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The purpose of this study is to enhance the quality of tourism services through the application of deep
learning technology, as demonstrated by an empirical investigation. By thoroughly examining the
challenges and key determinants of tourism service quality, alongside the current state of deep learning
applications in the tourism industry, we designed a deep learning-based optimization strategy. Our
computational experiments included the analysis of user comments and demands, utilizing a hybrid
Convolutional Neural Network (CNN) and Long Short-Term Memory (LSTM) model for sentiment
analysis and recommendation generation. The results indicated that our proposed deep learning model
achieved 85% accuracy, 87% precision, 83% recall, and an F1 score of 0.85, outperforming Support
Vector Machine (SVM), Random Forest (RF), and LSTM models on a simulated dataset. Specifically, the
proposed model surpassed SVM (accuracy: 78%, F1: 0.79), RF (accuracy: 80%, F1: 0.80), and LSTM
(accuracy: 82%, F1: 0.82) in all performance metrics. To further validate the robustness and
generalization of the proposed model, we tested it on a real-world "TripAdvisor Hotel Reviews" dataset
from Kaggle. The results showed that the model maintained its superior performance, achieving 84%
accuracy, 86% precision, 82% recall, and an F1 score of 0.84, which were 7, 5, and 3 percentage points
higher than SVM, RF, and LSTM, respectively. This indicates that the proposed model not only excels
with simulated data but also demonstrates significant advantages when handling complex real-world data,
showcasing its practical applicability and good generalization capabilities. The success of the model can
be attributed to several factors, including the innovative architecture combining CNNs and LSTMs, which
effectively captures both local and sequential information.

Povzetek: Studija raziskuje uporabo globokega ucenja za optimizacijo kakovosti turisticnih storitev v 5G
okolju. Predlagani model izboljSuje analizo povratnih informacij uporabnikov in zagotavlja visjo
ucinkovitost.

Introduction

deep learning, exploring how to use deep learning

As an important part of the global economy, tourism plays
a vital role in modern society. However, with the rapid
development of tourism industry, the quality of tourism
service has become the key factor of tourism development.
Providing quality tourism services can improve customer
satisfaction, increase repeat consumption rate and promote
sustainable development of tourism destinations.
However, current travel services are facing a number of
challenges, including diversified customer demands,
competitive market environment, asymmetric information
and a massive increase in user reviews and feedback.
These factors make it difficult for traditional manual
methods to effectively manage and improve tourism
service quality. Therefore, with the rapid development of

methods to improve the quality of tourism services has
become a topic worth studying. As a cutting-edge
technology in the field of artificial intelligence, deep
learning has powerful data processing and pattern
recognition capabilities, which can dig out valuable
information from large-scale tourism data and provide
effective decision support for tourism enterprises. This
study aims to use the deep learning method to build a deep
learning model applicable to the tourism field by
analyzing the key factors and challenges of tourism
service quality, so as to improve the quality of tourism
service. Through the empirical research and analysis of
results, the relevance and practicability of results and
objectives are further discussed, and the optimization
strategy of tourism service quality based on deep learning
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is proposed. This study has important academic and
practical significance for the development of tourism and
the improvement of service quality.5G multimedia
tourism environments on service quality, customer
satisfaction, and operational efficiency.

Based on the comprehensive analysis of relevant
literature, this paper discusses the application of tourism
service quality improvement and deep learning in the field
of tourism. Hu and Dong put forward the "individual-
cooperative" learning theory in their research,
emphasizing the role of technology in deep learning [1].
Yang and Chen conducted an empirical study on college
students' online deep learning, providing reference for the
application of deep learning in the field of education [2].
Guo et al. explored the effect of flipped classroom
teaching based on core literacy through an empirical
study, providing guidance for deep learning teaching
practice [3]. Geng and Wu put forward key factors related
to tourism service quality when conducting an empirical
study on factors affecting service satisfaction of tourist
attractions in ethnic areas [ [4]. Zhu Zhi (2014) conducted
an empirical study on the tourism service quality of hot
spring resorts and discussed how to improve the quality of
tourism service [5]. Lin adopted IPA method in his
research to study the strategies for improving the service
quality of rural tourism in Sanya [6]. Huang Hao (2016)
studied the improvement of service quality of
comprehensive online tourism enterprises, providing a
reference for the application of deep learning in the field
of online tourism [7]. Xie evaluated and studied the
service quality of rural tourism, providing background and
reference for the application of deep learning in rural
tourism [8]. Zhu and Wang discussed blended teaching
strategies oriented towards deep learning and their
applications [9]. Yang Yixin (no year provided) has
studied deep learning based sentiment classification and
joint entity relationship extraction, providing support for
research on sentiment analysis and text processing [10].
Zhang et al. conducted an empirical study on the
"interactive learning" experience of online learners and its
impact on learning outcomes, providing relevant
information for the application of deep learning in the field
of online education [11]. Based on the above literature
views and research results, deep learning technology has
potential and application prospect in the improvement of
tourism service quality. Using different empirical research
methods, the researchers explored the application of deep
learning in the fields of personalized learning, education,
sentiment analysis, recommendation systems, and online
education. These studies provide theoretical and practical
basis for this paper, and provide reference for us to design
tourism service quality optimization strategies based on
deep learning. Through a comprehensive analysis of
relevant literature, we will discuss the feasibility and
potential effects of deep learning technology in the
optimization of tourism service quality combined with
empirical research results.

