Bicuux HanionanbHoro yHiBepcuterty “JIbBiBchbka noJirexHika”.
Cepis “IIpodeMn eKOHOMIKH Ta ynipaBJiHHA”

T. 4, Ne 1, 2020

HNPOBJIEMHU EKOHOMIKH

YK 658.153:330.142.26:519.233.5
JEL Classification Code C02, P34

Kh. P. Danylkiv, N. Ye. Hembarska, V. Ya. Havran, L. I. Hrybyk
Lviv Polytechnic National University

ECONOMIC AND MATHEMATICAL MODELING
OF THE EFFICIENCY ESTIMATION OF CURRENT USE ASSETS
THROUGH CORRELATION AND REGRESSION APPROACH

http://doi.org//10.23939/semi2020.01.001
© Danylkiv Kh. P., Hembarska N. Ye., Havran V. Ya., Hrybyk I. 1., 2020

At the current stage of economic reform, the introduction of market-based management
methods, there is a growing need for prompt decision-making in the calculation and
forecasting of options for possible directions of production activity of individual enterprises.
And this is practically impossible to do without the use in analytical study of economic and
mathematical methods. The most common in the process of simple economic analysis of the
activity of economic systems is the use of correlation-regression analysis.

As part of the author's approach to assessing the efficiency of using working capital at
PE “Svit soli” using correlation-regression analysis, the following stages were distinguished:
establishing a form of communication and mathematical equation of communication by
plotting a correlation dependence between the study year (factor x ) and a certain statistic
(factor y); the coefficient of determination and the correlation coefficient r are calculated and
the relationship between factor x and y is estimated; using the Fischer criterion, the
probability of 0.95 estimated the adequacy of the accepted econometric model with statistical
data; the statistical significance of the parameters of the linear equation with reliability P =
0.98 was checked by the t-criterion; confidence intervals were found for linear equation
coefficients with reliability P = 0.98.

Considering all the obtained results, PE “Svit soli” is characterized by a solvent and
financially sustainable enterprise and is at the peak of its development, as evidenced by the
indicators in the following years. On improving the effectiveness of indicators, the following
recommendations are proposed to improve them: optimization of supply organization and
supplier selection system; ensuring the optimum volume and structure of inventories to ensure
a stable production process with minimal inventory maintenance costs; acceleration of the
turnover of current assets, in particular the main ways of calculating the volume of stocks and
their liquidation; providing a unified methodology for organizing and keeping records of
individual components of current assets; introduction of advanced technologies and, as a
consequence, increase of labor efficiency; improving the organization of logistics and sales;
optimization of sales and credit policy.

Key words: working capital efficiency, correlation-regression analysis, regression model,
linear regression, coefficient of determination, econometric model, correlation dependence.

Statement of the problem
The difficult economic situation, the devaluation of the hryvnia and high inflation cause Ukrainian
companies to focus on resolving the issues of ensuring an adequate level of liquidity and solvency. Obtaining a
net profit in such circumstances is a true achievement of management and a proof of its success and
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professionalism. All these issues depend to a large extent on the management of the working capital of the
enterprise. Particular attention is paid to the correlation-regression approach in the process of estimation of the
working capital utilization, which makes it possible to analyze the significance of the factors of influence on the
result indicator by means of correlation coefficients and construct a regression equation.

Analysis of recent research and publications

Many domestic and foreign scientists have made significant contributions to the study of approaches
to assessing the effectiveness of working capital through correlation-regression analysis. N. P. Karachyna
proposes to isolate several factors and construct a regression model using the Ms Exel Analysis Package
component [1]. Yu. G. Shvetsov and T. V. Sabelfeld substantiated the use of a correlation matrix taking
into account the correlation coefficient between the factors of influence [2]. This approach eliminates
multicollinear factors of influence and increases its statistical significance from the regression model.
I. M. Vyhivska, V. O. Shevchenko and L. Ya. Shevchenko suggest calculating the regression equation to
supplement the calculation of elasticity coefficients for each of the factors to identify their comparative
strength and reserves for increasing the resultant index [3]. At the same time A. D. Kryukov believes that it
is sufficient to estimate the correlation between net (gross) profit and the indicators of valuation of working
capital elements. The latter include absolute figures, specific gravity and turnover ratios [4, c. 139].
Terebukh A. and Lisovska L. developed and calculated economic and mathematical models of optimization of
economic decisions according to the data of economic activity of enterprises [5].

