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This paper focuses on the workforce capable of implementing new trends through the application of environmental
tourism and IT knowledge. Multi-criteria optimization methods such as Data Envelopment Analysis (DEA) and Analytical
Hierarchy Process (AHP) were used to solve a particular and sensitive business decision problem. A unique questionnaire on
five global trends - renewable energy growth, pollution, electrification, cloudification, data boom and smartization - was
developed to assess the capabilities of potential candidates in relation to environmental issues in tourism and to determine
whether they are able to solve tasks in a sustainable way. This paper proposes an approach for the selection of candidates for
sustainable and green tourism. From 200 candidates, data collected in a northern region of Serbia in the fall of 2023, the
model resulted in the 5 best alternatives under 5 criteria. The final solution was the alternative/candidate B with the
consistency index 0.03. The intention was that by combining AHP and DEA methods to evaluate efficiency, the subjectivity
of decision making in the selection of candidates would be minimized. The new value of this work could be that advanced
technologies are integrated into sustainable tourism in a practical and scalable way, and that methods for evaluating and
implementing the technologies in question are developed. This could form the basis for future research and practical

applications.
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Introduction

In this day and age of being more competitive,
being better than others and achieving the best
possible results, leaders must be aware of today's
issues and strive to hire the right people. These
employees, with their shared values, form a synergy
that allows their knowledge and experience to create
a competitive advantage. This is particularly
pronounced in the tourism and hotel sector because it
is the only thing that cannot be copied and because,
on the other hand, the strength of the sector consists
of the people who come into contact with tourists,
who represent their company and who, together with
their values, strengthen the organizational culture that
makes an organization better than others. In this
regard, managers who are looking for the right staff
will try to select employees who already have a
developed awareness of ecology, environmental
protection and sustainability, in addition to a number
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of other elements they need. All of this has an impact
on the company's image and creates a form of socially
responsible management that is more than necessary
and desirable in today's society.

To improve transparency in decision making and
the necessary analytics, it is necessary to use methods
that support the decision-making process."® A large
body of research emphasizes Multi-Criteria Decision
Analysis (MCDA) or Multi-Criteria Decision Making
(MCDM), which was developed in the 1970s.**
Since then, this analysis has inspired a large number
of scientific papers and projects in various fields such
as medicine, engineering, finance, business, and
education.'**

The use of certain methods of multi-criteria
analysis, such as DEA and AHP, can further improve
personnel selection processes and identify managers
with development potential through specific projects.
These methods can be used in different areas of
industry or business when the aim is to optimize
a specific decision at an operational, tactical and
strategic level. These methods can enable the
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evaluation of managers based on several criteria (such
as environmental awareness, technological knowledge
and long-term impact of projects), which increases the
accuracy of the evaluation and contributes to the
sustainable development of projects.'**®> Their
application already exists and the given methods are
also used in other business processes of the tourism
system, e.g. in the process of offer definition, then in
decision making related to the management of the so-
called green hotels.'® Or, for example, in improving
the implementation of tourism policy.*’ It can be said
that these methods provide algorithms that are
implemented in a modern business environment using
modern technologies, starting with 5G systems, then
loT systems, smartphones, cloud, big data, machine
learning, i.e. artificial intelligence, and which converge
into a powerful tool, i.e. a complex information system.
Again, information technology is an important driver
in all processes, e.g. environmental, educational,
economic, production, etc.™®

In line with sustainability, the instruments of
environmental protection can be understood as a force
for sustainability. In this direction, green tourism
combines the three pillars of environment, economy
and society.”® Thus, sustainable tourism includes
measures that prevent the depletion of natural
resources.”’ Furthermore, the terms “green” oOr
“sustainable” in tourism refer to all measures from
eight areas of tourism that do not have a harmful
impact on the environment.® Therefore, trained
employees in environmental tourism bring the core
competencies required to promote sustainability with
pleasant hospitality.”> Minguez et al. (2021)®
examine the vulnerabilities in tourism during the
COVID-19 pandemic in Spain.

The participants were both students and teachers,
because knowledge and innovation are needed in
crises and challenging situations. Sustainable tourism
pedagogy as a framework showed a solid but
insufficient understanding of sustainable and green
tourism. Therefore, it was recommended to close the
knowledge gaps in the areas of pollution and
biodiversity protection in the future.”® In general,
environmental science knowledge is needed in the
tourism sector to monitor, identify and make
recommendations to prevent pollution.”** Therefore,
the tourism sector should consider candidates that
have proven to be environmentally friendly. Good
candidates must be consistent with new, sustainable
goals and objectives. In other words, each candidate

