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Abstract

Purpose – This bibliometric study provides an overview of research related to digital transformation (DT) in the
tourism industry from2013 to2022.Thegoals of the researchareas follows: (1) to identify thedevelopmentof academic
papers related to DT in the tourism industry, (2) to analyze dominant research topics and the development of research
interest and research impact over time and (3) to analyze the change in research topics during the pandemic.
Design/methodology/approach – In this study, the authors processed 3,683 papers retrieved from theWeb
of Science and Scopus. The authors performed different types of bibliometric analyses to identify the
development of papers related to DT in the tourism industry. To reveal latent topics, the authors implemented
topic modeling based on latent Dirichlet allocation with Gibbs sampling.
Findings –The authors identified eight topics related to DT in the tourism industry: City and urban planning,
Social media, Data analytics, Sustainable and economic development, Technology-based experience and
interaction, Cultural heritage, Digital destinationmarketing and Smart tourismmanagement. The authors also
identified seven topics related to DT in the tourism industry during the Covid-19 pandemic; the largest ones are
smart analytics, marketing strategies and sustainability.
Originality/value – To identify research topics and their development over time, the authors applied a novel
methodological approach – a smart literature review. Thismachine learning approach is able to analyze a huge
amount of documents. At the same time, it can also identify topics that would remain unrevealed by a standard
bibliometric analysis.
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1. Introduction
A considerable number of companies and organizations around theworld were aware of the
importance of digital transformation (DT) in the pre-Covidyears (Vial, 2019; Frank et al.,
2019; Hinings et al., 2018; Matt et al., 2016; Alkhatib and Valeri, 2022; Deb et al., 2022), but
they did not always respond to these calls. At that time, the relatively stable market
environment can be included among the reasons for partially ignoring this trend. However,
the Covidpandemic outbreak at the turn of 2019 and 2020 significantly disrupted this
stability (Adhikari et al., 2020; Harel, 2021). Thus, under the influence of the pandemic and
significant uncertainty, companies, in many cases, implemented such significant changes
that they would probably not dare to implement in the near future (He and Harris, 2020;
Verma and Gustafsson, 2020). Tourism was one of the most affected sectors of the economy
during the pandemic (�Skare et al., 2021; G€ossling et al., 2020; Sigala, 2020). While in the pre-
pandemic year of 2019, it was 1.5 billion international tourist arrivals; in 2020, there were
only 381 million, equal to the level of 1990 (Lon�cari�c et al., 2022; United Nations World
Tourism Organization, 2021). Thus, organizations sought ways to overcome current
problems and build their long-term resilience into the future (Ntounis et al., 2021; Prayag,
2020). However, since the organization had no experience with the pandemic, there was no
generally accepted guide on overcoming a crisis of this extent. Organizations operating in
tourism therefore sought and applied their own methods, including the area of information
and communication technologies (ICT) (Podzharaya and Sochenkova, 2022; Botti and
Monda, 2021).

DT is mentioned more significantly in the literature especially during the last decade
(Chatterjee et al., 2022; Jayawardana et al., 2022; Zheng et al., 2022). Verhoef et al. (2021) state in
their study that digitalization has also undergone development. Its initial phase in some
industries already took place in the distant past. The drivers from the information
technologies (IT) point of view are digital technology, digital competition and digital
customer behavior. In the DT itself, he mentions three phases: digitization, digitalization and
DT. Digitization, as the first phase, represents the transformation of analog information into
digital information. Digitalization involves using digital technologies to transform existing
business processes (Li et al., 2016). Finally, DT represents a company-wide change that leads
to the development of new business models (Verhoef et al., 2021; Pagani and Pardo, 2017;
Kane et al., 2015; Iansiti and Lakhani, 2014).

The studies published so far focus on different phases of DT, either individually or cross-
sectionally. Naturally, it can be assumed that the future trend will cover the last phase of DT.
However, several organizations in the tourism industry have gonemore significantly through
initial phases only in the recent pandemic period. Perry et al. (2022) introduce the connection
between digitization and sustainability in parks with recreation indicators. Their results
show that both practice and research should focusmore precisely on the highest level of DT –
that is, a company-wide change that will lead to the development of new approaches to
business.

We can see several partial examples of DT in tourism under the influence of the Covid-19
pandemic in the literature. For example, Rana et al. (2022) present an application of
blockchain technology. Nabila et al. (2021) mention various collaborative systems that
could bring long-term sustainability and resilience to organizations operating in the
tourism industry. Akhtar et al. (2021) draw attention to digital tourism, stating that virtual
tourismwas a practical and valuable option for mass tourism during the Covid-19 outbreak
and can replace mass tourism after the pandemic. Toubes et al. (2021) looked at the impact
of the pandemic on tourism from the point of view of marketing. Their study reported that
online information sources gained weight over consulting friends and relatives during the
pandemic. A significant advance in digitalization is expected, where online platforms will
replace physical travel agencies. Ohe (2022) also covered a similar area, stating that Covid-
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19 promoted digitalization, such as online travel agencies and expanded the field of e-
hospitality based on digital technology in addition to traditional on-site personal
hospitality. Fontanari and Traskevich (2022) presented a model for applying smart
technologies to prevent over-tourism and develop destinations’ resilience in the post-Covid-
19 period.

However, elements of DT in tourism can be found in the literature even before the
pandemic. For example, Gazi et al. (2016) looked at social media, which was becoming a
popular tool in tourism at the time, evaluating the role of social media tools for tourism
services in the country concerning the perception of people with disabilities. A similar topic,
but from a different point of view, was also addressed by Keil et al. (2017), namely the
optimization of the user interface design and interaction paths for the destination
management information system. G�omez et al. (2018) dealt with the integration of ICT in
European Union countries in terms of booking accommodation in the tourism industry. The
results suggest different behavior patterns inmanaging digital accommodation and how ICT
ismanaged. Finally, Gy�odi (2019) looked at sharing economy services such asAirbnb, and his
results show that Airbnb and traditional hotels compete for travelers in a wide variety of
market segments.

Understanding the development of digitalization in the tourism industry is becoming an
essential tool for building long-term resilient organizations. In addition, digitalization has
become critical under the influence of the pandemic, and pointing out trends and areas of
research is highly topical. Therefore, the aim of this study is to create a scientific map of DT in
the tourism industry, which will be closely connected and applicable in research and practice.

2. Literature review
2.1 Bibliometric reviews overview
Similar to other areas, also in tourism, many authors are devoted to the topic of DT, and
naturally, different literature reviews are published. Since this topic is relatively new, we
present an overview of a significant literature review based on bibliometrics analysis
published in the recent past. At the same time, based on our opinion, we try to indicate which
phases of DT the particular publication is likely to address.

One of the largest and newest bibliometrics reviews related to tourism in connection
with DT is a study by Molina-Collado et al. (2022). They identified and analyzed 2,424
scientific journal publications indexed in the Web of Science and Scopus databases from
1988–2021. Their primary focus, based on the search terms, was on ICT in connection with
tourism, and thus it was primarily the first or the second phase of DT. Several possible
research topics for the future emerge from their results, for example, electronic word-of-
mouth, user-generated context, self-service technologies, robotics, smart tourism or virtual
reality.