Most authors approach the problem of estimating the efficiency of the use of working capital with
the help of correlation-regression analysis rather one-sided. In our view, an objective approach requires a
comprehensive approach that takes into account not only the regression equation and the nature of the
relationship between the factors and the performance indicator, but also the importance of the factors
themselves in making management decisions.

The formulation of objectives

The purpose of the article is to develop an approach to correlation-regression analysis of the
effectiveness of working capital; analysis of the economic activity of PE “Svit soli” using the above
approach.

The achievement of the goal necessitated the following goals:

— Establish a link form and mathematical link equation by plotting a correlation between the year
of study (factor x) and a specific statistic (factor y).

— Find estimates of the parameters a and b of the linear linear regression equation: y = a + bx.

— Calculate the theoretical values of the exponent y and construct a theoretical regression line.

— Calculate the correlation coefficient » and estimate the coupling density between factor x and
exponent ).

— Calculate the coefficient of determination.

— Using the Fischer criterion, the probability of 0.95 is to estimate the adequacy of the accepted
econometric model with statistics.

— Using the t-statistic, estimate the significance of the correlation coefficient r.

To check the statistical significance of linear equation parameters with reliability P = (.98 by t-test.

Find the confidence intervals for the linear equation coefficients with reliability P = 0.98.

Find a point forecast of current assets for 2020, 2025, 2030 year.

Presentation of main materials
Analyzing the working capital of the enterprise, it is necessary to pay special attention to their
dynamics. Since dynamics characterize the development of the phenomenon in time, the analysis of
dynamics makes it possible to predict the future level of working capital and on this basis — to determine
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the promising directions of enterprise development. One of the main tasks of dynamics analysis is to
establish patterns of change in the levels of the phenomenon being studied. In addition to the constant
action of systematic and random factors, the level of a number of dynamics is also influenced by
circumstances caused by the frequency of oscillations.

The choice of the curve shape largely determines the results of the trend extrapolation (forecasting).
The basis for choosing the shape of the curve should be an analysis of the nature of the phenomenon.

In order to identify the main components that affect the value of the working capital of the
enterprise, we will conduct a correlation analysis of individual financial indicators of the private enterprise
“Svit soli”. To determine these dependencies, we perform a correlation-regression analysis [6] and
construct an economic-mathematical model [7].

According to the financial statements of the private enterprise “Svit soli” we can distinguish the
following factors of influence on working capital (¥) as of the end of the reporting year:

X;—income (revenue) from sales of products (goods, services);

X, — net cash flow for the year, thousand UAH;

CF = Net profit + Amortization,

X;— current liabilities as of year-end, thousand UAH;

X, —retained earnings (uncovered loss) of the enterprise at the end of the year, thousand UAH;

Xs — equity as of the end of the year, thousand UAH,;

Xs — short-term bank loans at the end of the year, thousand UAH;

X7 — net profit for the year, thousand UAH;

Xs — inflation index for the year, %;

Xo — cost of goods sold (goods, works, services) for the year, thousand UAH;

Xio — the cost of labor for the year, thousand UAH;

X1 — material expenses for the year, thousand UAH;

Value: R*=0.981 P =0.98.

In order to identify the main factors that affect the working capital of the enterprise “Svit soli”, we
will conduct a correlation analysis of individual financial indicators of the enterprise. MS Excel (Data
Analysis/Correlation Add-in) was used for its implementation; the results are presented in Table 1.