This study aims to improve the quality of tourism
services through deep learning technology, so as to meet
the demand of the tourism market and enhance the
competitiveness of the tourism industry. Specifically, the
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objectives of this study include: Firstly, through in-depth
research on the key factors and challenges of tourism
service quality, to reveal the connotation and influencing
factors of tourism service quality. The clear definition of
tourism service quality and the definition of key factors
can provide guidance and basis for the design and
implementation of the deep learning model in the future.
Secondly, a deep learning model suitable for the tourism
field is constructed. Valuable information and features are
extracted through the analysis and processing of large-
scale tourism data, and the deep learning algorithm is used
for pattern recognition and prediction. By improving the
ability of data processing and decision support, tourism
enterprises can better understand customer needs, improve
service quality and improve user satisfaction. In addition,
through empirical research and result analysis, the
effectiveness and feasibility of deep learning model in
improving tourism service quality are verified. Through
statistical analysis and practical discussion of the results,
the contribution of deep learning in the optimization of
tourism service quality can be evaluated, and specific
improvement suggestions can be provided for tourism
enterprises. The significance of this study lies in that it
provides an innovative method based on deep learning to
improve the quality of tourism services. By deeply
studying the challenges and key factors of tourism service
quality, and applying deep learning technology to model
design and optimization, it can provide a new way of
thinking and solution for the tourism industry. In addition,
the research results can also provide targeted strategies
and suggestions for decision makers of tourism enterprises
to promote the continuous improvement and promotion of
tourism service quality. Ultimately, the results of this
study are expected to promote the sustainable
development of the tourism industry, improve the
customer experience, enhance the competitiveness of
tourist destinations, and thus contribute to the prosperity
of the entire tourism ecosystem.

The research content of this paper is the optimization
strategy of tourism service quality based on deep learning.
The research aims to improve the quality of tourism
services and provide better travel experience through the
application of deep learning technology. Firstly, the
research on tourism service quality, deep learning and
related fields is combed and analyzed. By synthesizing the
viewpoints of researchers and empirical research results,
the research will establish a theoretical framework to
clarify the role and potential of deep learning in the
optimization of tourism service quality. Secondly, an
appropriate deep learning model is designed to extract and
analyze data related to tourism services. This data can take
the form of user reviews, ratings, images, and more. The
deep learning algorithm will be used to conduct feature
representation and sentiment analysis on these data, so as
to obtain a comprehensive assessment of the quality of
tourism service. Then, empirical research is conducted to
collect real tourism service data, and the deep learning
model designed by the research is applied for training and
prediction. By comparing the actual tourism service
quality with the results predicted by the model, the
research will evaluate the accuracy and feasibility of the
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deep learning model. Finally, the result analysis and
statistical analysis are carried out to understand the actual
effect of deep learning model in the optimization of
tourism service quality. By comparing the performance of
different models and algorithms, the influence on the
quality of tourism service is discussed.

Challenges and
key factors of
tourism service

q“amy improve tourism

L
\ervice qub

Statistical analysis,
problems and
strategies

Through the comprehensive application of the above
research contents and methods, we hope to provide the
optimization strategy of tourism service quality based on
deep learning, and provide feasible and practical solutions
for the tourism industry. The research process and
thinking of this study are shown in Figure 1 below:

Figure 1: Research process and thinking

2 Challenges and key factors of
tourism service quality

Table 1: Literature summary of tourism service quality
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Table 1 summarizes key research on tourism service
quality, including personalized service demand, quality
control mechanisms, digital transformation, destination
environmental and cultural impacts, and service staff
training. The methodology, dataset size, model accuracy,
key findings, and limitations of each study are listed. In
addition, this study solves the shortcomings of existing
studies by expanding the sample scope, introducing
technical means to simplify the process, and strengthening
privacy protection, so as to improve the quality of tourism
services.

2.1 Definition and importance of tourism
service quality

The quality of tourism service refers to the level and
degree of the services provided by tourism enterprises or
tourist destinations in meeting the needs and expectations
of customers [13]. It involves all aspects of tourism
products and services, including reception, transportation,
accommodation, catering, tour guide services and so on.
The improvement of tourism service quality is very
important to the development of tourism.

First of all, tourism service quality directly affects
customer satisfaction and experience. Customers expect to
enjoy high quality services during their trips, including
comfortable accommodation, quality guided Tours,
convenient transportation and so on. Satisfying customer
needs and providing good service quality can increase
customer satisfaction and loyalty, and promote word-of-
mouth and word-of-mouth transmission.

Secondly, the quality of tourism service also has an
important impact on the sustainable development of
tourism destinations. High-quality tourism services can
not only attract more tourists to the destination, but also

extend the stay time of tourists, increase the amount of
consumption, and promote the development of tourism
economy [14]. At the same time, good service quality can
improve the reputation and image of the tourist
destination, attract more investment and resources, and
promote the sustainable development of the destination.

In addition, with the rise of social media and online
review platforms, customers' comments and feedback on
the quality of travel services have become more important.
Negative word of mouth and reviews can spread quickly
and influence the decisions of other potential visitors [12].
Therefore, tourism enterprises need to pay attention to and
improve the quality of service in order to maintain a good
reputation and competitiveness.

To sum up, the improvement of tourism service
quality is crucial to the development of tourism. By
providing high-quality tourism services, it can meet
customer demand, improve customer satisfaction,
promote sustainable development, and enhance the
competitiveness of tourist destinations and word-of-
mouth effect. Therefore, it is of great academic and
practical significance to study and improve the quality of
tourism service.

2.2 Challenges faced by current tourism
services

Currently, travel services are faced with a number of
challenges that hinder the ability to provide a high-quality
travel experience and meet customer needs.

First of all, there is a growing demand for
personalized travel services. With the development of
tourism market and the diversification of customer
demands, customers have higher expectations for
personalized travel experience and customized services
[15]. However, the traditional tourism service model is
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often difficult to meet the personalized needs, such as
providing personalized travel routes, special catering,
customized activities, etc. Therefore, tourism enterprises
need to find new methods and technologies to meet
customers' pursuit of personalized services.

Secondly, the quality control and supervision of
tourism services face challenges. Tourism services
involve many links and participants, such as hotels, tour
guides, transportation, etc., and there are certain
difficulties in quality control and supervision of these
links. Inconsistent quality standards, uneven service levels
and inadequate regulatory agencies may all lead to
instability and unreliability of tourism service quality.
Therefore, the establishment of an effective quality
supervision mechanism and standard system to ensure the
reliability and consistency of tourism services has become
one of the challenges facing the tourism industry today.

In addition, the digital transformation of travel
services also brings new challenges. With the rapid
development of information technology, the tourism
industry is also gradually transforming to digital. [16].
However, digital transformation not only requires tourism
enterprises to have the corresponding technology and
resources, but also needs to deal with data privacy and
security issues. Meanwhile, digital transformation also
requires tourism enterprises to have the ability to process
and analyze big data, so as to provide personalized
recommendation services and better user experience.

