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MATHEMATICAL MODELING OF
TOURISM DEVELOPMENT IN
TERRITORIAL COMMUNITIES

In this paper, the problems of development of associations of territorial communities in the tourism direction
of economic development are considered.

The object of research is the improvement of territorial communities on the example of Ukraine. One of the
most problematic places is the lack of funds for the development of existing large tourist complexes and the
creation of new ones.

The study uses the idea that tourism development has a direct stimulating effect on the development of
a number of important economic sectors. The use of a mathematical apparatus is also considered, which allows to
analyze the main factors influencing the development of the tourism industry of territorial communities. A com-
prehensive solution of economic, social and environmental issues of sustainable tourism development is impossible
without the development of mathematical models and supporting tools that allow predicting the main indicators of
sustainable tourism development. The paper considers PLS-PM modeling using such internal consistency criteria
as Cronbach’s Alpha coefficient, Dillon-Goldstein coefficient p, model reliability, mean variance. The purpose of
the PLS-PM model is to obtain estimates of latent variables for further forecasting procedures for the develop-
ment of the system. The processes taking place in the tourism industry are characterized by a complex interaction
of economic, environmental and social factors. Their influence should be taken into account for the implementa-
tion of the sustainable tourism development strategy. The analysis of the model was also carried out with the help
of a single coefficient of quality of the correspondence of the data model, which characterizes the quality of the
internal and external models of the system.

Thanks to the listed tools, the statement is formed that the regulation of key factors of the tourism sector
of the economic sector can have a positive impact on the development of national culture and economy in the
united territorial communities. The created mathematical model clearly forms the conclusion that the development
of tourism in local communities can become the engine of their sustainable economic development, given the
available regional conditions.

Keywords: united territorial community, mathematical model of the tourist complex, PLS-PM methodology,
sustainable development.

Roman Bihun,
Vasyl Lytvyn,
Nazar Oleksiv

Received date: 15.02.2022
Accepted date: 18.03.2022
Published date: 02.04.2022

How to cite

© The Author(s) 2022
This is an open access article

under the Creative Commons CC BY license

Bihun, R., Lytoyn, V., Oleksiv, N. (2022). Mathematical modeling of tourism development in territorial communities. Technology Audit and Production
Reserves, 2 (2 (64)), 21-30. doi: hitp://doi.org/10.15587/2706-5448.2022.254273

1. Introduction

Tourism is considered to be one of the major income activity
supplements for many countries. In particular, for a number
of countries tourism is exclusively the main source of income.

In recent years, the development of tourism as an activi-
ty has reached a significant leap and continues to grow.
This is explained by the fact that thanks to tourism, the
development of national culture and economy is growing,
a significant number of jobs are provided, and the income
of micro- and macroeconomics is growing. Among the sig-
nificant advantages of tourism are such as GDP growth,
the possibility of building it on the existing infrastructure
with its further development to stimulate local trade and
the development of other large industries, etc.

Consideration of tourism as an object of scientific re-
search has been actively developed over the past decades.
Despite this, it is possible to see a still growing trend to-
wards considering tourism issues, a combination of business
ideas and technically economically feasible implementations
of these ideas.

Real tourism is of considerable interest in its develop-
ment as one of the leading links in economic activity. On
the example of Ukraine, it is possible to see that the per-
centage of development of this promising economic branch
does not exceed 2 % of Ukraine’s GDP. This is significantly
lower than similar indicators of the world economy, where
this indicator averages 10 % of GDP [1]. Since Ukraine
has significant historical, geographical, natural, economic,
socio-demographic prerequisites for the development of
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tourism, the low statistics of GDP from tourism indicates
the existence of a number of problems in the implementation
of tourism improvement. Among such problems are the lack
of advertising for domestic tourism, the lack of funds to
build existing large tourist complexes or create new ones,
the relatively low quality of the variety of tourist services,
and the development of infrastructure near tourist com-
plexes. All this requires certain financial investments. These
investments can be formed by united territorial communities,
which themselves, at the expense of their own resources; can
ensure the vital activity and viability of their territories.