One of the newest literature reviews is also a study by Verma et al. (2022). The authors
focused on the past, present and future of virtual tourism, and thus it was about all three
phases of DT. They linked quantitative (science mapping) and qualitative (intellectual
structure mapping) methodologies. They analyzed a total of 1,652 articles published in the
years 2000–2021. However, they focused specifically only on virtual tourism and analyzed
elements such as augmented reality, virtual reality or big data. Their conceptual model also
brings future research directions, includingmobile devices and smart tourism, internet-based
interactions and destination management, and virtual reality and augmented reality-based
tourism.

A similar approach from the point of view of past, present and future, but in the topic of
smart tourism destinations, chose in their bibliometric analysis Bastidas-Manzano et al. (2020).
Again, it was about all three phases of DT. However, the number of analyzed articles was
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significantly lower (258 in total), which was also because they only focused on the period
2013–2019. They introduced research topics such as smart city, sustainability or tourist
experience measuring through Big Data and IoT.

Smart tourism is also the topic of a bibliometric review by Chen et al. (2021). They
focused on studies published between 2010–2021, analyzing 441. They consider the
mentioned years as the start of smart tourism and cover the subsequent entry of 5G mobile
technology and the impact of Covid-19 on tourism. From our point of view, all three phases
of DT are probably covered. Based on their results, it is recommended that research should
focus more on the practical implications of topics such as IoT, artificial intelligence, cloud
computing, big data and biometrics.

As part of the tourism industry, e-tourism was a topic of the bibliometric study by Singh
and Bashar (2021). They analyzed 146 publications from 2004–2020 and thus probably
included all three phases of DT in this e-tourism topic. In addition to results like authors’
institutions, journals or most cited papers, they also identified the main trends and topics of
e-tourism that could be addressed in further research. It is, for example, smart technology,
virtual reality, augmented reality, or digital architecture.

Bibliometric analysis by Ndou et al. (2022) focuses on using technology tools to deal with
Covid challenges in organizations in tourism (probably the two first phases of DT). They
analyzed a total of 319 publications from 2019–2022. Their study provided evidence that
Covid-19 has increased the use of various technologies in the tourism value chain. The
analysis also pointed to the main research topics that should be pursued further.

Applying artificial intelligence in tourism, i.e. the highest phase of DT, through
bibliometric review was the topic of the study by Knani et al. (2022). They analyzed a total of
1,035 publications from the years 1984–2021 from theWeb of Science and Scopus databases.
Their analysis focused on common areas, such as authors, institutions, and countries.
They also created the thematic map, with which they expressed possible research topics
(e.g. big data, service robots, forecasting tourism models and others).

Bibliometric analysis of big data in tourism (the highest phase of DT)was addressed in the
study by Li and Law (2020). The authors focused on the period of 2008–2017 while analyzing
a total of 1999 scientific publications indexed in the Web of Science database. Based on the
results, they state that similar topics are essential in tourism as well as in other areas using
big data, especially privacy, data quality and appropriate data use.

2.2 Research gap
The studies we listed above generally aimed to analyze some direct or indirect aspects of
DT in the tourism industry. However, systematic literature reviews and bibliometric
reviews also have certain limitations. Studies of the systematic literature review type are in-
depth and usually process several dozens of documents, which they analyze sufficiently. A
systematic literature review results are then more narrowly oriented (Moher et al., 2015;
Page et al., 2021). On the other hand, bibliometric reviews are oriented toward a broader
scope of the researched area, and their goal is more priority trends (Cobo et al., 2011; Eck
and Waltman, 2010). Currently, even bibliometric studies can contain more in-depth
information, e.g. by analyzing keywords, co-occurrence of authors/keywords, etc. However,
one of the top trends in the field of bibliometric reviews is the use of machine learning to
identify latent patterns in textual data (Zhang et al., 2017; Han, 2020; Mariani and
Baggio, 2022).

Our study focuses precisely on the use of the potential of processing academic papers with
automated tools. The aimof this study is to create a sciencemap ofDT in the tourism industry.
To do this, we use a novel machine-learning-based methodological approach to identify latent
topics fromavast number of academic documents. The study analyzes 3,683 papers published
in the last ten years (2013–2022) retrieved from Scopus and Web of Science databases.
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Our approach will make it possible to comprehensively capture the areas of DT in the tourism
industry and thus offer a science map of this dynamically developing area. We developed
three interconnected research questions (RQs) to operationalize the main aim of our paper:

RQ1. What is the development of academic papers related to digital transformation in the
tourism industry?

○ Digitalization is growing dramatically in practically all research areas, not excluding
the tourism industry. Therefore, a bibliometric overview of the development of the
number of research papers, top journals and most cited papers could be a fresh probe
into the development of this dynamic area.

RQ2. What are the dominant research topics, and how do their research interest and
research impact develop over time?

○ The number of documents published in the last ten years related to digitalization or DT
in tourism is enormous. Therefore, identifying the topics that these documents explore
is practically impossible in the usual way. However, using machine-learning
procedures, we can not only extract (identify) these topics from a considerable
number of documents but also record their development over time.

RQ3. How have research topics changed under the influence of the pandemic?

○ The Covid-19 pandemic was a game-changer in virtuality in all industries. In the
tourism industry, the pandemic accelerated digitalization and probably profiled
separate scientific topics that we can identify using machine-learning topic modeling.

3. Methodology
3.1 Data protocol
In order to perform a relevant analysis of the current state of DT in tourism, we needed
relevant resources. To obtain resources we selected the scientific databases Web of Science
and Scopus. These are the two largest and most prestigious scientific databases that form a
source of world knowledge.

We performed the data acquisition process similarly in both databases. After selecting the
information sources, we defined the search query.We decided to define it as follows: (“digital”
OR “digitization” OR “digitalization” OR “DT”) AND tourism. The reason for choosing the
mentioned search query was the fact that according to Verhoef et al. (2021) DT is a process
that hasmultiple phases. The first phase is digitization, the second phase is digitalization and
the final phase is the DT itself. In addition, we added the word “digital” to the search query.
The reason for including this word in the search query was because this word is very closely
related to DT and is very often part of it.

We then applied the defined search query into the search tools of both databases. In both
cases, we set to search for the defined query in the titles of articles, abstracts and keywords.
Since we wanted to capture the development of this topic over the last 10 years, we also
defined a time restriction related to the year of publication of articles (2013–2022). We
performed the search in both databases on September 23, 2022. The search criteria defined in
this way returned 5,233 results on that day (2,160 results in theWeb of Science database and
3,073 in the Scopus database).
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After obtaining the data, the initial editing phase followed. We excluded articles that did
not have the “Author” item defined (i.e. proceedings). Since a large number of articles are
indexed in both databases, it was necessary to discard those records that were in both
databases. When deleting duplicate records, we kept the record that had a higher number of
citations. This was because in the next phase we tried to capture research impact and the
number of citations best represented this metric. Finally, we removed articles that were
editorials and retracted papers. The resulting dataset, with which we continued to work, had
a size of 3,683 papers. The entire process of data acquisition and data handling is clearly
shown graphically in the form of a flowchart in Figure 1.

