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Abstract: This paper examines the improvement of digital transformation in the
tourism sector of small and medium-sized enterprises (SMEs) through the
application of the DEMATEL method, with the aim of identifying key
development priorities and causal relationships among digitalization projects.
6 strategic projects were defined. development of an integrated national digital
tourism platform, implementation of smart destinations, digital marketing and
branding, adoption of AR/VR technologies, digitalization of SMEs, and
development of a tourism data analytics system. Based on 12 expert
evaluations, direct and total relation matrices were constructed, and the values
of D, R, D+R, and D-R were calculated to determine project prominence and
causality. The results indicate that the digital platform and SME digitalization
represent the main causal drivers with the strongest systemic impact, while
digital marketing is central but highly dependent. The findings confirm that
successful digital transformation requires a phased, systemic approach
grounded in infrastructure and capacity-building initiatives.
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INTRODUCTION

The rapid digital transformation of the tourism sector has become a
critical factor in enhancing competitiveness, improving visitor experiences,
and ensuring sustainable management of destinations (Rodrigues et al., 2023).
Small and medium-sized enterprises (SMEs) play a pivotal role in this sector,
but their capacity to adopt and implement digital solutions often remains
limited due to insufficient infrastructure, technological expertise, and strategic
guidance. Addressing these challenges requires a structured, system-level
approach that not only identifies key initiatives but also clarifies their
interdependencies and priority for implementation (Stetler et al., 2008).

The DEMATEL (Decision-Making Trial and Evaluation Laboratory)
method offers a robust analytical framework for exploring complex systems
with multiple interrelated factors (Li & Yazdi, 2022). By quantifying the
causal relationships among variables, DEMATEL enables the identification of
key drivers and dependent elements, thereby providing a foundation for
informed strategic decision-making (Nechita, Stochioiu & Grecu, 2025). In
the context of tourism digitalization, this method allows for the systematic
assessment of development projects, revealing both their prominence and their
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causal role in the transformation process.

In order to operationalize the results of the conducted DEMATEL analysis,

six development projects in the field of tourism and digitalization (P - Ps)
have been defined, representing strategic initiatives to enhance the digital
transformation of the tourism sector. Their positioning within the model
allows for a deeper understanding of the system dynamics and implementation
priorities. The projects are defined as follows:
P1 - Development of an integrated national digital tourism platform — a
centralized platform that consolidates accommodation and tour bookings,
destination information, event calendars, digital maps, and user reviews. The
platform would connect the public and private sectors and serve as the
fundamental digital infrastructure of the destination (Tian et al., 2010).
P> - Implementation of smart tourism destinations — introducing IoT sensors,
smart crowd management, intelligent parking systems, digital signage, and
tourist flow monitoring systems. The goal is to optimize resource use and
enhance visitor experiences (Buhalis & Amaranggana, 2014).
P3 - Digital marketing and destination branding — development of data-driven
marketing campaigns, utilization of Al analytics, personalized advertising,
influencer and content strategies, and omnichannel promotion. The focus is on
increasing the destination’s visibility and competitiveness (Tran & Rudolf,
(2022).
P4 - Introduction of AR/VR technologies in tourism — applications include
virtual tours, AR guides at sites, interactive museums, and digital
interpretation of cultural heritage. The goal is to enhance visitor experiences
and extend the tourist season (Katkuri, Mantri & Anireddy, 2019).
Ps - Digitalization of small and medium-sized tourism enterprises — supporting
SMEs through online booking systems, CRM and ERP solutions, digital
management tools, and training in digital competencies. The project
strengthens the competitiveness of the local tourism offering (Hasan et al.,
2022).
Ps - Development of a tourism data collection and analytics system —
establishing a central tourism data repository, analytics and prediction
systems, dashboards for decision-makers, and tools for sustainable tourism
planning. This enables strategic, data-driven management (Xiang &
Fesenmaier, 2016).

The structure is designed to: encompass the infrastructural, technological,
promotional, and managerial dimensions of tourism digital transformation,
while enabling clear causal relationships, specifically:

P (platform) can influence all other projects,

Ps (data analytics) supports P3 (marketing) and P> (smart destinations),

Ps (SME digitalization) depends on P; and Ps, and

P4+ (AR/VR) depends on the digital infrastructure.

For this reason, the structure is suitable for DEMATEL analysis, as it naturally
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generates a network of interactions.

