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Annotation. Factor analysis is an analysis of influence of separate factors (reasons) on
the resulting indicator by using deterministic or stochastic techniques of research. It allows you
to explore the functional relationship between the general resulting indicator (function) and
certain factors that are called arguments. There are two types of relationships, which are
explored in the process of factor analysis: functional and probabilistic. The choice of method
depends strongly on the type of factor analysis. In strictly deterministic relations the following
methods are used: chain substitutions, absolute and relative differences, index, logarithm,
integral, etc. For the analysis of stochastic dependencies use methods of mathematical
statistics: correlation, dispersion, regression and so on.
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AHoTanisg. ®akTopHUN aHai3 - Lle aHa/li3 BIJIMBY OKpeMUX (aKTOpiB (IpUYMH) Ha
pe3y/IbTaTUBHUM MOKA3HUK 3a JONOMOTOI JeTEePMiHOBAHUX YU CTOXACTUUYHUX NPUUOMIB
JocaimxkeHHs. BiH fa€e 3Mory BHUBYUTU (QYHKLIOHAJbHUM 3B’I30K MiXK 3arajJbHUM
pe3y/ibTaTUBHUM NOKa3HUKOM (PyHKIIi€l0) Ta okpeMUMHU PpaKTopaMu. SKIO B3aEMO3B 30K
M pe3y/JIbTaTUBHUM MOKAa3HUKOM Ta ¢akTopaMu Ma€ QYHKI[iOHAJbHUN XapaKTep, KOJIU
BiAAMOBiHOMY 3HayeHHI ¢aKTopa BiANOBiaE CTporo BH3HAYeHe  3HAYEHHS
pe3yJIbTaTUBHOTO NMOKAa3HWKA, TO TaKUW TUN 3B’I3Ky Ha3UBaKOThb JleTepMiHOBaHUM. Kousin
3MiHa QaKTOpHOI O3HAaKM JA€ KiJbKa 3HadeHb (QYHKLil, TO TaKUU BHUJ 3B'I3Ky MiX
pe3y/IbTaTUBHUM MOKAa3HUKOM i paKTOpaMU Ha3WBaKTh CTOXaCTUYHUM.

Bubip MeTony ¢akTOpHOro aHasi3y CYyTTEBO 3aJIeXKUThb BiJi THUMNY 3aJ€KHOCTEH Yy
dakTopHUX MoJesax. [Ipyu }KOpCTKO JleTepMiHOBaHUX 3B’13Kax 3aCTOCOBYIOThb TaKi MeTO/HU:
JIQHIIIOTOBUX Mi/[CTAHOBOK, aOCOJIIOTHHUX 1 BiAHOCHUX pi3HUIb, iIHEKCHUM, JiorapupMyBaHHS,
iHTerpyBaHHs Tow0. /Il aHa/i3y CTOXaCTUYHUX 3aJIeXKHOCTeM BUKOPUCTOBYKOTb MeTOHU
MaTeMaTU4YHOI CTATUCTUKU: KOPeJSALiNHNAM, IUCTIEPCIMHUH, perpeciiHUA TOLIO.

JleTepMiHOBaHMM (QaKTOpPHUM aHajli3 MOXHAa BHUKOHYBaTH pi3HUMU MeTOJaMH,
Oi/IbILIICTb 3 AKUX (JIAHI[IOTOBUX MiJACTAHOBOK, aOCOJIIOTHUX i BiTHOCHUX Pi3HUIb, iIHAEKCHHUM )
I'PYHTYIOTbCS HAa IPUHOMI eJliMiHyBaHHS.

[3 mocujieHHSIM BIUIMBY PUHKOBUX (AKTOpPIiB Ha JisJIbHICTb MiANPUEMCTB BUHUKAE
notpeba BUKOPHUCTOBYBAaTH CTOXaCTUYHUW (PAaKTOPHUU aHali3 (eKOHOMiKO-MaTeMaTH4Hi
metoau (EMM)).
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3a paxyHOK BUKopucTaHHA EMM cKopo4yloTbCA TepMiHM NpOBeJEeHHS aHaJi3y,
3/IIICHIOETHCS Oi/bILI TMOBHE OXONJIEHHSl BIJIMBY YHMHHUKIB Ha pe3yJbTaTH KOMepIihHOI
JisIJIBHOCTI, 3aMiHa NpU6JIU3HUX 260 CIPOLLEHUX PO3PaXyHKiB TOUHMMHU 06paxyHKaMH.

