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DEVELOPMENT OF INFORMATION
TECHNOLOGY OF CORRELATION
ANALYSIS OF TOURIST DEMAND

06’ exmom docnioncens € nPouec asMoMaAmu3auii iHGoPMayiinoi mexnoi02ii Kopeiayitino2o Anauisy mypucmu-
1020 NONUMY HA OCHOBT KOZHIMUBHO -CINAMUCTIUYH020 Ni0X00Y. O0NHUM 3 HATOLNLU NPOOIEMHUX MICUb € BUSHAUEHS
paxmopis, w0 NAUCAIOMb HA MYPUCTRUUHUL NONUM, TMOMY NOMPIOHO PO3POOUMU THOOPMAUTTIHY MEXHOL02i0 Kope-
JAUTHH020 AHANI3Y, AKA Q03604UMb BUSHALAMU QaAKMOPU, KOMPL HAUOLIbUE BNAUBAIOMD HA MYPUCTIULHULL NONUM.

Y po6omi o6rpynmosano edockonanenis memooy Kopeasuitinezo anaiisy mypucmuunozo nONUmy, wo npeocmasnse
DO3PAXYHOK MHONCUNIHO20 KOCPDIUIEHMA KOPEAAUIL MYPUCTIUUHOZ0 NONUMY, BIOMINHOI0 0COOIUBICIIO K020 € 8PAXY-
BAMHSA SAK AKICHUX, MAK | KILbKicHux napamempis. /lis ananisy mypucmuuiozo nonumy o6pano Hacmynii paxmopu:

— cepedns 3apobimuna niama na 0coby 6 Mmypucmuunitl 2a1y3i,

— gumpamu Ha mypusm;

— KLIbKICMb KOAEKMUBHUX 3AC00I8 PO3MIULYBAHHI;

— Kinvkicmo cy6’exmie mypucmuunoi Oisivrocmi;

— KLIbKICMb pexpeauiii;

— BUNYCK 8 OCHOBHUX UIHAX MA BUNYCK 3a BUOAMU eKOHOMIUHOT isbHOCTi;

— Kanimanvii iHeecmuyii 3a pezionamu;

— Mpancnopmme CNOSYUeHHs;

— eKoN021YHa CUMyayis;

— ingppacmpyxmypa (cy6’exmusHuUll NOKASHUK).

Pospobaero 610k ingopmayitinoi mexnonozii Mooemosanis i anaiisy 0is 00CAIONCeHH MYPUCTIUUHOZ0 NONUMY,
W0 BU3HAYUAE KOPEAAUTUNY 3ALEHCHICD MIdC (haxmopamu, wo 6nAUBa0my na mypucmuunull nonum. Ingpopmauitina
mexmnonozis po3pobaena na mosi npozpamyeanns R, naxemom Shiny, sxa 0ae MONCAUBICNG CMEOPEHIS IHMEPaK-
musnux 6e6-000amxis, wo dae npocmomy po3pobaeHiil MexXHoI02i 0N 36UUAL020 KOPUCTNYBAUA.

Busieneno nacmynui paxmopu, wo snausaomsv Ha mypucmudHui nonum:

— KIIbKICMb KOAEKMUBHUX 3AC00I8 PO3MIULYBAHHI;

— Kinvkicmo cy6’exmie mypucmuunoi isivnocmi;

— KiIbKICmb pexpeauii;

— pieenv inpacmpyxmypu na ocrosi cy6’eKkmusnoi excnepmusu.

B pesyrvmami na ocrosi Koperayitinozo ananisy nobyooeano mooeib npouecy (Gopmyeanis mypucmuunozo
NONUMY HA OCHOBI KOZHIMUBHO -CIMATMUCMUYHOZ0 MEMO0Y.