Table 1
Outcome indicator and factors for setting up a private enterprise “Svit soli”
thousand UAH
X, years Y Xi X X3 Xy X; X5 X5 X3 X X0 Xu

2017 46.6 | 1115.30 | 1116.10 | 47.70 | 2.30 | 1.00 | 20.80 | 2.30 | 112.40 | 1033.00 | 36.00 | 38.00

2018 | 54.00 | 1651.20 | 1652.80 | 45.10 | 11.50 | 1.00 | 0.00 | 9.20 | 113.70| 1556.90 | 90.00 | 40.00

2019 63.9 | 1373.80 | 1376.20 | 33.00 | 13.50 | 120.00 | 0.00 | 2.00 | 109.80 | 1285.90 | 82.80 | 41.55

Total | 164.5 | 4140.30 | 4145.10 | 125.80 | 27.30 | 122.00 | 20.80 | 13.50 | 335.90 | 8930.70 | 208.80 | 119.55

Average | 54.833 | 1380.10 | 1381.70 | 41.93 | 9.10 | 40.67 | 693 | 450 |111.97|2976.90 | 69.60 | 39.85

According to the analysis of PE “Svit soli”, three factors were selected, according to which a general
correlation-regression model for the period 2017-2019 was constructed.
Y =25727+0.60%28.1+0.31*125.8-0.33*3875.8
Y — overall impact factors for 2017-2019.
where, X| — the total value of retained earnings for 2017-2019;
X5 — the total value of current commitments for 2017-2019;
X; — the total value of the cost of sales for 2017-2019.
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Table 2
Characteristics of the economic and mathematical model of PE “Svit soli”
Regress.lon Standard error t-statistics P
coefficient
Y-intersection -0.239070812 4.611584819 -0.051841356 0.961913891
X1 1.380278499 0.071757711 19.23526378 0.000306879
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Fig. 1. Correlation between the factors x and y on the performance trait

The values of the parameters a and b of the equation of pair linear regression y = a + bx, calculated
by the formulas [8]:

_Xy—XXy
p=22T (1)
a=y—bXx 2)
Indicator b a
Value 35.580 -570.87

The regression line equation will look like:
$ = 35.580+(-570.87)x
The correlation coefficient between the variables x and y is calculated by the formula 1, the
solution is made using the sample variance:
= S G DXGiy) 3)
r=122
The correlation coefficient obtained indicates a strong statistical relationship between the
variables.
The coefficient of determination is calculated by the formula:
D =12 x100% “4)
D=148%
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The low value of the determination coefficient indicates the small influence of the two variables and,
as the value of the determination coefficient shows, 98.52 % of the variability depends on other factors.
To evaluate the adequacy of the accepted econometric model with statistical data, we calculate the
Fisher criterion by the formula:
r? n-m-1

F = X Q)

1-r2 m
F=-3.06
Since, F > Fiupe, it 1s likely 0.98 that the econometric model is not adequate statistical data.
For the static estimation of the significance of the correlation coefficient, we calculate the Stiudenta
criterion by the formula 4 [8]. To find a statistical estimate of the significance of the Stiudenta criterion, we

calculate Mr.
Mr = 0,781
T
t=— (©)
n-m-1
t=1558
Since, ¢ > fume it is likely that 0.98 the correlation coefficient can be considered statistically
significant.
To test the significance of the regression coefficients, we calculate the variance estimates for these
parameters:
2 _ IO’
o2 = Tl )
— ?=1xi2
%0 = e | 1Sn oy ®)
2 _ 1
Op = O¢ Z?:l(xi—f)z (9)
Indicator ol ol of
Value 34.8 214.40 11.53
The observed value of the ¢-criterion is calculated by the formulas:
t, = — (10)
a — Oa
b
= (an
Indicator tq ty
Value —0.025 10.47

The regression parameters are statistically significant and the confidence intervals for the regression
equation parameters are:

A =at-aat;
B=b+-abt
Indicator A B
Value -576.23 420.70

-5025.6708< a <-576.23
2.62< b <420.70
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Estimated amount of working capital increase:

2020 year = 2,62+ (-5025,67) * 2020 = — 10 151 thousand UAH.

