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Abstract

Industry 4.0 tools permit computerized creation measures, and Artificial Intelligence (Al) approaches are pivotal in investigating
the travel industry. Applying these devices to decipher User Generated Content (UGC) is fundamental to understand better
client's necessities, opinions, and assumptions regarding tourism services. Through this research, an exploratory analysis of
results is developed through Machine Learning Models to understand better the role played by robot and traveler typologies on
the rating given to hotels considering TripAdvisor reviews of 74 hotels. The purpose of this exploratory research is to develop a
methodology focused on analyzing online reviews related to service robots in hotels using Machine Learning techniques to train
the data collected from TripAdvisor. Preliminary results show a link between the hotel rating given in TripAdvisor and the robot
typology implemented in hotels.
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1. Introduction

Previous research on human-robot interactions (HRI) [1] confirms the importance of robots in the hotel industry
and the predisposition of clients to return and recommend these hotels on platforms such as TripAdvisor. These
comparative websites offer relevant information regarding the motivation of travel, the customer perception of the
service provided by robots, and therefore, their satisfaction [2-3].

Advances in the use of Artificial Intelligence (AI) applied to the analysis of Big Data in the tourism sector [4]
make it possible to analyse the comments of tourists on social networks applying the User Generated Content (UGC)
methodology. This analysis is one of the current methods to reveal patterns, trends, and better understand user needs,
feelings, and expectations of tourism services [5]. Some studies show the importance of UGC content to identify the
acceptance of hotel robots [6-8]. Even Machine Learning techniques allow us to identify the impact of online
reviews and predict future customer’ behaviour [5]. It has been proven that both, positive and negative comments
published on comparative websites, can change the customer's opinion, which means they have great influence on
the purchase decision processes [8].

This research aims to make an exploratory analysis of the results derived from Machine Learning model
application to analyse online reviews related to service robots in hotels collected from TripAdvisor. Following this
strategy, it is feasible to anticipate the new rate given to a lodging thinking about the robot typology and type of
traveller. The next research questions. The research question (RQ) is:

RQ. How do the different typologies of service robots and travellers can provoke and increase in the new rate
given to the hotels?

2. Theoretical background

Analysing the customer experience is essential for understanding and improving HRI [9-10], especially in tourism
services such as hotels, where the use of robots for providing services is increasingly notable [8]. This growth is due
to the positive aspects of their availability [11] and the improvement of their functionalities. The necessity of
studying the human-robot co-working aspects was a key element to understand the concept of Industry 5.0 [12].
Besides, an essential fact of Industry 5.0 is the analysis of HRI and the experience of final costumer with the
implication of robots on services [13]. As numerous studies have previously shown, tourist attitudes and perceptions
are influenced by online reviews [5; 14-15], even affecting their own booking decisions and online comments [16].

In addition, customer attitudes towards robots depend on the type of robot [17] and its attribution of human
characteristics [18]. According to different authors [19-20], types of robots in hotels are classified based on their
functionalities as follows: (1) Front-desk robot; (2) Robot concierges; (3) Room service robots; (4) in-room robot
companions; (5) cloakroom robots; (6) restaurant's robot chef and robotic bartender; (7) welcoming robots.

The use of Machine Learning models has been confirmed as a very useful tool to predict customer behaviour [21-
22]. In the service sector, it is used to analyse how different types of robots influence on consumer perception of the
Human-Robot Interaction (HRI) [23].

3. Methodology

This exploratory analysis gathered 8,850 online surveys including 74 lodgings utilizing robots all throughout the
planet on Tripadvisor.com. These Online Travel Reviews (OTRs) [24-25] distributed in TripAdvisor have been
broadly utilized by scholarly scientists in promoting, data frameworks, and inn and the travel industry writing [24-
26]. This network is viewed as the world's biggest online travel analysis webpage and permits voyagers to share their
whole travel insight [27]. The validity of reviews containing the experience of customers of hospitality services as
data to develop a study using Machine Learning models was previously confirmed by other studies [21, 22, 27]. The
site additionally offers different data, including evaluations, outlines, sorts of stay, length of visit, inn styles, lodging
types, administrations, or administration appraisals (1 = poor and 5 = great).
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The methodology developed presents three different phases (fig. 1). The first phase consists of the data extraction
by utilizing Webharvy. Reviews including the word ‘robot’ and robot names were extracted and a preliminary