Theoretical assumptions of the DEMATEL method

Proposed intuitive DEMATEL method for determining the priority of
variables (hereinafter criteria) in a typical decision-making problem, which
consists of 9 steps by (Hu & Bentler, 1999; Govindan, Khodaverdi &
Vafadarnikjoo, 2016; Vafadarnikjoo, et al. 2015; Zadeh, 1965; Si et al., 2018):
Step 1. In order to achieve the goals of decision-making, it is necessary to
establish a team of experts. This team must include experts with good
experience and knowledge in the appropriate field of decision making.

Step 2. Assessing alternatives would be insignificant without considering a set
of criteria. An effective set of criteria will provide a better assessment.
Therefore, it is necessary to identify criteria for evaluating the problem, using
a matrix of direct assessments. Experts should determine the relationships
between the criteria by giving their views, based on the Scale of five
comparisons, as follows: 0 (no impact), 1 (small impact), 2 (medium impact),
3 (high impact) and 4 (very high impact) (Table 1). Based on this scale, experts
give their linguistic assessments for the interrelationships between the defined
criteria.

Step 3: Normalized matrix of the direct relation (N) derived by using the
(formulas 1 and 8) (Lin, 2013):

(M
2)

Step 4. Construction of a matrix of total relations. Standardized direct relative
matrix (N) is transformed into the matrix of total relations (T) based on
(formula 3):

3)

Step 5. Obtaining causal parameters is done using the following formulas,
where D stands for the sum of columns, and R the sum of rows (formulas 4
and 5):

“4)

)

Step 6. - Obtaining the importance of the criterion “can be calculated by taking
into account the values of (D + R) and (DR)”, and is given (in formula 6):

(6)
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Step 7. - The importance of any criterion can be obtained by normalization
shown (in formula 7):
wherei=1,2,....,n

(7)
Step 8. The adjustment of the threshold value (o) is calculated from the matrix
of the total relations (T) using formula (8) and aims to eliminate some criteria
in the matrix:
where N is the arithmetic mean of the quantities from the matrix of total
relations (T)

®)

Step 9. Drawing a diagram of causality and effect consists of (D + R) and (D-
R)) values.

Research

Step procedures of applying DEMATEL method were shown next, (12) expert
opinions for (6) project are given in next matrixs (table 1).

Table 1. Matrix 12x6

03 3 3 3 4 023323 03233 4 03 3 3 3 3
2032BEW(203333 302233 203333
340243 2303 43 230322 320321
232023 233032 234023 332022
334303} 3333073 3322072 23 4303
233230 432320 322120 332320
0223 43 02332712 023 233 03 3 223
301332\(202333 2033 21 2032121
32022712 1 20233 2303312 220333
233032 223022 233032 213022
222303} 233202 223203 233203
234220 3223120 2232120 223130
023 421 0243121 02 3 4 2 2 033 213
302323w 203 43 12 3032372 203223
230131 1 20232 4 3032373 230312
243033 323023 233042 132033
333203} 323103 3232072 313304
232320 212210 223330 233320

The computation of the average matrix (Z) was constructed by using Eq. (1)
in (table 2).
Table 2. Z matrix

0 24167 29167 29167 24167 2.6667
23333 0 25833 26667 2.6667 2.3333
225 26667 0 25 26667 225
20833 275 28333 0 25833 24167
25833 25 3 23333 0 28333

138 24167 24167 25833 23333 21667 0



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL

The normalized initial direct-relation matrix (N) was calculated by using Eq.
(2) in (table 3).

Table 3. The normalized initial direct-relation matrix N

0 01738 02097 02097 01738 01917
0,1678 0 01857 01917 0,1917 0.1678
0,1618 01917 0 01798 0,1917 0.1618
0.1458 0.1977 0.2037 0 0.1857 0.1738
0,1857 01798 02157 0.1678 0 0.2037

\ 0.1738 0,1738 0,1857 0.1678% 0.1558 0

The total relation matrix (T) was calculated by using Eq. (3) as shown below
in (table 4).

Table 4.The total relation matrix T

1.5319 1.8045 19525 18252 17771 1.7832
1.6046 15792 18530 1.7354 1.7144 1.6%0%
1.5760 1,7137 1.6679 1.7005 16885 1.6607
1.5976 1.7509 18722 15806 1.7166 1.7010
1.,6807 1.7991 19467 1.7860 16197 1.7830
1.5413  1.6540 1.7741 1.6457 1.6164 14733

The sums of rows and columns of matrix (T) were calculated by using Eq. (4)
to Eq. (7) as shown in (table 5).