2025 year = 2,62+ (-5025,67) * 2025 = — 10 176 thousand UAH.

2030 year = 2,62+ (-5025,67) * 2030 = — 10 202 thousand UAH.

In order to know how PE “Svit soli” effectively utilize its assets and how the trend towards
receivables will change in 2020, it is necessary to forecast its indicators using the least squares method.

The main goal of the least-squares method is to find, by performing a series of algebraic
calculations, a theoretical line that would most successfully equalize a number of dynamics.

The equation of the line describing the equalization function is given:

Y, =a,tat (12)

where, y, — the value of the aligned series of dynamics; ao,a; — parameters of the equation of the line; ¢ —
conditional time indicator.

The system of equations for finding the parameters of the equation of the line (ag,a;) is calculated by
the formula:

> t=0
ZJ’:”% +a,zf 2.y =na,
dyt=a, > t+a .t Syt=adt’ (13)

where, ¥ — factual data (current assets, current liabilities); n — number of years.
The intermediate calculations of the trend line parameters ag,a; are shown in Table 3.

Table 3
Calculation of estimated values of receivables
. Value, Trend, thousand
Period thousand UAH ! ¢ ¥ UAH
1 2 3 4 5 6

IT quarter 2017 year 3200.00 -5 25 -16000.00 2281.74
IIT quarter 2017 year 2 100.00 -4 16 -8400.00 2643.92
IV quarter 2017 year 2 875.00 -3 9 -8625.00 3006.10
I quarter 2018 year 3250.00 -2 4 -6500.00 3368.28
IT quarter 2018 year 3 625.00 -1 1 -3625.00 3730.46
III quarter 2018 year 2 750.00 0 0 0.00 4092.64
IV quarter 2018 year 5 805.00 1 1 5805.00 4454.82
I quarter 2019 year 4515.00 2 4 9030.00 4817.00
IT quarter 2019 year 5160.00 3 9 15480.00 5179.18
IIT quarter 2019 year 6 020.00 4 16 24080.00 5541.36
IV quarter 2019 year 5719.00 5 25 28595.00 5903.54
I quarter 2020 year 6265.72
II quarter 2020 year 6627.90
III quarter 2020 year 6990.08
IV quarter 2020 year 7352.26

Sum 45 019.00 0 110 39840.00 45019.04

Having made the appropriate calculations, we can draw up the trend equation, which is presented as
follow
y =4092.64 + 362.18 *t
On the basis of the obtained data, we will build a trend line of receivables, which reflects the
forecasting of indicators for 2020 (Fig. 2).
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Fig. 2. Estimated changes in receivables

Similarly, we will calculate the
Table 4.

estimated values of accounts payable. The results are presented in

Table 4

Calculation of estimated values of accounts payable

Period Value, ; 2 e Trend, thousand
thousand UAH UAH

IT quarter 2017 year 6 848.00 -5 25 -34240.00 6470.97
III quarter 2017 year 4 494.00 -4 16 -17976.00 6918.15
IV quarter 2017 year 7 889.00 -3 9 -23667.00 7365.33
I quarter 2018 year 8918.00 -2 4 -17836.00 7812.51
IT quarter 2018 year 9 947.00 -1 1 -9947.00 8259.69
III quarter 2018 year 7 546.00 0 0 0.00 8706.87
IV quarter 2018 year 10 692.00 1 1 10692.00 9154.05
I quarter 2019 year 8316.00 2 4 16632.00 9601.23
IT quarter 2019 year 9 504.00 3 9 28512.00 10048.41
III quarter 2019 year 11 088.00 4 16 44352.00 10495.59
IV quarter 2019 year 10 533.60 5 25 52668.00 10942.77
I quarter 2020 year 11389.95
II quarter 2020 year 11837.13
III quarter 2020 year 12284.31
IV quarter 2020 year 12731.49

Sum 95 775.60 0 110 49190.00 95775.57
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According to the calculated data, the trend equation will look like this:
y=28706,87 + 447.35% (14)
In Fig. 3 presents the values of actual and projected values of accounts payable
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Fig. 3. Factual and trend values of accounts payable

On the basis of calculations, the amount of receivables and accounts payable will increase. Namely,
as of January 1, 2020, receivables will amount to UAH 6265.72 thousand, and the amount of accounts
payable on the same date will amount to UAH 11 389.95 thousand.

