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METHOD OF ASSESSING THE LEVEL OF ECONOMIC
SECURITY OF INDUSTRIAL ENTERPRISES APPLYING
HARRINGTON DESIRABILITY FUNCTION

The article offers a methodological approach to the assessment of the economic security level.
The expediency for application of Harrington desirability function as a tool in complex estimation
of economic security level of industrial enterprise on the basis of its functional components is
grounded. Key stages in the assessment of economic security of the enterprise using Harrington

desirability function are identified.
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Aprem JI. Illaroxin
METOJJWUYHMI NIJIXIL IO OLIIHIOBAHHS PIBHS
EKOHOMIYHOI BE3ITEKA ITPOMMUCJIOBOI'O ITIJIITPUEMCTBA
13 BACTOCYBAHHAM ®YHKIIII BA2KAHOCTI XAPPIHI'TOHA

Y ecmammi oocaidnceno memoounnuii nioxio 00 OUiHIOBAHHA PIGHA eKOHOMIMHOI Ge3nexu
nionpuemcmea. Q6rpynmosano douiavhicmo 3acmocyeannus Qyuxuii 6axcanocmi Xappinemona
AK IHCMPYMeEHmMY KOMNACKCHO20 OUIHIOBAHHS PIGHS eKOHOMIMHOI (e3neKu npomuci06020 nionpu-
emcmea Ha ocHogi it pyHKuionaibrux ckaadosux. Budiseno ocHoéHi emanu ouiHIO6AHHA eKOHO-

MiuHOT Oe3nexu nionpuemcmea 3 GUKOPUCHAHHAM QYHKUIT 6axcanocmi Xappinemona.

Karouogi caosa: exonomiuna besnexa; hynxuyis 6axcanocmi Xappinemona, wkania 6aicaHocmi.
Dopm. 4. Puc. 4. Taba. 1. Jlim. 22.

Aptem JI. IIIaToxun
METOIUKA OHEHKE YPOBHA DKOHOMUNYECKOU
BE3OITACHOCTU ITPOMBIIIJIEHHOTI'O ITPEAITPUATHUS
C IIPUMEHEHUEM ®YHKIINN XKEJATEJIbHOCTU
XAPPUHITOHA
B cmamue uccaedosan memooduueckuii nooxoo k oueHke ypoeHs IKOHOMUMECKOU 6e30naACHO-
cmu npeonpusamusi. Q60CHOGAHA UeAeCO00PA3HOCH NPUMEHEHUSA (YHKUUU HCeaAameabHOCmu
Xappunemona Kax uncmpymeHma onpeodeeHusi KOMNACKCHOU OUCHUGAHUS YPOGHS IKOHOMUYe-
CKOll 6e30naACHOCHU NPOMBIUACHHO20 NPEONPUAMUS HA 0CHOGE ee (DYHKUUOHAABHBIX COCIMABAIO-
wux. Boideaenvt ocHoeHble FManbt OUEHUBAHUS IKOHOMUMECKOU (E30NACHOCU NPEONPUAMUSL C
ucnoavzoeanuem QynKuuu xceaameavrnocmu Xappunemona.
Karouesvie caosa: sxonomuueckas 0e30nacHocmys, (QYHKUUS ucerameavhocmu XappuHemona;
UWIKANQ HCeAameNbHOCHL.

Introduction. The current state of Ukrainian economy significantly changed the
conditions of conducting economic activity of enterprises, which led to the emer-
gence of various risks, both internal and external, thus requiring the adoption of a
number of urgent measures aimed at economic stabilization. These problems include
the estimation of economic security level of enterprises. The relevant problem for
management in this case is the methodology choice for assessing the level of eco-
nomic security.

Latest research and publications analysis. The most significant contribution to
the development of methodical approaches to the assessment of economic security
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level have been made by such scientists: O.I. Baranowski (2004), M.A. Bendikov
(2002), S.B. Dovbnya (2008), K.S. Goryacheva (2006), M.M. Iermoshenko (2001),
G.V. Kozachenko and V.P. Ponomarev (2001), G.V. Kozachenko et al. (2003) and
many others. However, finding the most effective methods for assessing the level of
economic security still continues.

The purpose of the study. To investigate the possibility of applying the desirabili-
ty function by Harrington as a tool for complex estimation of economic security level
at industrial enterprises on the basis of its functional components.

Key research findings. Today in scientific literature there is no generally accept-
ed approach and methodology for assessing the economic security of enterprises, due
to uncertainty of the criteria and methodology of calculation of the related indicators.
Scientists offer a variety of indicators with limit values, mostly borrowed from the
world experience. Common in most of these methodologies, is the comprehensive
approach to the determination of the integral index, while they differ in quality com-
position of evaluation indicators and in various mechanisms of information genera-
lizing. Given the previous experience of researchers, we will note the main condi-
tions, which the generalized (integral) index must meet:

- to have fixed boundaries for assessment;

- asimple calculation method, which would use the available data and be flex-
ibile in application;

- to be able to assess the levels of economic security of different security compo-
nents of the same enterprise, as well as economic stakeholders within various industries.