2. The ohject of research and its
technological audit

The object of research is the improvement of territorial
communities on the example of Ukraine. The subject of
research is a mathematical model for the development of
tourism of united territorial communities (UTC). It is tou-
rism that acts as a catalyst for economic growth, providing
a stimulating effect on the development of such sectors of
the economy as hotel business, catering, consulting services,
sports and entertainment activities, construction, etc.

3. The aim and ohjectives of research

The aim of research is to build a mathematical model
for the development of tourism in territorial communities.
This will help create better conditions for economic growth
and improve the quality of life for people.

To achieve the aim, the research process is divided into
the following steps:

1. Select and justify the mathematical apparatus that
allows to analyze the main factors influencing the develop-
ment of the tourism industry of territorial communities.

2. Perform an analysis of the output obtained by substitut-
ing real data of the tourism sector into the constructed model.

4. Research of existing solutions
to the prohlem

Among the world’s leading concepts for the develop-
ment of the tourism industry, the concept of sustainable
development occupies a special place. In particular, in [2]
conceptual clarifications are given regarding the sustainable
development of tourism and the importance of coopera-
tion for its growth is substantiated. At the same time, [3]
explores the relationship between regional economic de-
velopment and the practice of sustainable tourism. In [4],
a new approach to the analysis of tourism and the envi-
ronment is proposed by developing a theoretical general
equilibrium model that considers the integration of the
environment into the economic system from the point of
view of tourism. As it is possible to see, the theoretical
aspects of the concept of sustainable development of tourism
have been analyzed in sufficient detail in scientific papers,
but there is a clear lack of serious research on the ma-
thematical modeling of the tourism system, taking into
account the influence of the spheres of society (economic,
environmental, social) on its development.

In [5], the problems of domestic tourism are considered
and a model of a multilevel structural equation is pro-
posed to study the factors influencing income structures,
households, and regional consumption patterns.

The influence of e-commerce on the competitiveness
of the tourism industry based on an optimized neural
network model for the analysis and forecasting of tourism
data was studied in [6]. To improve the model, it is planned
to conduct an analysis of household impact on travel us-
ing deep learning.

A comprehensive study of tourist arrivals in Albania
was carried out in [7], where the logistic and Gompertz
models were used, which are mainly used to estimate the
growth of scarce resources.

In [8], the role of tourism in shaping the fundamental
foundations of development in developing economies is
studied, focusing on the example of Pakistan. The main
limitation of this study is the minimum sample size.

Many studies have focused on modeling tourism deve-
lopment based on an innovative approach. In particular, [9]
substantiates the model of innovative tourism clusters as
a factor in increasing the competitiveness of regions and
the country as a whole. And in [10, 11] the problems of
managing competitive organizations based on the use of in-
novative methods, the formation of mechanisms for ensuring
and evaluating the innovative development of enterprises are
considered. However, despite its promise and a significant
number of scientific developments on the introduction of
innovative approaches to the development of the tourism
sector, they have not yet been sufficiently studied.

The above problems of tourism development are solved
by the implementation of models for the formation and
development of the tourism business in each individual
territorial community based on a systematic approach.
That is why the formation of new approaches to the con-
struction of new and correction of existing methods for
modeling models of objects in the field of tourism services
is a promising and important problem of high priority.

5. Methods of research

In the course of the study, PLS-PM modeling was carried
out using such internal consistency criteria as Cronbach’s
Alpha coefficient, Dillon-Goldstein’s coefficient p, model
reliability, average variance.

PLS-PM is a tool for modeling relationships between
latent (implicit) variables [12]. The PLS-PM technique
is designed to analyze high-dimensional data in a poorly
structured environment. Also, the analysis of the model
was carried out by means of a single coefficient of quality
of the correspondence of the data model.

6. Research results

The regional tourism industry is an example of a complex
economic system for which PLS-PM methods are appropriate.
The concept of sustainable development is a modern trend
in the development of the tourism industry. Sustainable
tourism is tourism that meets the needs of today’s tourists
without compromising the needs of future generations of
the local population. The processes taking place in the
industry are characterized by a complex interaction of
economic, environmental and social factors, the influence
of which must be taken into account in order to imple-
ment a strategy for the sustainable development of tourism.