The increase in values indicates that the company needs to carry out a set of measures for repayment
for the set, namely to develop an effective strategy for return of funds and cooperation on other terms with
clients onwards, a similar increase in the accounts payable indicates that the company borrows to increase
current assets and increase in liquidity but it is worth noting one aspect that a large amount of borrowing
can increase the level of financial independence for the company mizuvaty risk and effectively invest
borrowed funds.

Conclusions

Therefore, a correlation-regression analysis of the relationship between factor and outcome was
performed based on the baseline data.

Since the value of the correlation coefficient is 1.22, this indicates a direct strong statistical
relationship between the variables.

The low value of the coefficient of determination (1.48 %) indicates a small influence of the two
variables and indicates a high level of 98.52 % of variability, which indicates the dependence on other
factors.

Since, F > Fiupe (-3.06 > 1.55), it is probable that 0.98 we can assume that according to Fisher's
criterion the econometric model is adequate for statistical data.

The calculation of the Student's t test suggests with probability 0.98 that the correlation coefficient is
statistically significant.
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The correlation of the considered factors will be described by the equation of direct y = 35,580 +
+ (- 570,87) x and the projected volume of current assets will be in 2020 year — -10 151 thousand UAH, in
2025 year — -10176 thousand UAH in 2030 year —-10 202 thousand UAH, however, the accuracy of long-
term forecasts is not very high.

Therefore, given all the results obtained, the resulting model can be considered adequate and
sufficiently accurate.

Prospects for further research
In further studies, we will explore what change in the efficiency of the use of current assets will
contribute to the financial crisis in the enterprise. By means of correlation-regression relationships it is
planned to determine the value of the turnover ratios, in which the enterprise is not threatened by the
financial crisis. It is planned to develop an approach for correlation-regression analysis of sample from
several enterprises. The model may be useful to external users, in particular future investors, to assess the
feasibility of investing in businesses.
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EKOHOMIKO-MATEMATUYHE MOJAEJTIOBAHHA EOEKTUBHOCTI BUKOPUCTAHHA
OBOPOTHHX KOIITIB 3A JIONOMOI' OO KOPEJISINIMHO-PETPECIMHOI'O ITIIXO1Y

© Hanunxie X. I1., l'embapcoxa H. €., I'aspan B. A., I'pubux I. I, 2020

Ha cyyacHoMy eTami ekoOHOMi4HOro pegopMyBaHHs, 3alpPOBAIKeHHS PHHKOBHUX MeTOIiB
rocroJapoBaHHs 3POCTA€ MOTPeda B ONEPATHUBHOCTI NPUHHATTA yNPaBIiHCHKUX pillleHb y PO3PaxXyHKY
i MPOrHo3yBaHHi BapiaHTIB MOKJIUBMX HANPAMIB BUPOOHMYOI JiIIbHOCTI OKpeMHUX MiAMPHEMCTB. A e
(pakTHYHO HeMOXJIMBO 3AiliCHUTH 0e3 3aCTOCYBaHHA B AHATITHYHOMY JOCJIIKeHHi €KOHOMIiKoO-
MaTeMaTHYHUX MeTodiB. HalimommpeHimmm y mpoueci mpocToro eKOHOMIYHOIO aHAdI3y AislJIBLHOCTI
€KOHOMIYHHX CHCTeM € BUKOPHUCTAHHS KopeasliiHO-perpeciiiHoro anasisy.

