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A B S T R A C T S  A R T I C L E   I N F O 

The era of digital tourism has resulted in various of 
User-Generated Content (UGC), such as online reviews, 
social media, and travel blogs. UGC is an important 
source of data for understanding tourist behaviours but 
often overlooked. This study explores the opportunities 
and challenges of using Large Language Models (LLMs) 
as a new approach to analyse UGC. The data were 
collected from TripAdvisor, focusing on 15 cultural 
heritage sites in Yogyakarta, Indonesia, with more than 
13,000 user reviews. OpenAI’s Large Language Model 
was applied through API integration in Python, and a 
Natural Language Processing (NLP) approach was used 
to analyse tourist motivations, experiences, and 
satisfaction. The analytical process includes web 
scraping, text pre-processing, theory-driven 
classification, prompt engineering, and lexicon 
mapping. This paper contributes to the emerging 
discourse on the use of Artificial Intelligence in tourism 
studies, particularly in understanding tourist 
behaviours through textual data. 
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1. INTRODUCTION 

User-generated content (UGC) and 
big data analytics are influencing the 
tourism industry by changing the way 
information is created, accessed, and 
used in decision-making (Fuchs et al., 
2014; Zhang et al., 2026). UGC is content 
that shares personal experiences 
generated by users. The resulting content 
becomes a travel reference by tourists 
because it is considered authentic and 
reliable (Wang et al., 2022). This content 
contains emotions and experiences that 
are recorded naturally. In addition to 
being a reference for other tourists, this 
content also provides valuable insights 
into travel experience behaviours and 
patterns (Santos, 2022).  

UGC is part of the digital footprint 
left by tourists. A travellers digital 
footprint consists of various data sources 
such as: GPS trajectories, check-in 
records, mobile phone signals, travel 
blogs, geotagged photos, social media 
comments, travel reviews, and other 
content disseminated online. There are 
two categories of digital footprints, 
namely passive digital footprints and 
active digital footprints. Passive digital 
footprints are generated through 
interaction with infrastructure, such as 
mobile networks, which automatically 
record location data. Instead, active 
tracking is intentionally shared by users 
through location-tagged content, 
including photos, messages, and reviews 
(Girardin et al., 2008). 

Digital footprints provide a new 
perspective in understanding tourist 
behaviours through various social media 
platforms such as Facebook, Instagram, 
Qunar, Flickr, TripAdvisor, TikTok, and 
others that tourists use to share travel 
experiences. This platform is a valuable 

source of data to understand tourist 
behaviours. The utilization of big data 
assists researchers in tracking not only 
where tourists go, but how they 
experience destinations, revealing travel 
patterns, preferences, and emotional 
narratives that emerge across various 
platforms (Golder, 2014). 

Big data is a term that refers to a 
extensive and complex set of data that 
comes from a variety of sources (Chen et 
al., 2024). These sources include 
traditional databases, data warehouses, 
social networks, open data platforms, 
websites, blogs, logs, remote censorship, 
and the Internet of Things (IoT). Big data 
is often marked with the "four V's": 
Volume, Speed, Veracity, and Variety 
(Weaver, 2021). This includes not only the 
amount of data but also the rate at which 
the data is generated. Big data also 
includes a wide range of structured, 
semi-structured, and unstructured 
formats (e.g., text, numbers, images, 
audio, video), highlighting its diversity 
and reliability (variation) (Miah et al., 
2019). 

Digital footprints left by tourists are a 
source of big data in tourism studies 
(Schoedel, 2018). These data sources offer 
researchers valuable insights into the 
behaviour patterns and trajectories of 
traveller movements. Text review data 
through left comments can be used by 
researchers as a comprehensive source of 
data regarding individual preferences, 
emotional states, and cultural 
participation (Salas-Olmedo et al., 2018). 

One of the sources of text data is 
generated through the TripAdvisor 
platform. The large text data generated 
can be analysed using Natural Language 
Processing (NLP) (Kang et al., 2020). NLP 
is able to analyse tourists' opinions, 
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sentiments, emotions, assessments, and 
authentic interpretations through shared 
reviews. Large Language Models (LLMs) 
are the latest innovations in the field of 
NLP. These models are capable of 
reading and generating texts that are very 
similar to human language with 
impressive fluency (Sivarajkumar et al., 
2024). LLMs allow for large-scale analysis 
of unstructured textual data, allowing for 
the identification of hidden patterns from 
reviews. LLMs can assist researchers in 
the field of tourism in leveraging digital 
footprints to analyse travellers’ 
motivations, emotions, and satisfaction, 
while also opening up new avenues for 
data-driven decision-making (Zhang et 
al., 2026).  