must demonstrate a fundamental understanding of the
European Union's new approach to the green
transition, critical and proactive thinking and, above
all, an understanding of the impact of everyday
actions and decisions on the environment and
sustainable development.® To be able to perform all
tasks related to the provision of sustainable services,
future employees must answer basic questions about
their contribution to sustainability, the importance of
preserving cultural heritage and traditions, and the
protection of local resources and ecosystems.® The
main problem in developing countries is behavior.
Thus, slow changes in people's behavior due to their
perception of environmental protection and not a lack
of knowledge can be identified as a major obstacle to
sustainability practice.”” The selection of employees is
a multi-criteria decision problem. The use of
multicriteria analysis in ecotourism has found its
place through the well-known methodology used in
environmental planning to resolve inconsistencies
between stakeholder objectives over scarce natural
resources.”® To reduce the negative impacts of tourism
on the environment, multicriteria analysis has been
widely used.

The study presents an example of multi-criteria
optimization in the selection of a candidate in the field
of tourism and ecology for a position in the tourism
sector. The decision making was carried out using two
methods, the DEA and the AHP method, taking into
account that decision making is inherently sensitive,
with an emphasis on maximum objectivity in decision
making. The specificity of this study lies in the
following aspects:

- defining the candidate selection model for a job in
green and sustainable tourism;

- identifying the appropriate inputs and outputs of the
model;

- creation of the questionnaire to assess the candidates'
attitude towards five global trends of today's
society: growth of renewable energy, electrification,
cloudification, data boom and smartization;

- selection of MCDM methods for choosing the
optimal alternative;

- qualitative and quantitative prediction of the future
scientific contribution in this field.

Materials and Methods

The methodological framework in this paper was
designed with the intention of providing an aggregate
assessment of the efficiency of the decision making
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units (DMUSs) considered. The data were collected in
the area of the 6 largest cities in the Autonomous
Province of VVojvodina, Republic of Serbia (Novi Sad,
Subotica, Pancevo, Zrenjanin, Sombor, Sremska
Mitrovica). At the time of the survey, the source of
the data set consisted of 200 interested candidates
from the above-mentioned cities. The survey was
conducted in the period September-December 2023.
The first step was to define the concepts and
objectives of the analysis. In the next step, the
efficient DMUs were extracted using the DEA
method and finally ranked using the AHP method. In
this sense, a questionnaire was created and used to
select candidates for selection in sustainable tourism.

The criteria used to evaluate the candidates are
identical for the DEA and AHP methods. The
intention was that by combining these methods to
evaluate efficiency, the subjectivity of decision
making in the selection of candidates to work in
sustainable tourism would be minimized. At the
beginning of the analysis, the DEA method was used
to evaluate the efficiency of the selected DMUs,
mainly because this method can identify inefficient
DMUs very quickly. The DEA model with constant
return and the DEA model with variable return were
used to evaluate the candidates with the DEA method.
The DEA model with constant return to volume had
fewer efficient DMUs than the DEA model with
variable return to volume, but the DEA method did
not rank the efficient DMUs. Therefore, after
evaluating the candidates using the DEA method, an
AHP analysis was performed using the same criteria.
This method was used to rank the DMUs in addition
to evaluating their efficiency. The criteria used in the
analysis with these methods comprised three inputs
and two outputs.

The inputs considered were:
1 the candidate's professional experience in the field
of sustainable tourism;

2 the average grade of the candidate's study
programme/orientation course - ecology and
sustainable tourism (it should be higher than 8,
grading scale 5-10);

3 knowledge and use of modern information and
communication technologies.

On the output side, the following points were
considered:

1 the candidate's score in the knowledge test on the
Law on Tourism ("Official Gazette of the RS",

No. 17/2019) and the Law on Hospitality
("Official Gazette of the RS", No. 17/2019);

2 Evaluation of candidates at the interview by the
team of experts based on a universal/identical
guestionnaire.

The team of experts consisted of three professors
(Ph.D. from the Faculty of Technical Sciences in
Novi Sad), three graduate engineers from the
Municipality of Environmental Protection Agency in
Novi Sad and three assistants from the Faculty of
Natural Sciences and Mathematics, Department of
Geography, Tourism and Hotel Management from
Novi Sad.

In the second step, the ranking of the
selected/efficient DMUs was created using the AHP
method, where the weights determined by AHP
defined the importance of all efficiency measures
included in the analysis.