Table 5. The sums of given and received among 6 project

D R | DR | OBk | OR) | OB | o | Wi%) | Wik
Py 10.6744 9.5321 | 20.2065 5 1.1423 1 20.2388 16.47 5
P, 10.1775 | 10.3014 | 20.4789 4 -0.1239 4 20.4793 16.67 4
P; 10.0073 | 11.0664 | 21.0737 1 -1.0591 6 21.1003 17.17 1
Py 10.2189 | 10.2734 | 20.4923 3 -0.0545 3 20.4924 16.68 3
Ps 10.6152 | 10.1327 | 20.7479 2 0.4825 2 20.7535 16.89 2
Ps 9.7068 | 10.0941 | 19.8009 6 -0.3873 5 19.8047 16.12 6

Average / / 52.0441 / 0.0000 Total 312.36278 | 100.00 /

The threshold value was derived from the average of elements in matrix (T),
which was calculated by using Eq. (8).

The values of (tij) in (table 4.), which were greater than (a=1.7056), were
shown as (tjj*), which presented the interaction between perspectives, e.g. the
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value of P23 (1.8530)>a(1.7056), the arrow in the cause and effect diagram
was drawn from P; to P3.

DISCUSSION AND RESULTS

The DEMATEL analysis of factors Pi-Ps provides a comprehensive
understanding of their overall importance within the system, as well as a
precise identification of the causal relationships that shape the structure of
mutual influences. The applied method offers deeper insights into the
hierarchy of factors, their interdependencies, and their relative contributions
to the stability and dynamics of the analyzed system.

Examining the D+R values, which indicate the total prominence of each factor
in the network of relationships, it can be observed that factor P3 has the highest
value (21.0737), ranking first in terms of significance (17.17%). This result
indicates that Ps is the most integrated within the system, actively participating
in the exchange of influence with other factors. The next factors are Ps
(20.7479; 16.89%), P4 (20.4923; 16.68%), and P> (20.4789; 16.67%), whose
values are very close, indicating a relatively balanced distribution of overall
importance. Factor Py (20.2065; 16.47%) shows a slightly lower level of
prominence, while Ps (19.8009; 16.12%) has the lowest total D+R value, and
thus the weakest integration in the interaction system.

Although the differences in weighting coefficients are relatively small
(approximately 16%—17%), ranking by D+R shows a clear differentiation in
the degree of centrality among factors. It can be concluded that P3 holds a key
position in the system structure, while Ps occupies a more peripheral role
relative to other elements.

The analysis of D—R values, which determine the causal versus dependent
nature of factors, allows for identifying the drivers of the system and those
primarily influenced by others. Factors Py (1.1423) and Ps (0.4825) have
positive values, placing them in the causal group, meaning these factors
influence others more than they are influenced themselves. Notably, Py stands
out as the most significant influence generator in the system, with the highest
positive D—R value, highlighting its critical role in shaping overall system
dynamics.

In contrast, factors P3 (—=1.0591), Ps (—0.3873), P> (—0.1239), and P4
(—0.0545) belong to the dependent group. The results show that these factors
receive greater influence from other system elements than they exert
themselves. Particularly important is P3, which, despite having the highest
total prominence (highest D+R), is simultaneously the most dependent factor.
This combination indicates its central but dependent position - P; acts as a
system hub reflecting the influence of causal factors.

From a managerial and strategic perspective, the results clearly suggest that
interventions targeting causal factors can generate the most efficient and broad
systemic effects. In this context, P; emerges as the priority factor for
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enhancement, due to its dominant driving role. Similarly, Ps has significant
causal potential and can contribute to stabilizing and optimizing the overall
performance of the system. Considering that P; is a central but dependent
factor, its improvement requires an indirect approach through strengthening
the causal elements.

The analyzed system is characterized by a relatively balanced distribution
of weighting coefficients, but a clearly defined causal structure. The
identification of Py as the dominant causal element and P3 as a central but
highly dependent factor represents a key contribution of this analysis. The
results provide a reliable basis for setting priorities, making strategic
decisions, and directing resources toward elements with the greatest potential
to generate positive cascading effects throughout the system.

The cause and effect diagram of 6 projects was constructed as (Figure 1).