For clarity, PLS-PM modeling will be carried out using
the example of the territorial communities of the Zakar-
pattia region (Ukraine).
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Table 1 shows the indicators of sustainable development Tahle 2
of tourism that affect the Zakarpattia region. Input data for specific model indicators
Sanato-
Table 1 v Number of |Health care | rium and %\Iumber_
Indicators of sustainable development of tourism in the Zakarpattia region ear tourists institutions health o l;iis:n
resorts
Factor Indicator 2007 72970 72 66 62.7
Number of tourists 2008 76965 71 58 66
Touri Health care institutions 2008 26320 71 a6 a7
ourism
Sanatorium and health resorts Tourism =010 52080 70 36 438
Number of 2011 21773 60 55 46.4
Hmner o7 passenger 2012 | 20180 58 57 452
Number of higher education institutions 2013 19892 54 [ 43
Social | Number of doctars 2014 11625 54 58 41
comfort | Nyration of job search, months 2015 10656 93 95 42.8
Housing stock, million m? 2016 11601 52 45 37.3
— , 2017 14652 47 42 34.1
Emissions of pollutants into the atmosphere, thousand tons TT—
Area of destruction of forest plantations Year of higher | Number of | Number stI: 213,511'?1?1-
Ecology education doctors | of doctors ] 5
W i R lion m'
aste disposed, thousand tons institutions
Used fuel reserves, thousand tons 2007 14 5100 B 27.2
Cash income per person, USD 2008 14 5100 B 27.8
E Turnover of enterprises, million USD 2003 14 5100 5 28
CONom’ :
v Investments in industry, thousand USD Social | 2010 1 5200 5 28.3
comfort | 2011 11 5300 1 29
Differentiation of the standard of living of the population 2012 11 5200 4 294
2013 10 5200 4 29.6
The input data for modeling are presented using the 2014 10 5100 3 30.1
resources of the Main Department of Statistics in the 2015 8 5000 7 20.4
Zakarpattia region [13], which presents specific data for 2016 ) 4900 7 206
a given region during .2.007—2017, p}resente(.i in T.able 2. 2017 g 4900 2 71
Formally, the conditions for setting a simulation us- r——
ing PLS-PM can be written as follows: let X be a block of pollu- Areaof | Waste | Used fuel
.. . . Y . h destruction | disposed, | reserves,
consisting of p variables and n observations. It can be ear fﬂtﬂfs mf}?t € | “of forest | thousand | thousand
presented in the form of a matrix: ﬂ?l:lr:;asll'fdgtru‘%s plantations tons tons
Xy X e Xy, 2007 88.2 1283 1600 90.2
Koy X o 2008 91.3 1476 1100 92.4
X= 2009 87.6 1567 700 97.7
Ecology | 2010 87.3 1744 1300 100.3
Kt X Eapt 2011 89.4 1882 11800 104.8
The array X can be divided into blocks s: Xi, Xy,..., Xj. 2012 72.1 2138 7100 107.5
Each block of variables X; (j=1, 2,..., s) is associated with 2013 69.1 1424 5700 1158
a generalized variable LV; (j=1, 2,..., s), which is an abstract 2014 60.5 2018 26600 97.3
concept (non-material and dimensionless). The estimate 2015 54.2 2288 800 81.5
of this latent variable is denoted by the formula: 2016 4.9 2156 300 70.3
2017 3.2 987 200 67.3
Lv, =Y, ( j=12 .., S). Turnover Invest- | Differentia-
Cash income ments in | tion of the
. . . . Year per person D.f El'ltEI‘T industry, | standard of
In the model under consideration, the relationships usp P[l‘illiflshén[lll_ thousand living of the
that arise between variables can be divided into two types: uso population
1. Relationships that arise between generalized variables 2007 244.13 1486.02 | 1356.76 401.6
for the corresponding blocks of indicators X; (j=1, 2,..., s) 2008 322.15 1841.79 | 4B7.33 210.1
form the so-called «external model». 2009 39548 1587.1 1%10.58 2739
2. Relationships that arise between generalized vari- Econo- [ 5p1g 423 32 295678 | 242051 4885
. . . o
ables (these relationships form an internal modgl). y 2011 500,08 23799 | 104455 1224
The input model of the study («Blocks-Indicators») 2012 57303 290331 | 10923 1616
is shown in Fig. 1. Laten.t.varlal.)les are pr.esented.m .the 2013 97 B4 57172 | 83422 .
form of circles, and explicit variables, which are indica-
. . . 2014 776.92 426.91 552.54 78
tors from the Table 1 contained in rectangular figures.
. . . - 2015 739.05 466.67 751.02 96.8
The relationship of latent variables is the inner part of
the system model, respectively; the relationship of latent 2016 665.48 223273 | 81334 041
variables with explicit ones is the outer part of the model. 2017 767.74 el5157 [ 87439 2.9
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Fig. 1. Graphical model of sustainable development of tourism of territorial communities of the Zakarpattia region