To sum up, current travel services face challenges
from the growth of personalized demand, inadequate
quality control and regulation, and digital transformation.
To solve these challenges, tourism enterprises need to
work together with government departments, industry
associations and other parties to strengthen cooperation
and promote the improvement and innovation of tourism
service quality.

2.3 Key factors and influencing factors of
tourism service quality

The improvement of tourism service quality is influenced
by many key factors and influencing factors.
Understanding these factors is critical to achieving quality
tourism services.

Firstly, the quality and attitude of tourism service
personnel is one of the important factors affecting the
quality of tourism service. Tourism service personnel
include tour guides, hotel staff, service personnel, etc.,
who directly contact and provide services to customers.
Their professional knowledge and skill level, as well as
their friendly attitude and attention to customers, play a
crucial role in customer satisfaction and travel experience.
Therefore, tourism enterprises should pay attention to
personnel training and quality improvement, improve the
service awareness and service quality of employees.

Secondly, the material conditions and facilities of
tourism service are also important factors affecting the
quality of tourism service. Including the hotel's facilities
and equipment, the comfort of transportation, the
maintenance and management of scenic spots. Good
material conditions and facilities can provide better travel
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experience and comfort, enhance customer satisfaction
and loyalty.

In addition, the information transmission and
communication of tourism services also play an important
role in the quality of service. Clear and accurate
information transmission can help customers better
understand tourism products and services and make wise
choices. At the same time, tourism enterprises should
establish smooth communication channels, timely respond
to customer needs and feedback, solve problems and
improve service quality.

In addition, the environmental and cultural
characteristics of tourist destinations are also one of the
important factors affecting the quality of tourism services.
The natural environment, landscape, historical and
cultural heritage of the tourist destination can provide
customers with a unique travel experience. Protecting and
promoting local environmental and cultural characteristics
can enhance the uniqueness and attractiveness of tourism
services.

To sum up, the key factors of tourism service quality
include the quality and attitude of tourism service
personnel, material conditions and facilities, information
transmission and communication, as well as the
environment and cultural characteristics of tourism
destinations. To understand and manage these factors
effectively is very important to improve the quality of
tourism service and meet the needs of customers.

In the processing and analysis of tourism information,
key phrase extraction is an important task which can help
to identify the core themes and important information in
the text. Le Huy et al. proposed a new key phrase
extraction model in their research and successfully applied
it to the processing of tourism information [17]. The model
improves the accuracy and efficiency of key phrase
extraction by combining advanced natural language
processing techniques and machine learning methods.
Their work not only provides a powerful tool for
information extraction in the tourism domain, but also
demonstrates how these techniques can be applied to real-
world scenarios to enhance user experience and service
quality. This research lays the foundation for further
exploration of valuable information in tourism data and
provides a valuable reference for researchers in related
fields.

3 Application status of deep learning
in the field of tourism

3.1 Overview of Deep learning
technologies

Deep learning is a machine learning method that simulates
the neural network structure of human brain through
multi-layer neural network models, so as to realize the
learning and analysis of complex data [18]. Deep learning
technology, with its powerful ability of pattern recognition
and feature extraction, has made important breakthroughs
in various fields, including tourism.



152 Informatica 48 (2024) 147-162

The core of deep learning technology is deep neural
network, which is composed of multiple neural network
layers, each layer extracts and transforms data features
[19]. The training process of the deep learning model is to
optimize the back propagation algorithm iteratively
through a large number of labeled data to minimize the
difference between the predicted results and the real
results. The training of deep learning model requires a
large number of computational resources and data, but
once the training is completed, it can efficiently predict
and classify new data.

Deep learning technology is widely used in many
aspects of tourism. These include image recognition and
processing, speech recognition and natural language
processing, recommendation systems and more. For
example, deep learning can use image recognition
technology to identify tourist attractions, buildings and
landscapes, enabling automated image classification and
labeling. In addition, deep learning can be applied to
speech recognition and natural language processing to
automate customer service and interaction, and provide
smarter and more efficient travel information inquiries and
recommendations.

In terms of recommendation system, deep learning
can realize personalized travel recommendation by
learning users' historical behaviors and preferences. It can
analyze users' browsing history, comment data and social
media data to dig out hidden associations and patterns, and
provide users with personalized travel recommendations
and customized travel experience.

In short, deep learning technology has a wide range of
application prospects in the field of tourism. It can provide
more accurate and intelligent travel services, improve user
experience, and also provide more effective marketing and
management means for tourism enterprises. However, the
application of deep learning technology still faces some
challenges, including data privacy and security,
computing resources and algorithm optimization, which
need further research and exploration. As shown in Figure
2 below, the relationship between deep learning and
tourism service quality:

 Toursm ser IR |

 —
 —
o m—

Figure 2: Deep learning and tourism service quality
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3.2 Application cases and achievements of
deep learning in the tourism field

The application of deep learning in the field of tourism has
made many remarkable achievements and cases. Here are
some typical examples:

(1) Image recognition and processing: Deep learning
technology performs well in image recognition and
processing of tourist attractions. By training the deep
convolutional neural network model, the function of
automatically identifying tourist attractions, buildings and
scenery can be realized. This provides conveniences for
the travel industry, such as automated image classification
and tagging, and automated management and collation of
travel photos.

(2) Speech recognition and natural language
processing: The application of deep learning in speech
recognition and natural language processing has brought
convenience to the tourism field. For example, through the
deep learning model, intelligent voice assistants or
chatbots can be developed to implement functions such as
voice navigation, travel advice and booking services. Such
applications can improve the convenience and
personalization of travel services.

(3) Recommendation system: The application of deep
learning in the travel recommendation system has also
achieved remarkable results. Personalized travel
recommendation can be realized by learning users'
historical behaviors and preferences through deep learning
model. Such a recommendation system can provide
personalized recommendations of tourist destinations,
hotels, restaurants and so on according to users' interests
and preferences to improve users' travel experience.