3.2 Latent Dirichlet allocation
To answer RQ2 and RQ3, we used a machine learning approach. The reason was that our
dataset contained many studies, and manual processing of documents through a systematic
literature review approach would be lengthy and inefficient. Using machine learning, we
performed the so-called smart literature review, which allowed us to analyze a large number
of articles while maintaining the depth of the analysis.

Figure 1.
Data acquisition and
data handling protocol
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For the smart literature review, we used an unsupervised machine learning approach based on
topicmodeling. Topicmodeling is one of themost powerful tools in the area of textmining. Topic
models are able to find relationships among huge amounts of text documents (Jelodar et al., 2019).
Topicmodeling is based on the analysis of a large number of text documents. The purpose of this
method is to segment documents into several groups based on their similar structure.

We implemented topic modeling with latent Dirichlet allocation (LDA) (Blei et al., 2003).
LDA, which is a generative probabilistic model of a corpus (Blei et al., 2003), is one of the most
popular methods for topic modeling (Jelodar et al., 2019) and is widely used in various fields.

The basic concept of LDA is that documents are composed of multiple topics. Moreover,
topics are composed of manywords. Each document is a mixture of topics, and each topic is a
mixture of words. More mathematically, in the LDA model, documents are seen as random
mixtures over latent topics. In addition, each topic is represented by a distribution over
words. In other words, every topic is represented by word probabilities (Blei et al., 2003).

From the structure of words in documents latent topics can be inferred. The idea is as
follows. Each document is generated by a process. This process has a Dirichlet distribution
with α vector parameter. From this Dirichlet distribution with α parameter, θ is sampled. θ is
then used in multinomial (θ) distribution. This distribution is then used to generate (or to
sample) a topic for each ofN steps (N5 number of words in the document). Finally, based on
the sampled topic, each word is sampled from the topic-specific multinomial distribution,
i.e. pðwnjzn; βÞ, a multinomial probability conditioned on the topic zn.

As stated above, θ is a random variable with Dirichlet distribution conditioned on α
(parameter) and is defined as

pðθjαÞ ¼
Γ
�Pk

i¼1αi

�
Yk

i¼1
ΓðαiÞ

θα1−11 . . . θαk−1k (1)

The topic proportions for a given document are then generated using this θ random variable
with the Dirichlet probability distribution based on α parameter (Blei and Lafferty, 2009;
Ponweiser, 2012).

Using the marginal distribution of a document, we can calculate the probability of a
document (Blei et al., 2001) as

pðwÞ ¼
Z
θ

 YN
n¼1

X
zn

pðznjθÞpðwnjzn; βÞ
!
pðθjαÞdθ (2)

To put it together, if we take the product of all marginal probabilities of single documents, we
get the total probability of a corpus which is defined according to (Blei et al., 2001) as

pðDjα; βÞ ¼
YM
d¼1

Z
pðθdjαÞ

 YN
n¼1

X
zn

pðznjθdÞpðwnjzn; βÞ
!
dθd (3)

3.3 Topic modeling protocol
We performed the whole topic modeling process in the R programming language and the
process consisted of the following phases: (1) dataset reduction (2) preprocessing, (3) corpus
transformation, (4) topic modeling, (5) visualization of topics.

We performed topic modeling on a sample of abstracts from articles that we obtained
following the procedure described in chapter 3.1. However, after initial analysis of the dataset,
we found that 38 articles retrieved from theWeb of Science and Scopus databases had no text
defined in the abstract. Therefore, we decided not to take these articles into account.
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Smart literature review was thus performed on a sample of 3,645 abstracts of articles related
to DT in the tourism industry.

The second step was the creation of a corpus and data preprocessing. Within this phase,
we performed standard procedures for text cleaning such as: retyping to lowercase letters,
removing punctuation, removing numbers, removing extra spaces. In addition, in this phase
we also deleted the so-called stopwords. They aremeaningless words that do not add value to
the topic modeling process. The reason for these steps was the fact that by removing such
characters in the text, the entire process of text analysis andmodeling becomesmore efficient
and faster, while the quality of the analysis remains preserved.

In addition to the standard preprocessing of our text corpus, we also analyzed the most
frequently occurring words in the corpus of papers. Subsequently, we identified those words
that have a general meaning in the field of DT in tourism.We also identified words [1] that we
thought were not relevant to the field.We then removed thewords identified in this way in the
entire corpus. The reason was the higher quality of the subsequent topic modeling process.

Although it is a subjective choice of words that we decided to remove, we tried to proceed
objectively.Although one of the reasonswas that somewordswere unimportant, another, more
important reason why we removed some words before the LDA analysis was that without this
step, there would be biased results. LDA analysis takes into account words in individual
documents and, based on this, classifies individual documents into groups (topics). Since there
are words that appear in many documents, their frequency is often significantly higher than
other relevant words. For that reason, these words are highly significant when creating topics.
These are, for example, the words: “tourism”, “digit”, or “tourist”. If we had not removed these
words, it could have happened that the result of the LDA analysis would have been only 1 or 2
topics, since words like tourism or digit appeared in almost all documents and their relative
importance in the creation of topics itself was high. In order to prevent our results from being
distorted by words that appeared in almost all documents, we removed these words. We
selected these words based on a previously performed frequency analysis of terms, when we
analyzed the most frequently occurring words in the corpus of documents (abstracts).

In addition, based on term frequency analysis, we also removed other words before LDA
modeling itself. In this case, these were words that were not relevant and important before the
topic of DT in tourism itself. Examples of these words were: study, paper, research, result,
method, approach, etc. As follows from the very nature of the words, these are generic words
that appear in almost all scientific articles or abstracts. In this case too, these were words that
appeared in a large number of abstracts. If we did not remove these words before modeling
the topics, the relevant results would again be distorted. An example could be a topic where
there would be articles in which documents with words such as paper, method, approach or
analysis would appear. However, these words are generic words in scientific documents.
In the case of creating topics based on these words, the result of dividing the documents into
topics would not correspond to the topic of DT in tourism. The results themselves would not
be relevant and correct for our research. We also determined the generic words that we
removed based on the frequency analysis of the most numerous words in the corpus of
abstracts. For greater credibility and objectivity, we have listed these words.

The next step was the transformation of the corpus. The reduced andmodified data frame
was subsequently transformed into a document-term matrix, which contained the
frequencies of individual words in individual documents. The mentioned procedure is
necessary for the correct implementation of topicmodeling. Thematrix that was created after
the transformation had a size of 3,645 3 18,796. Since this matrix contained more than 68
million elements, we decided to reduce it. The reduction wasmade to increase the speed of the
analysis. We performed the reduction in two ways. We set the minimum word frequency to
three and the maximum frequency to the number of documents. In addition, we limited the
minimum and maximum word length (minimum5 4, maximum5 20). The resulting matrix
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had a dimension of 3,645 3 5,149 elements. With the matrix modified in this way, we then
performed topic modeling process.

We performed LDA Topic modeling using the Gibbs sampling method (Griffiths and
Steyvers, 2004; Grun andHornik, 2011).We set the number of LDAmodeling iterations to 1,000.
In order not to distort the probability distribution, we abstracted from the first 100 iterations.
Due to possible autocorrelation, we used every 40th observation for further calculation.