Kiro4oBi cioBa: ¢pakTopHUM aHasi3, pakTOpU BIJIMBY, pe3yJbTaTUBHHUU MOKa3HHUK,
JeTepMiHOBaHi MeTO/IU, CTOXaCTUYHI METOU.

Introduction

In economic analysis, one of the important tasks is the measurement of impact of factors
on the resulting indicator.

Factor analysis is an analysis of influence of separate factors (reasons) on the resulting
indicator by using deterministic or stochastic techniques of research. It allows you to explore
the functional relationship between the general resulting indicator (function) and certain
factors that are called arguments. Moreover, factor analysis can be both direct (analysis by
itself), that is the fragmentation of the resulting indicator on components and reverse
(synthesis) when its separate elements are connected to the overall resulting indicator.

The implementation of factor analysis is carried out by the following algorithm:

1. Setting the purpose of the analysis - formulation of the need to conduct this
analysis,defining of the object of research.
Selection and characteristics of factor.
Determining the type of relationship between the factor and effective indicator.
Building of a factor model (mathematical formula for calculating the effective rate).
The choice of method of factor analysis and performance of necessary calculations.
The formulation of the conclusions and recommendations. According to the results of
analysis they form analytical derivation, which reveal a total change of effective indicator
and impact on the change of each factor indicator.
This article aims to research of methodical ways of factor analysis.

oUW

Researching results
There are two types of relationships, which are explored in the process of factor analysis:
functional and probabilistic. If the relationship between resulting indicator and factors has a
functional nature when the respective value of factor corresponds to strictly defined value of
the effective rate, then this type of connection is called deterministic. When the change of factor
indicator gives some values of the function, then this kind of connection between resulting
indicator and factors is called stochastic;
Modeling of deterministic factor system should be carried out subject to the following
rules:
— factors and the model itself must be real, not abstract, that is, to exist in reality and have
clearly defined parameters;
— factors included in the model should be in the reason-result connection with the resulting
indicator and other factors;
— itis necessary to submit indicators in the model in quantities using absolute, relative or
average values;
— factor model must meet its main purpose - to provide the possibility to determine the
effect of individual factors on the effective value.
Kinds of factor analysis are divided into two types (picture 1).
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[ Methodical ways of factor analysis ]

Methods of deterministic Methods of stochastic factor
factor analysis analysis

Picture 1. Methodical ways of factor analysis

The choice of method of factor analysis depends strongly on the type of factor analysis. In
strictly deterministic relations the following methods are used: chain substitutions, absolute
and relative differences, index, logarithm, integral, etc. For the analysis of stochastic
dependencies use methods of mathematical statistics: correlation, dispersion, regression and
SO on.

Methods of deterministic factor analysis. If a few factors influence analyzed indicator it is
needed to set the separate influence of each of them. Deterministic factor analysis can be
performed by various methods, most of which are based on the approach of elimination.
Essence of this method consists in consistent examination of every factor influence on the
resulting indicator without counting factors inter-influence, while other factors are invariable.

Chain substitutions consists in definition of influence of individual factors on the change
in the resulting indicator through gradual replacement of the basic value of each factor on the
actual value in the reporting period. For this a number of conditional values of the resulting
indicator are calculated. A comparison of the value of the resulting indicator before and after
the replacement of the level of one or another indicator neutralize the impact of all other
factors, except one that allows determining the effect of the last indicator increase on the
effective rate.

The technology of calculation by the method of chain substitutions can be represented as
a series of following analytical operations:

1) calculation of the planned value of the effective rate;

2) replacement of the planned value of the first factor on actual (substitution);

3) calculation of conditional value of the effective rate;

4) determine the influence of the first factor by subtracting from the conditional planned
value of the effective rate.