(4) Sentiment analysis and user comment processing:
Deep learning technology is also widely used in sentiment
analysis and user comment processing. By analyzing
users' comments and emotional expression, users'
satisfaction and experience on travel services can be
understood. This will help tourism enterprises monitor and
analyze user feedback, timely adjust and improve service
quality, and enhance user satisfaction.

These applications demonstrate the potential and
value of deep learning in tourism. Through the application
of deep learning technology, the travel industry can
provide more intelligent and personalized services to
improve user experience and satisfaction. However,
despite some successful results, further research and
development is still needed to address the challenges and
problems faced in deep learning applications, such as data
privacy and security, algorithm optimization and
limitations of computing resources, among others. This
will provide more development space and opportunities
for the application of deep learning in the tourism field in
the future.
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Figure 3: Application cases and achievements of deep
learning in tourism

4 Data collection and preprocessing

4.1 Data sources and collection methods

In order to conduct an empirical study on the improvement
of tourism service quality, this study needs to collect
relevant data. The sources and methods of data collection
are described below.

Data sources can include the following aspects:

(1) User comment data: Collect users' comment data
on tourism services through travel websites, social media
platforms or specialized travel comment websites on the
Internet. The data includes users' comments and feedback
on tourism services such as hotels, restaurants and scenic
spots.

(2) Tourism industry data: Obtain tourism industry
data from tourism-related organizations, tourism
companies, hotel management systems, etc. This data can
include basic information about travel services, booking
records, transaction data, etc.

In order to collect valid and representative data, the
following methods can be used in the research:

(1) Web crawler: Using web crawler technology to
automatically obtain user comment data on the Internet.
Large amounts of review data can be crawled through by
setting appropriate search keywords and site scope.

(2) Questionnaire: Designed and distributed
questionnaires to collect users' comments and opinions on
tourism services. Surveys can be conducted through
online survey platforms, social media, or directly at tourist
venues.

(3) Partner data: Establish cooperative relations with
tourism-related partners and obtain their data. For
example, work with a travel agency, hotel management
system or travel platform to get data about their travel
services.

(4) Field observation and record: by personally going
to tourist attractions, hotels, restaurants and other places
for field observation and record. The information that can
be recorded includes observations and feelings about the
environment, service quality, customer experience, etc.

Table 2 below shows the correspondence between
data sources and collection methods:

Table 2: The correspondence between data sources and
collection methods

| Data source | Collection method |
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User review data
Tourism industry data
Field observation and
record

Web crawler, questionnaire
Partner data

Field observation and record

As show in Table 2, through the above data collection
methods, the research can obtain rich data resources and
provide a reliable basis for deep learning model design and
empirical research. In the process of data collection,
attention should be paid to the accuracy, integrity and
privacy protection of data. At the same time, data
preprocessing and feature engineering should also be
carried out according to the research objectives and data
characteristics, so as to facilitate the subsequent deep
learning model design and analysis.

During the hyperparameter optimization, a systematic
strategy was adopted to find the optimal configuration.
Specifically, a grid search combined with a stochastic
search was used. Grid search is used to explore a
predefined set of hyperparameter combinations, while
stochastic search helps us discover potentially optimal
settings in a larger space. The main hyperparameters tuned
include learning rate, batch size, and number of iterations.
The learning rate determined after several rounds of trials
is 0.001, the batch size is set to 32, and the number of
training cycles is set to 20. It is worth noting that the early-
stopping method is also incorporated into the training
process, whereby the training process is terminated early
once the loss on the validation set is no longer decreasing,
in order to prevent overfitting and accelerate the
convergence rate. With such an optimization process, it is
ensured that the model is able to achieve optimal
performance while remaining efficient.

4.2 Data preprocessing and feature
engineering

In order to improve the performance of the deep learning
model, we implemented detailed data preprocessing steps.
Firstly, the original text is segmented into words or tags
by word segmentation technology. Next, stop word lists
are used to remove meaningless words and stem extraction
algorithms are applied to standardize word forms. In
particular, for noise removal, we employ a series of
strategies to clean up unstructured content in user
comments, such as HTML tags, special characters, etc. In
addition, for outlier processing, we use statistical methods
to identify and exclude extreme evaluations that deviate
too much from conventional patterns. Word embedding
techniques such as Word2Vec are used to convert text into
numerical vectors, preserving semantic relationships
between words. Together, these preprocessing steps
ensure that the data input to the model is clean and
informative, helping to improve the quality of the final
prediction results.

Prior to the design and implementation of the deep
learning model, it is necessary to preprocess the original
data and carry out the steps of feature engineering. The
following are commonly used data preprocessing and
feature engineering methods.
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The purpose of data preprocessing is to clean and
transform raw data in order to better adapt to the needs of
the deep learning model. Common data preprocessing
methods include:

1). Data cleaning: remove duplicate data, deal with
missing values, deal with outliers, etc. For example, by
removing duplicate comments, populating missing values,
or adjusting outliers based on business rules.

2). Data normalization: The value ranges of different
features are unified to facilitate better learning and
convergence of the model. Common normalization
methods include minimum - maximum normalization and
standardization.

3). Data balance: Sampling strategies (such as over-
sampling or under-sampling) can be adopted to balance
samples of different categories in case of category
imbalance in the data set.

Feature engineering is feature extraction and
transformation of original data in order to better represent
the features and patterns of data. Common feature
engineering methods include:

1). Text processing: word segmentation, word
removal, word drying or word vectorization are carried out
on the text data. Text features can be represented using the
Bag of Words model or the Word Embedding method.

2). Emotion analysis: By using emotion dictionary or
deep learning model, emotion analysis is carried out on
user comments, and emotional tendency is extracted as
characteristics. For example, the affective polarity score is
used to indicate the affective inclination of the comment.

3). Feature combination: multiple features are
combined to generate a new feature representation. For
example, users' behavioral trajectory features can be
constructed by combining their geographical location,
time and historical behavior.

4). Feature selection: Select the most representative
and relevant feature subset according to the importance
and relevance of the feature. Commonly used feature
selection methods include correlation coefficient,
information gain and L1 regularization.

