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Key words: The paper is dedicated to the one of the leading economic indicators — business
forecast, neural network, model, gross confidence index (BCI). This indicator characterizes the state of the economy and
domestic product, business confidence the business situation in the country. Future changes in business cycles and
index, analysis, business situation, economic prospects can be determined on its basis, since the business confidence
economy. index is associated with the concept of economic cycles. The index enables to

identify and predict crisis phenomena that occur in the economy and develop
possible options for overcoming them. The author’s vision of the stages of
forecasting the business confidence index based on neural network technologies is
proposed. The paper studies the dynamic of the Ukrainian business confidence
index over the past eleven years (2008-2019). A system of socio-economic
indicators that have an impact on the business confidence index was formed.
Based on the correlation coefficients, the degree of their relationship with
business confidence index was established, and only those that had a high degree
of relationship were selected. Based on the selected socio-economic indicators,
the business confidence index forecast for the next period was developed. For
forecasting, which based on neural network technologies, the quarterly values of
the growth rates of the selected indicators were taken as initial data. It is
established that the obtained forecast completely repeats the trend of the initial
time series. Forecast error is equal to 4% that demonstrates the high quality of the
obtained results. The obtained forecasting results indicate that in the forecast
period the business confidence index of Ukraine will decrease by 3,12%
compared with the previous period. The predicted values of the business
confidence index make it possible earlier than other macroeconomic indicators to
predict changes in the country's business climate.
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Kirouosi ciioBa: Po3risiHyTo OJMH i3 BHIEPEMIKAIOYMX CKOHOMIYHHX IHAMKATOPIB — 1HICKC
MPOTHO3, HEMPOHHA Mepexa, MOJIENb, nminoBux ouikyBanb (business confidence index, BCI). lleli moka3HuK
BaJIOBHMH BHYTPIIIHIN POIYKT, iHAEKC XapaKkTepu3ye CTaH E€KOHOMIKH Ta Oi3Hec cuTyamii kpaimm. Ha Horo ocHOBi
JIIOBUX OYiKyBaHb, aHaJi3, Oi3HEC CUTYaIlis,  MOKHA BU3HAYaTH MaiOyTHI 3MiHH AIJIOBHX IUKJIiB Ta eKOHOMI4HI IIEPCIEKTHBHY,
E€KOHOMIKA. OCKUTBKH HOT0 MOB’SI3yIOTh 3 KOHIICTIIIER ekoHOMIiYHMX 1ukIiB. BCI mae 3mory

BUSIBIITH Ta TPOTHO3YBAaTH KPU30Bi SIBHIIA, SIKi BiIOYBAIOTHCS B €KOHOMIII Ta
PO3pOOIATH MOMJIMBI BapiaHTH BHMXOXYy i3 HHX. 3alpOIOHOBAHO aBTOPCBHKE
OayeHHs1 eTamiB NPOTHO3YBAaHHS IHJAEKCY [IIOBUX O4iKyBaHb Ha OCHOBI
HelipoMepekeBUX —TexHouorii. Jlocmimkeno amHamiky BCI  BitumsHsSHOT
€KOHOMIKH 3a OCTaHHI oAMHaaLsATh pokiB (2008-2019). ChopmoBaHo cucTeMmy
COIaIbHO-€KOHOMIYHHX IMOKa3HHUKIB, sIKi 3/iticHIoI0Th BituB Ha BCI. Ha ocHOBI
Koe(iIieHTIB KOpesmii BCTAaHOBIEHO CTYMiHb iX 3B’s3Ky 3 BCI ta Bimibpano
JIMILIE Ti, SIKi MalOTh BUCOKHH piBeHb 3B’s13Ky. Ha ocHOBI BiiiOpaHux coliansHo-
€KOHOMIYHMX MOKa3HHMKiB Oyno mnoOynoBaHO nporHo3 3HauyeHHs BCI Ha
HacTymHUH mnepiox. [ns mporHosyBaHHs iHmekcy BCI s ykpaiacekoi
EKOHOMIKH OyJI0 3aCTOCOBAHO HEHpOMepexeBi TEXHOJIOTIl, y SIKOCTI BHXiJHHX
JaHUX Oyino oOpaHO KBapTalbHI 3HAUCHHS TEMIIB 3pOCTaHHS BigiOpaHKX
MOKa3HMKIB. YCTAQHOBJICHO, IO OTPUMAHHH MPOTHO3 IIOBHICTIO ITOBTOPIOE
TEHJICHIIII0 BUXIZHOTO YacoBoro psmy. Ilommika mporHo3y craHOBUTH 4%, IO
CBITYMUTH TMpPO BHCOKY SKICTh OTPUMAHUX pe3yJbTariB. Pe3ymbratn
MPOTHO3YBAaHHS CBIAYATH IPO Te, IO B IIPOrHO3HOMY IEpiojii 3HAYCHHS 1HAEKCY
BCI B VYkpaini 3MeHmmThes Ha 3,12% TMOpIBHAHO 3 MOMEpEAHIM IIE€piogoM Ta
ckiage 115,96. IIporHo3Hi 3HaUeHHS iHAEKCY IIOBHX OYiKyBaHb JAalOTh 3MOTY
paHimie 3a iHIOI MaKpOESKOHOMIYHI ITOKa3HWKH Iepemdadatd 3MiHU Oi3Hec-
KIIIMaTy KpaiHu.
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Statement of the problem