3as0saku yvomy 3abe3neuycmvcs MONCIUBICM Y NOOAILULOMY PO3GUBAMU MeMO0L02iuni 3acadu cmpameziu-
1020 NIAHYEANHSL PO3GUMKY CYO '€KMI6 HA MAKPO- | MIKPOPIGHI, PO3POOLAMU HOPMAMUBHO -NPABOET, CKOHOMIUNI Mma
COULANLHO-NOJIMUYHT MEXAHIZMU 2HYUKOZ0 PO3CGUMKY MYPUCTUYHUX NIONPUEMCME 8 OKPEMUX PezZioHaX HA AKICHO

Lipyanina Kh.

HOBUX 3ACA0AX.

Kmouosi cnosa: 610k i1popmanitinoi mexnonozii MOOeII08AHHS, MYPUCTIUUHULL NONUM, KOPELAUIIHUTI AHALL3,

Mosa npoepamyeanis R.

1. Introduction

The development of the tourism industry over the
past 60 years, as well as the constant increase in reve-
nues from the tourism industry in the world’s GDP, are
encouraging market participants to pay more and more
attention to methods to stimulate demand for tourism
services. In particular, the number of international tour-
ist flows increased 43 times: from 25 million people in
1950 to 1087 million people in 2017. Tourism accounts for
6 trillion USD of global investment (4.3 % of the total),
which provides 120 million of direct and 176 million of
indirect jobs in related industries. The tourism industry
is closely related to the market economy and affects the
development of 32 sectors [1].

One of the important factors in the development of tour-
ism in Ukraine is tourist demand. According to Ukrinform
of Ukraine, last year the trend of increasing the number
of entry tourists continued after a two-fold drop in 2014.
So, in 2017, Ukraine was visited by 14,600,000 foreigners,
which is almost a million more than the previous year.
In 2013, Ukraine was visited by 25 million foreign tou-
rists, and in 2014, 12,500,000. Since then, the number of
visitors has been growing [2].

Therefore, in this paper it is proposed to use the method
of correlation analysis of tourist demand in Ukraine, based
on the methods of subjective examination of quality indi-
cators and their statistical analysis. These facts determine
the relevance of the study, and an information technology
has been developed for the correlation analysis of tourist
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demand that will allow the specialists and interested users
to quickly solve various individual tasks.

2. The ohject of research
and its technological audit

The object of research is the process of automating in-
formation technology of the correlation analysis of tourist
demand on the basis of a cognitive-statistical approach.
Demand is one of the most important factors stimulating
the development of tourism. Demand is closely related to
the supply of any tourist product — a tourist service, a
product, a tourist and recreational resource, infrastructure
and tourist conditions.

One of the most problematic places is the identification
of factors affecting tourist demand. For what and need to
develop information technology correlation analysis, which
will determine the factors that most affect tourism demand.

At a certain stage of development, almost every subject
of the tourism industry is faced with the need to reorganize
the tourism business in response to changes in the external
environment. The current status of information-computer
technology (ICT) and automation is one of the most signifi-
cant factors contributing to the development in the tourism
business. The pace of activity is accelerating and in order to
keep revenues at an appropriate level with the loyalty of cus-
tomers (tourists) and travel agency employees is not the only
factor in increasing the competitiveness of an organization.

To do this, it is necessary to develop a program that
automates the process of determining the tourist demand
takes place in Ukraine, which will give an opportunity
to assess the tourist demand to any user.

When creating this software, orientation was carried
out on a modern Web interface. This information techno-
logy is implemented using the R programming language
with the Shiny package, which allows using various data
storages to import information. Shiny is a package that
allows to create interactive web applications directly in R.

To develop information technology for modeling and
analyzing tourist demand on the basis of a cognitive-sta-
tistical approach, it is decided to automate the following
elements: information collection, dependency building, fore-
casting (Fig. 1).

Step 2. Preliminary analysis of data, recovery of missing
values, preparation of the time series vector for further
analysis.

Step 3. Calculation of the parameters of expert as-
sessment by the factor of the level of infrastructure in
the region.

Step 4. Calculation of the correlation dependence bet-
ween the factors influencing tourist demand.

Step 5. Building a regression model of tourist demand
in Ukraine based on a multifactor model.