Through the steps of data preprocessing and feature
engineering, the research can transform raw data into
inputs suitable for deep learning models and extract
effective feature representations that can express data
features. This lays a foundation for the design and
implementation of the deep learning model.

4.3  Sentiment analysis and user comment
processing

In the research of tourism service quality, user comments
are an important information source, which can reflect
users' satisfaction and emotional inclination towards
tourism service. Sentiment analysis and user comment
processing is the process of sentiment tendency analysis
and feature extraction for these comments.

1). Emotion analysis:

Sentiment analysis aims to determine the emotional
tendencies in user reviews, which are usually positive,
negative or neutral. Common sentiment analysis methods
include dictionary - based method and machine - learning
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method. Among them, methods based on machine
learning, such as deep learning model, perform well in
sentiment analysis.

2). Processing of user comments:

User comment processing includes two steps: text
preprocessing and feature extraction. Firstly, text
preprocessing of user comments is carried out, including
word segmentation, word removal and word drying. Next,
features are extracted from the processed text. Common
features include word frequency, TF-IDF (word
frequency-inverse document frequency) and word
embedding, etc.

Table 3 below shows the sentiment analysis and user
comment processing methods and their applications:

Table 3: Emotion analysis and user comment processing

Method Application

Dictionary - based | Use the sentiment dictionary to
sentiment  analysis | emotionally categorize
method comments

Sentiment  analysis | Emotionally categorize
method based on | comments using trained
machine learning models

Text

method
Feature
method

preprocessing | Word segmentation, removal
of stops, stem, etc
Word  frequency,

word embedding, etc

extraction TF-IDF,

Through emotion analysis and user comment
processing, the research can extract emotional inclination
and features related to tourism service quality from user
comments, which provides important input data for the
design of deep learning model and experimental analysis
in the future.

5 Design and implementation of deep
learning model

5.1 Select a deep learning model suitable
for the improvement of tourism service
quality

In the study of improving the quality of tourism service,
the deep learning model has powerful expression and
automatic learning ability, which is suitable for processing
complex tourism data and extracting hidden association
patterns. This study selects the following deep learning
models suitable for the improvement of tourism service
quality:

Convolutional neural networks (CNN), long short-
term  memory (LSTM) networks, and attention
mechanisms are used in this paper. These models are
selected based on their unique advantages in processing
text data. CNN was chosen because of its ability to
efficiently capture local features, which makes it ideal for
extracting key phrases or sentiment fragments from user
comments. LSTM is good at processing sequential data
and can understand time dependencies in text well, which
is crucial for analyzing continuous user feedback. In
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addition, the attention mechanism allows the model to
automatically learn which parts of the input sequence are
more important, thus improving the ability to understand
complex semantics. Although Transformer architecture
has made remarkable achievements in natural language
processing in recent years, especially in long-distance
dependence modeling, considering that tourism service
quality evaluation usually involves short texts and our
research focuses on combining local features with the
advantages of sequential information, we chose the
combination above instead of Transformer.

5.1.1 Convolutional Neural Networks (CNN)

Convolutional neural network is a deep learning model
widely used in image processing and natural language
processing. In the improvement of tourism service quality,
the user comment text can be regarded as a one-
dimensional sequence, and the convolutional layer can be
used for feature extraction, so as to conduct sentiment
analysis or comment classification. Table 4 below shows
the structure of CNN model:

Table 4: convolutional neural network model structure

Layer Description
A representation of the textual
Input layer characteristics of received user
comments
Convolution Text features are extracted by
layer convolution operation
The feature dimension is reduced by
Pooled layer . .
pooling operations
Fully connected | Classify or regression the extracted
layer features
Output layer Output prediction result

5.1.2 Long Short-Term Memory (LSTM)

Long- and short-time memory network is a kind of
recurrent neural network which is often used to process
sequence data. In the improvement of tourism service
quality, the sequence of user comments can be used as
input, and the LSTM model can be used to capture the
timing information and context in the comments. Table 5
below shows the structure of the LSTM model:

Table 5: Structure of short - and long-term memory
network model

Layer Description

Input layer Receive serial data for user comments
Learning the context of sequence data

LSTM layer | through loop units and gating
mechanisms

Fully . .

connected Classify or regression the output
features of LSTM

layer

Output layer | Output prediction result
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5.1.3 Attention mechanism

Attention mechanism is a mechanism commonly used in
sequential data processing to automatically learn to focus
on important information. In the improvement of tourism
service quality, the attention mechanism can be used to
strengthen the model's attention to the important features
of user reviews. Table 6 below shows the structure of the
attention mechanism:

Table 6: Structure of attention mechanism model

Layer Description
A representation of the textual
Input layer characteristics of received user

comments

Learn the weight distribution of
important features in user reviews
Perform tasks such as classification
or regression of attention-weighted
features

Output prediction result

Attention layer

Fully
connected layer

Output layer

By selecting a deep learning model suitable for the
improvement of tourism service quality, it can make full
use of the powerful expression and automatic learning
ability of deep learning to extract key features from user
comments and make prediction and analysis, so as to
further improve and optimize the quality of tourism
service.

5.2 Model architecture design and feature
representation method

In order to improve the quality of tourism services, this
study designed a model architecture based on deep
learning and adopted appropriate feature representation
methods to process tourism data. Table 7 below shows the
design model architecture and the feature representation
method adopted:

Table 7: Model architecture design and feature
representation method

Model layer Description

The common methods to

) convert the user comment text
Text feature presentation

layer !nto vector repres_entation
include word embedding, TF-
IDF, etc
Cyclic neural networks such
Sequence modeling | as LSTM and GRU can be
layer used to model the sequence

information of comment text

Methods such as
convolutional neural network
or attention mechanism are
used to extract important
features of review text

Feature extraction layer
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Methods such as
concatenation, weighting and
attention mechanism can be
used to integrate different
types of features

Feature fusion layer

According to the requirements

Classification/regression of the task, design appropriate

| fully connected layer for
ayer e .
classification or regression
and other tasks
In feature representation, word embedding

technology is used to convert user comments into vector
representation. Word embedding can be obtained through
pre-trained word vector models (e.g., Word2Vec, GloVe)
or through training using your own data. It can map words
into vector representations in high dimensional space and
capture semantic relationships between words.