At the current stage of economic development,
researchers are placing greater emphasis on studying of
various  socio-economic indicators  that  would
characterize the changes taking place in the economic
space. One of these indicators is the business confidence
index, which allows both analysing the current state of
the economy and tracking the peaks and downturns of the
economic cycle. Also, it should be noted that on the basis
of the business confidence index, it is possible to predict
the direction of changes in the business cycle that may
occur in the next period and assess the business situation
in the country.

The business confidence index refers to leading
indicators that provide an opportunity for early detection
of economic changes, as it is published by the National
Bank of Ukraine quarter earlier than the information of
State Statistics Service of Ukraine on macroeconomic
indicators. Given this data, the indicator is very valuable
for the analysis of the economic situation in the country
and requires qualitative research. Therefore, forecasting
the index of business confidence is one of the urgent
tasks of the economy, which requires a solution.

Analysis of recent studies and publications

Theoretical and practical aspects of the formation of an
index of business confidence have been investigated in
many foreign and Ukrainian researchers. Helder Ferreira
de Mendonga and André Filipe Guedes Almeida [1] have
considered the issue of building a confidence index based
on the inflation target of Brazil. Researchers have
established that the impact of the credibility of monetary
policy on business confidence is significant for decision
making by enterprises. In paper [2], an extraordinary
approach to the generation of local business confidence
indices and an analysis of local intersectoral relations
based on textual data from newspaper articles was
proposed. S. Feuerriegela Ta J. Gordon [3] include
business confidence index in the set of macroeconomic
indicators with the aim of reflecting the general German
economic climate and the forecast of macroeconomic
indicators is built using the semantic path model. In the
collective monograph [4], various interpretations of the
business activity of the enterprise are considered and the
conclusion is drawn that simultaneously with the
microeconomic approach, an integrated approach to the
study of this category is also being developed through an
attempt to combine the business activity of individual
business entities with the business activity of the
economy as a whole. The system of indicators that
characterize the general economic development of the
country refers to external sources of information for
generating business activity indicators and is the basis for
analysing and predicting the environmental conditions of
the entity’s functioning when developing a
comprehensive policy for managing business activity and
identifying reserves for its increase, focusing on industry
average indicators. In paper [5], a group of economic
indicators that affect business activity is proposed based
on cross-correlation analysis into three groups: lagging,
coincident and leading indicators. The existing scientific
papers do not fully reflect the current views of
researchers regarding the forecasting of business
confidence index. Therefore, in spite of a significant
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number of scientific publications, the issue of business
confidence index forecasting remains insufficiently
disclosed.

Obijectives of the article

The purpose of the article is to forecast the index of
business confidence of Ukrainian enterprises on the basis
of a system of socio-economic indicators that have a
significant relationship with the business confidence
index using neural network technologies.

The main material of the research

In the scientific economic literature, the business
confidence index is understood as a complex numerical
assessment that reflects the efficiency of using available
resources and the state of the economy as a whole. In
Ukraine, the business confidence index is determined by
the National Bank of Ukraine [6] in accordance with the
recommendations of the Organization for Economic
Cooperation and Development (OECD). The National
Bank of Ukraine has been conducting quarterly surveys
regarding business confidence of enterprises since 2006
and calculates an aggregate index of survey results — an
index of business confidence, which is based on the
expectations of enterprises regarding their development
prospects in the next 12 months, in particular regarding
the financial and economic situation, volume of sales,
investment and employment. The business confidence
index is calculated as the average value of response
balances [7].