DEA is a relatively new method for empirically
determining the best practical efficiency frontier.
DEA is a non-parametric method that does not require
any assumptions about the analytical form of the
objective function. This was the reason for choosing
the method as it is very difficult to determine the
analytical form of the optimality criteria for the study
of candidate selection in sustainable tourism. Another
reason for choosing the DEA method in the first
stage of candidate selection was the fact that
DEA was a borderline method where performance
was determined by efficiency rather than average
performance. DEA also makes it easier to solve
problems with multiple inputs and multiple outputs,
which was unavoidable in this case, and led to greater
accuracy as it was a boundary value method. What is
a bit tricky with the DEA method is the ranking of
efficient DMUs. Therefore, the AHP method was
applied in the second part of the candidate evaluation.
The inputs/outputs of the DEA method were
converted into criteria in the AHP method. The data
set after the DEA analysis was represented by
candidates A, B, C, D and E, which existed as
alternatives in the AHP method. The final solution or
goal was represented by alternative/candidate B. The
consistency index was 0.03, indicating that the
finalized solution was good.

DEA (Data Envelopment Analysis) Method

Suppose we have input and output data for each of
the n DMUs whose efficiency is to be evaluated. Let
the observed input set be of the i-th type and the
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observed output set be of the r-th type for DMU;,
where:

x;j >0,i=12,...mj= 1,2,...,nand
Yrj > 0,r=12,..,5j=12,..,n

According to Banker et al. (1984)®? suggestion
that for each DMU,, k =1, 2, ..., n, an optimization
problem (CCR ratio model) should be solved in which
the values for the weighting are given. The
coefficients u, and v; should be determined so that the
efficiency of the unit is maximum.

(max)hy, = Zr;lﬂ .. (D
i=1 ViXik

under restrictions (u.r.)

Yr—1UrYrk < -

T v = 1,j=12,..,n ...(2
u.=>0r=12,..s ...3)
v, =>20,i=1,2,..,m, . (4

where, h;, = the relative efficiency of k-th DMU, m =
number of inputs, v; = weighting coefficient for the
input i, s = number of outputs, u, = weighting
coefficient for the output r, n = number of DMUs to
be compared.

The relative efficiency h, of DMUy is the ratio
between the weighted sum of its outputs (virtual
output) and the weighted sum of its inputs (virtual
input). The virtual output/input is the product of the
value of a particular output/input and the weighting
coefficient assigned to it. The value hy does not
depend on the units in which the inputs and outputs
are considered. It therefore forh, applies that O<h,<1.
If the value of in the objective function is equal to
one, then the k-th DMU is relatively efficient.
However, if the value of hyin the objective function is
less than one, then the DMUK is relatively inefficient,
and the value hy indicates the percentage by which
this unit must reduce its inputs in order to become
efficient. A DMUy can be considered fully efficient if
the results of other DMUs do not allow it to improve
some of its inputs or outputs without worsening the
remaining inputs or outputs. Condition (2) applies to
all DMUs and shows that each of them is at or below
the efficiency frontier. The unknowns in the model u,
and v; are the weighting factors, which indicate the
degree of importance of each input and output that
each unit chooses to be as efficient as possible. The

weighting factors need to be admissible for all DMUs
included in the efficiency measurement and fulfill the
condition that for each DMU the ratio of virtual
output to virtual input is less than or equal to one. The
restrictions (5) and (6), which state that the weighting
factors may only have positive values, were later
converted into restrictions:

u.=2¢gr=12..,s ... (5
v,=2¢i=1,2,..,m, ... (6)

where, € = small positive value.

The most common suggestion is that this value is €

=10, According to Banker et al. (1984)®? the role
of the parameter in weight-based DEA models is to
prevent a DMU from being falsely labeled as
relatively efficient based only on the values of an
input and an output for which appropriate values are
chosen.
In order to measure pure technical efficiency, an
extension to the original CCR DEA models was
made. This extension can best be understood using the
example of a dual DEA model. The dual BCC-DEA
model is obtained by adding the following condition
to the dual CCR-DEA model:

}-1:1/1]- =1 ... (7
Next:
(max)hy = Xi=1 eV + U’ . (8)
u.r.
2t Vi =1 .. (9
Zf‘:l ,Uryrj _Z;n=1 Ul'xl'j + u < 0,] = 1,2, TR (A (10)
W =&r=12,..,s .. (11)
v,=2¢gi=12,...,m .. (12)

Constraint (7) allows variable returns to scale.
Variable returns to scale mean that an increase in the
inputs used does not necessarily lead to a proportional
increase in the level of production. This constraint
also ensures that the reference quantity is formed as a
convex combination of the DMUs it contains (those
DMUs that have positive values for A; in the optimal
solution). The efficiency frontier provided by the
BCC DEA model has the form of a convex hull. Since
the CCR DEA model measures the total technical
efficiency (pure technical efficiency and volume
efficiency) and the BCC DEA model measures the
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pure technical efficiency, the volume efficiency can
also be determined as a quotient of the total technical
efficiency determined with the CCR model and the
pure technical efficiency determined with the BCC
model.