We used experimental testing to choose the optimal number of topics k. The entire LDA
process was run five times for each k, and only the best solution was saved as the final result.
In order to avoid a possible distortion of the results for all k, we always chose the same seeds
(79; 68; 48; 11; 222). Subsequently, we used an expert approach to evaluate the created
solutions. This procedure, which was based on human judgment, consisted in the manual
assessment of the structure of the created topics for an individual number of topics. We
gradually expertly evaluated the created solutions for the number of topics from 7 to 14. The
solution with the number of eight topics was chosen as the final solution. The result of LDA
modeling was the probabilistic division of all papers into individual topics.

We used alpha and beta default values in the topic models package to set our
hyperparameters before LDAmodeling. According to Griffiths and Steyvers (2004), the LDA
implementations in the topic models package in R use a default value for alpha equal to 50/k,
i.e. it is inversely proportional to the number of topics. As for the beta hyperparameter,
denoted as delta by Griffiths and Steyvers (2004), the default value of 0.1 is used. The
procedure for optimizing LDA parameters, i.e. for interring the posterior probabilities, was
performed using Gibbs sampling.

Parameter optimization is implemented indirectly in the case of Gibbs sampling. The
number of iterations for which Gibbs sampling of the LDA model parameter estimation is to
be implemented is determined. Based on the selected criterion, it is subsequently checked
whether the result is satisfactory. The criterion can be a selected statistical metric, e.g.
perplexities. In our case, we focused on the criterion of interpretability of individual topics.

For Gibbs sampling, in our case, we chose 1,000 iterations since, according to several
sources, this is a sufficiently high number of iterations. Obviously, after training for 5,000
iterations, we could get a slightly different solution with different topics. And that could be
slightly different from the solution with 8,000 iterations. This is understandable since it is an
unsupervised machine learning method that is used to detect unknown patterns. For the
mentioned reason, it is not possible to compare the selected solution with the expected one,
since there is no model for comparison. Based on the above, it can be concluded that
individual solutions will probably differ, since there is no such thing as a correct answer in
unsupervised learning. The recommended way to solve an unsupervised problem (such as
topic modeling) is to experimentally test different values of k and according to the selected
evaluation criterion to find the optimal grouping of topics in this way (Liu, 2015).

For a better interpretation and evaluation of individual solutions, we used the LDAvis
library (Sievert and Shirley, 2014). The library enables the visualization of topics within the
2D space using the principal component map.

3.4 Topic modeling in papers related to pandemic
The input dataset for the analysis in section 4.3 was filtered as follows.We defined the search
query as “Covid19” OR “Covid-19”. Subsequently, we searched for the mentioned search
query in the Title, Abstract and Author keywords. If a match was found in any of the listed
variables, the given article received the Covid flag. This was done for all 3,645 articles.

Using this filtering method, we identified 321 articles related to the pandemic (29 articles
were from 2020, 155 articles were from 2021 and 124 articles were from 2022.13 articles did
not have a year specified). Covid-19 is related to the topic of DT in tourism. The abstracts of
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these articles were subsequently entered into the LDA analysis, where wemodeled individual
new pandemic topics from these abstracts.

Before themodeling of the topics itself, we performed the transformation into a corpus and
preprocessing of the text in a similar way as in the previous topic modeling. In addition to the
words we defined above, we also removed the following words from the corpus of words:
“covid19”, “covid-19”, “covid”, “corona”, “coronavirus”, “sars-cov-2”, “sarscov”, “pandemic”.
The mentioned words were removed in order not to distort the results and the relevance of
pandemic topics.

The LDA analysis itself was performed as follows: To quantify the parameters of the
LDA model, we used the Gibbs sampling method. The LDA parameters were set the same
as in the previous LDA modeling (n. of iterations: 1,000, burning period: 100, thin
parameter: 40). As in the previous case, we performed LDA analysis with a different
number of topics (k). For each k, we performed five runs of the algorithm, and the best
solution was always saved as a result. We subsequently assessed these solutions from an
expert point of view, while we preferred the interpretability of the topics to a statistical
approach. When modeling abstracts related to Covid-19, we finally selected the number of
topics k 5 7 based on the mentioned procedure.

4. Results
A bibliometric approach provides detailed insight regarding the development of particular
scientific fields. In our case, we processed 3,645 papers published between 2013 and 2022
related to DT in the tourism industry and retrieved them from Scopus and Web of Science
databases.We processed the data with three RQs inmind. The following chapters contain the
results of the basic bibliometric analysis, the results of topic modeling for the entire period
and the results of topic modeling in the pandemic years 2020–2022.

4.1 Development of academic papers related to DT in the tourism industry
The development of published papers related to digitization, digitalization, or DT in the
tourism industry shows that the increase in the interest of scientists in this area is significant.
Figure 2 provides an overview of the number of published articles over the last ten years,
including citations and the cumulative number of annual citations.

The data was collected as of September 20, 2022, so it can be assumed that the number of
papers in 2022 will still grow. Nevertheless, it is possible to see a clear trend of increasing
scientific interest. The research impact of digitalization in tourism (measured through the
number of citations) appears stable in the monitored period. However, it should be noted that,
according to some similar bibliometric studies, the increase in citations becomes apparent
only two to three years after a significant increase in the number of publications (Min et al.,
2016). For example, in 2022, 560 papers were published, for which “only” 345 citations were
recorded. Therefore, it is highly likely that the number of citations (and also research impact)
will increase in later years.

Bibliographic analysis of journals provides a picture of outlets that have contributed most
to the digitalization of tourism. We performed this analysis from three perspectives –
research interest (number of papers), research impact (number of citations) and top cited
papers. Table 1 shows the results of the analysis.

The journal with the highest research impact is Tourismmanagement, in which 28 papers
were published with more than 1,500 citations. The most significant study was by Hudson
et al. (2015), with 272 citations. The study focuses on two research areas – the management of
music festivals and the influence of social media on customer relationships. The authors
developed a conceptual model by structural equation modeling. The authors concluded that
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interacting with the brand using social media had a direct effect on emotional attachment to
the festival, and emotional attachment has a direct effect on word of mouth.

Eleven studies were published in the International Journal of HospitalityManagement, while
712 citations to these studieswere reported.The studywith thehighest impactwas published by
Wang and Nicolau (2017), which had 288 citations. In this study, the authors aimed to identify
the price determinants of sharing economy based on accommodation offers in the digital
marketplace. They find five categories of price predictors: host attributes, site and property
attributes, amenities and services, rental rules and the number of online reviews and ratings.

The topic of digitization in the tourism industry was also relatively widely elaborated in
the journal Sustainability, where up to 70 such focused papers with 546 citations were
published. The most impactful study was conducted by Encalada et al. (2017) with 58
citations. In this study, the authors focused on digital imprints for identifying tourist places of
interest. The authors demonstrated the potential of digital tools for sustainable smart city
concepts and provided a practical perspective on this vital topic.