In addition, TF-IDF (Term frequency-inverse
Document Frequency) method can be used to represent the
text characteristics of user reviews. TF-IDF measures the
importance of words by calculating their frequency in the
text and their inverse document frequency in the overall
corpus.

Through the above model architecture design and
feature representation methods, the research can extract
key features from user comments, and provide useful input
for subsequent tasks such as classification and regression.
This can effectively improve the quality of tourism
services and achieve more accurate prediction and
analysis.

5.3 Model training and tuning strategies

In the deep learning model of tourism service quality
improvement, a series of training and tuning strategies are
adopted to improve the performance and generalization
ability of the model. As shown in Table 8 below, model
training and tuning strategies adopted by the research and
their related parameter Settings are shown:

Table 8: Model training and tuning strategies and their
related parameter Settings

Training strategy Parameter setting
Initial learning rate: 0.001,
Learning rate | learning rate attenuation: step
adjustment strategy attenuation, attenuation rate:
0.1
Lot size 32
Loss function Cross entropy loss function
Opt|n_1|zat|on Adam optimization algorithm
algorithm
iii]#é?jrlzatlon L2 regularization
Dropout Retention rate: 0.5
Stop training when the loss on
Early Stopping the verification set no longer
drops

Model parameters saved on
disk for subsequent prediction
and testing

Model save and load

In this study, Adam optimization algorithm was used
to update the weight of the model, and batch gradient
descent was used for training. In order to avoid overfitting,
L2 regularization method was introduced to constrain the
weight of the model. In addition, the study uses Dropout
technology to randomly drop a subset of neurons to reduce
the risk of overfitting the model.

In order to prevent the overfitting of the model in the
training process, the Early Stopping strategy is adopted.
When the loss on the verification set is no longer reduced,
it is considered that the model has reached the optimal
performance and training is stopped to avoid overfitting.

In the training process, this study evaluated the
performance and tuning effect of the model according to
the performance indicators of the training set and
verification set, such as the accuracy rate and F1 value. By
adjusting parameter Settings and adopting appropriate
regularization methods, the research aims to improve the
generalization ability of the model, so that it can obtain
better prediction results on the unknown data.

Through the above training and tuning strategies, the
deep learning model can be effectively trained, and its
performance and generalization ability can be improved,
so as to achieve accurate prediction and analysis of
tourism service quality.

6 Empirical research and result

analysis

6.1 Experimental setup and data set
division

In order to verify the effectiveness of the proposed tourism
service quality improvement strategy based on deep
learning, a series of experiments were conducted, and the
experimental Settings and data sets were divided in detail.
This section describes the setup of the experiment and the
partitioning of the data set.

Simulation data sets are used to simulate real tourism
service quality data. The data set contains users' evaluation
and comments on different tourism services, as well as
related characteristic information. Specifically, the data
set includes the following fields:

1. User ID: unique identifier of a user.

2. Tourism service ID: unique identifier of tourism
service.

3. Score: indicates users' overall score on tourism
services, ranging from 1-5.

4. Comment content: users' specific comments on
tourism services.

5. Feature 1, Feature 2,... N: indicates the features
related to tourism services, such as price, location,
facilities, etc.

In order to verify the validity of the experiment, the
data set is divided into training set and test set. The
specific division mode is shown in Figure 4 below:



Optimizing Tourism Service Quality in 5G Multimedia Environments...

0.9 9200
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0.7 700
0.6 600
0.5 500
0.4 400
0.3 300
0.2 200

0.1 100

Training set0.8 Test set

N proportion  ======Sample number
Figure 4: Data set partitioning

The training set is used for the training and parameter
optimization of the model, while the test set is used to
evaluate the performance and generalization ability of the
model.

In the experiment, the method of 5 fold cross
validation was used to further evaluate the performance of
the model. Divide the training set into 5 equal parts, 4 of
which are used each time for training and the remaining 1
for verification. Through the average results of multiple
cross-validation, the performance indicators of the model
can be evaluated more accurately, such as accuracy rate,
accuracy rate, recall rate, etc.

Through the above experimental Settings and data set
division, the research can fully verify the effectiveness and
feasibility of the proposed deep learning-based tourism
service quality improvement strategy on the simulation
data. At the same time, the performance of the model can
be evaluated more accurately and reliable experimental
results and analysis can be provided through cross-
validation.

6.2 Result analysis and statistical analysis

In this section, the research will conduct detailed analysis
and statistical processing on the experimental results to
evaluate the effect of the proposed deep learning-based
tourism service quality improvement strategy.

First, the performance of the model on the test set is
evaluated. Common evaluation indexes such as Accuracy,
Precision, Recall and F1 value were used to measure the
performance of the model. The specific results are shown
in Figure 5 below:

0.88
0.87
0.86
0.85

0.84

0.83
0.81

Accuracy rate Accuracy rate Recall rate F1value

m Value
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Figure 5: Performance evaluation of the model on the test
set

As can be seen from the above picture, the model has
achieved good performance on the test set, with the
accuracy rate of 0.85, the accuracy rate of 0.87, the recall
rate of 0.83, and the F1 value of 0.85. The high values of
these indicators indicate that the proposed deep learning
model can effectively improve the quality of tourism
service.

In addition, statistical analysis of the prediction
results of the model was conducted to further understand
the performance and prediction ability of the model. To be
specific, the research statistics the model of different
tourism service score prediction results, and the error
between the predicted results and the real score. The
results are shown in Figure 6 below:

Error M Predictive score M True score
Figure 6: Statistical analysis of model prediction results

It can be observed from the above picture that there is
some error between the predicted score of the model and
the real score. These errors are mainly caused by the
subjectivity and uncertainty in the evaluation of tourism
service quality. However, on the whole, the prediction
result of the model is close to the real score, which proves
the effectiveness of the model in improving the quality of
tourism service.

Through the analysis and statistical processing of the
experimental results, it can be concluded that the proposed
strategy for improving the quality of tourism service based
on deep learning can effectively predict and improve the
quality of tourism service, and provide a feasible solution
for the tourism industry. At the same time, the research
also realizes that the model has some errors in predicting
scores, which need to be considered and optimized in
practical application.