Consequently, the method of chain substitutions provides a consistent replacement of the
indicator of previous (base) period or planned indicator on indicator of the reporting period
with the following rules:

— in multiplicative models at first replace quantitative indicators and then qualitative ones;
ifin factor model there are some quantitative and qualitative indicators - at first substitute
value of factors of the first level (indicators), then the lower levels;

— in aliquot models at first provide replacement of the value of indicator a, which is the
numerator in the formula and then of indicator b, while the replacement procedure must
comply with role of factor in the formation of effective rate;

— in mixed models - multiplicatively-additive type - y = a (b-c) or aliquot-additive type - y =
a / (b + c), first substitute indicator a and then b, and finally c.

Comparison of the result of each subsequent calculation (substitution) with the previous
one enables to determine the impact on the effective rate (in the first substitution all indicators
except one are used in their base (planned) value, and in the last - all in their reported values.
Number of substitutions is equal to the number of factors affecting the effective rate.

Zero substitution (initial value): Yo = @oboCo (1.1

First substitution: Yo1 =a1boCo (1.2)
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Second substitution: Yoz=aibico (1.3)

Third substitution: y1 =aibici (1.4)

The calculation of influence of factors a, b, c on changing the effective rate by the method
of chain substitutions can be represented by a system of equations:

Ay = a1boco — agboco = Y01 — Yo
Ayp = a1b1co — a1boCo = Yoz — Vo1 (1.5)
Ay, = a;bic; — aybico = Y1 — Yoz

Where Ayq, Ays, Ayc - changing of the value of effective rate due to the action of the factor
a b, c.

To determine factors also, besides forming a system of equations you can build a table in
which from left to right all needed factors are fixed, beginning from quantitative and concluding
qualitative. Then resulting indicator is provided, and, finally, the column for factors influencing
value calculation. In the first table row (zero substitution) write down planned, or base,
indicators. Such process of four factors calculation is shown in a table 1.

Table 1.
Exposure of factors influencing by the method of chain substitutions
Factors Resulting |Value of factor
Number of substitution and factor a |b c |d indicator |influence
Zero substitution ao |bo |co |do |yo -
First substitution, first factor air |bo |co |do |yoz Yo1-Yo
Second substitution, second factor ar |b1 |co |do 02 02-y01
Third substitution, third factor ar |b: |c1 |do |yos Y03-Y02
Fourth substitution, fourth factor ar |b1 |c1 |di1 |yz V1-y03

The method of chain substitutions is considered universal because it can be used for
calculating the impact of factors in all types of factor models (additive, multiplicative, aliquot
and mixed) and it enables to get full factorial decomposition. It is necessary to follow the order
of the factors’ changes since breaking of order of replacing leads to another factor
decomposition (changing the absolute values of partial increments). To avoid this shortcoming
in the theory of economic analysis adopted rules:

— subdivide all factors into quantitative and qualitative and record in factor model
quantitative factors at first and then qualitative;

— if formula contains many quantitative, qualitative or structural indicators a sequence of
replacement depends on the assessment of which ones are essential and which are
derivative, which are primary and which are secondary.

Method of absolute differences. Calculations which are conducted in the table of chain
substitutions can be simplified, if in every substitution to change the absolute factor value,
which is being calculated by its actual deflection from base (planned) one.

The sequence of calculations by this method is as follows:

— calculate absolute deviation of each factor and the effective rate;

— the impact of each factor is calculated by multiplying the absolute deviation of factor by
constant value of other factors from factor model.

The algorithm of calculation by this method will present as a system of equations.

In multiplicative models such as y=abc:

Ay, = (a1—ag)bocy = Aabycy
Ayp = a;(by — bo)co = a1Abcy (1.6)
Ay, = a1b1(c1 — ¢o) = a1 b, Ac
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where Aa, Ab, Ac - absolute deviation of the value of factorial indicators respectively a, b,

In mixed models of multiplicatively- additive type y = a(b-c):
Ay, = (a;—ag)bgco = Aabyc
Ay, = a;(b; — by) = a;Ab (1.7)
Ay, = a;(c; — ¢o) = a;(—Ac)

Method of absolute differences has all the advantages and disadvantages of the method of
chain substitutions and it should be used mostly for calculating the impact of factors in the
multiplicative and mixed models.