Journal
Published
papers

Citations of
papers Top paper

Tourism Management 28 1,527 Hudson et al. (2015)
International Journal of Hospitality
Management

11 712 Wang and Nicolau (2017)

Sustainability (Switzerland) 70 546 Encalada et al. (2017)
Journal of Destination Marketing and
Management

8 534 Marine-Roig and Anton
Clav�e (2015)

Current Issues in Tourism 35 473 Jovicic (2017)
Annals of Tourism Research 18 442 Dolnicar (2019)
Journal of Sustainable Tourism 26 377 G€ossling and Hall (2019)
Information Technology and Tourism 20 343 Pencarelli (2020)
Journal of Travel Research 14 331 €Onder et al. (2016)
Tourism Management Perspectives 9 329 Xiang (2018)

Source(s): Author’s own creation/work

Figure 2.
Development of

published papers
related to digitization,

digitalization and
digital transformation

in tourism industry

Table 1.
Top 10 journals and

their impact
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Another journal with a high research impact is the Journal of Destination Marketing and
Management, in which only 8 studies were published, but they reached 534 citations.
Marine-Roig and Anton-Clav�e (2015) published a practically oriented study highlighting the
usefulness of big data analytics to support smart destinations by studying the online image of
a particular city (Barcelona was analyzed in this study). They concluded that user-generated
content analytics should be essential for destination smartness. 201 citations were reported
for this study.

Current Issues in Tourism is a reasonably popular journal for publishing digitalization
topics in the tourism industry. In the last ten years, 35 papers were published in this journal,
for which 473 citations were reported. 125 citations were reported on the paper by Jovicic
(2017). The paper reviews the evolution of key tourism destination concepts. The author
devotes special emphasis to the concept of smart tourism destinations since this is a recent
concept that strongly relies on the systemic concept and represents an entirely different
understanding of a destination than the traditional one.

Another journalwith a relatively good research impact is theAnnals of TourismResearch,
which published 18 papers related to digital issues in tourism in the last decade. With 442
citations, this journal is sixth in research impact. The study with the most impact (106
citations) was published by Dolnicar (2019). The author developed a review study to create a
knowledge map reflecting key areas of academic insight into the phenomenon of paid online
peer-to-peer accommodation. She also identifies under-researched areas and under-utilized
research designs in current literature.

Journal of Sustainable Tourism is another leading journal in the field of digitalization
of the tourism industry. Twenty-six papers were published in this journal, and 377
citations were reported on these papers, whereas the study by G€ossling and Hall (2019)
has had the most impact – 96 citations. The paper investigates the ICT developments
and conceptualizes the sharing economy in comparison to the wider collaborative
economy.

Journal Information Technology and Tourism also contributed to developing digital
issues in the tourism industry. 20 papers with 343 citations were published in this journal.
The paper by Pencarelli (2020) was the one with the most impact – 76 citations. In this
interesting paper, the author focused on providing a point of view and some preliminary
answers to current questions related to the digital revolution in tourism. The author
concluded that soon, it would not be possible for tourism ecosystems and territories to only
take into account digital innovations. However, they will have to include smart tourism
perspectives like sustainability, circular economy, quality of life, and social value. They
should also aim to enhance tourism experiences and increase smart tourism destinations’
competitive advantage.

The Journal of Travel Research published 14 studies with 331 citations. The study by
€Onder et al. (2016) reported 77 citations. In this study, the authors show the potential of the
tourists’ digital footprint to provide a valuable indicator for tourism demand. In addition, the
authors showed practical analysis to provide vital marketing insight on data collection and
data analysis.

The last of the top 10 journals is Tourism Management Perspectives. Nine studies were
published in this journal with 329 citations. The study by Xiang (2018) focused on
digitization, and the age of acceleration was the one with the highest number of citations – 80
citations. The author emphasizes the shift in our view of information technology in tourism
research from a primarily marketing-driven tool to a knowledge creation tool due to new
technological conditions such as the smartphone, drones, wearables, new connectivity and
big data.

As seen from the above-mentioned overview of leading journals and papers, digitalization
issues in the tourism industry cover several more or less related topics. To identify the main
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research topics, we used a machine-learning text-mining approach. The results of this
analysis are presented in the next chapter.

4.2 Dominant research topics and the development of research interest and research impact
over time
Using LDA algorithms, we analyzed abstracts of 3,645 research papers. This approach
compared the mutual occurrence of words in each paper, which made it possible to create
groups of co-occurring words – i.e. topics. Each topic contains particular terms with
different frequencies. One term could appear in multiple topics, however, with different
frequencies. Therefore, we carried out several experiments to determine the correct
number of topics. Using the algorithm, we analyzed the results for the number of topics 7,
8, 9, 10, 11, 12, 13 and 14. For each experiment, we subsequently assessed the statistical
reliability of the results (measured by perplexity) and the interpretive reliability of the
results (by expert evaluation of the relatedness of the words in the given topic). In this
combined way, we determined the final number of topics. The best interpretable results
with a sufficient level of perplexity were identified for eight topics, which are shown in
Figure 3.

In the picture, you can see research interest and research impact of particular topics. The
highest research interest was recorded for Topic-07. At the same time, however, there are two
topics of similar size –Topic-02 and Topic-08, in which research interest and research impact
are extremely large. The intertopic distance map represents a multidimensional scaling view
of topics (the axis represents principal components). We can see that there is no obvious
overlap between the topics, which indicates that the clustering procedure was able to extract
unique topics.When naming topics, we considered the frequency of terms in particular topics.
It should be noted that each topic contained terms such as “digital”, “digitization”,
“digitalization”, or “DT” and at the same time, the term “tourism” (these terms were excluded
from LDA for a clearer extraction of topics). Based on the composition of terms and their
occurrence, we named the topics as follows:

Figure 3.
Intertopic distance

map (left) and
frequency of terms in

particular topics (right)
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(1) City and urban planning (Topic-01).This topic is represented by terms that are closely
related to planning, namely “citi”, “chang”, “urban”, “natur” and “plan”. It is a
relatively minor topic, but a relatively good research impact characterizes it. Within
this topic, research focuses, for example, on cultural ecosystems (Mart�ınez Pastur
et al., 2016), urban planning and formation of biocomfort (Cetin, 2019) or
socioeconomic influences on biodiversity (Hou et al., 2014).

(2) Social media (Topic-02). The content of this topic was relatively consistently made
up of terms related to sharing experiences via social media. The most frequent
terms were “social”, “travel”, “media”, “group” and “share”. We can see that this
topic’s research impact and interest are huge. Studies that belong to this topic focus,
among other things, on social media research (Hudson et al., 2015), sharing economy
analysis (Cheng and Foley, 2018) or several aspects of social media marketing
(Minazzi, 2015).

(3) Data analytics (Topic-03). The articles that belong to this topic are closely related to
the use of various hardware and software technologies to support tourism. The most
represented terms in this topic are “data”, “model”, “inform”, “system” and “applic”.
It is a larger topic with a reasonable research impact. In this topic, we can come across
studies devoted to technological solutions such as microblogging platforms (Mocanu
et al., 2013), blockchain (Bodkhe et al., 2020) or tracking technologies (Shoval and
Ahas, 2016).

(4) Sustainable and economic development (Topic-04). In this topic, the term “develop”
dominates. After looking at other less frequently occurring terms, “sustain”,
“economi”, “econom”, and “local”, we can see that this topic is closely related to
sustainability. It is a topic with a medium research interest, but its research impact is
relatively small compared to other topics. Research in this topic is closely related to
ICT and their role in sustainable development goals in tourism (G€ossling and Hall,
2019), smart cities (Kunzmann, 2020) or digital tourism (Watkins et al., 2018).