Table 9: Performance metrics comparison

Model/Me | Accura Precision Reca | F1
thod cy ] Score
Proposed

Deep 085 | 0.87 0.83 | 0.85
Learning

Model

SVM 0.78 0.80 0.76 0.79




158 Informatica 48 (2024) 147-162

Model/Me | Accura Precision Reca | F1
thod cy Il Score
Random

Forest 0.80 0.82 0.79 0.80
(RF)

LSTM 0.82 0.84 0.81 0.82

Table 9 presents a comparison of the proposed deep
learning model with several existing state-of-the-art
(SOTA) methods in terms of performance metrics. The
results show that the proposed deep learning model
outperforms SVM, Random Forest, and LSTM-based
sentiment analysis models in accuracy, precision, recall,
and F1 score. This indicates that the model has higher
accuracy in predicting tourism service quality and is more
effective in identifying user evaluations of services.

The reasons for this phenomenon may include several
aspects: firstly, the innovation of the model architecture is
one of the key factors. The proposed deep learning model
combines the advantages of Convolutional Neural
Networks (CNNs) and Long Short-Term Memory
Networks (LSTMs), in which CNNs are able to efficiently
capture local features in text while LSTMs are good at
processing  sequential information. This  hybrid
architecture enables the model to better understand the
contextual relationships in the text, thus improving the
accuracy of sentiment analysis and feature extraction.
Second, more efficient feature extraction is also an
important factor. Compared to traditional methods that
rely on hand-designed features such as Support Vector
Machines (SVMs) and Random Forests, the combined
CNN-LSTM model is able to automatically learn a higher
level of feature representation, which helps to capture
subtle differences in complex text data. In addition, better
data preprocessing also contributes significantly to the
performance improvement. The proposed model employs
detailed text preprocessing steps, including word splitting,
de-duplication, stemming extraction, etc., and
vectorization using TF-IDF, which reduce the noise and
retain the key information, improving the quality of the
input data. Finally, the optimization of the training
strategy should not be neglected. The use of 5-fold cross-
validation and early stopping method ensures the
generalization ability and stability of the model and avoids
the overfitting problem, whereas traditional methods may
lack such a rigorous validation process, resulting in a less-
than-expected performance on the test set. In summary, by
introducing an advanced model architecture, improved
feature  extraction  techniques, optimized data
preprocessing, and a strict training strategy, the proposed
deep learning model performs well in the task of tourism
service quality prediction.

The dataset used in this study is based on simulated
data, designed to create a controlled environment for
testing the proposed deep learning model. However, using
simulated data instead of real-world datasets has several
potential limitations:

1) Real-World Complexity: Simulated data may not

fully capture all the nuances and complexities

X. Yanetal.

present in real-world tourism service quality
evaluations. For example, the language style,
cultural differences, and contextual expressions
found in user reviews might not be adequately
reflected in the simulated data.

2) Data Distribution: The distribution of simulated
data may differ from that of actual data, which
could lead to the model performing less
effectively in real-world scenarios.

3) Outlier Handling: Simulated data typically
reduces or eliminates outliers, whereas in real
data, these anomalies can be important features
that impact model performance.

To overcome these limitations and enhance the
empirical validity of the study, we further tested the
proposed deep learning model on a publicly available real-
world tourism dataset. We chose the "TripAdvisor Hotel
Reviews" dataset from Kaggle, which contains a large
number of user reviews about hotel services, making it
well-suited for sentiment analysis and service quality
prediction.

We retrained and tested the proposed deep learning
model on the TripAdvisor Hotel Reviews dataset and
compared the results with those of the previously used
SVM, Random Forest (RF), and LSTM models. The
following are the experimental results:

Table 10: Results

Model/M | Accur | Preci Rec Fl
. Sc Notes
ethod acy sion all
ore
Perform
Proposed ance on
Deep 0.8 | 0.8 | the
Learning 0.84 0.86 2 4 TripAd
Model visor
dataset
Using
SVM 077 | o7 | Q7 |07 | the
5 8 same
dataset
Using
Random
Forest 0.79 0.81 0.7 0.7 | the
(RF) 8 9 same
dataset
Using
LsTM | 081 | o0gs3 |08 |08 |the
0 1 same
dataset

From the Table 10, it can be seen that even on the real-
world TripAdvisor dataset, the proposed deep learning
model outperforms traditional SVM, Random Forest, and
LSTM models in terms of accuracy, precision, recall, and
F1 score. Specifically, the proposed model achieves 7
percentage points higher accuracy than SVM, 5
percentage points higher than Random Forest, and 3
percentage points higher than LSTM.
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By validating the model on a real-world dataset, we
can conclude that the proposed deep learning model not
only performs well on simulated data but also
demonstrates significant advantages when handling
complex real-world data. This indicates that the model has
good generalization  capabilities and  practical
applicability, making it effective for real-world tourism
service quality prediction. Additionally, this experiment
enhances the empirical validity of the study, providing
stronger support for the practical application of the model.

6.3 Discuss the relevance and
practicability of results and objectives

First, the goal of retrospective research is to use deep
learning to improve the quality of tourism services.
Through empirical research, a model based on deep
learning is successfully designed and implemented to
evaluate and forecast tourism services. The experimental
results show that the model has good performance on the
test set, with high accuracy rate, accuracy rate, recall rate
and F1 value. This indicates that the objective of this study
has been effectively achieved.

Furthermore, the correlation between the predicted
results of the model and the real scores was analyzed
statistically. The results show that there is some error
between the predicted score of the model and the real
score, but in general, the predicted result is close to the
real score. This means that the model can predict the
quality level of tourism service more accurately.

From the perspective of practicality, the results of this
study have important practical application value for the
tourism industry. By using the deep learning model to
conduct emotional analysis and evaluation of user
comments, travel service providers can timely understand
users' feedback and needs, so as to improve service quality
and user satisfaction. In addition, the optimization strategy
of tourism service quality based on deep learning also
provides an important reference for the decision makers of
the tourism industry to help them develop reasonable
strategies and measures.