Step 6. Construction of the predicted value of indica-
tors of tourist demand by means of ARIMA-modeling.

3. The aim and ohjectives of research

The aim of research is development of an information
technology for the correlation analysis of tourist demand,
a distinctive feature of which is to take into account both
qualitative and quantitative parameters. This will highlight
the main factors that influence tourist demand.

To achieve this aim, it is necessary to perform the
following objectives:

1. Improve the method of correlation analysis of tou-
rist demand.

2. Develop a block of information technology, deter-
mines the correlation dependencies between the factors
influencing tourist demand.

3. Build on the basis of the correlation analysis model
of the process of formation of tourist demand.

4. Research of existing solutions
of the prohlem

Decision support systems are used to manage the tou-
rist area, in which information technologies for modeling
and analyzing tourist demand play a significant role. At
present, for solving this problem, two main approaches are
used: statistical and cognitive. In the statistical approach,
using the method of regression estimation of dependencies,
however, before this, determine the correlation relationship
between factors that may affect the object under study.

Significant contribution to the development of theoreti-
cal and applied issues of modeling socio-economic processes

that affect the dynamics of tou-

rist flows are made by many scien-
tists. In particular, the authors of

the study [3] built an economet-
ric model of tourist demand in the
developed tourist market in order

] Results to improve the tourist product of

Greece. In [4], study of assessing
the economic determinants of in-
ternational demand for tourism ser-

T
Data collection Calculation of Forecasting
Database parameters for
Expert 7J> expert assessment Forecast of
N~
assessment change factors
T
e— A
—
Data store [
o Forecast of
— Statistical data [ .
—|+ tourist demand
Build dependency
Internet -

vices in Spain is conducted based

Fig. 1. Diagram of the automation process of information technology of modeling and analysis of tourism
demand on the basis of a cognitive-statistical approach

To build an information technology for modeling and
analyzing tourism demand on the basis of a cognitive-
statistical approach, the following method is proposed:

Step 1. Import data from a database in .csv, xls, .dat,
sav, .txt format, or directly enter data into the software
environment.

on econometric models, taking into
account such factors as: real income
per capita, exchange rates and real
prices for Spanish tourist services.

Applied research [5] of tourist demand in France with
the help of an econometric model shows a positive rela-
tionship between the costs of tourism and the production
of a country’s GDP, as well as the negative correlation
between tourism costs and prices. The authors of [6] de-
velop an econometric model of the demand for tourism
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according to the tourist flows in Western Europe and proposed
prediction models. Spatial econometric approach to modeling
tourist flows is presented in the study [7]. The study of the
tourism industry with the use of economic and mathemati-
cal modeling was carried out in [8, 9], which identified the
main factors affecting the activities of enterprises in the
tourism sector. Using the correlation-regression analysis, the
influence of the proposed factors on the functioning and
development of tourism enterprises is evaluated, the most
significant factors are selected and a number of econometric
models are proposed that reflect these dependencies. In [10],
the territorial organization of the markets for inbound tour-
ism in Ukraine is studied, both using factor analysis and
based on the developed cartographic models. The dynamics
of tourist flows in Ukraine and the identification of fac-
tors influencing their change using econometric methods
and models are studied by the authors of [11]. Using the
correlation-regression analysis in [12], the author assess the
impact of economic indicators on the value of the outbound
tourist flow of the Transcarpathian region (Ukraine).

Existing information technologies for modeling and ana-
lyzing tourist demand (COMFAR, PROPSPIN, Alt-Invest,
Project Expert, Microsoft Project, Time Line, Primavera,
Vortex, Forecast Expert) do not provide the necessary qua-
lity practices, which significantly reduces the effectiveness
of decision support systems.

Based on the analysis, it can be concluded that many
scientists have developed a wide range of theoretical and
practical aspects of modeling the socio-economic situation
in various areas of the country. However, the features
of information technology in relation to the correlation
analysis of tourist demand, taking into account the factors
pushing, attracting and repelling, are ignored.

