in order to
implement the principle of adequacy of estimation (the
invariance of the estimate with respect to monotone
transformations of the original data), it is advisable to
make an approximation based on first-order criteria [4].
These criteria provide both an approximation of the



function values and approximation of its
derivatives.

Choosing the criteria, it is necessary to take into
account that the marginal rate of argument replacement
should be approximated to the greatest extent; to do this
it is apparently necessary to use the ratio of the
differences between the values of the following form
(m; —m; )/(m, —m;) as the initial data.

For this, it is proposed to solve following problems:
let suppose that arbitrary values of probability v and size
of losses z are given. Assume that probability of
occurrence of a particular outcome is increased by 0.1
and became equal to v, =v+0,1. Is there such value of

loss z, that degree of undesirability of new pair v,,z, is

the same as the previous one?

If the answer is negative, it has to be admitted that
there is no substitutability between v and z (at least for
given v and z), the risk function is of the form of:

partial

r =g@(min(av,bz)) or r =(max(av,bz)),

where ¢ is a function of one variable;
a,b —individual constants (parameters).
In the simplest case ¢ =1.

With a positive answer, the following question is
asked: how many units the magnitude of possible losses
should be reduced to if the probability of this outcome
increases by 0.1, so that the risk assessment of this
outcome does not change?

After receiving the answer, the survey can be
continued: does the indicated value depend on the initial
values v and z ?

A negative answer allows us to accept the hypothesis
that the risk function is of the form of:

r(v,z)=¢(av+bz),

where ¢ is an arbitrary function of one variable;

a, b — constants (parameters), subjected to the
specification (after normalization, one parameter can be
left).

A positive response generates new survey cycle, the
result of which is the construction of a table of expert
estimates of the marginal rate of replacement. When such
table is received, an approximation of the limit rate is
constructed and, if necessary, a function of two variables
for which the ratio of partial derivatives is equal to the
constructed approximating function.

If the values v and r are measured in absolute scale
and take values from 0 to 1, then the described above
procedure, strictly speaking, is not completely correct.
To avoid this, instead of addition, we suggest using some
other method of “small” change of the initial value of the
variable and, accordingly, another way of measuring the
change in function value.

Let’s consider a numerical transformation X — X,
defined as follows:

X =X+68, —X-5,,

where &, =(X —x)/(1-x) is a “small” value. This
conversion preserves the definitional domain of the
variable, since:

X =X+8, —x-8, =1-(1-x)(1-6,),
thenif 0 < x<1,0<5, <1, asitis easy to see,

0<max(x,5,)<x <1.

The transformation has the following interpretation: if
x[01] expresses the probability of some event A,

then x” is the probability of an event A+ B, where B is
some independent from A event with a “small”

probability of realization. Thus X~ is the result of a
mental experiment on the expansion of the original field
of events. If now f(x) is some function where x is an
argument, then its change should be considered as a
reaction not just to increase of this argument (in
economic studies usually is associated with the
involvement of new resources in the process), but to the
expansion of the space events affecting the values of the
function.

Now let’s suppose f(X;,...X,) is some differentiable
function taking values on an interval [0.1]. Then the
change of its values should be measured not using a
difference f —f", where f~ is the new value of the
function, but with the help of a value
S, =(f = f)/(1—f). In other words, just as in case of
measurement of the argument change, instead of the
usual addition, the operation x+¢J, —x- 0, is used, here
the new value of the function is represented in the form

of f"=f+0, -5, -f. In this situation, as a relative
measure of the influence of the argument x; on the
function, it is natural to use value &, / J;.

In the limit 6, >0 we obtain the following

expression characterizing the effect of the i -th argument
change on the function:

5,18, — £ =a(In(1— )/ a(In(1 —x)).

This characteristic is analogous to the standard partial
derivative for functions taking values from 0 to 1,
arguments of which are variables taking values in the
same interval. It is precisely this characteristic should be
used in the process of testing risk subjects in constructing
the single event individual risk assessment function
r(v,z). Thus, in constructing the risk function r(v,z),

the following characteristics are proposed to use as basic
ones to raise subjective information:



r-v=9o(ln(1-r))/ o(In(1-v)),
r-z=o(In(l-r))/a(In(1-z2)).

So far, we have considered the construction of the
outcome risk function, taking values on the ordinal scale.
If the measurement is made in the ratio scale, then in the
numbering of test pairs set, their order is reflected as well
as the relative undesirability for decision-making subject.
Thereafter, the evaluation result of the function r(v,z)

according to the criteria:
Q =|r(v;,z; ) —m|—>min, i=1,..]

must be invariant in line with the multiplication of all
m, by an arbitrary constant. This is achieved, in

particular, if the function r(v,z) has a multiplicative

estimated parameter.
It can also be recommended to include the

approximation of relations m; / m; in the composition of

criteria.

A similar approach is also used in case of a
differential scale. Accordingly, if it is a matter of a
quantitative (interval) scale, in the function r(v,z) there

should be two estimated parameters — multiplicative and
additive free terms.