To sum up, the empirical results of this study are
closely related to the research objectives, and have the
feasibility and practicability of practical application. This
provides strong support and guidance for the tourism
industry, helps to improve the quality of tourism services
and provide better travel experience.

6.4 Existing problems

In this study, although some meaningful empirical results
have been obtained, there are still some problems that need
to be further discussed and improved.

1. There are certain limitations in data collection.
Specific data sources and collection methods are used to
capture user review data, but these data may not be fully
representative of the diversity and complexity of the
overall travel services sector. Therefore, in future studies,
the size and source of data samples can be considered to
expand, so as to have a more comprehensive
understanding of the situation of tourism service quality.
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2. There are some challenges in the process of model
design and training. Although the deep learning model
suitable for the improvement of tourism service quality
has been selected and fully trained and tuned, there may
still be some limitations on the performance of the model.
For example, the model may be inaccurate in predicting
certain types of comments, or there may be information
loss when processing long text. Therefore, further
improvements and optimizations are still necessary.

3. The selection and application of evaluation
indicators is also a problem that needs attention. In this
study, the accuracy rate, accuracy rate, recall rate and F1
value were used to evaluate the performance of the model.
However, these indicators cannot completely cover all
aspects of tourism service quality assessment. Other
evaluation indicators or comprehensive indicators may
need to be considered to evaluate the effect of the model
more comprehensively.

4. The results of empirical research are only the
analysis and verification of specific data sets in a specific
time period, and cannot represent the long-term trend and
universality of tourism service quality. Therefore, further
research efforts may consider using broader data sets and
analyses across time periods to obtain more
comprehensive, stable and reliable conclusions.

To sum up, this study has obtained some meaningful
results in the empirical research, but there are still some
problems that need to be further discussed and improved.
The solution of these problems will help improve the
reliability and applicability of the research and provide
more effective guidance and support for the improvement
of tourism service quality.

6.5 Optimization strategy of tourism
service quality based on deep learning

Based on the above research findings and empirical
analysis, a tourism service quality optimization strategy
based on deep learning is proposed, aiming at improving
the quality of tourism services and user experience. The
strategy mainly includes the following key steps:

Data collection and preprocessing: Collect travel-
related user comments and evaluation data, and conduct
data preprocessing, including noise removal, standardized
text, etc., to prepare for the training and evaluation of the
deep learning model.

Sentiment analysis and user comment processing:
Deep learning model is used for sentiment analysis, and
user comments are classified into emotion categories, such
as positive, negative or neutral. At the same time, the user
comments can be further processed by keyword
extraction, topic analysis, etc., in order to obtain richer
information.

Design and implementation of deep learning model:
Select deep learning models suitable for the improvement
of tourism service quality, such as circular neural network
(RNN), convolutional neural network (CNN) or Attention
mechanism, etc. According to the specific task
requirements, design the appropriate model architecture,
and carry on the feature representation method selection
and implementation.
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Model training and tuning strategy: Annotated review
data sets are used to train the model, and appropriate loss
functions and optimization algorithms are used to tune
model parameters. At the same time, cross-validation and
other methods can be used to verify and select the model
to ensure the stability and generalization ability of the
model.

Result analysis and application: Evaluate the
performance and effect of the model through experimental
results and statistical analysis. According to the analysis
results, the quality of tourism service is evaluated and
compared quantitatively, and targeted improvement
measures and suggestions are provided. These
improvement measures can include improving the
response speed of tourism services, optimizing the service
process, and increasing the professional competence of
service personnel, so as to improve the quality of tourism
services and user satisfaction.

Through the above deep learning-based tourism
service quality optimization strategy, tourism service
providers can make use of deep learning technology to
analyze and mine user comments and evaluations to
understand user needs and preferences, so as to improve
and optimize service quality and provide better travel
experience. In addition, this strategy can also provide
reference for related research fields and promote the
application and development of deep learning in the
optimization of tourism service quality.

7 Conclusion

The purpose of this study is to explore the empirical
research on the use of deep learning to improve the quality
of tourism services. Through a comprehensive analysis of
the challenges, key factors and the application status of
deep learning in the field of tourism service quality, an
optimization strategy of tourism service quality based on
deep learning is proposed, and its feasibility and potential
effects are discussed.

In the research process, a large number of user
comments and evaluation data were collected, and data
preprocessing and feature engineering were carried out,
including sentiment analysis and user comment
processing. Based on these data, a deep learning model
suitable for the improvement of tourism service quality is
selected, and the corresponding model architecture and
feature representation methods are designed. Through the
training and tuning of the model, the experimental results
are obtained, and the statistical analysis and result analysis
are carried out.

The results show that the optimization strategy of
tourism service quality based on deep learning has certain
feasibility and potential effect in improving the quality of
tourism service. The strategy accurately analyzes the
emotions and needs in user reviews and provides targeted
suggestions for improvement. By comparing with
competitors, tourism service providers can understand
their strengths and weaknesses and formulate
corresponding improvement strategies.

However, it is also noted that this strategy faces some
challenges in terms of data quality and model selection.
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Accurate, comprehensive and representative data sets are
the basis for successful application of the strategy, and the
selection of appropriate deep learning model and
parameter tuning strategy is crucial to the effect of the
strategy.

In conclusion, this study provides a deep learning-
based strategy for improving tourism service quality, and
discusses its feasibility and potential effects. This study
has certain guiding significance for tourism service
providers and related researchers. However, further
empirical research and practical application are needed to
verify and improve the strategy, so as to further improve
the quality of tourism service and user satisfaction.

Although the robustness of the model has been
demonstrated through a 5-fold cross-validation, there is
still a need for in-depth exploration of its generalization
effect in diverse tourism contexts. Preliminary studies
have shown that the model performs well for different
types of services (e.g., hotel accommodations, attraction
tours, etc.). However, in order to further validate its
generalization ability, it is necessary to test it in more
diverse geographical areas and with different user groups.
In addition, considering the differences in different
cultural and linguistic environments, future work should
also explore how the model can be improved through
domain adaptation techniques so that it can better adapt to
new and unknown contexts, thus ensuring its applicability
and reliability on a global scale.
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