AHP (Analytic Hierarchy Process) Method

Analytic  Hierarchy Process (AHP), is a
mathematical method that was developed in the 1970s
and is one of the best-known methods of scenario
analysis and decision-making through the consistent
evaluation of hierarchies. The method is based on the
principles of multi-criteria decision making, in which
the most favorable alternative is selected from an
available group based on the decision criteria. The
conceptual and mathematical framework of the AHP
was created by Thomas Saaty. A hierarchically
structured decision model generally consists of
objectives, criteria, sub-criteria and alternatives. The
objective is at the top and is not comparable with any
of the other elements. At the first level, there are n
criteria, which are compared in pairs with each other
in relation to the immediately superior element at a
higher level. The AHP method is carried out in
4 stages.

The structuring of the problem consists of
creating a hierarchy of the given problem, with the
objective at the top, the criteria and/or sub-criteria
and the alternatives going down.

Data generation implies that the decision maker
assigns relative scores to the attribute pairs at all
levels of the hierarchy, except zero (the goal is not
compared). The well-known nine-point scale (Saaty
scale) is used.*® The results of the comparison of
elements at a certain hierarchy level are entered
in the corresponding comparison matrices. The
reciprocal value of the comparison result is placed
in the corresponding position a; in order to
maintain the consistency of the argumentation.
The weights of the criteria and/or alternatives

should be determined by evaluating their
coefficients wi/w;. The relative importance matrix
A is formed from these relative importance
coefficients.
w w- w-
11412 Q1n |[ 1/W1 l/wz l/wn ]l
A=[a2§1(§l22 ai"‘ =|W2/W1W2/WZ W2/wni
an an ann M H .
! 2 lwn/W]_ Wn/WZ Wn/WnJ

The matrix A for the case of consistent estimates
for which the value a; =a;aq satisfies the
equation.

.. (13)

The evaluation of relative weights is the third stage
in the application of the AHP method. The problem of
determining the weights is reduced to solving the
equation.

A, =nw

A, =Aw,1#£0 ... (19)

If the matrix A contains inconsistent estimates (in
practical examples this is usually the case), the weight
vector w can be obtained by solving the system of
equations:

(A=A D,y =0 ... (15)

niw; =1 ... (16)

where, Anax IS the largest value of the matrix is A.
Taking the above equations into account, the
following follows:

A, =nw ...(a7n
Yj a;w;, =nw ... (18)
1

The solution to the problem is the last stage of the
AHP method and consists of determining the so-
called composite normalized vector. The AHP method
can be wused to determine and analyze the
inconsistency of the decision maker when comparing
the elements of the hierarchy.® Due to the properties
of the matrix A Anax, it is valuable. The difference Amay
is used to measure the consistency of the estimates.
The closer Anax to n is, the more consistent the
estimate is. The AHP method makes it possible to
check the consistency of the estimates at any point in
the pairwise comparison procedure. In order to
calculate the consistency ratio (CR), the consistency
index (CI) must first be calculated according to the
relationship:

CI — Ami

n—1

... (20)

To determine Amay, the comparison matrix must be
multiplied by the vector of weighting coefficients to
determine the vector b, and then the corresponding
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elements of the vector w and b are obtained by
dividing them:

1

Anax =~ Xi=1hi .. (21)
The degree of consistency is the quotient of the
consistency index and the random index, RI, (Random

Index). The form has the form:

_c

CR =—
RI

.. (22)

The random index (RI) depends on the order
of the matrix. If the degree of consistency (CR) is
less than 0.10, the result is sufficiently accurate
and no corrections are necessary when comparing
and repeating calculations. If the degree of
consistency is greater than 0.10, the results should be
analysed again and the reasons for the inconsistency
determined.

Results and Discussion

Considering that the DEA method quickly
and unambiguously reveals sources of inefficiency,
the authors’ idea was to first use the DEA
method for employee selection and accordingly
mark candidates as per good ratings so that the
analysis could be complemented by using the AHP
method.

The process of data collection was created with the
aim of evaluating the effectiveness of interested
candidates for the position of reservation manager in
sustainable tourism. Thus, the authors’ intention was
to show how interested graduates are in working in
sustainable tourism. Of course, this indicator is of
limited value, as the survey was conducted at the local
level, i.e. on the territory of AP Vojvodina, with the
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aim of extending it to the entire republic/country in
the next survey. The data requested by the team of
experts for the survey of candidates were collected on
the territory of the 6 largest cities of AP Vojvodina
(Novi Sad, Subotica, Pancevo, Zrenjanin, Sombor,
Sremska Mitrovica) in the Republic of Serbia. 12
representative candidates were selected. These
twelve DMUs/candidates formed the final sample for
the analysis using the DEA method and the AHP
method.

Values of considered inputs and outputs for
candidates from 12 regional tourist destinations by
this model are presented in Table 1.