The next step is to present the internal and external
models of the system in an analytical form. The internal
model can be written as an equation:

L I/mlm'sm = BO + BiL I/soc.com. + BZL ‘/emlogy +
+ BSL Vemnomy + €110 purism >

where LV,urism LVsoc. comfs LVecologys LVaconomy — latent variables;

B, B2, B3 — weight coefficients, i. e. coefficients of strength

and direction of connections between latent variables;

Bo — free term; erroryyisn — random deviation of the model.
The external model looks like this:

Xheal.var.ins/ =

= }\'0 heal.car.inst T 7\'1 heal,car‘insz.l; Vr,ourism + €10 eal car.inst.»
Xnumb.luun'ux =

= 7\'O numb.tourists )"1 numb.toun’srsl‘ I/rmuism +erT0T b tourists »
Xhuux.s/u[k =

= 7\'O hous. stock + 7\’1 hous. stock L ‘/soc,comfaﬂ + Y0 yous. stock s
Xnumb,doa‘ors =

= 7\‘() numb. doctors T }\1 numbAdr)(:mrsL ‘/sac.(:nmfmt + 110V umb. doctors »
Xemissions =

= 7\‘0 emissions T }“1 emissions L V'L)('olr)gy +Er707 issions

X Juel reserves =

= 7\'0 Juel .reserves + ?\'1 fuel,reserzres[‘ ‘/emlogi/ + eworfuel .reserves s
Ximrest. =

= 7\'O invest . + }\'1 im'(zxr,.L ‘/amrmm_y + €1 0T inest.

Xdif/.smnd.liv =

>: 7\'0 dif stand liv + >\'1 dif.sLan(l.livL ‘/economy + eWord:f.xland.liv ’

where Xheal.carinsts Xnumbtourists» -+ Xdifsmnd.liv - eXpliCit variables;
Ao — free members; Ay — load factors; erroeq carinst, €70 mumb tourists:
woey CTTOTgif stamd liv — residual terms.

In the method of modeling weight coefficients using
the least squares method, such a concept as the estimate
of a latent variable is introduced, which is a linear com-
bination of the corresponding explicit variables and is
denoted as Y;:

L/‘Z = Y] = ka.ka]k .

In our model, estimates of latent variables can be rep-
resented as the following system of equations:

l/.‘\/ courism = Yrourism =

= wh_(;,;Xh_(;A,'_ + wn_t_Xn_t_ + wn.]).Xn.p. + wx.h.r.X.suh.r.v
Z‘\/ soc.comf. = Yxoc.romf .=

= wn.h.e.i.Xn.h.e.i. + wn.d.Xn.dv + wd-_i-S-Xd-.f-s- + wh-s'Xh'S"
LV =Y =

=We p.aXepa + 0,
Z‘\/ econ. = Yewn, =

>: wi.i.Xi.i. + wa‘.i.p.p.Xc.i.p.p.

.p.a.Xe.p.a. + we.p.a.Xe.p.a. + we.p.a.Xe.p.aJ

+051 Xgs1 0. X, o,

where w©j,.i, @, ..., W — external scales of the model.
The first stage of modeling consists in calculating the
weights to obtain the values of the estimates of the latent
variables. This step is an iterative process. At the first step,
let’s set the initial value of wj weights. Let the initial
value be equal to one, then get a system of the form:

w, :(@11 =1, w,=1w3=1, w0y = 1),
@2:(@21:1, Wy =1, Wys =1, 12)24:1), o
@ = (W3 =1, @3 =1, W33 =1, @y =1),

( )

ZE)1= @41=1, @42:1v (@43:17 ZZ’44=1~

24
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The tilde sign (~) indicates that the weights are arbitrary.
Based on the given values, let’s calculate the values of latent
variables using the formula:

Y, o< Xy, (2)
where k=1, 2, 3, 4 (number of indicators).
For the developed model, let’s obtain the system:
Y1°C1X11+1X12 +1X13+1X14,
Y, o<1 Xy +1X 5 +1 X5 +1X,,,
(3)

Y;g °<1X31 +1X32 +1X33 +1X34,
Y, o1 X, +1X o +1X 5 +1X 4.