This research is part of a broader 
dissertation research in analysing the 
behaviour of tourists in Yogyakarta 
through digital footprint analysis derived 
from TripAdvisor reviews. This study 
explores the potential and challenges of 
utilizing text-based digital footprint data 
to gain insights into tourist behaviours. 
The use of Large Language Models 
(LLMs) as a central tool for analysis 
within the framework of Natural 
Language Processing (NLP). This 
research aims to show how advanced 
language technology can facilitate 
tourism research in identifying detailed 
and large-scale trends in visitor 
motivation, experience, and satisfaction. 

2. METHOD 

This study examines textual data 
derived from the digital footprint of 
tourists through Natural Language 
Processing (NLP). The analytical 
framework uses a Large Language Model 
(LLMs) driven by deep learning to 
understand, process, and categorize 
unstructured texts. LLMs are able to 

manage complex, unstructured textual 
data, extract meaning, interpret context, 
and identify semantic relationships in 
texts (Albtsoh & Omar, 2025; Sondakh et 
al., 2024; Zheng et al., 2024). LLMs have 
high scalability for efficient data 
processing of diverse volumes of data. In 
this study, the LLM used is GPT-4, 
accessed through a third-party API in 
conducting data analysis. GPT-4 can 
distinguish meanings, key concepts, and 
inter-sentential relationships in traveller 
review text. This analytical approach 
underscores the opportunities and 
challenges of using the Large Language 
Model (LLMs) in analysing tourist 
behaviour as reflected in TripAdvisor 
reviews of cultural heritage sites in 
Yogyakarta. 

3. RESULTS AND DISCUSSION 

An analytical approach that 

leverages Large Language Models 

(LLMs) in this study offers new insights 

into understanding traveler behavior 

through TripAdvisor review data. LLMs 

provide a great opportunity to analyze 

patterns of travelers' motivation, 

experiences, and satisfaction, especially 

from text data that is difficult to process 

with conventional methods. However, 

this analysis process also presents several 

challenges that need to be considered, 

including model sensitivity, limitations 

in capturing implicit meaning, and 

potential bias arising from model 

development. This discussion will 

examine the opportunities and challenges 

in the use of LLMs. 
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3.1. Opportunities in understanding 
tourist behavior from UGC 

3.1.1 Various data sources for 
understanding tourist behavior 

The digital era presents opportunities 

for various data sources that can be used 

to understand tourist behavior. This data 

source can be accessed through user-

generated content (UGC) derived from 

platforms like Twitter, Facebook, 

Instagram, and YouTube, among others. 

This data source offers a variety of data 

formats such as: text, photos, videos, 

location points, and audio recordings. 

Diverse data sources provide 

opportunities for data complexity that 

can be analyzed according to the needs of 

researchers. Fig 1 (Chen et al., 2024) 

provides a comprehensive summary of 

the types of big data sources that can be 

used to analyze specific traveler behavior 

on traveler mobility. The selection of data 

types is highly dependent on the 

objectives and methodology of the 

research, as each source has different 

characteristics and advantages.  

The data source used in the study 

was the digital footprint of travelers from 

User-Generated Content (UGC) on the 

online review platform TripAdvisor. 

User-Generated Content (UGC) includes 

various forms of user-generated content 

on online platforms, including text, 

photos, and videos (Mou et al., 2023). 

TripAdvisor is the world's largest online 

review site, which makes it easier for 

travelers to plan and book trips. In its Q3 

2022 release, TripAdvisor reported a 20% 

increase in user contributions from 2020, 

reaching more than 30.2 million users 

(TripAdvisor, 2023). 