Efficiency is usually defined as the quotient
of input and output within the limits of 0 to 1.
Accordingly, efficiency can be represented as the
quotient of output and input.

This means that if the goal is to achieve the highest
efficiency index, the inputs at a certain output level
must be reduced, which has already been done, or the
outputs at a certain input level must be increased.
After data processing with decision support tools, i.e.
DEA Frontier software, the results shown in Table 2
were obtained.

In column “Input-Oriented CRS Efficiency” DMU
and their efficiency index are shown. It can be seen
that from 12 DMU only 4 are efficient, that is, A, B,
C and E are efficient, provided that DMU marked
with letter D has the highest efficiency index of all
inefficient units. Column “Sum of lambdas” shows
which weight factors some DMU have used, while
column “RTS (Return to Scale)” shows the nature of
yield per volume. All of DMU which are efficient
operate with constant yield per volume. Constant
yield per volume implies that proportional increase of
inputs results with proportional increase of outputs.

Table 1 — Input and output values of candidates from 12 regional tourist destinations

Candidates from regional Work experience

tourist destination (years)

A 10 8.3
B 7 8.5
C 15 8.4
D 19 7.8
E 8 7.7
F 12 8.9
G 15 8.6
H 10 7.2
| 16 8.5
J 18 8.8
K 17 8.5
L 22 8.6

Studies average

Evaluation of Test Interview
application of ICT evaluation evaluation

7 8 9

8 9 10

8 8 9

6 7 7

7 10 8

8 7 9

6 7 6

7 8 7

8 6 6

9 6 7

10 7 6

9 6 7
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Table 2 — Evaluation of DMU efficiency by using Input-Oriented CRS DEA model

DMU No. DMU Name Efficiency Sum of lambdas RTS Optimal lambdas with
benchmarks
1 A 1.00000 1.000 Constant 1.000 (A)
2 B 1.00000 1.000 Constant 1.000 (B)
3 C 1.00000 1.000 Constant 1.000 (B)
4 D 0.94231 0.808 Increasing 0.538 (A)
5 E 1.00000 1.000 Constant 1.000 (E)
6 F 0.88968 0.941 Increasing 0.413 (A)
7 G 0.85256 0.731 Increasing 0.154 (A)
8 H 0.90228 0.821 Increasing 0.214 (B)
9 | 0.62269 0.643 Increasing 0.429 (B)
10 J 0.67614 0.700 Increasing 0.700 (B)
11 K 0.66050 0.714 Increasing 0.143 (B)
12 L 0.69186 0.700 Increasing 0.700 (B)
Table 3 — Evaluation of DMU efficiency by using Input-Oriented VRS DEA model
DMU No. DMU Name Efficiency Optimal lambdas with benchmarks
1 A 1.00000 1.000 (A)
2 B 1.00000 1.000 (B)
3 C 1.00000 1.000 (B)
4 D 1.00000 1.000 (D)
5 E 1.00000 1.000 (E)
6 F 0.91736 0.322 (A)
7 G 1.00000 1.000 (G)
8 H 1.00000 1.000 (H)
9 | 0.85714 0.143 (D)
10 J 0.81818 1.000 (H)
11 K 0.84706 1.000 (H)
12 L 0.83721 1.000 (H)

All of inefficient DMU operate with increasing yield
per volume.

In column “Optimal Lambdas with Benchmarks”
are given values of weight factors with which
inefficient DMU would become efficient and
exemplary DMU or example of a good operational
practice for inefficient DMU. For example, DMU
with a mark D, which is inefficient and has an
efficiency index of 0.94231 operates with weight
coefficient A which is 0.808, and for it, the exemplary
DMU is marked with A. However, if A had a value of
0.538, DMU marked with D would be efficient. For
the purpose of comparing the results and better insight
in quality choosing of employee selection in
sustainable tourism, input oriented model with
variable yield per volume was used. Variable yield
per volume shows that proportional input minimizing
does not have to result with proportional output
minimizing. Results of use of this model are shown in
Table 3.

The results show that by using an input-oriented
model with variable yield per volume, the number of

efficient DMUs is significantly higher. Now 7 out of
12 observed DMUs are efficient. The DMUs
labeled F, I, J, K and L are inefficient. The large
number of efficient DMUs analyzed with the VRS
model compared to the CRS model shows that VRS
allows greater freedom in the choice of weighting
factors.

Comparing the results obtained with these models,
it can be seen that the results of DMUs A, B, C and E
are identical and these units are efficient in the CRS
and VRS models, while unit D is inefficient in the
CRS model but efficient in the VRS model. Only
units G and H are efficient in the VRS model, while
they are also inefficient in the CRS model.
Considering that the CRS model has shown more
stringent results compared to the VRS model and that
only units A, B, C and E are efficient in the CRS
model, provided that unit D has the highest efficiency
index of all inefficient units, this was the reason for
the authors to decide to select this DMU by analyzing
the results using the AHP method, which is
characterized by a large number of scores.
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On the other side, AHP provides interactive
analysis of evaluation procedure sensitivity to final
ranks of hierarchies’ elements.