Method of relative differences. This method is grounded on the calculation of differences
in percent. The value of every factor influence is determined by the product of difference in
adjoining indexes (percent) and planned value of summarizing indicator. A calculation needs
to be conducted tabular or in un-tabular way.

The algorithm of calculation according to this method in multiplicative models such as y
= abc submit in a system of equations:

1. Provide information in% as for every factor which affects the resulting figure.

2. Calculate the difference in % of plan fulfillment for each factor:

Aa%=a%-100 (1.8)
Ab%=b%-100 (1.9)
Ac%=c%-100 (1.10)

3. This difference is multiplied by planned resulting indicator (the impact of this

difference on the resulting indicator).
_ Yoha%

Aya 100

By, =~ Qrtrai® (1.11)

(Yo+Ayq+Ayp)Ac%
Ay == a100
where Aa%, Ab%, Ac% - relative deviation (in percentage) of the value of factor indicator

respectively q, b, c.

4. Calculate the sum of factors’ influence on the resulting indicator and determine the
amount of reserves to improve the effective rate that is analyzed (balance checking).

The method of relative differences is used to calculate the impact of factors only in
multiplicative models and with a large number of factors.

Index method in economic analysis mostly is used in multiplicative and aliquot models of

type:

b
I, =214 (1.12)

aoboco
Determining the impact of separate factors in this case is based on building local indexes
with consistent chain replacement. The calculation of separate indexes is carried out by the
formulas:

_ a1boco

I, = —aozo% (1.13)
__aibiCo

I, = o (1.14)
_aib1cq

= e (1.15)

Iy:IaXIbXIc (116)

While defining the difference between the product of the indicators presented in the
numerator and denominator of the above formula we get absolute increases of the effective
rate in general also due to each factor separately, that is, as well as when using the method of
chain substitutions.
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Considered methods of elimination as deterministic factor analysis techniques have a
significant drawback: during their use we are basing on the fact that factors act independently
from each other, in fact they are changing jointly, mutually and interdependently, that causes
additional change of the effective rate. This result of combined effect of all factors when using
the elimination methods as a rule attach to the influence of one of the factors, mostly the last
one in factor model. In this regard the value of influence of factors on the resulting indicator
depends on the location of factor in the factor model. To get rid of this drawback of
deterministic factor analysis use logarithm and integral method which are more complex in
practical application than discussed above.

Although all considered methods of elimination differ by the calculations method, they
give identical results, as far as they are based on the same principle.

Method of stochastic factor analysis. With strengthening of market factors influence on
enterprises activity there is a necessity of economic-mathematical methods (EMM) usage in
analytical researches. For their qualified application should submit objects in a mathematical
model to simulate their behavior when changing situation.Through the use of EMM reduce
deadlines of analysis, carry out better coverage of factors influence on the results of business
activities, and replace approximate or simplified calculations by accurate calculations.

In modern economic theory is accepted to allocate the following economic and
mathematical methods that can be used for analytic research:

1. Methods of elementary mathematics (higher) are used to solve many analytical tasks,
applied in usual and traditional economic calculations during substantiation of needs in
resources, accounting of production costs, plans’, projects’ development and more.

2. Methods of classical higher mathematics (differential and integral calculus, theory of
probability and methods of analytical geometry) are used not only in other methods, such as
methods of mathematical statistics and mathematical programming, but separately. Thus,
factor analysis of changes in many economic indicators may be performed using differentiation
and integration.

3. Methods of mathematical statistics (correlation analysis, regression, variation range,
distribution laws, the sampling method, dispersion method, component analysis) are used in
cases where changes of the analyzed parameters can be represented as a random process, and
relationships that occur between indicators are not deterministic but mediated (indirect)
which differ by probabilistic, uncertain character - that is there is a stochastic dependence
between factors.