 

Fig. 1. Big data sources to analyze tourist behavior.  
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The selection of data sources in the 

context of big data requires consideration 

of five key characteristics: flexible access 

and collection; high spatial-temporal 

resolution; cost-effectiveness; size and 

richness of data; and track completeness 

(Chen et al., 2024). This study uses 

TripAdvisor as a data source due to its 

flexible access and collection; large 

volumes of data collected; and high 

spatial-temporal location and time data 

resolution. The richness of the data 

includes text, emoticons, images, and 

metadata. In addition, the data used is 

publicly available, including geotagging 

information, reviews, stay periods, 

comments, and more. The use of open 

data is not illegal and does not contradict 

of the ITE Law. The location of the tourist 

digital footprint data source is the 

location of the virtual space found in the 

TripAdvisor data source. Virtual space, 

in the context of this study, refers to the 

digital representation of a physical place 

available on various online platforms 

such as Google Reviews, TripAdvisor, 

Google Maps, and others. This 

representation does not refer to a physical 

location directly, but rather exists as a 

page or digital entity that contains 

various important information about 

tourist destinations. This information 

includes place names, addresses, 

coordinates, tickets, visual 

documentation such as photos and 

videos, user reviews, and star ratings, as 

seen in Figure 2. 

 

Fig. 2. Virtual space location yogyakarta palace in the tripadvisor.
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The location of the virtual space in 

this study consists of 15 locations of 

cultural attractions in Yogyakarta. The 

location of virtual spaces is categorized 

into three groups: museums, temples, 

and cultural sites in Table 1. Location 

categorization aims to facilitate data 

processing and see the dynamics of the 

processing results of each location 

category.

Table 1. Tourist digital footprint data source locations. 

Museum Temple Cultural Sites 

Sonobudoyo Museum Prambanan Temple 
Ramayana Ballet 

Prambanan 

Ullen Sentalu Museum Ratu Boko Temple Yogyakarta Palace 

Fort Vredeburg 

Museum 
Plaosan Temple Tamansari Water Castle 

Jogja Nasional 

Museum 

Sambisari Temple Yogyakarta Monument 

Ijo Temple  
Imogiri Royal Tombs 

Kotagede Royal Tombs 

3.1.2 Underexplore of big data sources 
and tools in tourism behavior research 

The results of Google Scholar (2024) 

searches, research using big data sources 

in Indonesia is still underexplored. User-

generated content (UGC) can be an 

opportunity as a source of data for 

researchers in Indonesia. In addition, 

researchers who use big data sources face 

fundamental challenges. The use of a 

strong theoretical foundation has not 

been integrated with large data sources.  

Previous research has mostly focused 

on data exploration without including 

theoretical perspectives that can sharpen 

interpretation and analysis. This needs to 

be a concern. The use of theory in big data 

analysis can increase scientific 

contributions and bridge empirical 

findings with broader conceptual 

understanding. As a result, an 

interdisciplinary approach that combines 

the capabilities of big data with classical 

and contemporary theoretical 

frameworks presents promising 

opportunities for future research 

development, especially in the context of 

digital-based tourism. 

3.1.3 Explore key words, hashtags, data 
collection periods to analyze patterns 
and capture the issues 

Research that uses UGC as a data 

source can explore several things such as: 

keywords, hashtags, and data collection 

periods to analyze traveler behavior. This 

research focuses on the duration of data 

collection to explore tourist behavior. The 

period of data collection for this research 

is 10 years.  The decade-long time frame 

allowed researchers to look at long-term, 

historical, and contextual changes in 

tourist behavior. The selection of a 

decade-long period to ensure adequate 
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volumes of data is one of the fundamental 

attributes of big data. Additionally, the 

focus of data collection can be adjusted to 

the selection of specific hashtags, 

keywords, or topics related to the 

research objectives. This determination is 

flexible and strategic, depending on the 

phenomenon. 

For example, hashtags such as #Bali 

and #Malioboro are used to examine the 

public's response to certain tourism-

related issues. Each social media platform 

has a different segment of users.  UGC as 

a data source has various characteristics 

of the content produced. Researchers 

need to understand the characteristics of 

each UGC platform. It is important to 

choose a data source based on the 

problem and characteristics of the 

platform's users. Selection of appropriate 

data sources can capture issues and 

patterns relevant to the research 

objectives. 