dataset was created.
Fig.1. Methodology
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The second phase comprises the data importation to Python and pre-processing the data to eliminated blank rows
and to set the text in lowercase. After, the typologies of robots were identified by considering robot names, robot
typologies and the word ‘robot’ linked to action verbs (e.g., ‘cooking robot’). The robot names distinguished were:
‘Aura’, ‘yobot’, ‘Butler’, ‘Wes’, ‘Yolanda’, ‘Wally’, ‘Emc2’, ‘Jeno’, ‘Jarvis’, ‘Leo’, ‘Pepper’, ‘Dinosaur’, ‘Alina’,
‘Winnie’, ‘Cali’, ‘Chip’, ‘Ausca’, ‘Y02d2’, ‘Churi-Chan’, ‘Suga’, ‘Hannah’, ‘Relay’, ‘Yoshi’, ‘Botlr’, ‘Eaton’,
‘Rose’, ‘Fetch’, ‘Robi’, ‘Hazel’, ‘Botler’, ‘Dash’, ‘Bob’, ‘Holli’, ‘Hubert’, ‘Jett’, ‘“Trolly’, “Wang’, ‘Robo bar’, ‘Chu
Lee’, ‘Mr Robot’, “Yuri’, ‘Butlr’.. The robot names determined were identified after their usefulness dependent on
the arrangement proposed by [19-20]: room service robots, restaurant’s robot chef and robotic bartender, cloakroom
robots, and front-desk robot receptionist and concierge robots. Besides, the type of traveller is considered is
considered as an explanatory variable. These typologies are assigned by TripAdvisor’s classification: business
traveller, solo traveller, family traveller, travelling as a couple and with friends [6]. The reviews included on the final
dataset were 2,230.

The final dataset is used to train machine learning models. In the third phase, the Naives Bayes model is applied
to predict the rating given to the hotel considering the robot typology. We decided to use the Naive Bayes
classification method in an exploratory way due to its simplicity. The purpose is to extend the number of features
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that the dataset has and to be able to train different Machine Learning models (as has been done in [5]) to analyse
which one offers higher performance. By using Python 3.9.4, we applied the Scikit-Learn 0.23.1 library, applying
the Naives Bayes model to the different variables presents in our dataset. The reviews used to train the model were
70% and the 30% was used to test the model. The results obtained include the accuracy, precision, and recall.

4. Preliminary Results

The Naive Bayes modelling presents an average classification accuracy of 59.22%. This measure is linked to a
higher quantity of reviews focused on a specific robot typology: ‘room service robot’. It means that most of the
reviews analysed containing information about the HRI relate to room service activities. Considering a previous
study [6] with our results are aligned, these robots provoke a higher impact on the customer experience, and the HRI
is more remarkable. For that reason, there is a preeminence of ‘room service robot’ typology on the dataset. The
precision of the model derived from this preliminary analysis shows an average of the success rate of 37.91%. About
the recall, the result is 59.22%. Finally, the F1 score is 46.2%.

The prediction shows that the values obtained are low due to the imbalance of the categories. This is because
most of the reviews conducted contain a higher representation of the 'room service' robot typology.

5. Conclusions, Limitations and Future Lines

Currently understanding and accurately predicting tourist behaviour is increasingly possible thanks to the use of
Big Data and Acrtificial Intelligence (BDAI) [28]. Specifically, the use of Machine Learning methods in the hotel
sector [29] allows to understand how the HRI works [30] and therefore, improve the customer experience and be
more competitive. The use of robots is increasing because of the health crisis and it is an important fact to consider
[31].

The findings of this study have managerial implications. First, using Machine Learning to predict future rating
helps to identify how the robot typology influences customer satisfaction. Second, the predictions can identify
crucial aspects of the different typologies and improve the service.

There are some limitations of this study. Firstly, the reviews obtained include the name robot to filter the
comments focused on robots. We adopted this decision because it allows us to eliminate the rest of the comments
about other aspects of the hotels. Secondly, Machine Learning models required large amounts of data. Even though
our database includes all the reviews available about hotels and robots using our system to filter them, Machine
Learning models work better with a broader range of data. However, it must be considered that most of the reviews,
including HRI information, are about ‘room service’ robot typology. It means an imbalance of the typologies, and
we must reconsider how the model was applied. This limitation can be due to significant interaction with these types
of robots because customers remember their names better than other robots. Besides, it is also possible to consider
that most of the robots implemented in hospitality are related to this type of functionality. Future work will be
focused on reducing the typologies of robots and creating bigger groups considering their functionality.

Future research might increase our database and apply the Machine Learning models proposed and forecasting
techniques to analyse the effect of the robot typology on the rating and answer the research questions presented.
Besides, future research might apply more Machine Learning classifiers, as K-nearest neighbours (KNN), decision
tree, logistic regression, neural network (NN), support vector machine (SVM), random forest and gradient boosting.
Besides, the attributes might be increased to obtain a higher accuracy level.
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