The proportional sign is used instead of the equal sign,
since in this case there is a dependence of the Y variables
on the X variables, but there is no equality between the left
and right parts of the expressions due to the approximate
conditional values of the external weights.

At the second step, let’s turn to the study of the in-
ternal model. The main goal at this stage is to enumerate
the value of estimates of latent variables using an internal
model. That is, it is necessary to calculate the value of
latent variables Z; based on linear combinations of esti-
mates of other variables associated with LV}, as indicated
in the formula:

Z]- =Zi<—>jeini’

where e;; — internal weights, which can be calculated us-
ing the formula:

_ Jeor(Y,Y)), lH]
4= 0,imj

(4)

()

where cor(Y,,Y;) — correlation coefficient between Y; and Y;

The double arrow indicates that the scores Y; are summed
only for those latent variables LV; that are associated with
the j-th latent variable.

Thus, internal weights characterize the strength of re-
lationships between latent variables.

The third step is to recalculate the external weights.
To recalculate the values of external weights for the re-
flective type of the block of the external model, let’s use
the formula:

-1

@ =(VY,) ¥/ X (6)

The recalculation of the values of external weights for
the formative type of the block of the external model is
carried out according to the formula:

-1

@ =(X/X,) XY, @

At each stage of the iterative process, let’s calculate
the degree of convergence of the external weights. That
is, the external weights in step § are compared with the
weights in the previous step (S—1).

In any case, the degree of convergence is considered
sufficient when the following condition is met:

(®)

S-1 _ -5
|t — | <107,

So, let’s move on to the PLS-PM analysis, which con-
sists of the following steps:

1. Checking the internal and external consistency in
the blocks.

2. Checking cross-correlations of block variables with
latent variables of other blocks.

3. Checking the internal model.

4. Checking the properties of the model.

The first step is to check internal consistency. For this
check, let’s use the following criteria [14]:

— Cronbach’s Alpha coefficient — reliability factor used

to check the reliability of calculation results. The

value of X; denotes the assessment of element i, and

X=(X{+Xy+..+X;) denotes the sum of all indicators,

consisting of & factors. The covariance between X; and

X; is known as Jj, (8?=8ii), denotes the variance of

i, (8? =8,-,-) denotes the variance of X, consists of ele-

mental variances and elemental covariances:

8 = 22511 = 262 +22511

i=1 j=1 i=1 j#i

The formula for determining the Cronbach’s Alpha coef-
ficient is:

A

T k-1 8%

— Dillon-Goldstein’s coefficient p is a robustness indica-
tor based on model loadings rather than correlations
observed between explicit variables in the dataset:

bl
(2:11)%) +2;:1(1_7\’%q)

where p — observation; P, — indicators belonging to the
latent variable block; A — loads calculated as a correlation
coefficient between latent (Y,) and explicit (X)) variables
according to the formula:

A —cor(qu,Yp)

— Reliability of the model. Allows to see complete in-
formation about the reliability of the characteristic and
model parameters. Calculated according to the formula:

(Zin)+Xls

where A — load factor for each element i; n — the number of
indicators for the latent variable; & — deviation of the model
for each element i.
— Average variance. Allows to measure how far random
valuesare distributed from their average, calculated by
the formula:

CR=

2
n

n vi— Y

i=17! n

8%7}. = ’

n

where y; — weight value for each indicator.
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Table 3 shows the results of calculations of internal
consistency in blocks for the first iteration.

From Table 3 it can be seen that the «Tourism» block
has a satisfactory value of the coefficients with a diffe-
rence from the others: «Social comfort», «Economy» and
«Ecology», which have poor internal consistency, because
they do not satisfy the condition that o>0.7.