Y pamkax aBTOPCHKOI0 MigXO0Qy [0 NPOBeJACHHS OLIHIOBAHHS e()eKTHUBHOCTI BHUKOPUCTAHHS
odoporHux komrtiB Ha IIII “Ceit comi” 3a momoMororw kopeiasiniiiHo-perpeciiiHoro anamizy 0yJio
BHOKPEMJICHO TaKi eTanu: BCTAHOBJICHO ¢opMy 3B’A3KY Ta MaTeMaTH4YHe PiBHAHHSA 3B’A3KY N00Yy/10BOI0
rpajgika kopeasiniiiHOl 3aeKHOCTI Mixk pokoMm gociilkeHHs (pakTop X) i MEBHUM CTATUCTHYHUM
nokasHukoM (akrop y); oduuciaeHo koedimieHT gerepminamii Ta KkoediuieHT Kopessimii r i ouineHo
IJIBHICTh 3B’A3KY Mik (pakTOpoM X i moka3HuUKOM y; 3a kpuTepiem ®@imepa 3 iimoBipHicTiIO 0,95
OLIIHEHO A/IeKBATHICTh NMPUIHATOI €KOHOMETPMYHOI MoOjAe]i CTATHCTMYHHUM JAaHMM; 3a t-KpuUTepiem
NnepeBipeH0 CTATHCTHYHY 3HA4YyLlicTh NapaMeTpiB JiHiliHoro piBHAHHA 3 HagilinicTio P = 0,98;
3HaliIeHo iHTepBaJu 10Bipu Nisl KoediuieHTIB JgiHiiiHOr0 piBHsAHHA 3 HaaiiiHicTIO P = (,98.

3pakaoum Ha Bci orpuMani pesyastatn IIIT “CBiTt costi” xapakTepu3yTh sIK IUIaTOCIIPOMOKHE
Ta ¢QiHAHCOBO cTiiike MiANPHEMCTBO, siKe 3HAXOAUTHCS HA MIKy CBOr0 PO3BHUTKY, NP0 L0 CBig4aTh
NMOKA3HUKHM B HACTYNHHMX pokax? Jlns minBuineHHs e)eKTHUBHOCTI MOKA3HUKIB 3alPONOHOBAaHI Taki
3aX0QM: ONTHMIi3alisg opranizamii MocTavYaHHs Ta CMCTeMH BHOOPY HocTaYyaJabHHUKIB; 3a0e3NeYeHHsA
ONTHMAJBHOI0 00CATy Ta CTPYKTYPH 3anaciB [uIs 3a0e3nedYeHHs CTA0lILHOI0 BHPOOHUYOI0 Mpouecy
3a MiHIMAJbHHUX BUTPAT Ha YTPUMMAHHSA 3aMaciB; NMPHUCKOPeHHs! 000POTHOCTI 00OPOTHHX AKTHBIB,
30KpeMa OCHOBHMMM NUISIXaMHU PO3PAaXyHKY 00csry 3amaciB Ta ix JikBigauii; 3a0e3meyeHHs1 €IUHOI
MeTO0I0rii o0 opraHizamii Ta BeJeHHsI 00JIKYy OKpeMHX CKJIaJ0BHX O0OpPOTHHMX aKTHBIiB; BIpO-
Ba/l’KEeHHSI MPOrPeCMBHUX TEXHOJIONIH i, IK HACTIIOK, miABUIIIEHHS ed)eKTUBHOCTI Mpaui; moJinimeHHs
opranizauii MaTepiaJbHO-TeXHIiYHOr0 3a0e3ne4yeHHs Ta peaJidamii npoaykuii; onTtuMmisanisa 30yToBoOi
Ta KPeJIUTHOI NMOJTiTHKH.

Kiro4oBi ciioBa: edeKTHBHICTH BUKOPHCTAHHS 000POTHHX KOIUTIB, KOpeJsitiiiHo-perpeciiinmii
aHai3, perpeciiina mMoaesb, JiHiliHA perpecisi, KoeilieHT neTepMiHalil, eKOHOMETPUYHA MOJEJIb,
KOpeJisilliiiHa 3aJ1esKHICTh.
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