Now let digress into the study of ways to construct
the risk function of the alternative, assuming that the risk
functions of each outcome r(vj Z; ), j=1,..n are

constructed.

A standard approach to the construction of general
risk assessment of the alternative, that continues the
standard approach to the construction of the risk function
of an individual outcome as a product r(v,z)=v-z, is

lie in summarizing of the risks of individual outcomes:
p=r+..4r1,.

Such an approach is substantiated if each individual
risk reflects an average amount of damage resulted from
the j -th outcome for the whole series of experiments.

If the assumption of the possibility of the repeating
experiment under the same conditions is rejected, the
summation of the outcome risk functions to assess the
alternatives risk loses its uniqueness and then only one of
many options for aggregating function constructing
p—p(r,...r,) is presented.

It is clear that the general risk assessment of the
alternative must be of the same scale as the outcomes
risks. The value p(r,...r,) can be considered as a

statistic on a set of risk measurements of individual
outcomes. It is known [5] that on an ordinal scale the
sum is not an adequate ordering statistic. On the basis of
A. . Orlov’s theorem on the median, it can be shown that
in the ordinal scales the only assessment functions
adequate with respect to monotone transformations are

the terms of the variation series r(1)<r(2)<...<r(n)
composed of the values r,...r,, i. e. such characteristics
as maximum (maxr,), minimum (minr;), median,
lower quantile, upper quantile. The choice of one of them
is dictated by the decision-making situation conditions
and in particular by the psychological state of the subject
at the moment of making decision.

In the case of measuring in the scale of intervals (and
in a similar case of measurement in the ratio scale), we
are essentially within the framework of the classical, in
the research theory, situation of decision-making with
different outcomes represented by the matrix E =(e;;)
[4].

In general, in order to choose one of these options or
to develop another criterion, it is necessary, in fact, to
solve the problem of the analyze and assessment of the
elasticity of losses replacement from the realization of
individual outcomes in the aggregated alternative risk
function. For this purpose, it is proposed to use a
methodology similar to the methodology of choice of the
production functions type.

In conclusion of the main points of the approach to
the analysis and modeling of the risk level for a business
entity, few remarks should be made:

— in this concept “losses”, “acquisitions” as a result
of one or more different outcomes are not supposed to be
summed. Starting from some limit values, losses can
cause qualitative changes that are irreversible. This point
of view results from the rejection of the a priori
assumption about the repeatability of the decision-
making situation;

— the risk functions of the alternative in this
approach was constructed on the basis of aggregating the
risk functions of individual outcomes;

— the risk functions of alternative and individual
outcomes, as well as these functions components
accuracy dependence on the resources spent on their
determination, are the basis for constructing of risk
optimization models system in the sphere of making
organizational and managerial decisions.

In a number of cases, several independent subjects
participate in the decision-making process. For each of
them overall risk assessment can be formulated, making
an assessment of the individual outcomes risks and
alternatives in accordance with the stated in this
paragraph provisions. However, the question of risk
degree of the whole project appears. In the most general
case, such an assessment is formed on the basis of the
whole set of initial data on a specific investment
situation: the composition of risk subjects; the
composition of possible events for each subject
associated with potential damage; probabilities of these
events; the size of damage to the subject when they
occur. However, it would be more natural to assume that
the overall risk assessment of the project is formed not
on the basis of primary information, but on the basis of
already conducted risk assessments of specific subjects.
In this case, the principle of hierarchical risk assessment
is observed, the concordance of risk assessments by



individual subjects (or their groups) and assessment
complexity is achieved automatically.

Let us denote by r, risk complex assessment of each
project participant and by G an overall assessment of all
project risks r =(r,,...r,). Then:

G="f(r,...I,),

where r,,...r, —the risks of individual participants.

Variants of function selection f :

- f=max(r,...r,), i.e risk assessment of the
project according to the risk of the riskiest participant;

— f=min(r,...r,), ie. risk assessment of the
project according to the risk of the least risky participant;

- f=1/n-(r,+...+1,), i.e. an average risk of all
project participants;

- f=(a,r"+..+a,r")"", ie a generalized
expression for risk assessment that combines three
previous expressions [1, 3, 4, 6].

An important factor characterizing project, taking

into account set of risk associated with that project, is
uniformity risk coefficient [1, 3, 4, 6]:

K=1-min(r,...x, )/ max(r,...\,).

Conclusions. The uniformity coefficient, which takes
values from 0 to 1, makes it possible to conclude whether
the risk is evenly distributed among the project
participants. If the value of k is close to zero, the risk is
distributed evenly; the closer k to 1, respectively, the
higher the risk of the project and more substantial the
difference between the risks of individual project

subjects. This coefficient can be used as a correction in
determining and justifying of the most complete and
reliable assessment of the risks set of a particular project.

Thus, an account of the risk factors influence on the
basis of the proposed approach to its quantified
assessment, in terms of the theory of measurements, will
help to increase the level of reliability and validity of
organizational and managerial decisions in a process of
projects cost and time indicators justifying in a dynamic
external environment.
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