Fig. 2 shows the correlation coefficients of explicit
and latent variables. In the «Ecology» block, two vari-
ables («Area of destruction of forest plantations», «Waste
disposed») have a negative correlation indicator in accor-
dance with the latent variable. In the «Economy» block
there is also an indicator with a negative correlation («Cash
income per person»). It should be noted that a negative
correlation score results in block mismatches.

Let’s get rid of the negative indicators and list the coef-
ficients. The result of the recalculation is given in Table 4.

The correlation scheme after the removal of negative
indicators is shown in Fig. 3.

After the modification, it is possible to see that the
Cronbach’s Alpha coefficient does not satisfy the con-
sistency criterion for «Social Comfort» and «Economys»,
because the condition is not met for all latent variables,
where o>0.7.

Therefore, for the latent variables «Social comfort»,
«Economy», let’s remove such indicators, the weights of
which are less than 0.6 (it is possible iteratively increase
this number, for example, first take 0.1, then 0.2, etc.).
After recalculating the coefficients, let’s obtain the result
shown in Table 5.

So, it is possible to see that all the consistency cri-
teria satisfy the necessary conditions (o>0.7, p>0.7,
CR>0.6, AVE>0.5).

Fig. 4 shows correlation schemes.

Tahle 3
Checking internal consistency in blocks (iteration 1)
Factor Cronbach’s Alpha coefficient, o Coefficient p Model reliability (CR) Average variance (AVE)
Tourism 0.720 0.906 0.837 0.620
Social comfort 0.552 0.780 0.738 0.471
Economy -0.314 0.955 0.281 0.573
Ecology 0.549 0.810 0.479 0.410
Emissions of pollutants into
the atmosphere, thousand tons
0'954/1{ Area of destruction of forest plantations }
-0.222
-0081—»{ Waste disposed, thousand tons ]
0.821
\[ Used fuel reserves, thousand tons J
-0.068
[ Number of tourists
Cash income per person, USD }
{ ]‘\0.932 -0.918
Health care institutions - a1
0.970 0.331 0.054 Turnover of enterprises, million USD J
; 0.818, 0.711
[ Sanatorium and health resorts ]‘ 0.068 \[ Investments in industry, thousand USD }
0.970
{ Number of passengers ”/ Differentiation of the standard
0.742 of living of the population
Number of higher education institutions ]

0.927
0.511

0.885

0.135‘{

Number of doctors }

Duration of job scarch, months }

Housing stock, million m2 J

Fig. 2. Load factors in the external model

Tahle 4
Checking internal consistency in blocks (iteration 2)
Factor Cronbach’s Alpha coefficient, o Coefficient p Maodel reliability (CR) Average variance (AVE)

Tourism 0.720 0.901 0.837 0.620
Social comfort 0.552 0.775 0.738 0.472
Economy 0.552 1.248 0.741 0.572
Ecology 0.866 1.221 0.930 0.870

G 26 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/2(64), 2022



I55N 2664-9969

INFI]RMATIDN AND CONTROL SYSTEMS:

Emissions of pollutants into

SYSTEMS AND CONTROL PROCESSES
/’{ the atmosphere, thousand tons

0.975

0888;[

J

Used fuel reserves, thousand tons }

{ Number of tourists el . - —
Turnover of enterprises, million USD ]
0.925
[ Health care institutions ]1\0 067 0069
0.217 0-375‘{ Investments in industry, thousand USD }
- 0.827
[ Sanatorium and health resorts }‘/ S 0.972
ks \‘[ Differentiation of the standard J
[ Number of passengers of living of the population
0.820

Fig. 3. Load factors in the

/,{Number of higher education institutions

. Number of doctors
Social

comfort

Duration of job scarch, months

)
)
0.864. J
J

Housing stock, million m?

outer model after iteration 2

Table 5
Checking internal consistency in blocks (iteration 3)

Factor Cronbach’s Alpha coefficient, oo Coefficient p Model reliability (CR) Average variance (AVE)

Tourism 0.720 0.906 0.837 0.621
Social comfort 0.834 0.840 0.923 0.857
Economy 0.851 1.278 0.921 0.855
Ecology 0.866 1.236 0.930 0.869
Emissions of pollutants into
the atmosphere, thousand tons
0.976
0-337>[ Used fuel reserves, thousand tons J
0.224
[ Number of tourists
Investments in industry, thousand USD J
0.931 0.871
[ Health care institutions ]1\0 970 . - —
Tourism 0.219 0_975{ Differentiation of the standard }
0.819 of living of the population
[ Sanatorium and health resorts J" 0.072 0948 g Pop
0.664
{ Number of passengers ,y[ Number of higher education institutions ]

0.934

0918 - -
“[ Duration of job search, months }

Fig. 4. Load factors in the external model after iteration 4

Let’s move on to the next step — cross-correlations.
Table 6 shows the coefficients of the external model.