From our point of view, the best instrument to meet the requirements here is the
desirability function by Harrington. The relevance of its use is justified in the scien-
tific papers of E.C. Harrington himself (1963), L.A. Zadeh (1965), Y.P. Adler et al.
(1976), V.D. Sekerin et al. (2005), T.S. Bezborodova (2014) and others. This desir-
ability function has been used in many industries. For example, in ecology, econom-
ics, medicine and technology, it is used to assess: the quality of water; the level of
socioeconomic development of a region; competitiveness; efficiency of investment
projects; effectiveness of treatment; rationality of constructive-technological and
geometrical layout of solutions etc. (Harrington, 1965; Koltunov and Belinska, 2010;
Fedulova, 2011; Zakharkina, 2011).

The essence of this method lies in the fact that all selected indicators calculation
(in different units of measurement, including quality, aesthetic, psychological or per-
sonal characteristics) are reduced to a single dimensionless one, based on which the
integral indicator is calculated (Harrington, 1963). Therefore, from both theoretical
and practical points of view, the Harrington desirability function is used to assess the
level of economic security under the conditions of adaptation of calculations to
required requirements.

Enterprise economic security is a fairly complex multivector system, the effec-
tive management of which depends, to a large extent, from the qualitative assessment
of the state of its components. Note that when calculating the level of economic secu-
rity of enterprises it is necessary to consider several elements from the point of view
of their impact on the enterprise in two broad groups: internal and external orienta-
tion. The relevance of such differentiation is well explained by (Shatokhin and
Ignashkina, 2014). Let us consider how to use effectively the Harrington desirability
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function for the assessment of economic security level for industrial enterprises on the
basis of its elements. Let’s take a closer look at the essential principles of this
approach.

It is well known that the first step in the calculation of the desirability function is
the choice of assessment metric scale on the interval from 0 to 1. There are two vari-
ants of the desirability scale: one-way and two-way restriction. The first of them spe-
cifies only one "critical" value of the indicator (CVI), for example, with regard to our
topic of study, the minimum acceptable level of any measure of economic security
(Figure 1). In this case, if the value of the index will be less than the minimum (MN),
the level of economic security will be unsatisfactory, if more or close to the minimum
(MoM) — satisfactory level of economic security. Criteria for "satisfactory" or "unsa-
tisfactory" are taken for example; every researcher can aet own limits and interpreta-
tion for them.

U

Cvi

/’"\ MOM

MN

Figure 1. The desirability scale with one-way restriction,
developed by (Bezborodova, 2014)

For most indicators to set the scale on one-way restriction is difficult, in this case
the minimum (min) and maximum (max) values are defined (Figure 2). The matter
is that almost all technical and economic indicators of enterprise activity can pre-
cisely align with unilateral constraint, they can vary higher or lower, that is, they have
"max" and "min" values. Determination of values depends on the selected evaluation
metrics. Usually taken normative values of these parameters are calculated on the sta-
tistical basis or recommended values for each industry.

K MAX \ K MIN \

[ The maximum value of desirability ] [ The minimum value of desirability ]

function function

[ The maximum value of the indicator ] [ The minimum value of the indicator ]

Figure 2. The scale of desirability with two-way restriction,
developed by (Rybintsev et al., 2005)
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Note that the scale of desirability belongs to psychophysical scales. Its main task
is the establishment of correlations between physical and psychophysical parameters.
Physical, aesthetic and statistical parameters include the potential assessments that
characterize the functioning of an object under study. Psychological factors include
subjective assessment of the desirability posed to scientists on the basis of experience
or experiments. The majority of researchers in various fields of science (physics, eco-
nomics, medicine etc.) regardless of the nature of comprehensive assessment are
using a ready-made scale of desirability with the developed tables of relationships
between physical and psychological parameters (Table 1).

Table 1. Interpretation of the estimated desirability function (Sekerin et al., 2005)

Assessment desirability function Interpretation
1.0<D<0.8 Very good
0.63<D<0.8 Good
0.37<D<0.63 Satisfactory
02<D<0.37 Unsatisfactory
0<D<0.2 Very unsatisfactory

The literature describes several methods of creating desirability function, each
has its practical use depending on the type of analysis to be conducted:

1) for providing most of the desired value based on the empirical distribution
function of the estimated value.

Desirability function for the empirical distribution is calculated on the basis of
providing the most desirable value. Let x — Femp(x), the experimental distribution
function of a random variable x. Let us denote y(z) function for z: [0;1].

ex (Z=2Zop )" i
z)= z(1-2) ), (1)

0, z=0, z=1

Then the desired desirability function is the value of the function G(x) =
Y(F(exp)(X)). The only parameter specified by this way of constructing the desirability,
is the set of z,,; within the range [0; 1]. The choice of a certain z,,, is based on the
empirical distribution function x. The meaning of this transformation is to standard-
ize the desired variable. Note that the closer the desirable value approaches 1, the
smaller is the deviation of x from a certain value taken as the optimum;

2) on the left and the right border of the desired values.