« Structuring problems and creating a hierarchy
(presented in Fig. 1).

Goal — Choosing of employee selection in
sustainable tourism criteria: Professional experience,
average grade of studies, skills in environmental
management, knowledge and use of modern
information and communication technologies in the
workplace, evaluation of applicants based on the test
of knowledge of the Law on Tourism (“Official
Gazette of the Republic of Serbia”, No. 17/2019) and
the Law on Hospitality (“Official Gazette of the
Republic of Serbia” No. 17/2019). The growing
concern about air pollution, climate change and
environmental protection is another criterion for good
employees. Therefore, another criterion is added,
namely the environmental awareness and sensitivity
of the candidates. The assessment assigned to the
candidates during the interview by the expert is based
on a universal/identical questionnaire.

Alternatives: A, B, C, D and E.

+ Data generating:

The importance given to certain criteria in the
definition of the problem was expressed as a
percentage, so that the sum of the percentage of all

criteria is 100 (%), and the data are presented in
Table 4.

The highest importance is assigned to the criterion
“evaluation of the interview", which was assessed
by the team of experts. Then the criteria “test
evaluation” and “knowledge of ICT” and “knowledge
of environmental ~management” were given
appropriate importance. Less importance in the
selection of applicants was given to the “average
study grade”, which is approximately the same for
most applicants, and “professional experience”, which
is more dominant compared to the “average study
grade”. Another novelty in this process was the
introduction of questions related to environmental
issues and attitude towards dealing with them

properly.

« Evaluating relative weights:

Evaluating relative weights is performed by
applying Saaty scale®** and the values assigned to
certain criterion are presented in Table 5.

The definition of the problem solution is the last
phase of the AHP method and includes the
determination of the so-called composite normalized
vector. After determining the vector of the order of
criteria activity in the model, in the next round it is
necessary to determine the order of alternative
meaning in the model within each observed criterion

Employee selection in sustainable tourism

Work Studies Evaluation of Test Interview
experience (years) average application of IKT evaluation evaluation
A B D E

Fig. 1 — Structure and hierarchy of the problem of employee selection in sustainable tourism

Table 4 — Percentage significance of criteria in analysis of AHP method results

Work experience Studies Evaluation of Test Interview
(years) Average application of ICT evaluation evaluation
8.5% 4.3% 18.2% 26.7% 42.3%
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Table 5 —Matrix of criteria comparing by using Saaty scale
Work Experience Studies Evaluation of Test Interview
(years) average application of ICT evaluation evaluation
Work experience (years) 1 4 1/3 1/4 1/7
Studies average Ya 1 1/4 1/5 1/7
Evaluation of application of ICT 3 4 1 1/2 1/2
Test evaluation 4 5 2 1 1/2
Interview evaluation 7 7 2 2 1
Table 6 — Evaluation of the alternatives in candidate selection by applying Saaty scale
Criterion Work experience Studies Evaluation of Test Interview
Alternative (years) average application of ICT evaluation evaluation
A 0.095 0.337 0.208 0.104 0.299
B 0.043 0.138 0.296 0.261 0.287
C 0.222 0.421 0.232 0.058 0.288
D 0.575 0.063 0.110 0.058 0.061
E 0.066 0.042 0.154 0.519 0.066
for five criteria included in the candidate selection. :132
The results are shown in Table 6. Z 80
The overall synthesis of the problem is carried out 2 7
in the following way: the participation of each  § o
alternative is multiplied by the weight of the observed 8 4
criterion, and then these values are added for each § gg
alternative separately. The data obtained represents s 1
the weight of the observed alternative in the model. b e e e s
The We'ghtlng iS determined in the same Way for a“ experience average IKT apph%c::srr;a evaluation evaluation  alternatives
other alternatives, after which the final order in the . . . . o
Fig. 2 — Ranking alternatives in employee selection in

model can be determined.

+ Defining problem solution.

Once the weighting of the alternatives has been
determined, the final order of the alternatives is
shown in Fig. 2.

It can be seen that alternative B performs best,
followed by alternatives C, A, E and D. The only
alternative considered in the analysis is D which is not
defined as efficient by the DEA, and the AHP method
also shows that it performs worst. This alternative
only has the best ratings for the "professional
experience” criterion, and the worst results for the
other criteria. When it comes to the “professional
experience” criterion, the ranking according to
alternative D is as follows: C, A, B and D.