(5) Technology-based experience and interaction (Topic-05). The composition of the
articles in this topic suggests research in the field of consumer experience and
interaction. This is also confirmed by the most frequent terms: “experi”, “work”,
“technolog”, “interact” and “educ”. It is a small topic with less research impact.
Research in this is often related to peer-to-peer concept (Dolnicar, 2019), new
technologies such as virtual reality (Hudson et al., 2019) or gamification in tourism
(Skinner et al., 2018).

(6) Cultural heritage (Topic-06). It is a reasonably consistent topic in terms of meaning,
dominated by the terms “culture” and “heritag”. The following three terms only
specify the semantic definition of the topic – “place”, “site”, and “visitor”. It is a
medium-sized topic with a medium-sized research impact. In this topic, we can find
articles focused on, for example, selfie-taking as touristic looking (Dinhopl and
Gretzel, 2016), developing models for immersive heritage tourism experiences (Bec
et al., 2019) or the role of geoinformatics in the promotion of cultural heritage (Xiao
et al., 2018).

(7) Digital destination marketing (Topic-07). Even in this case, it is a content-unique
topic, the most frequent terms of which are closely related – “market”, “destin”,
“onlin”, “strategi” and “communic”. This is the biggest topic with high research
interest. Research in this topic can cover multiple digital marketing issues. For
example, electronic word-of-mouth (Sotiriadis and van Zyl, 2013), tourism analytics
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(Marine-Roig and Anton-Clav�e, 2015) or smart tourist destination research (Jovicic,
2019).

(8) Smart tourism management (Topic-08). This is a topic within which tourism
frameworks related to digitalization issues are usually examined. The most
frequently occurring terms are “technolog”, “industry”, “servic”, “manag” and
“busi”. At the same time, it must be said that practically only in this topic was the
term “smart”, which, however, was in the seventh place in terms of occurrence, so
it is not visible in the list of words. It is a big topic with practically the highest
research impact. Research in this topic, for example, focuses on smart tourism
ecosystems (Gretzel et al., 2015), knowledge transfer in smart tourism
destinations (Del Chiappa and Baggio, 2015) or smart aspects of urban mobility
(Lyons, 2018).

Research interest and research impact of these eight topics are not static over time. Since we
included each research paper in one of these topics, it was also possible to assess the
development of individual topics over time. Figure 4 contains an overview of the development
of eight topics over the monitored period (2013–2022).

It can be seen from the picture that the development of individual topics is really not
static over time. In general, there are three trends – a stable topic, a growing topic and a
declining topic. Social media (Topic-02) and Technology-based experience and interaction
(Topic-05) can be included among stable topics that change relatively little over time. Social
media have been a frequent research topic in the tourism industry for the last decade, and
there has not been a leap shift in their principles that would lead to an increase or decrease in
interest in the topic. However, it must be said that concerning the research impact (bottom of
Figure 4), this topic is extremely interesting for the scientific community. The role of social
media in tourism research will, therefore, likely remain significant. Technology-based
experience and interaction is a topic that receives steady attention over time. ICTs, like
social media, are connected practically to each research area; therefore, the stable interest in
this topic is not surprising, even in tourism research. The research impact of this topic is still
relatively small, although a slight increase can be observed since 2016. We can therefore
assume that in the future, ICT in tourism industry research will still be a relevant topic for
researchers.

Among the declining topics belong City and urban planning (Topic-01), Data analytics
(Topic-03) and Cultural heritage (Topic-06). City and urban planning experienced a relatively
significant decline over 10 years. While in 2013, more than 17% of all papers in tourism
research were devoted to this topic, in 2022, it was only around 7%.We assume that this can
be caused by the “shift” of attention to the topic of Smart tourism management, which has
almost exactly the opposite trend. In City and urban planning, not only research interest is
decreasing, but also research impact. So we can quite objectively believe that this topic will
become a minority in the future and be replaced by other more current topics – e.g. smart
tourism issues. Another declining topic is Data analytics, which has the most significant
decline of all – from almost 30% in 2013 to less than 10% in 2022. Not only the number of
published articles is decreasing, but also the number of citations to articles in this topic. This
decline can probably be explained by the independent development of data analytics
research. While in the past, data analytics tools were developed and researchers pointed out
their application possibilities, nowadays, it can be seen that the topic has reached a certain
limit of development, beyondwhich the potential for further research is limited. If an essential
aspect of data analytics does not appear in the future, which has not yet been investigated in
the tourism industry, we can expect that this topic will continue to decline gradually. The
third decreasing topic is Cultural heritage. The decline of interest in this topic is visible,
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especially in the last two years. Although the research impact remains stable, it is relatively
small. Even in this case, we can expect a gradual decrease in interest in the given topic.

However, through time analysis, we also identified topics with a growing tendency. These
are Sustainable and economic development (Topic-04), Digital destination marketing (Topic-
07) and Smart tourismmanagement (Topic-08). Sustainable and economic development is one
of the long-term growing topics in general. Therefore, it is unsurprising that this topic was
also identified with digitalization in the tourism industry. According to the trends in Figure 4,
research interest in this topic is growing, while research impact has been growing to a lesser
extent yet. Under the influence of various environmental and economic trends, we can expect
that sustainable development issues will increase in intensity in tourism research in the
future. Another topic with a growing tendency is Digital destination marketing. From the
point of view of trends, this topic has grown dramatically – while in 2013, only 4% of all
articles on digitalization in tourism were published in this area, in 2022, it was almost 20%.
The research impact of this topic is relatively high and stable over time; therefore, we can
expect that this area will also be attractive for a range of researchers in the future. The last
growing topic is Smart tourismmanagement. This topic has also seen a significant increase in

Figure 4.
Topics evolution –
research interest (top)
and research impact
(bottom)
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scientific interest among those with the greatest research impact (measured by the number of
citations). Trends indicate that smart issues will play a key role in tourism research in the
future.

4.3 Change of research topics under the influence of the pandemic
The Covid pandemic was a game-changer in practically all economic sectors. This was
naturally reflected in the research on the tourism industry. Covid has built severe
implications, as countries shut their borders to restrain the coronavirus spread (Albattat
et al., 2020; Chemli et al., 2020; Connor, 2020). Many papers assert how the 2ndwave of Covid
could look like, whereas destinations desire to relaunch tourism for the sake of economic
survival (Kleczkowski, 2020; Valeri and Baggio, 2020a, 2020b). Afterward a crisis, tourism
recovery is narrated to administrating public insight over intercommunication and details
channels (Beirman, 2003). Essentially to have public sensibility about crises offering
realistic assessments of potential risks without building emphasize and anguish (Boin and
McConnell, 2007). Studies have additionally proved that media play a major part in
destination image and tourists’ intentions to visit (Gartner, 1993; Gartner and Shen, 1992;
Govers et al., 2007). As wander restrictions were introduced, details over media became a
critical software for motivating individuals to take preventive measures (UNWTO,
2021). Correct details by the media can play down misinformation and reducing public
anguish and fears. The media give details about public health problems as a catalyst to
community insight of risk (Lin and Lagoe, 2013). Television headlines (Chang, 2012) as
general media are intends to influence perceived risk. Many wander risk dimensions are
studied (Lenggogeni et al., 2019), containing disease risk and wander price tag and pains
(Rittichainuwat and Chakraborty, 2009). Two major dimensions are severity and
susceptibility (Pask and Rawlins, 2016). Severity mirrors the insight of how risky the
disease might be (El-Toukhy, 2015), while susceptibility consults to one’s insight of the
probability of learning the disease.