Desirability function on the left and right bounds of the range of desirability is
based on two constraints (min and max). Let the value of X, and X5, XxMax define
the range of desired values of the magnitude of the indicator. Using z(x) define the
2X — X, — X

helper function from X — z(x)= T2 The desirability at the point x

X max ~ Xmin
will be calculated by the formula F(x) = exp (-Z%(x));
3) the right or the left side and the place of optimal distribution of desirability.
Building a desirability function on the right border and the place of optimal distribu-
(x - X opt )

tion of desirability (x,,,) is based on the auxiliary functions x — z(x)=
-X,
opt right
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In this case, the desirability values of x is determined as F(x) = exp (-z*(x)). Building
a desirability function at the left boundary follows the same principle as that of the
right one; the difference lies in the replacement of function X, by Xef.

Calculating the level of economic security it is better to use, in our opinion, the
second way to build the desirability function with left and right limits. The left limit
is the smallest value of a single indicator for the period under analysis, the right has
the maximum value. If the index of economic security is decreasing, in this case the
left limit is defined as the maximum, and the right as the minimum value.

After choosing the method for constructing the desirability function we calculate
the distribution function of the considered variables according to the data obtained
for each indicator of economic security. Harrington desirability function has its ma-
thematical form:

d=e*", (2)
where d is the unit rate of desirability function; e — the base of natural logarithms;
X;— the value of evaluation index, converted to dimensionless scale.

Graphically the desirability function of Harrington is shown in Figure 3. The x
axis has the values of the dimensionless quantity of the assessed indicator, the axis of
ordinates corresponds to the dimensions of desirability. On the chart of distribution,
the researcher can clearly define the value of the desirability function and its variable
X.

Desirability function
0.8

0.7 0.69
0.6

05 -

037 02 0 0.2 0.37 0.63 0.8 1
xi

Figure 3. The graph of desirability function,
developed according to (Puryaev, 2007)

After finding the unique indicators of the components of economic security on a
dimensionless scale we turn to comprehensive assessment of economic security level
in all its components.
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The distinction between the calculation of the components of the security is ne-
cessary for a more detailed analysis in order to identify the problem areas that require
a program of actions to improve the situation.

Combining individual indicators into a single integral indicator can be done in
various ways. For example, the arithmetic mean is the most common medium for cal-
culation of the integral indicator. Academic economists use mainly those methods in
which the sum of individual values of relative indicators is obtained with weighting.
However, after analyzing the essence of various techniques, it is advisable, in our
opinion, to determine the integral index formula for geometric average. Our choice
can be explained by the fact that the geometric average gives the most accurate result
of averaging (Yeliseyeva et al., 2001). Also, giving preference to geometric average is
required when the individual values are relative. Therefore, Harrington desirability
function (meaning, the level of economic security components) will be presented
through the geometric average of individual parameters and taking into account the
above values as follows:

2% - Xmin—¥max
where D is the overall desirability (the level of economic security components); P —
product sign indicators; n — the number of combined indicators.

In our opinion, at the stage of finding the general indicator of economic securi-
ty level it is advisable to take into account the weight of internal and external con-
stituents. This will help more accurately determine the overall level of security,
because internal and external security have different impact on company's activities.
So, the overall index of economic security due to components arrangement is deter-
mined as:

les =DZ, xD?,, 4)

where les — the overall level of economic security of an enterprise; D;, — the level

of economic security of enterprise’s internal components; D: . — the level of eco-

nomic security for external components; a and b are the weighting factors of internal
and external security, respectively (0 < a(b) < 1)).

To determine the coefficients a and b the literature describes many techniques,
including the expert method.

On the basis of mentioned above, we can describe the main stages in the assess-
ment of economic security level of the enterprise with the use of Harrington desir-
ability function (Figure 4).

Conclusions and prospects for further research. According to the results of this
study, the relevance of Harrington desirability function is doubtless for comprehen-
sive assessment of economic security level and its constituents.

The practical use of this technique is based on Harrington desirability function
as a psychophysical scale, allowing to compare the level of economic security of
enterprises, regardless of their specificity. Calculations of economic security level will
help top managers to identify the most problematic areas in enterprise functioning.
Further important stage in the research is the formation of a system of individual
indicators for each component.
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Setting the indicators of economic security for further calculations

Functional dimensional conversion of all indicators of economic security into dimensi onless
selected indicators for Harrington desirability function

Determining the general indicator of the economic security level for internal and external
orientation of the components with regard to weighting factors

Analysis of the results and elaboration of the program of actions

Y Y Y )

Figure 4. Scheme for assessment of the economic security level, author’s
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