The forecasting of the business confidence index was
carried out on the example of the Ukrainian economy
over the past eleven years (2008-2019). To form a system
of socio-economic indicators that affect the business
confidence index of enterprises of Ukraine [6], the
official statistical data of the site “Trading Economics”
[8] was used. The authors proposed a methodological
approach to forecasting BCI based on neural network
technologies, which is presented in Figure 1.

In accordance with the proposed methodological
approach, the first stage is the formation of a system of
socio-economic indicators that characterize the business
situation in the country under study. Based on the
analysis of scientific papers, the authors made the
assumption that the business confidence index (BCI) is
affected by a set of socio-economic indicators, such as:
growth rate of Changes in Inventories, GDP Annual
Growth Rate, Producer Price, Unemployment Rate,
growth rate of Consumer Spending, growth rate of Steel
Production, growth rate of Export and growth rate of
Import. Accordingly, the authors formed an array of
input data for the country under study (Ukraine). The
outgoing data for forecasting are the time series of
quarterly growth rates of economic indicators over the
past eleven years (1% quarter of 2008 — 1% quarter of
2019).

At the second stage, the degree of connection between
the selected socio-economic indicators and the BCI is
checked. The degree of connection is established using
the correlation coefficient, if its value is greater than 0,7,
and then this indicator will be used in the future when
predicting BCI. All other indicators whose correlation
coefficient are less than 0,7 are not considered.
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Fig. 1. Stages of developing the BCI forecast based neural network technologies
Source: developed by the authors

In accordance with the results of the correlation analysis,
it was found that significant indicators that affect the
level of business confidence of Ukrainian enterprises
(BCI) are indicators such as: GDP Annual Growth Rate,
growth rate of Export and growth rate of Import (Table

Table 1 — Correlation matrix

1). It is these indicators that have a correlation coefficient
with the business confidence index greater than the
threshold value of 0,7 and based on them, the further
forecasting of the business confidence index of
enterprises of Ukraine will be carried out.

Socio-economic indicators The degree of connection of selected indicators with BCI
Changes in Inventories 0,228177
GDP Annual Growth Rate 0,860089
Producer Price 0,081755
Unemployment Rate -0,44299
Consumer Spending 0,42668
Steel Production 0,549649
Export 0,759519
Import 0,786822

Source: calculated by the authors

We will implement forecasting the business confidence
index of Ukrainian enterprises by two methods: using
neural network technologies and based on regression
analysis. Forecasting based on neural network
technologies consists of such steps as selecting the type
of neural network and the method of its training, and then
testing the neural network and its launch to develop
predictive values. For a predictive neural network, the
number of inputs depends on the generated array of the
training sample, and there is only one output — the BCI
value.

All calculations were carried out on the basis of the
analytical platform Deductor Studio Academic 5.3 [9],
which allows you to perform all the steps of data mining
from their loading and visualization to building and
evaluating the quality of finished models. The forecasting

procedure, first of all, provides for the construction of a
neural network model, determination of confidence
intervals and comparison of forecast values of BCI with
real ones.

The time period for analysis is 45 values (1% quarter of
2008 - 1% quarter of 2019). The training set consists of
89% of the data (40 values, time period between 1%
quarter of 2008 and 4" quarter of 2017), and the test set —
11% of data (5 values, time period between 1% quarter of
2018 and 1% quarter of 2019). According to the results of
the correlation analysis, three indicators for predicting
the BCI of Ukraine, which influence the business
confidence index, were chosen: GDP Annual Growth
Rate (GDP_AGR_Ukraine), Export (Exports_Ukraine)
and Import (Imports_Ukraine). An artificial neural
network consists of one hidden layer, which contains two
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neurons, and one output layer (business confidence
index). The number of variables in the input layer
corresponds to the number of selected economic
indicators for modelling, i.e. tree. Thus, to predict BCI,
used the neural network of the type [3-2-1] (Fig. 2).

The activation function of the hidden layer is the sigmoid
function. This type of function is often used for

GDP_&GR_Ukraine

Exports_Ukraine

Imports_Ukraine

ISSN 2414-0287

modelling and the outgoing values of such a function
continuously fill the range from 0 to 1 [8]. The learning
algorithm is the back-propagation error algorithm (Back-
Propagation) with a learning rate of 0,1. The difference
between the reference and the real output of the network
is less than 0,05 (learning rate). The number of learning
iterations is 10000.