One of the ways to track the change that was caused by the pandemic is the possibility
of modeling three discrete periods – before, during and after the pandemic period.
However, since it is not entirely obvious how to divide the individual articles in terms of
time, we decided on a different approach. In our approach, we modeled the development
of individual topics continuously. We looked at how individual topics gradually
developed over time. Perhaps the biggest advantage of this approach is the consistency
of topics and the possibility of comparing the size and proportions of individual topics
before, during and after the pandemic. If we were to model three separate discrete
periods, this would not be possible, as individual groups of topics would differ from
each other.

In addition, as part of RQ3, we also analyzed articles related to Covid-19 in the field of DT
in tourism andmodeled these into individual pandemic topics. The aim of this was to analyze
in detail individual topics related only to the Covid-19 topic in this area.

The disadvantage of this second analysis was that the topics related to Covid-19 were
different from themain topics. Therefore, we decided to perform a third analysis – an analysis
of the connection between large (main) topics and topics from articles related to Covid-19. In
this way, it is possible to see the relationships and interconnectedness of individual topics.
Figure 5 shows the results in the form of co-occurrencemaps and characteristics of individual
topics.

Research on digitalization in the tourism industry was focused on seven topics at the
time of the pandemic. These are the following topics, which were named following the
frequency of occurrence of individual terms and the analysis of papers that fall into the
given topic:
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(1) Sustainability (Covid Topic-01). The topic focuses on issues related to sustainability
and economic aspects of digitalization in tourism. This is very similar to the topic
identified in the entire corpus of documents.

(2) Impacts of pandemic restrictions (Covid Topic-02). In this topic, the research focuses
primarily on the negative impacts of the pandemic on the tourism industry.

(3) Shifts to online environment (Covid Topic-03).The articles in this topicmostly point to
the possibilities or the need to move from a physical environment to an online
environment. As a parallel to tourism, online teaching is often used in schools, which
several countries had to apply.

(4) Crisis management (Covid Topic-04). This new topic focuses on ways to manage
crisis situations, and the pandemic was undoubtedly one of them. The topic appeared
naturally as a consequence of the strong need to solve the negative impacts that
Covid-19 brought with it. It is a topic with the highest research impact.

Figure 5.
Co-occurrence map of
most frequent terms
(top) and identified
LDA topics (bottom)
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(5) Smart analytics (Covid Topic-05). This topic is closely related to smart solutions and
their use in tourism during the pandemic. Among the most common terms are
“technolog”, “model”, and “data”, which are related to analytics, but the term “smart”
itself appears only in this topic.

(6) Emphasis of social platforms (Covid Topic-06). Articles in this topic generally cover
the increasing importance of social media and related platforms and their role in the
DT of the tourism industry.

(7) Marketing strategies (Covid Topic-07). This is a relatively large topic focused on
changes in the marketing aspects of tourism caused by the pandemic.

As can be seen from the description of research topics during the pandemic, some previously
identified topics were preserved, but some new ones were also created. Figure 6 provides an
overview of the interconnection between the original and new topics in Circos view
(Krzywinski et al., 2009).

The figure shows several relatively strong relationships between old and new topics.
For example, if we look at the old Topic-04 (Sustainable and economic development), we
see that it has split into two areas. The first is Topic-Covid-01 (Sustainability). It means
that the topic of sustainability is dominant even in times of pandemic. However, the
second is Topic-Covid-02 (Impacts of pandemic), which may indicate that the very
concept of sustainability could be the basis for the direction of research focused on the
impacts of the pandemic. Such a finding is interesting since the tourism sector was one of
the most affected areas, and the pandemic revealed its vulnerability and opened the
question of its sustainability. The relationship between old and new topics can also be
seen in the case of Topic-05 (Technology-based experience and interaction) and Topic-
Covid-03 (Shifts to online environment). This connection well illustrates the transit that
occurred between a relatively isolated topic from the pre-pandemic period and a new topic
covering new possibilities for using technologies in the pandemic period. From the figure,
we can also see how Topic-07 (Digital destination marketing) has moved to practically all
new topics, but above all to Topic-Covid-07 (Marketing strategies). This shift points to the
potential of digital marketing in creating longer-term strategies. An interesting finding is
that Topic-08 (Smart tourism management) moved the most to Topic-Covid-04 (Crisis
management). Since the new topics also include Smart analytics (Topic-Covid-05), one
could expect a shift mainly to this area. However, that did not happen, and it can be
concluded that smart solutions developed in the past helped with crisis management
during the pandemic.

5. Discussion
5.1 Summary
Our study focused on creating a science map of DT in the tourism industry. To this end, we
formulated three RQs, the answers to which can be found in chapters 4.1 to 4.3. The most
significant findings include the following:

(1) Research interest in digitization in the tourism industry is overgrowing. The number
of published articles on this topic increases by approximately 25% annually.

(2) Top journals in tourism research fall in tourism areas e.g. Tourism management or
International Journal of Hospitality Management.

(3) More than 3,500 research papers were devoted to digitization in tourism, while the
research can be divided into eight separate topics: City and urban planning; Social
media; Data analytics; Sustainable and economic development; Technology-based
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experience and interaction; Cultural heritage; Digital destination marketing; Smart
tourism management.

(4) Over the past ten years, the meaning of particular topics has changed. Research
interest decreases, especially in City and urban planning, Data analytics, and Cultural
heritage. On the other hand, the importance is growing in Sustainable and economic
development, Digital destination marketing, and Smart tourismmanagement. Topics
Social media and Technology-based experience and interaction are among the stable
ones.

(5) In the pandemic years 2020–2022, several hundred studies were published, the
content of which can be divided into the following topics: Sustainability; Impacts of
pandemic; Shifts to online environment; Crisis management; Smart analytics;
Emphasis of social platforms and Marketing strategies.

Figure 6.
Relationships between
topics
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5.2 Implications
The increase in research interest in digitization in the tourism industry is evident.
The outcome of this studywill influence the decisionmakers to understand the potentiality of
DT in tourism industry. Though there are some shortcomings and risks associated with DT
adoption, it will benefit the users in the long term. The competitive advantage of DT is much
higher than traditional activities (Zheng et al., 2022). In crisis times, DT represents an
evolutionary process that leverages digital capabilities and technologies to create unique
value for business models, operational procedures, and customer experiences (Jayawardana
et al., 2022).