Dispersion analysis is a statistical method for the analysis of observations, which depend
on various factors of simultaneous action, choice of the most important ones and evaluation of
their impact. This is a statistical method intended for establishing a link between effective and
factorial features. The task of dispersive analysis is to evaluate the ratio between the factors in
order to determine the essentiality or insignificancy of different conditions of observation.

This method can be used to analyze the economic efficiency of introducing innovations,
especially where the results of this implementation will not be exposed to precise quantity
measurement (introduction of a new system of organization or preparation of production, work
organization, restructuring of management and accounting, presenting new forms of economic
activity, workers’ training, etc. ).

Regressive analysis is a method of analytical reflection of stochastic dependence between
the explored features establishment. Regression equation shows how resulting (dependent)
indicator changes at a change of any independent indicator (factor). A regressive analysis is
used mainly for plans prognosis, and also development of normative base.

Correlation analysis is a method of research interdependence of features in general
totality, which are random values and normally distributed. The correlation is a relationship
between the features of social and economic phenomena in which on the value of resultant
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feature, besides factor, influence many other features that can act in different directions
simultaneously or sequentially.

Main requirements for the use of correlation analysis are a sufficient number of
observations, totality of factor and resulting indicators, as well as their quantitative
measurement and display in informational sources.

The use of correlation analysis methods allows to define changes of result indicator under
the influence of one or a few factors, and also to define the relative degree of indicators’
dependence on every factor. Thus the role of every factor is determined in indicators level
formation and economic phenomena development regularity. It enables to define unused
reserves completer, to substantiate plans and managerial decisions.

The application of correlation analysis is closely associated with regression, that it is why
it is often called correlation-regression analysis.

Correlation and regressive analysis in analytical researches are often united in one
correlation regressive analysis. This method is used for determination of close connection
between indicators which are unconnected between each other functionally. It foresees such
stages:

— task raising and choice of result and factor features;

— information collection and its primary processing;

— verification of data homogeneity;

— selection of factors for a model;

— factors interdependence elimination and clarification of the set of indicators;

— equation of regression construction by the system of normal equations;

— verification of received equation significance;

— estimation of analysis results and preparation of recommendations in relation to their
practical use.

4. Econometric methods (matrix-balance models, method of analysis "input-output") are
based on a synthesis of three disciplines: economics, mathematics and statistics. When using
this method there are often created complex economic models which adequately reflect the
relationship between observable phenomena and processes. The basis of econometrics is the
econometric model, by which is meant a schematic representation of the economic phenomena
or processes with a scientific abstraction, displaying their characteristics.

The most widespread in the modern economy is the method of economic analysis "input-
output”. Those are matrix (balance) models which are based on the chess pattern and enable in
the most compact form to submit interconnection of expenses and results of production.

5. Methods of mathematical programming (linear, block, nonlinear and dynamic
programming), mainly used to solve optimization problems of production and financial
activities and assessment of intensity of planned tasks. With their help assess the degree of
achievement of potential; determine "bottlenecks", the degree of competitiveness and
insufficiency.

6. Methods of operations research (inventory control, calculation of the optimal
replacement of equipment, game theory, theory of mass service, net planning) are used to
analyze the development of methods for targeted actions (operations), quantitative assessment
of the decisions and the choice of a better one.

The main sections of operations research:

a. game theory - the theory of mathematical models of optimal decision making under
uncertainty or conflict of several parties with different interests;

b. theory of mass service - through probability theory explores mathematical methods of
quantitative assessment of mass service processes. Any of structural units of industrial
enterprises may be subject to the system of service.
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7. Economic cybernetics analyzes the economic phenomena and processes as complex
systems in terms of laws and management mechanisms and movements of information in them.

8. Most widely used in economic analysis have received modeling techniques and system
analysis. In some cases, have to look for a solution of extreme problems with incomplete
knowledge of the mechanism of the phenomena. Such a solution is sought experimentally.

Conclusions
Factor analysis is a rather broad concept and is inherent not only in the economic field.
With the help of a fairly significant number of methods of factor analysis, it is possible to study
the results, plan and forecast indicators for the future in all areas of human activity. The main
thing is to clearly establish the factors that affect the performance indicator and choose the
right methods of analyzing these factors.
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