3.1.4. Third-Party Platforms Simplify 
Data Collection 

Technological developments have 

made it easier to collect big data for 

researchers who use data sources from 

UGC. The data collection technique can 

be done with web scraping. This 

technique allows researchers to access 

information scattered across multiple 

websites. However, for researchers 

without a technical background, this 

process may seem complicated. The 

service provider offers simplified data 

collection solutions.  

This research used the Apify 

(apify.com) platform for data collection 

purposes. Apify is a service platform 

designed to facilitate automated data 

collection from various websites, 

including Facebook, Instagram, Google 

Reviews, TripAdvisor, and others. The 

platform provides several benefits, such 

as proxy management to prevent IP 

(Internet Protocol) blocking, thereby 

reducing the risk of data collection 

failure. The Apify Store provides a 

variety of data collection options from 

TripAdvisor, tailored to meet the specific 

needs of each user, as illustrated in Figure 

3. The data extraction process using the 

TripAdvisor Reviews Scraper incurs a 

cost of $2.00 per 1,000 reviews extracted. 

In addition, Octoparse brings a very 

user-friendly visual interface. The tool 

allows researchers to collect data by 

simply selecting the elements they want 

to extract from the website, eliminating 

the need for coding. ParseHub provides a 

similar service and is capable of collecting 

data from dynamic sites or those that use 

JavaScript, making it very advantageous 

for more complex websites. 

For researchers who need a more 

customized service, Bright Data 

(formerly Luminati) may be a viable 

option. The service supports large-scale 

data collection from almost any website, 

for research that requires substantial 

volumes of data. SerpAPI is another 

alternative, designed specifically for data 

from Google search results, including 

reviews on Google Maps, and can be 

integrated with APIs to facilitate data 

collection.  

Researchers who prefer to collect 

data manually, without relying on third-

party providers, can use Python with 

various libraries such as BeautifulSoup, 
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Scrapy, or Selenium. Google Colab also 

allows researchers to execute Python 

scripts without the need to install 

software. For R users, libraries such as 

rvest and RSelenium are available for 

data collection from websites.  With a 

wide range of service providers and tools 

that make data collection easier, 

researchers can choose the method that 

best suits their needs. This provides 

flexibility and ease in collecting data from 

UGC. 

 

Fig. 3. Apify store tripadvisor virtual space location yogyakarta palace in the 

tripadvisor.

3.1.5. Third-party tools that facilitate 
data processing 

Additionally, Orange is an open-
source platform that simplifies visual 
data analysis for researchers without 
programming expertise, eliminating the 
need to write complex code. The platform 
allows for the creation of analytical 
workflows that can be used to build 
predictive models without the need for 
an in-depth programming background.  

Google Colab further gives 
researchers the convenience of executing 
Python code directly in the cloud, 
eliminating the need for additional 
software installations on local devices. 
The advantage of Google Colab lies in 
providing free access to GPUs and TPUs. 
Google Colab integrates the use of AI 
features to make it easier for researchers 
to code and check for failed coding. With 
the help of AI, researchers can obtain the 

necessary coding logic, even in the 
absence of a strong technical background. 
Researchers have access to a variety of 
programming languages and platforms 
to process, analyze, and differentiate 
patterns in large and complex datasets. 

For text processing that uses Large 
Language Models (LLMs), OpenAI 
provides an LLM API through GPT-4. 
LLMs allow researchers to conduct 
sentiment analysis, opinion mining, and 
automated text classification. LLMs like 
GPT-4 have the ability to bypass 
traditional text processing steps such as 
tokenization and syntactic analysis, 
directly understanding and classifying 
text. With its advantages in transfer 
learning, LLMs allow researchers to 
engage with highly diverse texts without 
the need to build models from scratch. 
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3.2. Challenges in understanding tourist 
behavior from UGC 

The various opportunities described 
above certainly present unique 
challenges for researchers, particularly 
those lacking a background in computer 
science. The integration of big data and 
advanced tools such as Natural Language 
Processing (NLP) and Large Language 
Models (LLM) holds considerable 
promise for tourism research; however, it 
also introduces numerous technical and 
methodological challenges. 