1.50

1.00

0.50

21,20
D+R

-1.00

-1.50

Figure 1. The visualization of the causal relationship among projects

CONCLUSION

The integration of projects into the results of the DEMATEL analysis
enabled a deeper understanding of their interdependencies and prioritization
in the implementation process. The results indicate that projects P and Ps
belong to the causal group of factors, meaning they have a dominant influence
on other projects within the system. Notably, P; - the development of an
integrated digital national tourism platform - emerges as a key driver of digital
transformation. Its position in the causal group confirms that it represents the
fundamental digital infrastructure upon which all other initiatives rely. The
platform enables the consolidation of tourism offerings, data integration,
stakeholder connectivity, and improved accessibility of information,
providing a foundation for projects in marketing, smart destinations, and
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advanced technological applications.

Similarly, project Ps, focused on the digitalization of small and medium-
sized tourism enterprises, demonstrates a significant causal role. The results
indicate that the level of digital readiness and technological capacity of
enterprises directly impacts the success of the overall sector’s digital
transformation. Without adequate digital infrastructure and organizational
competencies, the implementation of platform solutions, analytical systems,
and smart technologies cannot achieve their full effect. Therefore, Ps can be
viewed as an institutional-capacity pillar of digital transformation.

Conversely, project P3 - digital marketing and destination branding - is
identified as a central but highly dependent element of the system. Although
it has the highest total prominence within the network of interactions, its
negative D—R value indicates that it is predominantly influenced by other
projects. This finding has both theoretical and practical implications:
destination marketing and branding cannot constitute an initial phase of digital
transformation; rather, they are a result of it. The effectiveness of digital
marketing depends on functional infrastructure Py, availability of high-quality
data P¢, and the sector’s digital readiness Ps, highlighting the need for a phased
and systemically aligned approach to implementing development initiatives.

Projects P, (smart destinations), P4 (AR/VR technologies), and Ps
(tourism data analysis system) belong to the dependent group of factors. Their
implementation relies on the prior establishment of stable digital infrastructure
and adequate organizational capacity. Nevertheless, despite being classified as
dependent, these projects possess significant strategic potential. In particular,
Ps enables the collection, processing, and interpretation of data critical for
informed decision-making, resource optimization, and sustainable destination
management.

Based on the causal - effect structure of the model, it can be concluded that
digital transformation in tourism requires a clearly defined sequence of project
implementation. Priority should be given to infrastructure and capacity-
building initiatives P1 and Ps, which form the foundation for the subsequent
development of advanced technological solutions and promotional activities.
Only after establishing a stable digital base can the full effect of projects in
smart destinations, innovative technologies, and digital marketing be realized.

Overall, the integration of defined projects into the DEMATEL model
confirms that tourism digitalization is not an isolated technological process
but a complex system of interdependent initiatives. A key contribution of this
research lies in identifying projects with the highest causal potential, enabling
rational resource allocation and effective strategic planning for tourism
development under digital transformation conditions.

The application of the DEMATEL method allowed for a systemic
understanding of the complex interdependencies among identified factors and
development projects in tourism and digitalization. Unlike classical ranking
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methods, which consider factors in isolation, the DEMATEL approach
enabled analysis of the interaction structure, identification of causal - effect
relationships, and differentiation of factors according to their strategic role in
the system.

Importantly, the method allowed for the identification of causal factors,

1.e., projects generating the greatest impact on the rest of the system. This
provides an empirical basis for defining priorities in planning and
implementing digital initiatives in tourism. At the same time, central but
dependent elements of the system were identified, confirming that certain
projects, although highly ranked in significance, are the outcome of the
influence of other structural factors.
One of the key advantages of applying the DEMATEL method in this research
is its ability to transform a complex network of relationships into a clearly
interpretable model of causal structure. This facilitates understanding of
system dynamics rather than mere static ranking of elements. The findings
provide a basis for phased planning of tourism digital transformation,
prioritizing infrastructure and capacity projects with the greatest multiplicative
effect.

Methodologically, DEMATEL proved to be a suitable tool for research in
areas characterized by high complexity, actor interdependence, and
multidimensional development goals, such as tourism digitalization. Its
application contributes to reducing subjectivity in decision-making by
quantifying expert evaluations and transforming them into a structured
analytical model.

The DEMATEL method enabled identification of key system drivers,
determination of development priorities, and formulation of recommendations
based on empirically established interdependencies. Its relevance and
justification in analyzing strategic projects for tourism digital transformation
are thus confirmed, as well as its contribution to enhancing the methodological
framework for decision-making in complex development systems.

While writing the present article, the authors (Aleksa JAKICA, Oliver MOMCILOVIC,
Adriana RADOSAVAC) used ChatGPT in order to translate from Serbian into English.
After using this tool/service, the authors reviewed and edited the content as needed and takes
full responsibility for the content of the published article.
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