When analyzing the criterion “average studies
grade”, which is the least important in the analysis
(4.3%) because it is not considered decisive in the
selection of candidates, alternative C achieves the best
results, followed by alternative A, which, however,
does not mean a better ranking for these alternatives
given the importance attached to this criterion.
The worst results for the criterion “average
studies grade™ are achieved by alternatives D and E.

sustainable tourism by using Expert Choice software

When analyzing the criterion “working with ICT”,
which was slightly more important in the selection
of applicants (18.2), alternatives C and B have the
best and almost identical results. The alternatives,
E and A performed similarly well, but significantly
worse.

For the criterion “test evaluation”, which requires
knowledge in the areas of ICT and environmental
management, the alternative E shows the best results,
followed by alternative B. Alternatives A, C and
D have significantly poorer results. It should be
noted that alternative C had a very good ranking
until the appearance of this criterion, where it
shows poor results, which is the main reason why it
does not have the best ranking at the end of the
analysis.

The last criterion considered, “interview evaluation”,
shows very similar results with three alternatives. The
best result has the alternative A, then B, and then
alternative C. Poor results, when it comes to this
criterion, show alternatives E and D. Finally, it can be
concluded that both methods, DEA and AHP, have
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given similar results. DEA method has identified very
quickly efficient units, and AHP method has
confirmed that and ranked alternatives by their
significance: B, C, A, E and D, which can be seen in
Fig. 3.

Dynamic sensitivity is presented in Fig. 4, that is,
candidate rating in relation to observed deciding
criteria, that is, linear dependence between
alternatives and criteria is shown. Vertical slider
(vertical red colored line) is set to a value that
approximates to 0.1 or 10%, which represents
consistency ratio.

If a small change in the importance of the criteria
also changes the final decision, then the solution is
said to be sensitive to changes in evaluation. In such
cases (which is not the case in this example), it cannot
be stated with certainty that the solution is
unambiguous, so that other alternatives are considered
to be approximately equally good. If the consistency
ratio (CR) is less than 0.10, the result is accurate
enough, the solution is stable, so that no corrections
are necessary when comparing and repeating the
calculations.
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sustainable tourism
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Fig. 4 — Sensitive analysis on employee selection in sustainable
tourism using Expert Choice

If the consistency ratio is significantly greater than
0.10, the results should be analyzed again and the
reasons for the inconsistency determined. These
should be eliminated by partially repeating the
pairwise comparisons, and if repeating the procedure
in a few steps does not lead to a reduction of the
consistency ratio to the tolerance limit of 0.10, all
results should be discarded and the entire procedure
repeated from the beginning.

If there is no change in significance, i.e. the
ranking of alternatives, when the slider (vertical line)
is moved by 10%, the selected solution can be
considered a good choice.

When it comes to selecting candidates for the
tourism industry, the slider can be moved more than
10% to the right and the ranking of the alternatives
does not change, which means that alternative B is the
correct/stable solution (Fig. 4).

The final list of candidates, previously selected
through a questionnaire by the team of experts,
comprises 12 candidates. The average professional
experience of the candidates is 14.08 years (entry 1),
the average grade of study, environmental
management skills is 8.32 (entry 2) and the grade for
knowledge and use of modern information and
communication technologies is 7.75 (entry 3). It can
be concluded that the sample represents a relatively
younger generation of people interested in working in
sustainable tourism, with an average age of 39. The
analysis of the results obtained with the DEA model
with CRS showed that the number of efficient DMUSs,
i.e. DMUs with an efficiency of 1, is only 4 out of 12
or 33.33%, namely DMUs A, B, C and E. This model
is very rigorous as it excludes 8 candidates from
further analysis. When using the DEA model with
variable volume returns, the number of efficient
DMUs is higher due to the nature of the model and in
this case there are effectively 7 DMUs, namely
DMUs A, B, C, D, E, G and H. Considering that the
number of efficient DMUs is lower when using the
DEA model with CRS and that the DMUs that
are efficient in both DEA with CRS and DEA with
VRS are A, B, C and E, this means that the sample
used in the next stage of candidate evaluation
remains at such a sample. In addition to the selected
efficient DMUs, a further DMU labelled D with the
highest efficiency index of all DMUs declared
inefficient by DEA and CRS was included in the
analysis.
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These 5 DMUs represented 5 alternatives for the
AHP method in the next phase of the candidate
evaluation. The AHP method provides a ranking of
the alternatives, i.e. the candidates, in addition to the
pairwise evaluations/comparisons. The input labelled
as input 1 in the DEA, "the candidate's professional
experience in sustainable tourism", represents
criterion 1 in the AHP method, input 2, defined as
“the average study grade of the candidate's
study programme/orientation course - ecology and
sustainable tourism” in the DEA method, represents
criterion 2 in the AHP method, and so on. In this way,
the 3 inputs and 2 outputs used for the DEA method
represent the criteria for the AHP method. The AHP
method was used due to its structural approach to the
evaluation of alternatives and the principle of
consistency that the method follows until the final
solution.