5. Methods of research

In this paper, let’s construct a block of information
technology (IT) modeling and analysis of tourist demand
on the basis of a cognitive-statistical approach, which de-
termines the correlation dependence between the factors
influencing tourist demand.

The demand for tourism is expressed by the number of
arriving tourists or the expenses incurred in the country.
In the tourism demand model, macroeconomic indicators
are taken into account, such as income in countries, the
price of tourism in Ukraine, the cost of transport, and
the number of collective accommodation facilities.

Tourist demand in Ukraine is characterized on the basis
of the following factors, based on scientific research [3—5]:

Y=F(S,Vin,P,RK,C,I,T,Z,N), (1)
where Y — flow of tourists; § — average salary per person
in the tourism industry; V7z — tourism expenses; R — the
number of collective accommodation facilities; P — the
number of subjects of tourist activity; K — the number
of recreation; C — release in basic prices and release by
types of economic activity; I — capital investment by re-
gion; T — transport service; Z — environmental situation;
N — infrastructure (subjective indicator).

To calculate the multiple correlation coefficient of tou-
rist demand, a distinctive feature of which is to take into
account both qualitative and quantitative parameters, it
is necessary:

Step 1: determine the factors of the model (1), most
significantly affect the tourist demand Y.

Step 2: calculate the sum of the values of the fac-
tors of the model (1). Calculate the arithmetic average
of the factors, calculate the standard deviations using the
standard deviation formula for each factor.

Step 3: build a matrix (A) of paired correlation coef-
ficients 7;, i=1k between the signs of model factors (1)
using the Pearson correlation coefficient 7,

X% u-7)
W~ n .\ n L\
\/Ziﬂ(xi _x)z .21‘:1(% _y)l
where x; i y; — the values of the variable factors of the

model (1); ¥ i y — the average value of the variables of
the model (1); n — sample size:

’
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A=| rgs 1% vie Tkp ke 1 Tke T Trr Trw
Tes Tove Tep Ter Tex 1 Yo Tor Tow
Tis Tive T Tir Tix Tie 1 orir Ty

Trs Vv Trp Tir T Tre T 1 Tiy

L "'Ns P'nve e INe Tk ne e Tar 1 ]

Step 4: estimate the density of the relationship between
the dependent variable Y and the independent variables
of the model factors (1) in accordance with the table of
values of the correlation coefficient values.

There are several methods for determining the level of
correlation coefficient. The most famous is the least squares
method. However, this rather time-consuming calculation
can be successfully replaced using functional-statistical
dependencies in the R programming language.

6. Research results

Before beginning the correlation analysis, it is necessary
to visualize the data. Statistical indicators are taken from
the State Statistics Service of Ukraine [2]. The level of
infrastructure is determined on the basis of a subjective
examination [13].

The dependencies between the indicators are quite close,
because they are modeled as linear. In a situation where
curved patterns appear in the scattering regions, let’s
deal with a nonlinear association between two variables.
Therefore, the graph in Fig. 2 shows that all dependen-
cies have a linear relationship.

While it seems that the distribution is normal. And
now let’s check formally. One of the statistical criteria
for checking the normality of the distribution of data is
the Shapiro-Wilk test. Using this criterion, the null hy-
pothesis is verified, which is that the data is distributed
normally.

If, by the Shapiro-Wilk criterion, P-value >0.05, then
the probability that the hypothesis is correct is zero. If the
significance level is less than 5 % (0.05), there is reason
to reject the null hypothesis that the data are normally
distributed. The turnout has a normal distribution.
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Fig. 2. Visualization of data affecting tourism demand

As can be seen from the results in the Table 1, P-value
values are larger than a predetermined level of 0.05 values.
This means that the distribution of data is not significantly
different from the normal distribution. In other words,
it is possible to assume that the distribution is normal.