3.2.1. Complexities of coding and 
algorithm design 

The first challenge faced in this 
research was the complexity of coding 
and coding logic, particularly for 
researchers lacking a background in 
computer science or programming. 
Although tools like Python and Google 
Colab are invaluable for data processing, 
many researchers find it difficult to write 
and execute code accurately. This 
necessitates additional time and effort, as 
researchers must familiarize themselves 
with various libraries and coding 
techniques to effectively conduct big data 
analysis. In addition, coding errors affect 
the results of the analysis, demanding 
thoroughness and comprehensive 
understanding. 

 

3.2.2. Model development and repeated 
testing 

Model development and repeated 
testing are required in analyzing data 
using LLMs. This aims to ensure optimal 
results and in accordance with the 
research objectives. Research using LLMs 
needs to perform repetitive model testing 
to identify biases. It is necessary to carry 
out repeated tests to see the consistency 
of the results of the developed model. 
This process takes time and care. 
Repeated adjustments are required to 
address issues such as overfitting or 
underfitting, which can affect data 
quality and accuracy. 

3.2.3. Private data sources, leading to 
incomplete data 

An additional challenge involves the 

presence of private data sources, leading 

to incomplete data accessibility. The data 

sources utilized in this study present 

several limitations due to their public 

nature. Notably, not all raw data 

included user location information, as 

some users opted to conceal or designate 

their location data as private. 

Consequently, the location column in the 

dataset was left blank in certain entries. 

Given the open nature of the data and the 

inability to alter user privacy settings, all 

available data was processed, including 

entries lacking user location information, 

as illustrated in Figure 4. 
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Fig. 4. Data without location.  
 

3.2.4 Validation 

The critical challenge in this study is 
to validate the results of the analysis to 
extract meaning from unstructured data. 
Traveler review data is unstructured and 
it is difficult to grasp the meaning of the 
comments left.  While Large Language 
Models (LLMs) like GPT-4 can classify 
data at scale, extracting deeper meanings 
from surveys presents difficulties. 
Therefore, triangulation is essential in the 
validation process to ensure more 
accurate results. One method involves 
manual validation, in which tourism 
experts analyze the classification results 
generated by the LLM. This approach 
provides researchers with a broader 
perspective, ensuring the analysis is 
relevant to the context and purpose of the 
research, thereby reducing the potential 
for errors in data interpretation. 

4. CONCLUSION 

This research underscores the 
potential of integrating big data and 
Large Language Model (LLM) into 
tourism research to improve 
understanding of tourist behavior. User-
Generated Content (UGC) can be a 
valuable source of data, such as: 

TripAdvisor, Twitter, Facebook, 
Instagram, and YouTube. UGC has a 
wide variety of data formats, including 
text, photos, videos, and location points. 
This data source allows researchers to 
comprehensively analyse tourism trends.  

Additionally, scraping tools from 
third-party platforms such as Apify, 
Octoparse, and ParseHub facilitate data 
collection for researchers, especially 
those with no technical background. The 
ease of this data collection can speed up 
data collection.  

When it comes to data processing, 
tools like Python, Google Colab, and 
Orange play an important role. Python, 
with libraries such as spaCy, NLTK, and 
transformers, supports large-scale text 
processing and analysis. Meanwhile, 
Google Colab offers convenient cloud-
based code execution with access to 
GPUs and TPUs for fast processing. 
Orange provides a visual solution that 
simplifies the process for non-technical 
researchers to build data analysis models 
without extensive coding.  

However, despite the many 
opportunities this technology presents, 
some challenges must be acknowledged. 
One such challenge is processing 
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unstructured data. Text data from 
traveller reviews often contains 
emotional nuances, cultural context, and 
hidden information that is difficult to 
understand and analyse automatically. In 
addition, the iterative nature of model 
development poses other challenges. It is 
necessary to test the model to ensure 
optimal results that are aligned with the 
research objectives. 

Validation of the results of the 
analysis is a significant challenge. 
Although LLMs can classify data at scale, 
understanding the deeper context of the 
text still requires human insight. 
Therefore, data triangulation and manual 
validation involving expert validation is 

essential to ensure that research findings 
remain relevant and reliable. Overall, 
despite these challenges, the huge 
potential offered by big data and LLMs in 
traveller behaviours research is 
promising. Technology opens up new 
opportunities to improve travel 
experiences, data-driven decision-
making, and more effective destination 
planning in the future. 
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