In the AHP analysis the criterion "interview
evaluation" is given the greatest importance with
42.3%, followed by "test evaluation" with 26.7%,
"evaluation of application of ICT" with 18.2%, "work
experience" with 8.5% and "study average" with an
importance of 4.3%. As the criteria "study average",
"professional  experience” and "evaluation of
application of ICT" do not show any significant
differences between candidates A, B, C, D and E,
these criteria are weighted with lower marks in
contrast to the criteria "interview evaluation™ and “test
evaluation”. Once the criteria had been defined, a
pairwise comparison was carried out on the basis of
the Saaty scale (Table 5) and then the alternatives
were evaluated and ranked using the Expert Choice.
The results obtained are shown in Table 6, and the
appearance and ranking of the alternatives, as well as
the importance of certain criteria influencing such a
result, can be seen in Fig. 2.

The development of tourism requires more
consideration for the natural environment, so a new
approach is emerging, known as sustainable and green
tourism. This approach to tourism is becoming
increasingly popular as it contributes to the
sustainable development of destinations and the
conservation of natural resources, which is important
for the long-term competitiveness of the tourism
sector. Knowledge and experience in this area is an
advantage for managers in the sector. It should be
emphasized that the success of the project led by the
managers is an important indicator for assessing their
quality, i.e. their competence. If the project is carried
out successfully, it provides valuable insights into

the qualities of the managers, such as resource
management,  environmental  awareness, team
leadership, strategic planning and problem-solving
skills. Based on these results, it can be decided which
manager is best suited to lead the next project, i.e. to
move up the hierarchy of business system. The
success of a business system is closely linked to the
management of human resources, as in this case of the
tourism company.*® The complexity of the system
itself necessitated the application of analytical
methods to improve data analysis in decision making.

If we analyze the given approach in more detail,
this process of managing human resources, i.e.
knowledge, becomes iterative and focuses on the
development of crisis managers of a certain level. On
average, each manager is gradually developed through
more complex projects, starting with simpler tasks
and moving on to more complex projects. These tools
allow you to track how a manager is using their skills
at each stage, which helps to identify the areas in
which they are particularly good.

Next, tailored training and education - by
monitoring the manager's progress, tools can
recommend or personalize training programs aimed at
improving specific knowledge and skills, such as the
use of sustainable technologies, environmental
knowledge, cost management, communication skills,
etc. Focus on talent and personal strengths:
Automated processes enable real-time analysis of
work performance and results. Using the data, the
platform can identify managers' talents and unique
skills, such as innovative approaches. Monitoring
development through feedback and results: Setting
measurable goals for each project and analyzing
results after each phase helps evaluate progress. By
monitoring performance, managers receive feedback
that helps with development. Mitigating weaknesses
through development strategies: When weaknesses
are identified, the platform can automatically
recommend solutions.

This approach leads to more comprehensive
development of managers, that enable them to acquire
the necessary skills or knowledge and develop in line
with the requirements of modern, sustainable tourism.
In this way, the hotel complex can develop a
knowledgeable and adaptable management staff,
which has a positive impact on the long-term success
and competitiveness of the hotel.

We can say the following: the complexity of
human psychology, i.e. the complexity of the work
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environment, defines the natural need for experienced
quality employees who, with their experience and
knowledge, manage human resources development,
i.e. train younger employees by carrying out projects,
i.e. jeopardize their development, and that the very
parameters that define these processes are used in the
development of the knowledge management system,
i.e. training. In this process it is necessary to apply
the given tools, but it should be pointed out again
that they cannot completely replace experienced
management. Personnel selection is part of the overall
picture of any business system and must be constantly
improved both through the organization of the
development process itself and through the
development and application of powerful IT tools to
improve the quality of business in the tourism sector.

Conclusions

The essence of the research is the effort to create
and facilitate with this model, a combining of DEA
and AHP methods, the issue of candidate selection
and objectivity in the selection of candidates for a job
in green and sustainable tourism. It is statistically
justified that this approach contributes to a high-
quality practical decision in this area of research.

The results show that a well-trained and
environmentally aware workforce can advance the
goals of sustainability in tourism. The study shows the
great interest of the highly educated population in
sustainable tourism (among the relatively young
population, with average age of 39). Further, the
analysis shows the likelihood of developing the
organization of the human resource management
system. Future research should be extended to a larger
sample and wider area of the country and the use of
advanced IT tools for data processing, such as
artificial intelligence and machine learning.
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