Tahle 1
Significance by Shapiro-Wilk criterion
Indicator ShagiruTWilk P-value
criterion

Y — flow of tourists 0.98 0.09
:‘:}'— average salary per person in the tour- 0.91 006
ism industry
Vrp — tourism expenses 0.88 0.28
1?— thg.gumher of collective accommoda- 0.82 009
tion facilities
P — the number of subjects of tourist activity 0.83 0.11
K — the number of recreation 0.88 0.25
C - release in I?asil: Frjices and release by 0.88 028
types of economic activity
I — capital investment by region 0.96 0.04
T — transport service 0.82 0.08
Z — environmental situation 0.86 0.21
N — infrastructure (subjective indicator) 0.92 0.02

The correlation matrix is used to study the relationship
between several variables. The result is a table contain-
ing the correlation coefficients between each variable and
the others. The correlation matrix is always symmetric
(the correlation coefficient between X and Y variables
is equal to the correlation coefficient between Y and X
variables), and the main diagonal of such a matrix is 1
(the correlation of the variable with itself is 1).

A correlation analysis of the process of formation of tou-
rist demand has been carried out (Fig. 3). There are several
methods for determining the level of correlation coefficient.
The most famous is the least squares method. However, this
rather time-consuming calculation can be successfully replaced
by the use of functional-statistical dependencies in the R
programming language, which makes it possible to reduce
the search for correlation coefficients to several minutes.

250000 3000 4000 10 20
=
> o > @ o O - X N + Z

1

Y 1 0.04-0.230.81 0.86 -0.450.01 0.82 0.81 0.65 0.95
0.8

S 0.04 1 0.570.45-0.24 0.09 0.36-0.14-0.33-0.25-0.03
0.6

VTR -0.230.57 1 0.15-0.63 0.81 0.92-0.12-0.69 -0.8 -0.05

R 0.81 045015 1 0.6 -0.34 0.3 0.67 0.55 0.45 0.83 [ %4
P 0.86-0.24-0.63 0.6 1 -0.78-0.450.78 0.99 0.92 0.78 | [ 0-2

C -0.450.09 0.81-0.34-0.78 1 0.78-0.29 -0.8 -0.95-0.28

o

10.01 0.36 0.92 0.3 -0450.78 1 0.04-0.48-0.67 0.2 0.2

K 0.82-0.14-0.12 0.67 0.78 -0.29 0.04 1 0.74 0.52 0.91 04
Z 0.81-0.33-0.69 0.55 0.99 -0.8 -0480.74 1 0.94 0.74 06
T 0.65-0.25 -0.8 0.45 0.92 -0.95-0.67 0.52 0.94 1 0.52 08

N 0.95-0.03-0.050.83 0.78 -0.28 0.2 0.91 0.74 0.52 1

Fig. 3. Matrix of tourist demand correlations

The calculation of the correlation matrix allows to
conclude that there is a significant relationship between
the effective index (Y) and the factor values, in addition
to several factors (8§, VIR, C, I and T). More detailed
information is presented in Table 2.

Based on the correlation analysis, a model of the pro-
cess of formation of tourist demand has been built, which
will look like this:

Y=F(P,RK,N),

where Y — the flow of tourists; R — the number of collec-
tive accommodation facilities; P — the number of subjects
of tourist activity; K — the number of recreation; N —
the level of infrastructure based on subjective expertise.
Fig. 4 shows the program code in the R block of in-
formation technology modeling and analysis for the study
of tourist demand determines the correlation dependence
between the factors influencing tourist demand.
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Estimation of the relationship density between the dependent variable by Y independent variables Teble 2
Effective in.dex Factor scare (independent variable x) The V?IUE of tl'.ua‘ pair Ehartacteristic [fjensi.ty] Relationship
(dependent variable y) correlation coefficient (r) | of linear relationship character
H — the number of collective accommodation facilities 0.8137670 strong direct
5 — the average salary per person in the tourism industry 0.04219225 practically absent direct
Vrp — tourism expenses -0.2271771 practically absent indirect
P — the number of subjects of tourist activity 0.8613155 strong direct
Z — ecology 0.8080230 strong direct
Y — the flow of tourists | ¥ — level of infrastructure based on subjective expertise 0.94793356 very strong direct
K — the number of recreation 0.8180624 strong direct
gcgv;";leasa in basic prices and release by type of economic _0.44915574 weak indirect
I — capital investment by region 0.006036328 practically absent direct
T — transport connection 0.6452539 perceptible direct