Our results confirm the opinions of several authors who state that DT will strongly affect
the tourism industry in the future (Pencarelli, 2020; Cuomo et al., 2021). Our bibliometric study
also showed that, as a rule, research is exclusively published in journals dedicated to the
tourism industry. In a way, this finding is interesting, as one would expect that relevant
scientific journals would also be those whose focus is on information or digital technologies.
However, this is not the case, and digitalization in the tourism industry is still the domain of
thematic tourism magazines Molina-Collado et al. (2022). However, we can assume that this
state will not be permanent. The gradual adoption of digital technologies in practically all
aspects of society will probably also cause more studies in scientific journals, the domain of
which is not tourism but digital technologies.

Through the analysis of textual data, we have identified eight relatively unique topics that
characterize research on digitization in the tourism industry. These topics are very diverse,
which indicates that DT has several relevant but different aspects in tourism that are worth
investigating (Pencarelli, 2020). Over the past ten years, the importance of some topics has
changed significantly – it has grown or risen. Considering that the number of published
articles related to digitization in the tourism industry grows every year, we can assume that
the number of such unique topics will grow in the future. At the same time, as the number of
topics increases, we assume that some currently less important topics will disappear.
However, our analysis of trends also indicates that research interest may shift to more
specific topics for some topics, where the research potential is more current. For example, we
can report on the topic City and urban planning, from which the interest was gradually
transferred to Smart tourism management. According to the development of trends
simultaneously, it can be assumed that the most important topics will be Smart tourism
management and Social media. In recent years, these topics showed a significant increase in
research interest and, above all, in research impact.

The pandemic was a game-changer in the area of digitization in the tourism industry.
Even though several topics researched so far have been preserved even during the pandemic,
several new and unique research directions have emerged. In a way, it can be said that the
pandemic has changed the structure of aspects of tourism’s DT. For example, a completely
new topic Crisis management was created, and it has an extremely high research interest
among researchers. The pandemic also caused topics to split into more specific areas –
e.g. Sustainable and economic development split into two topics: Sustainability and Impact
of pandemic.

At the same time, our approach shows the potential of machine learning tools for
processing unstructured text data. An indirect implication of our research is that identifying
topics with such analytical tools can be effective and valuable in terms of content.
Implementing a review study on a certain scientific topic does not have to be very laborious.
Our results show that automated LDA procedures can reveal latent topics that would remain
unrevealed by standard literature review procedures. For example, very few review studies
identified the topic Cultural heritage (Bec et al.), while the LDA algorithms identified it very
unambiguously. This indicates that text mining tools are becoming relevant tools for
literature review processing.
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5.3 Limitations and future research
Several research limitations can also be identified in our research. The first limitation
concerns the fact that our results are not at the same qualitative level as the results of a
standard systematic literature review (SLR). It is obvious that the systematic literature
review is at a higher quality level as each paper is analyzed by human judgment and
manually. However, this procedure is very time-consuming and does not allow the analysis of
a large set of documents. Our approach based on machine learning makes it possible to
analyze a huge number of articles and at the same time to identify valuable and insightful
information that would not be possible to detect through bibliometric analysis.

Another limitation concerns the possible irrelevance of some papers that were selected in
our sample. Because we analyzed a large number of articles, it was not possible to manually
assess each article for its relevance to the topic. However, we believe that the defined search
query provides a strong enough reason to believe that the set of articles selected for analysis
is sufficiently and highly relevant.

Our goal was to analyze all articles in the Scopus and Web of Science databases that are
related to DT in the tourism industry over the last 10 years. We set the relevant search query
defined according to Verhoef et al. (2021). In addition, we also defined the word “digital” in the
search query. However, despite this fact, there is still a small probability that some articles
from this area were not included in our analysis. However, we assume that this is such a small
and negligible percentage of documents that it does not fundamentally affect our results.

An important aspect of topic modeling is setting the appropriate number of topics. From a
mathematical point of view, it is an optimization task that can be solved by various criterion
functions (e.g. minimization of perplexity, maximization of topic coherence). In our case,
however, we did not apply a statistical approach to solve this problem. We used an expert
approach based on manual human judgment of topics. Although it is possible that the given
number of topics will not be optimal from a statistical point of view, a much more important
criterion for us was the explainability of the topics and their interpretability.

Certain limitations also result from the topic naming process. Topic is a mixture of a large
number of words, and therefore, it is not possible to name a topic with two or three words in
such a way to describe its essence completely accurately. However, our effort was to take into
account the most numerous words in the topics and choose the name in such a way that the
topic name would reflect the essence of the topic from a holistic point of view.

The answers to RQ2 and RQ3 are the result of topic modeling analyzes performed on the
text corpus, which consisted of abstracts of scientific articles extracted from the Web of
Science and Scopus databases. It is obvious that by analyzing the entire articles, we would
achieve a higher credibility of the results. However, this would significantly increase the
processing time. Moreover, the added value is not guaranteed since the abstract is a
representative sample of the article. Therefore, we assume that the results would not change
in a fundamental way. On the other hand, it was possible to approach topic modeling in
several ways. For RQ3, we divided the dataset according to the keyword Covid-19. We also
considered dividing the dataset according to years into two or three periods – pre-pandemic,
pandemic (and post-pandemic). However, there is still no established scientific consensus in
the literature regarding the end of the pandemic. It would not be possible to reliably determine
which studies already belong to the post-pandemic period (also taking into account the time
between the study preparation and its publication may be longer). By dividing the dataset
into time periods, we could only compare the given topics subjectively, not statistically, since
the articles would be assessed separately. Each of the mentioned paths to topic modeling has
its advantages and disadvantages. After careful consideration, we chose an approach based
on analyzing papers containing the word Covid-19.

Our approach also carries with it a logical limitation. Our study is bibliometric and aims to
cover the widest possible scope of research on DT in tourism. Since we processed a large
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number of articles, it was not possible to analyze all of them in detail, as is the case with
studies of the systematic literature review type. Although this is a limitation, the topics that
have been identified can be analyzed later through a systematic literature review.

There are several possibilities for further research that our study implies. First of all, it is
possible to expand the given analysis with other scientific databases (except Scopus andWeb
of Science), or with gray literature – reports, student theses, projects outputs, etc. The dataset
can also be expanded by adding additional words to the search query that are directly or
indirectly related to digitization in the tourism industry. After a certain period, when it will be
possible to saywith certainty that we are living in a post-pandemic era, it would be possible to
analyze the development of topics that appeared before, during and after the pandemic. To
realize this, however, it is necessary to have enough studies in the dataset that would fall into
the post-Covid period. Our research identified several rapidly developing topics such as
Smart tourismmanagement or Social media. Examining directions and areas of research can
represent a vital opportunity for researchers in these topics. The bibliometric analysis that we
have carried out can also be extended by other types of analysis, such as co-authorship,
countries analysis, keywords analysis, etc.

Crisis management is a relatively interesting area for future research on digitization in the
tourism industry. This topic appeared only in recent years and its research impact is huge.
This opens up a whole range of research possibilities for a better understanding of the role of
digital technologies in tourism. Last but not least, it would be interesting to observe longer-
term trends in individual topics. The analysis of topics showed that the pandemic changed
the direction of topics. Whether the focus on a new emerging topic is only temporary or
whether it is an unchanging state can be one of the interesting and challenging future
research opportunities.

Note
1. “tourism”, “digit”, “studi”, “research”, “tourist”, “paper”, “result”, “provid”, “analysi”, “also”, “base”,
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