. BCI_Ukraine

Fig. 2. General view of a neural network of the type [3-2-1]
Source: calculated by the authors

The next step is the analysis of the results — establishing the
accuracy and quality of the developed forecast. The quality
of the forecast is determined on the basis of confidence
intervals and is visually displayed on the dispersion
diagrams, which are shown in Fig. 3 and. Fig. 4.

From the dispersion diagram, it can be seen that the
predicted values of BCI do not exceed 5% confidence
interval, that is, we can conclude that the neural network
models obtained are qualitative.

Average and maximum errors train and test sets for
model are not exceed the recognition error threshold
(0,05), which evidenced that the resulting neural network
model can be used to predict the index of business
confidence of the country’s enterprises. Absolute
percentage error also evidenced about high forecasting
quality, since it is not exceed 10% (Table 2).
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Fig. 3. Dispersion diagram of the train set of the neural network
Source: calculated by the authors
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Fig. 4. Dispersion diagram of the test set of the neural network

Source: calculated by the authors

Table 2 — Measures of the forecast set

Measures Value of the measure
Average error of the train set 0,0085
Maximum error of the train set 0,0426
Average error of the test set 0,0088
Maximum error of the test set 0,0138
Absolute percentage error (MAPE), % 4

Source: calculated by the authors

Using the worked out a neural network model, we
construct the forecast of the business confidence index
for the Ukrainian enterprises for the 2" quarter of 2019.

This forecast was made using the “What - If” tool of the
analytical platform Deductor Studio Academic 5.3. The
forecast result is shown in Fig. 5.

150
140
130 ’\\
4 Y A = A~V s s
w / X A/
100 Zav
N W v/
80 \
70 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
T T T T T T T T T 0 9T
S & & & O 6 6 6 O O O O o0 oo o o o o o o o o
N N N N N N AN N N N N N N N N N N N N N N N N
Time
—— BCI_Ukraine ——BCI_Ukraine_OUT

Fig. 5. The result of forecasting the business confidence index based on neural network technologies

Source: calculated by the authors
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Figure 5 shows that starting from the 2nd quarter of 2016
there has been an increase in the economic activity of the
Ukrainian economy by an average of 1.7%. Based on a
visual analysis of the real and forecast values of the
business confidence index, we can conclude that the
obtained forecasts completely repeat the trends of the
original time series. The forecast value of the business
confidence index of Ukrainian enterprises in 2" quarter
2019 decrease by 3.12% compared to 1% quarter 2019
(from 119,7 to 115,96). The decline in the value of BCI
is associated with an increase in the rate of growth in
exports by 57,2% (from 7,37 in 1% quarter of 2019 to
3,16 in 2" quarter of 2019). However, the value of the
business confidence index is more than 100, which
indicates the continued growth trend in economic activity
in the 2" quarter of 2019.

Conclusions

The paper discusses the forecasting of the business
situation in Ukraine based on the use of an appropriate
indicator — the business confidence Index (BCI), which
determines the effectiveness of the country's economy
and its development prospects. The advantages of the
indicator are the fact that it has a proactive publication
nature; therefore, it is valuable for forecasting the
macroeconomic state of the country.

ISSN 2414-0287

Since neural network technologies today are
characterized by broad research capabilities, such as:
ability to change its behaviour depending on external
influences, high reliability. Considering this the BCI
forecasting is proposed to be carried out by phased
construction of a neural network model with the
possibilities of its training. Based on the results of testing
the proposed methodological approach, the time series of
quarterly values of the BCI indicator of Ukraine for the
period 2008-2019 was predicted to take into account the
influence of significant socio-economic indicators, such
as: GDP Annual Growth Rate, growth rate of Export and
growth rate of Import. It was found that the forecast that
was obtained using neural network technologies has high
accuracy and such that is within the confidence interval.
It is proved that in the next period the value of the BCI
will be 115,96, which will indicate the retention trends of
economic activity in Ukraine. The obtained forecast
indicators serve as the basis for making managerial
decisions both at the level of economic entities and at the
macro level. Based on them, economic development
strategies are formed, and the prospects for the overall
business situation in the country are substantiated.
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