Let’s recall that variables are considered significant if
the load factor satisfies the condition @;>0.7. Based on
the results of the check, the variable «Number of passen-
gers carried» should be excluded from the model. After
excluding this indicator, let’s obtain the following form
of cross-overload coefficients, which is shown in Table 7.

Table 7 shows the summary statistics of the structural
model. It can be seen that the strength of the links of all

explicit variables with latent variables is at a sufficient
level to consider that all variables are <loyal» to their
blocks (latent variables).

Let’s list the coefficients of internal consistency in
blocks after deleting the indicator «Number of passengers
carried». The result is shown in Table 8.

Let’s move on to the next stage — checking the qua-
lity of the internal model.

Fig. 5 is a graphical representation of the internal model
with the specified weight values.
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Checking internal consistency in the deletion blocks of the «<Number of passengers» indicator

Tahle 6
Values of cross load factors
Indicator Tourism Social comfort Ecology Economy

Number of tourists 0.931 X X X
Health care institutions 0.970 X X X
Sanatorium and health resorts 0.819 X X X
Number of passengers 0.072 X X X
Number of higher education institutions X 0.934 X X
Duration of job search, months X 0918 X X
Emissions of pollutants into the atmosphere, thousand tons X X 0.976 X
Used fuel reserves, thousand tons X X 0.887 X
Investments in industry, thousand USD X X X 0.871
Differentiation of the standard of living of the population X X X 0.975

Tahle 7

Meaning of cross-load factors after modification
Indicator Tourism Social comfort Ecology Economy

Number of tourists 0.932 X X X
Health care institutions 0.969 X X X
Sanatorium and health resorts 0.819 X X X
Number of higher education institutions X 0.934 X X
Duration of job search, months X 0.918 X X
Emissions of pollutants into the atmosphere, thousand tons X X 0.975 X
Used fuel reserves, thousand tons X X 0.888 X
Investments in industry, thousand USD X X X 0.870
Differentiation of the standard of living of the population X X X 0.976

Tahle 8

Factor Cronbach’s Alpha coefficient, o Coefficient p Model reliability (CR) Average variance (AVE)
Tourism 0.892 0.906 0.934 0.826
Social comfort 0.834 0.840 0.923 0.857
Economy 0.851 1.287 0.921 0.854
Ecology 0.866 1.225 0.830 0.870
Emissions of pollutants into
the atmosphere, thousand tons
0.975
Ecology 0888
' ‘[ Used fuel reserves, thousand tons }
0.227
{ Number of tourists

[ Health care institutions

{ Sanatorium and health resorts J‘/

Tourism
0.948

Social
comfort

0.976{

,v[ Number of higher education institutions ]
0.934

0.913’[

/[ Investments in industry, thousand USD ]
871

Differentiation of the standard
of living of the population

Duration of job search, months ]

Fig. 5. The final model of sustainable tourism development of the territorial communities of the Zakarpattia region
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Let’s determine the coefficient of determination RZ
which indicates how much the obtained observations con-
firm the model.

The formula for calculating the coefficient of deter-
mination:

2

R =1-, 9)
v

where 8% — average dispersion.

For this model, the coefficient of determination is 0.948
for the target block Tourism (R*>>80 %). The tabular
model reliability parameter for all blocks is more than
50 %, which positively characterizes the model under study.
The last column contains an indicator that characterizes
the value of the average variance of block indicators. The
AVE index for all blocks exceeds 50 %, therefore, accord-
ing to this criterion, the internal model is also considered
satisfactory.