4 H [Csourceonsave | Q #° « + Run

12 scatterplotmatrix(d, diagonal = TRUE, smooth = TRUE,
13 reg.line = TRUE)

15 shapiro.test(diy)
16 shapiro.test(d$s)
17 shapiro.test(d$vTR)
18 shapiro.test(dir)
19 shapiro.test(d$p)
20 shapiro.test(d$c)
21 shapiro.test(d$I)
22 shapiro.test(d$K)
23 shapiro.test(d$z)
24  shapiro.test(d$T)
25 shapiro.test(d$N)

27 M <- cor(d)
28 cor(d)

"#FF2400",
col1{200))

30 col<-colorrampPalette(c("#920004", "#77AADD", "#082567"))

31 corrplot(M, method = "number”,col =
33 ggpairs(d)
(Top Level) +

Fig. 4. Program code in A

A visual representation of the information technology
modeling and analysis unit for the study of tourist demand
determines the correlation dependencies between the fac-
tors influencing tourist demand, are presented in Fig. 5.

The proposed information system provides a definition
of tourist demand, aimed at improving the work of the
tourism industry and are implemented in the Department
of Tourism and Resorts of the Ternopil Regional State
Administration (Ukraine) and the Travel Agency «Every-
where Together> (Ternopil, Ukraine).

*+ | $ Source +

7. SWOT analysis of research
results

Strengths. The proposed description allows to
develop a block of information technology modeling
and analysis for the study of tourist demand deter-
mines the correlation between the factors influencing
tourist demand. Due to this, it will increase the
efficiency of the analysis by reducing the level of
uncertainty about the compliance of competence and
personal qualities of the performers to the degree
of complexity of the project.

Weaknesses. The proposed approach, since it is
based on expert assessment, carries with it the or-
ganic shortcomings of these methods, namely, some
subjectivity, although its influence on the formation
of decisions by the expert commission is signifi-
cantly reduced.

Opportunities. In the future, it seems appropriate to
carry out modeling based on the results obtained and
to develop a full-fledged technology for modeling and
analyzing tourist demand on the basis of a cognitive-
statistical approach. The proposed information system
provides a definition of factors affecting tourism demand,
which makes it possible to predict the number of tou-
rists, and accordingly, predict the future profit of a tourist
enterprise.
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Fig. 5. Window of the correlation matrix representation in the form of a graph
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Threats. The proposed description when stored in the
information technology can potentially be destroyed in
whole or in part. The reason for this is biased or impartial
actions of users and personnel serving the information
technology of the travel agency, and therefore requires
the implementation of special security measures.

1. The method of correlation analysis of tourist demand
is improved, which is the calculation of the multiple cor-
relation coefficient of tourist demand, a distinctive feature
of which is to take into account both qualitative and
quantitative parameters. The following factors were chosen
for the analysis of tourist demand:

— the average wage per person in the tourism industry;

— tourism expenses;

— the number of collective accommodation facilities;

— the number of subjects of tourist activity;

— the number of recreation;

— release in basic prices and release by types of eco-

nomic activity;

— capital investment by region;

— transport connection;

— ecological situation;

— infrastructure (subjective indicator).

2. A block of information technology for modeling and
analysis is developed for the study of tourist demand which
determines the correlation dependence between the fac-
tors influencing tourist demand. Information technology is
developed in the R programming language, by the Shiny
package, which enables the creation of interactive web
applications and the simplicity of the developed techno-
logy for the average user.

3. The following factors affecting tourist demand are
identified:

— the number of collective accommodation facilities;

— the number of subjects of tourist activity;

— the number of recreation;

— level of infrastructure based on subjective expertise.

As a result, based on the correlation analysis, a model
of the process of formation of tourist demand on the basis
of the cognitive-statistical method is built.
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