The fourth stage is the calculation of a single data
model fit quality factor — GoF (Goodness-of-Fit). The
coefficient characterizes the quality of both the internal
model of the system and the external one. The reliability
of the model is considered high if the GoF coefficient
exceeds 70 %. Formula for calculating GoF:

GoF =VAVE R, (10)
where
T‘/E _ A VEmuriw + A VEsac,camfaﬂ + A VEecalagy + A VEeCanamy '

4

For the model studied in this paper, the GoF coef-
ficient is 90 %. Thus, all the necessary quality conditions
for the model under study are met.

For further analysis, let’s present the internal model
in the form of the following equation:

L ‘/mun'.\'m =0.673L K(Jc.cumfort +0.227L I/zcolr)gy +
+0.206L Vewnumy + €0t ousism -

Estimates of latent variables by means of a system
of equations:
LV tuin =0.969X,.., +0.932X,,, +0.819X,.,,,
LV wecomior =0.918X,,, +0.934X,,,..,
LV ooy = 0.975X, ., +0.888X, /.,
LV ceonomy = 0.870X,, +0.976 X, .

(11

It is possible to conclude that all the characteristics
selected for the study have an impact on the level of tourism
development in the territorial communities of the Zakarpat-
tia region. However, it should be noted that the level of
social comfort has the greatest influence among the studied
latent variables (impact level 0.673). Also significant factors
influencing development are the ecology of the region and
its economic component with levels of influence of 0.227
and 0.206, respectively. Since the economic level has the
lowest indicator, it is possible to assume that a sustain-
able level of tourism development is possible both in an
economically developed region and in a developing one.

Based on the final model, it is possible to draw con-
clusions about the key factors characterizing the level of
tourism development in the region:

1. Differentiation of the living standards of the popu-
lation (indicates the socio-economic differences between
members of society).

2. Emissions of pollutants into the atmosphere.

3. Healthcare institutions.

4. Number of educational institutions.

5. Number of tourists.

Let’s believe that the improvement of the factors of this
model will lead to positive changes in the tourism industry
of the territorial communities of the Zakarpattia region.
The value of the developed model lies in the fact that
on its basis it is possible to calculate latent indices for
each year and create a stimulator for predicting future
values based on statistical trends of key influencing factors.
The sustainability of development can be stated by improv-
ing the block weights for different periods.

7. SWOT analysis of research results

Strengths. The strengths of this research lie in the fact
that, based on the economic indicators of the tourism in-
dustry, factors characterizing the level of tourism develop-
ment were identified. The improvement of these factors
can have a positive impact on the growth of the economic
component of the territorial communities.

Weaknesses. Weaknesses are related to the fact that
the developed mathematical model reflects the current
resource potential in general and does not provide for
specific steps to implement the qualitative and quantitative
growth of the socio-economic aspects of the population’s life.
It can also be noted that with the emergence of new in-
dicators of tourism development, it would be advisable to
rethink the mathematical model with the corresponding
changes at the stage of presenting the PLS-PM model.

Opportunities. Additional opportunities when using the
above results can also affect the formation of an economi-
cally profitable strategy in the market and more efficient
use of available resource balances. Equally important, the
results of the study may have an impact on forecasting
development trends of territorial communities based on
economic indicators in the field of tourism.

Threats. The developed mathematical model is based
on the analysis of existing indicators of the tourism sector
and does not pay enough attention to factors that, without
due attention, will worsen over time. These factors include:
insufficient financial support for the industry, the use of
outdated equipment, etc.

1. A mathematical apparatus has been selected and jus-
tified, which makes it possible to analyze the main factors
influencing the development of the tourism industry, obtained
on the basis of the PLS-PM model. This analysis can be
used to successfully solve the problems of sustainable deve-
lopment of the tourism industry of territorial communities.

2. A PLS-PM analysis has been carried out, which made
it possible to identify the key factors that determine the
current opportunities for the development of the tourism sec-
tor of the territorial communities of the Zakarpattia region.
The following factors turned out to be key: differentiation
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of the living standards of the population, emissions of
pollutants into the atmosphere, healthcare institutions,
the number of educational institutions, and the number of
tourists. The level of social comfort received the greatest
influence among the studied latent variables (influence
level 0.673). Significant factors influencing development
are the ecology of the region (influence level — 0.227) and
its economic component (influence level — 0.206).
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